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When we refer to a work of art, music, or literature as a “classic”, one of the observations that
we make is that the work has stimulated a wide variety of treatments and interpretations.
Imitation is, of course, the most visible and credible form of flattery. When Charlie Abernathy
initially assaulted our surgical clinical comfort zone with a barrage of questions neither he, nor
we, predicted that his irritating efforts would spawn a whole “Secrets Series” of challenging
Abernathyisms in almost all medical disciplines.

But, characteristically, Charlie had his fingers capably placed on the pulse of progress. Casey
Stengel famously noted: “In baseball, more games are lost than won.” If you are not investi-
gating, learning, or questioning, you are losing. In medicine, and certainly surgery, you cannot
stand still. Alfred North Whitehead, the U.S. philosopher, observed: “No man of science could
subscribe without qualification . .. to all of his own scientific beliefs of ten years ago.” We must
be flexible, to evolve, to question. Happily, surgeons are almost unique in our ability to be self-
critical. We must never march, like a legion of lemmings, into a sea of intellectual acceptance.

This sixth edition of Surgical Secrets is again dedicated to Abernathy’s irritatingly penetrating
series of questions. Charlie never took much stock in the ponderously traditional answer.
Intellectually active surgeons should never get too comfortable. Challenging dogma is good;
comfort is bad. Dinosaurs were inflexible and are extinct. Surgeons will never be either.

Alden H. Harken, MD
Ernest E. Moore, MD
April, 2008
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TOP 100 SECRETS

Andrew E. Luckey, MD, and Cyrus J. Parsa, MD

These secrets are 100 of the top board alerts. They summarize the concepts, principles, and
most salient details of surgical practice.

. Primary goal in treating cardiac dysrhythmias is to achieve a ventricular rate between 60 and

100 beats per minute; secondary goal is to maintain sinus rhythm.

. Clinical determinants of brain death are the loss of the papillary, corneal, oculovestibular,

oculocephalic, oropharyngeal, and respiratory reflexes for >6 hours. The patient should also
undergo an apnea test, in which the Pco, is allowed to rise to at least 60 mm Hg without
coexistent hypoxia. The patient should be observed for the absence of spontaneous breathing.

. The estimated risks of hepatitis B virus (HBV), hepatitis C virus (HCV), and human

immunodeficiency virus (HIV) transmission by blood transfusion in the United States are 1 in
205,000 for HBV; 1 in 1,935,000 for HCV; and 1 in 2,135,000 for HIV.

. The most common location of an undescended testicle is the inguinal canal.

. The most common solid renal mass in infancy is a congenital mesoblastic nephroma, and in

childhood, it is a Wilms’ tumor.

. Ogilvie’s syndrome is an acute massive dilatation of the cecum and the ascending and

transverse colon without organic obstruction.

. The best screening method for prostate cancer is digital rectal examination combined with

serum prostate-specific antigen (PSA).

. The most common histologic type of bladder cancer is transitional cell carcinoma.

. Carcinoma in situ of the bladder is treated with immunotherapy with intravesical bacillus

Calmette-Guérin.
The most common cause of male infertility is varicocele.

The most common nonbacterial cause of pneumonia in transplant patients is
cytomegalovirus (CMV).

Chimerism is leukocyte sharing between the graft and the recipient so that the graft becomes
a genetic composite of both the donor and the recipient.

OKT3 is a mouse monoclonal antibody that binds to and blocks the T-cell CD3 receptor.

The most common disease requiring liver transplant is hepatitis C.
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Cystic hygroma is a congenital malformation with a predilection for the neck. It is a benign
lesion that usually presents as a soft mass in the lateral neck.

In neuroblastomas, age at presentation is the major prognostic factor. Children younger than
1 year have an overall survival rate >70%, whereas the survival rate for children older than
1 year is <35%.

The most feared complication of diaphragmatic hernia is persistent fetal circulation.

The three most common variants of tracheoesophageal fistula are (1) proximal esophageal
atresia with distal tracheoesophageal fistula, (2) isolated esophageal atresia, and (3)
tracheoesophageal fistula with esophageal atresia.

Atresia can occur anywhere in the gastrointestinal (Gl) tract: duodenal (50%), jejunoileal (45%),
or colonic (5%). Duodenal atresia arises from failure of recanalization during the eighth to
tenth week of gestation; jejunoileal and colonic atresia are caused by an in utero mesenteric
vascular accident.

The two types of aortic dissection are ascending (type A) dissection, which begins in the
ascending aorta and may continue into the descending aorta, and descending dissection
(type B), which involves only the descending aorta.

The likelihood that a solitary lung nodule is cancer is the same as the age of the patient; thus,
a 60-year-old patient’s nodule is 60% likely to be cancer.

Mediastinal staging (mediastinoscopy) is indicated if: (1) the lung nodule is >2 cm; (2) the
mediastinum is "full" as seen on a computerized tomography (CT) scan; and (3) the nodule is
"kissing" up against the mediastinum. A lung resection is contraindicated if: (1) "high" ipsilateral
paratracheal nodes are positive; (2) contralateral nodes are positive; or (3) undifferentiated
("oatcell") histology is identified.

The most common causes of aortic stenosis are now congenital anomalies and calcific
(degenerative) disease.

In mitral regurgitation, the left ventricle ejects blood via two routes: (1) antegrade through
the aortic valve, or (2) retrograde through the mitral valve. The amount of each stroke
volume ejected retrograde into the left atrium is the regurgitant fraction. To compensate
for the regurgitant fraction, the left ventricle must increase its total stroke volume.

This ultimately produces volume overload of the left ventricle and leads to ventricular
dysfunction.

The indications for coronary artery bypass graft (CABG) are (1) left main coronary artery
stenosis; (2) three-vessel coronary artery disease (70% stenosis) with depressed left ventricular
(LV) function or two-vessel coronary artery disease (CAD) with proximal left anterior
descending (LAD) involvement; and (3) angina despite aggressive medical therapy.

Hibernating myocardium is improved by CABG. Myocardial hibernation refers to the reversible
myocardial contractile function associated with a decrease in coronary flow in the setting of
preserved myocardial viability. Some patients with global systolic dysfunction exhibit dramatic
improvement in myocardial contractility after CABG.

The surgical treatment of ulcerative colitis is total colectomy with ileoanal pouch anastomosis.
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TOP 100 SECRETS .

Dieulafoy’s ulcer is a gastric vascular malformation with an exposed submucosal artery, usually
within 2 to 5 cm of the gastroesophageal junction. It presents with painless, often massive,
hematemesis.

The role of blind subtotal colectomy in the management of massive lower Gl bleeding is limited
to a small group of patients in whom a specific bleeding source cannot be identified. The
procedure is associated with a 16% mortality rate.

Colorectal polyps <2 cm have a 2% risk of containing cancer; 2-cm polyps have a 10% risk; and
polyps >2 cm have a cancer risk of 40%. Sixty percent of villous polyps are >2 c¢m, and 77% of
tubular polyps are <1 cm at the time of discovery.

Patients with colorectal cancer with lymph node involvement (Dukes’ classification) should
receive chemotherapy postoperatively to treat micrometastases.

Goodsall’s rule states the location of the internal opening of an anorectal fistula is based on the
position of the external opening. An external opening posterior to a line drawn transversely
across the perineum originates from an internal opening in the posterior midline. An external
opening anterior to this line originates from the nearest anal crypt in a radial direction.

Incarcerated inguinal hernia: structures in the hernia sac still have a good blood supply but are
stuck in the sac because of adhesions or a narrow neck of the hernia sac. Strangulated inguinal
hernia occurs when hernia structures have a compromised blood supply because of anatomic
constriction at the neck of the hernia.

Chvostek’s sign is spasm of the facial muscles caused by tapping the facial nerve trunk.
Trousseau’s sign is carpal spasm elicited by occlusion of the brachial artery for 3 minutes with
a blood pressure cuff. Both signs indicate hypocalcemia.

The two surgical options for Graves’ disease are subtotal thyroidectomy or near-total
thyroidectomy.

The only biochemical test that is routinely needed to identify patients with unsuspected
hyperthyroidism is serum thyroid-stimulating hormone (TSH) concentration.

The surgically correctable causes of hypertension are renovascular hypertension,
pheochromocytoma, Cushing’s syndrome, primary hyperaldosteronism, coarctation of the
aorta, and unilateral renal parenchymal disease.

The "triple negative test" or "diagnostic triad" for diagnosing a palpable breast mass includes
physical examination, breast imaging, and biopsy.

Chest wall radiation is indicated after mastectomy in patients with greater than 5 cm primary
cancers, positive mastectomy margins, or more than four positive lymph nodes, all of which are
associated with heightened locoregional recurrence rates.

Sentinel lymph nodes are the first stop for tumor cells metastasizing through lymphatics from
the primary tumor.

The most common site of origin of subungual melanomas is the great toe. Amputation at
or proximal to the metatarsal phalangeal joint and regional sentinel lymph node biopsy
are advised.
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Ramus marginalis mandibularis, the lowest branch of the nerve that innervates the depressor
muscles of the lower lip, is the most commonly injured facial nerve branch during
parotidectomy.

Waldeyer’s ring is the mucosa of the posterior oropharynx covering a bed of lymphatic
tissue that aggregates to form the palatine, lingual, pharyngeal, and tubal tonsils. These
structures form a ring around the pharyngeal wall. This may be the site of primary or
metastatic tumor.

A patient in whom the head and neck examination is completely normal but fine needle
aspiration (FNA) of a cervical node reveals squamous cancer should have examination of
the mouth, pharynx, larynx, esophagus, and tracheobronchial tree under anesthesia
(triple endoscopy). If nothing is seen, blind biopsy of the nasopharynx, tonsils, base of
tongue, and pyriform sinuses should be done at the same sitting.

The microorganisms implicated in atherosclerosis include Chlamydia pneumoniae, Helicobacter
pylori, streptococci, and Bacillus typhosus.

The cumulative 10-year amputation rate for claudication is 10%. Vascular disease is systemic,
therefore, many of these patients die before amputation.

The absolute reduction in risk of stroke is 6% over a 5-year period in asymptomatic
patients with >60% stenosis who undergo carotid endarterectomy (CEA) plus aspirin
versus patients treated with aspirin alone (5.1%; surgery versus 11% medical Rx). This is
from the Asymptomatic Carotid Atherosclerosis Study (ACAS) study (see Required Reading
Chapter 1).

The average expansion rate of an abdominal aortic aneurysm is 0.4 cm/year.

Heparin binds to antithrombin 111, rendering it more active.

The patient with suspected intermittent claudication should initially be evaluated by obtaining
ankle brachial index (ABI) or segmental limb pressures at rest. Typically, ABI of 0.6 reflects

claudication and ABI of <0.3 reflects limb threat.

Shock is suboptimal consumption of oxygen (0) and excretion of carbon dioxide (CO,) at the
cellular level.

Nitric oxide is synthesized in vascular endothelial cells by constitutive nitric oxide synthase
(NOS) and inducible NOS, using arginine as the substrate.

Saliva has the highest potassium concentration (20 mEq), followed by gastric secretions
(10 mEq), and then pancreatic and duodenal secretions (5 mEq).

Basal caloric expenditure equal to 25 kilocalories per kilogram a day with a requirement of
approximately 1 g of protein per kilogram per day.

Six and one-fourth grams of protein contain 1 g of nitrogen.

Dextrose has 3.4 kcal/g; protein has 4 kcal/g; and fat 9 kcal/g (20% lipid solution delivers
2 kcal/ml).
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Maximal glucose infusion rates in parenteral formulas should not exceed 5 milligrams per
kilogram per minute.

Refeeding syndrome occurs in moderately to severely malnourished patients (e.g., chronic
alcoholism or anorexia nervosa) who, with a large nutrient load, develop clinically significant
decreases in serum phosphorus, potassium, calcium, and magnesium levels. Hyperglycemia is
common secondary to blunted insulin secretion. Adenosine triphosphate (ATP) production is
mitigated, and the respiratory failure is common.

Glutamine is the most common amino acid found in muscle and plasma. Levels decrease after
surgery and physiologic stress. Glutamine serves as a substrate for rapidly replicating cells
(interestingly, it is also the number one metabolic substrate for neoplastic cells), maintains the
integrity and function of the intestinal barrier, and protects against free radical damage by
maintaining glutathione (GSH) levels. Glutamine is unstable in intravenous (IV) form unless
linked as a dipeptide.

Fever is caused by activated macrophages that release interleukin-1, tumor necrosis factor
(TNF), and interferon in response to bacteria and endotoxin. The result is a resetting of the
hypothalamic thermoregulatory center.

Cardiac output (CO) is equal to heart rate multiplied by stroke volume; normal CO is 5 to 6 L/min
and cardiac index is 2.4 to 3.0 liters per minute per square meter.

Systemic vascular resistance (SVR) is equal to mean arterial pressure (MAP) minus
central venous pressure (CVP) divided by CO multiplied by 80; and it is written as: SVR = to
[(MAP — CVP)/C0] x 80. Normal SVR is 800 to 1200 dyne-sec/cm—>.

The signs of hypovolemic shock are low CVP and pulmonary capillary wedge pressure (PCWP),
low CO and mixed venous oxygen saturation (SV0,), and high SVR.

The signs of cardiogenic shock are high CVP and PCWP, low CO and SVO,, and variable SVR.

The signs of septic shock are low or normal CVP and PCWP, high CO initially, high SVO,,
and low SVR.

Kehr’s sign is concurrent left upper quadrant (LUQ) and left shoulder pain, indicating
diaphragmatic irritation from a ruptured spleen or subdiaphragmatic abscess. Anatomically,
the diaphragm and the back of the left shoulder enjoy parallel innervation.

Rebound tenderness (rubbing the peritoneal surfaces against each other) implies peritoneal
inflammation (peritonitis).

The five Ws of postoperative fever are wound (infection), water (urinary tract infection; UTI),
wind (atelectasis, pneumonia), walking (thrombophlebitis), and wonder drugs (drug fevers).

Cricothyroidotomy should not be performed in patients <12 years old or any patient with
suspected direct laryngeal trauma or tracheal disruption.

The palpable radial (wrist) pulse reflects systolic blood pressure (SBP) >80 mm Hg; palpable
femoral (groin) pulse reflects SBP >70 mm Hg; and palpable carotid (neck) pulse reflects
SBP >60 mm Hg.
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A general rule for crystalloid infusion to replace blood loss is a 3:1 ratio of isotonic crystalloid
to blood.

Raccoon eyes (periorbital ecchymosis) and Battle’s sign (mastoid ecchymosis) are clinical
indicators of basilar skull fracture.

Cerebral perfusion pressure (CPP) is equal to MAP minus intracranial pressure (ICP); and it is
written as CPP = MAP — ICP. Some debate exists on the minimum allowable CPP, but
consensus indicates that a CPP of 50 to 70 mm Hg is necessary.

Violation of the platysma defines a penetrating neck wound.

Tension pneumothorax is air accumulation in the pleural space eliciting increased intrathoracic
pressure and resulting in a decrease in venous return to heart.

The most common site of thoracic aortic injury in blunt trauma is just distal to the take-off of the
left subclavian artery.

The most common manifestation of blunt myocardial injury is arrhythmia.

Indications for thoracotomy in a stable patient with hemothorax include an immediate tube
thoracostomy output of >1500 ml and ongoing bleeding of 250 ml/h for 4 consecutive hours.

Beck’s triad is hypotension, distended neck veins, and muffled heart sounds (think of pericardial
tamponade).

The hepatic artery supplies approximately 30% of blood flow to the liver, and the portal vein
supplies the remaining 70%. The oxygen delivery, however, is similar for both at 50%.

Pringle’s maneuver, which is used to reduce liver hemorrhage, is a manual occlusion of the
hepatoduodenal ligament to interrupt blood flow to the liver.

Splenectomy significantly decreases immunoglobulin M (IgM) levels.

Ninety percent of trauma fatalities resulting from pelvic fractures are the result of venous
bleeding and bone oo0zing; only 10% of fatal pelvic bleeding from blunt trauma is arterial
(most common site is superior gluteal artery).

The protocol for intraperitoneal bladder rupture from blunt trauma is operative management,
whereas the protocol for extraperitoneal rupture is observant management.

Pseudoaneurysm is a disruption of the arterial wall leading to a pulsatile hematoma contained
by vascular adventitia and fibrous connective tissue (but not all three arterial wall layers, which
is what defines a true aneurysm).

The earliest sign of lower extremity compartment syndrome is neurologic in the distribution of
the peroneal nerve with numbness in the first dorsal webspace and weak dorsiflexion.

Posterior knee dislocations are associated with popliteal artery injuries and are an indication for
angiography.

Management of suspected navicular fracture despite negative radiography is short-arm cast and
repeat x-ray in 2 weeks; these fractures are also at high risk for avascular necrosis.
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The Parkland formula is lactated Ringer’s at 4 ml/kg x percentage of total body surface area
(TBSA) burned (second- and third-degree only). Infuse 50% of volume in first 8 hours and the
remaining 50% over the subsequent 16 hours.

The metabolic rate peaks at 2.5 times the basal metabolic rate in severe burns >50% TBSA.
Gallstones and alcohol abuse are the two main causes of acute pancreatitis.

Alcohol abuse accounts for 75% of cases of chronic pancreatitis.

Isolated gastric varices with hypersplenism indicate splenic vein thrombosis and are an
indication for splenectomy.

The treatment for gallstone pancreatitis is cholecystectomy and intraoperative cholangiogram
during the same hospital stay once the pancreatitis has subsided.

Proton pump inhibitors (PPIs) irreversibly inhibit the parietal cell hydrogen ion pump.

Definitive treatment of alkaline reflux gastritis after a Billroth Il includes a Roux-en-Y gastro-
jejunostomy from a 40-cm efferent jejunal limb.

Cushing’s ulcer is a stress ulcer found in critically ill patients with central nervous system (CNS)
injury. It is typically single and deep with a tendency to perforate.

Curling’s ulcer is a stress ulcer found in critically ill patients with burn injuries.

Marginal ulcer is an ulcer found near the margin of gastroenteric anastomosis, usually on the
small bowel side.

The most common cause of small bowel obstructions is adhesive disease; the second most
common cause is a hernia.
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I. GENERAL TOPICS

ARE YOU READY FOR YOUR SURGICAL

ROTATION?

Tabetha R. Harken, MD, MPH, U. Mini B. Swift, MD, Alden H. Harken, MD

Surgery is a participatory, team, and contact sport. Present yourself to patients, residents, and
attendings with enthusiasm (which covers a multitude of sins), punctuality (type A people do not
like to wait), and cleanliness (you must look, act, and smell like a doctor).

Why should you introduce yourself to each patient and ask about his or her chief
complaint?
Symptoms are perception, and perception is more important than reality. To a patient, the
chief complaint is not simply a matter of life and death; it is much more important. Patients
routinely are placed into compromising, uncomfortable, embarrassing, and undignified
predicaments. Patients are people, however, and they have interests, concerns, anxieties, and
a story. As a student, you have an opportunity to place your patient’s chief complaint into the
context of the rest of his or her life. This skill is important, and the patient will always be grateful.
You can serve a real purpose as a listener and translator for the patient and his or her family.

Patients want to trust and love you. This trust in surgical therapy is a formidable tool. The
more a patient understands about his or her disease, the more the patient can participate in
getting better. Recovery is faster if the patient helps.

Similarly, the more the patient understands about his or her therapy (including its side effects
and potential complications), the more effective the therapy is (this principle is not in the
textbooks). You can be your patient’s interpreter. This is the fun of surgery (and medicine).

What is the correct answer to almost all questions?
Thank you. Gratitude is an invaluable tool on the wards.

Are there any simple rules from the trenches?

1. Getting along with the nurses. The nurses do know more than the rest of us about the
codes, routines, and rituals of making the wards run smoothly. They may not know as
much about pheochromocytomas and intermediate filaments, but about the stuff that
matters, they know a lot. Acknowledge that, and they will take you under their wings
and teach you a ton!

2. Helping out. If your residents look busy, they probably are. So, if you ask how you can help
and they are too busy even to answer, asking again probably would not yield much.

Always leap at the opportunity to shag x-rays, track down lab results, and retrieve a bag of
blood from the bank. The team will recognize your enthusiasm and reward your contributions.

3. Getting scutted. We all would like a secretary, but one is not going to be provided on this
rotation. Your residents do a lot of their own scut work without you even knowing about it. So if
you feel like scut work is beneath you, perhaps you should think about another profession.

4. Working hard. This rotation is an apprenticeship. If you work hard, you will get a realistic
idea of what it means to be a resident (and even a practicing doctor) in this specialty. (This
has big advantages when you are selecting a type of internship.)

5. Staying in the loop. In the beginning, you may feel like you are not a real part of the team.
If you are persistent and reliable, however, soon your residents will trust you with more
important jobs.
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6. Educating yourself, and then educating your patients. Here is one of the rewarding
places (as indicated in question 1) where you can soar to the top of the team. Talk to your
patients about everything (including their disease and therapy), and they will love you
for it.

7. Maintaining a positive attitude. As a medical student, you may feel that you are not a
crucial part of the team. Even if you are incredibly smart, you are unlikely to be making the
crucial management decisions. So what does that leave: attitude. If you are enthusiastic
and interested, your residents will enjoy having you around, and they will work to keep
you involved and satisfied. A dazzlingly intelligent but morose complainer is better suited
for a rotation in the morgue. Remember, your resident is likely following 15 sick patients,
gets paid less than $2 an hour, and hasn’t slept more than 5 hours in the last 3 days.
Simple things such as smiling and saying thank you (when someone teaches you) go an
incredibly long way and are rewarded on all clinical rotations with experience and good
grades.

8. Having fun! This is the most exciting, gratifying, rewarding, and fun profession and is light
years better than whatever is second best (this is not just our opinion).

4. What is the best approach to surgical notes?
Surgical notes should be succinct. Most surgeons still move their lips when they read. See
Table 1-1.

TABLE 1-1. BEST APPROACH TO SURGICAL NOTES

Admission Orders
Admit to 5 West (attending’s name)

Condition: Stable

Diagnosis: Abdominal pain; r/o appendicitis
Vital signs: q4h

Parameters: Please call HO for:

T>38C

160 < BP < 90

120 < HR < 60

Diet: NPO

Fluids: 1000 LR w 20 mEq KCI @ 100 ml/h
Med[ication]s: ASA 650 mg PR prn for T >38.5° C
Thank you.

Sign your name/leave space for resident’s signature (your beeper number)

History and Physical Examination (H & P)

Mrs. O’Flaherty is a 55 y/o w @[white woman] admitted with a cc [chief complaint]: “my
stomach hurts.” Pt [patient] was in usual state of excellent health until 2 days PTA [prior
to admission] when she noted gradual onset of crampy midepigastric pain. Pain is now
severe (7/10; 7 on a scale of 10) and recurring q 5 minutes. Pt described + vomiting
(+ bile, —blood) [with bile, without blood].

PMH [past medical history]
Hosp(italizations]: Pneumonia (1991)
Childbirth (1970, 1972)
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TABLE 1-1. BEST APPROACH TO SURGICAL NOTES—CONT'D

Surg[ery]: splenectomy for trauma (1967)

Allergies: Codeine, shellfish

Social: ETOH [alcohol]

Tobacco: 1 ppd [pack per day] x 25 years
ROS [review of systems]

Respliratory]: productive cough

Cardiac: 0 chest pain [0 = not observed,

noncontributory, or not here]
0 MI [myocardial infarction]

Renal: 0 dysuria
0 frequency
Neuro[logic]: WNL [within normal limits]

Physical Examination (PE)

BP: 140/90

HR: 100 (regular)
RR [respiratory rate]: 16 breaths/min
Temp: 38.2°C

WD [well-developed], WN [well-nourished], mildly obese, 55 y/o ¢ in moderate
abdominal distress

HEENT [head, eyes, ears, nose, and throat]: WNL
Resp: Clear lungs bilat[erally]
0 wheeze
Heart: 0 m [murmur]
RSR [regular sinus rhythm]
Abdomen: Mildly distended

High-pitched rushes that coincide with
crampy pain

Tender to palpation (you do not need to
hurt the patient to find this out)

0 Rebound

Rectal: (Always do; never defer the rectal exam
on your surgical rotation)

Hematest—negative for blood

No masses, no tenderness
Pelvic: No masses
No adnexal tenderness

No cervical motion tenderness or chandelier
sign; if quick motion of cervix makes your
patient hit the chandelier — non specific
peritoneal sign, possibly pelvic inflammatory
disease (PID; gonorrhea)

(Continued)
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TABLE 1-1. BEST APPROACH TO SURGICAL NOTES—CONT'D

Extremities: Full ROM [range of motion]
0 edema
Bounding (3+) pulses
Imp[ression]: Abdominal pain

r/o SB [small bowel] obstruction 2°
[secondary] to adhesions

Rx: NG [nasogastric] tube
IV fluids
Op[erative] consent
Type and hold

[Signature]

Notes on the surgical H&P

= A surgical H&P should be succinct and focused on the patient’s problem.
= Begin with the chief complaint (in the patient’s words).

= |s the problem new or chronic?

= PMH: always include prior hospitalizations and medications.

= ROS: restrict review to organ systems (lung, heart, kidneys, and nervous system)
that may affect this admission.

= PE: always begin with vital signs (including respiration and temperature); that is
why these signs are vital.

= Rebound means inflammatory peritoneal irritation or peritonitis.

Preop[erative] note

The preoperative note is a checklist confirming that you and the patient are ready for the
planned surgical procedure. Place this note in the Progress Notes:

Preop dx [diagnosis]: SB obstruction 2° to adhesions
CXR [chest x-ray]: Clear

ECG [electrocardiogram]: NSR w/ST-T wave changes
Blood: Type and cross-match x 2 u
Consent: In chart

Operative note

The operative note should provide anyone who encounters the patient after surgery with
all the needed information:

Preop dx: SB obstruction

Postop dx: Same, all bowel viable

Procedure: Exp[loratory] Lap[arotomy] with lysis of
adhesions

Surgeon: Name him or her

Assistants: List them

Anesthesia: GEA [general endotracheal anesthesia]
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TABLE 1-1. BEST APPROACH TO SURGICAL NOTES—CONT'D

1&0 [intake and output]: In: 1200 ml Ringer’s lactate (R/L)
Out: 400 ml urine

EBL [estimated blood loss]: 50 ml

Specimen: None

Drains: None

[Sign your name]

ASA, aspirin; BP, systolic blood pressure; BRP, bathroom privileges; A, hour; HO, house officer; HR,
heart rate; NP0, nothing by mouth (this includes water and pills); 0OB, out of bed; PR, per rectum;
PRN, as needed; g, every; /o, rule out; 7, temperature.

Note: You cannot be too polite or too grateful to patients or nurses.

HOSPITAL DISCHARGE

What is a care transition?
It is a fancy word for any change in a clinical care setting. Examples include: from hospital to
home, from home to emergency department (ED), and from nursing home to home.

What is one of the most dangerous things that you can do to your patient?
Discharge them from the hospital.

Why is a hospital discharge a dangerous procedure?

Hospitals are designed for maximal support. Procedures are managed; diet is controlled;
and even the increasingly obligate poly-pharmacy is orchestrated such that each pill is
swallowed with metronomic precision. Then, much like, a baby eaglet, the patient is
unceremoniously “pushed out” of this federally regulated inpatient nest. And again, like the
baby iglet, we expect that patient to take flight at home.

What would improve safety at discharge?
Follow through on the “last sign out.” Sign out to your patient, their family members, and the
next doctor who is going to take care of them in the nursing home or clinic.

What are the most important elements of the final sign out (discharge
summary)?
Discharge summaries should include:
Primary and other diagnoses
Pertinent medical history and physical findings
Dates that they were hospitalized and brief hospital course (assume that the doctor on the
outside knows how to treat hyperkalemia)
Results of procedures
Abnormal lab tests
Recommendations of the specialists that you consulted
Information that you gave to the patient and family
Discharge Medications:
Details of follow-up arrangements
To do list of appointments, pending tests or procedures to be scheduled or checked
Name and contact information of the inpatient doctor
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The idea that a hospital discharge is a risky business, but the risk can be reduced by a
conscientious physician or medical student comes from:

Kripalani S, LeFevre F, Phillips CO et al.: Deficits in communication and information transfer between
hospital-based and primary care physicians, JAMA 297:831-841, 2007.

APPENDIX: REQUIRED READING
Kristin Kanka, DO, and Terrence H. Liu, MD

Unlike medical rounds, where to keep up you need to “one up” by quoting a current (preferably
yesterday’s) journal article, in surgery, you can flourish by knowing the following references, but
you need to know them cold.

1. Mangano DT, Goldman L: Pre-operative assessment of patients with known or suspected coronary disease,

N Engl J Med 333:1750-1756, 1995.

This is an update of Goldman’s original (N Engl J Med, 1977) article in which he pioneered the concept of
“risk adjusted surgical outcome.” You should copy Table 2, Three Commonly Used Indexes of Cardiac Risk,
and always carry it with you. Intuitively, a triathlete will weather a surgical stress better than a Supreme
Court judge, but this article provides a point system with which you can calculate objective perioperative risk.

2. Veronesi U, Cascinelli N, Mariani L et al.: Twenty-year follow-up of a randomized study comparing breast
conserving surgery with radical mastectomy for early breast cancer, N Engl J Med 347:1227-1232, 2002.
Seven hundred women with <2-cm breast cancer were randomized to radical mastectomy or quadrantectomy

and radiation therapy. After 1976, patients with positive axillary nodes also received adjuvant
cyclophosphamide, methotrexate, and 5-fluorouracil (CMF). After 20 years, 30 women in the conservative
treatment group and 8 women in the radical mastectomy group suffered local recurrence (p = 0.01).
Conversely, the incidence of deaths from all causes at 20 years was identical at 41%. The authors conclude
that breast conservation therapy is the “treatment of choice” for women with “relatively small breast cancers.”

3. Fisher B, Anderson S, Bryant J et al.: Twenty-year follow-up of a randomized trial comparing total
mastectomy, lumpectomy and lumpectomy plus irradiation for the treatment of invasive breast cancer,

N Engl J Med 347:1223-1241, 2002.

Clinical investigation is hard to do. The National Surgical Adjuvant Breast and Bowel Project (NSABP) Trials,
initiated 25 years ago, continue to serve as the benchmark for superb prospective, randomized
investigations. In this study, 1851 women were randomized after the breast tumor was excised and the
nodal status was documented. The authors conclude that lumpectomy followed by breast irradiation is
appropriate therapy. To appreciate the huge problems in interpreting clinical trials, you must read this
article carefully. Radiation did decrease death from breast cancer, but this reduction was partially offset
by an increase in deaths from other causes.

4. Barnett HJ, Taylor DW, Eliasziw M et al.: Benefit of carotid endarterectomy in patients with symptomatic

moderate or severe stenosis, N Engl J Med 339:1415-1425, 1998.

This is the North American Symptomatic Carotid Endarterectomy Trial (NASCET) initiated in 1987. NASCET
randomized patients with severe carotid stenosis (70% to 99%) and moderate stenosis (<70%) into
standard medical therapy or carotid endarterectomy (CEA). By 1991, the clear advantage of surgery in
symptomatic patients with severe stenosis was so clear that the study was stopped for this group. This
manuscript reports a 5-year reduction in ipsilateral stroke from 22.2% (medical) to 15.7% (surgical)

(p = 0.045) in patients with moderate (50% to 69%) stenosis. Once a patient with carotid disease becomes
symptomatic, that is ominous. As you witness various diseases, you subconsciously compile a list of
diseases you do not want. A big burn and a big stroke are on the top of everyone’s list.

5. Endarterectomy for asymptomatic carotid artery stenosis. Executive Committee for the Asymptomatic
Carotid Atherosclerosis Study, JAMA 273:1421-1428, 1995.
The Asymptomatic Carotid Atherosclerosis Study (ACAS) randomized 1662 asymptomatic patients with
>60% carotid artery stenosis to medical prescription (one aspirin a day plus risk factor modification) or
CEA. After only 2.7 years, the projected 5-year risk of ipsilateral stroke and death was 5.1% in the
surgical group and 11% in the medical group. This is an aggregate (including perioperative trouble) risk
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reduction of 53%. This article concludes that an asymptomatic patient with a 60% or greater carotid
artery lesion, who is an acceptable risk (atherosclerosis is a systemic disease) for elective surgery will
enjoy a reduction in 5-year risk of ipsilateral stroke if the surgery can be accomplished with less than a
3% aggregate morbidity or mortality.

. Selzman CH, Miller SA, Zimmerman MA et al.: The case for beta-adrenergic blockade as prophylaxis

against perioperative cardiovascular morbidity and mortality, Arch Surg 136:286-290, 2001.

When patients suffer perioperative morbidity and mortality, the cardiovascular system is typically the culprit.
Patients with coronary artery disease (CAD) cannot increase coronary blood flow to meet the enhanced
oxygen demand associated with surgical stress. Beta-adrenergic blockade decreases myocardial oxygen
consumption, and cardioselective beta-blockers do not exacerbate bronchospasm in patients with chronic
obstructive pulmonary disorder (COPD). These authors argue that all patients over 40 years old will benefit
from beta-adrenergic blockade initiated 2 weeks before elective surgery.

. Van den Berghe G, Wouters P, Weekers F et al.: Intensive insulin therapy in critically ill patients, N Engl

J Med 345:1359-1367, 2001.

Both hyperglycemia and insulin resistance are characteristic of critically ill patients. These authors randomized
1548 surgical intensive care unit (SICU) patients to either aggressive blood glucose control (maintained at
80 to 110 mg/100 dI) or conventional therapy (give insulin only if blood glucose exceeds 215 mg/100 dl).
Aggressive glucose control decreased intensive care unit (ICU) mortality from 8% to 4.6% (p = 0.04) with
the largest impact in patients with multiple organ failure from a septic focus.

In surgery, attention to detail counts big:
m Keep blood sugar between 80 and 110 mg/100 dl.
m Give prophylactic antibiotics 0 to 2 hours preoperatively so the patient will have a good antibiotic blood
level at the time of the incision.
m Keep your patient warm (37° C).
® Hyperoxia reduces infection.

. Van De Vijver MJ, He YD, van’t Veer LJ et al.: A gene expression signature as a predictor of survival in

breast cancer, N Engl J Med 347:1999-2009, 2002.

The authors postulate that 70 of our 35,000 genes dictate the character of breast cancer. So cancer, unlike
cystic fibrosis and sickle cell disease, requires a constellation of genetic mutations, not just one. They
followed 295 patients for 12 years and report that this “70 gene signature” predicts survival better than the
classical indicators of patient age, tumor size, tumor histology, pathologic grade, hormone receptor status,
and even lymph node disease. The latter is the shocker. The authors observe that distant metastasis kills
you, positive lymph nodes do not. In patients with either positive or negative lymph nodes, gene profile
determines survival. Each cancer does not acquire an ability to metastasize as it grows, that capability is
programmed into the first neoplastic cell that establishes residence in your patient.

. Sandham JD, Hull RD, Brant RF et al.: A randomized controlled trial of the use of pulmonary artery

catheters in high risk surgical patients, N Engl J Med 348:5-14, 2003.

This is a superb study in which 1994 surgical ICU patients were randomized to goal-directed therapy guided
by a pulmonary artery (PA) catheter or standard care without a PA catheter. The patients were sick and, to
be included for randomization, had to be over 60 years old, have estimated ASA class IIl or IV risk (major
disease), and scheduled for elective or urgent surgery. Hospital mortality and survival at 6 and 12 months
were essentially identical. Following years of impassioned debate, the utility of a PA catheter, even in sick
surgical patients, can no longer be justified. Gonversely, if, after you have given fluid and low-dose
cardiotonic agents, your patient is not improving or still presents a confusing picture, place a PA catheter
and get more information. When your patient improves, pull it out.

Harken AH: Enough is enough, Arch Surg 134:1061-1063, 1999.

This article explores the surgeon’s responsibility to assess surgical risk, to relate risk to anticipated physiologic
and psychological benefit, and to develop common sense strategies to appreciate individual patient
happiness. When benefits exceed anticipated operative risks—this is easy—proceed with surgery. When
risks exceed benefits, this can be uncomfortable, but sensitive recognition of this relatively common problem
by the surgeon can limit extension of the patient’s and family’s grief, prevent the squandering of limited
resources, and appropriately divert decision-making guilt from the family to the surgeon.

Eatock FC, Chong, P, Menezes N et al.: A randomized study of early nasogastric versus nasojejunal feeding

in severe acute pancreatitis, Am J Gastroenterol 100:432-439, 2005.

Early feeding in some patients with acute pancreatitis (AP) causes pain and is traditionally believed to be the
result of worsening disease produced by premature stimulation of the pancreas. Recent scientific evidence
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suggests that over-stimulation of pancreatic acinar cells may not be the underlying cause of AP, therefore
leading physicians to question the benefits of resting the pancreas. The delivery of nutrients into distal small
bowel has been shown beneficial during severe AP. This study is the first randomized prospective study
in which 50 adult patients with severe AP were randomized to receive early feeding by either nasogastric
tubes or nasojejunal tubes. Measured endpoints included disease severity measured by how sick the patient
is (APACHE Il scores), the magnitude of systemic inflammation (C-reactive protein [CRP] levels), clinical
progression, and pain. Overall 24.5% mortality was observed, with no difference in mortality between the
groups. No difference in complication rates, CRP changes, APACHE Il changes, or pain level changes were
observed. This study is significant in that it scientifically challenges the surgical bias that resting the
pancreas helps patients with AP recover faster.

12. McFalls EO, Ward HB, Moritz TE et al.: Coronary-artery revascularization before elective major vascular

surgery, N Engl J Med 351:2795-2804, 2004.

This is a Veterans Administration prospective randomized trial that was conducted to assess the benefits of
preoperative coronary revascularization in patients undergoing major vascular surgery. Five hundred ten
patients were randomized to coronary revascularization by coronary artery bypass graft (CABG),
percutaneous approach, or standard medical therapy. Patient characteristics were similar in both groups;
~40% were diabetics, 45% were smokers, 40% with history of myocardial infarction (MI), ~30% with
three-vessel coronary disease, and 20% with history of cerebrovascular accident (CVA) or transient ischemic
attack (TIA). Patient outcome was assessed during hospitalization and in long-term follow up. The results
showed no difference in postoperative complications or in-hospital mortality rates between the treated
groups. At 2.7 years after randomization, no difference in mortality was observed between the groups.
Significant delays in treatment occurred in the preoperative revascularization patients (54 days versus
18 days). These results demonstrated that unless patients exhibit acute coronary syndrome (ACS), there
are no clear short-term or long-term benefits in routine coronary revascularization before major vascular
surgical procedures.

13. Andre T, Boni C, Mounedji-Boudiaf L et al.: Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment

for colon cancer, N Engl J Med 2343-2351, 2004.

Roughly one half of the patients undergoing curative surgery for colorectal cancer relapses and dies of
metastatic disease. The presence or absence of lymph node metastases is one of the most important
prognosticators for survival. Previous studies have shown that patient with stage Ill (node-positive) colon
cancer had improved survival with adjuvant 5-FU and leucovorin (FL) therapy in comparison to surgery
alone. This randomized control trial compared FL to FL plus oxaliplatin therapy for 6 months in patients with
stage Il and stage |1l colon cancer. Primary endpoint was disease-free survival. Over 1100 patients were
randomized to each arm of the study, and after a median follow up of 40 months, a highly statistically
significant difference in survival was seen between the groups (26.1% versus 21.1%; p = 0.002). Disease-
free survival for the groups was significantly different at 78.2% versus 72.9%. Treatment-related
complications, including Gl symptoms, sensory neuropathy, and fevers occurred more commonly in the
FL + oxaliplatin patients. Subgroup analyses showed the greatest benefit among Stage IlI patients. This
study is called the MOSAIC trial and is responsible for the current chemotherapy treatment standards for
patients with stage Il colon cancer.

14. Fitzgibbons RJ Jr, Giobbie-Hurder A, Gibbs JO et al.: Watchful waiting vs repair of inguinal hernia in
minimally symptomatic men: a randomized clinical trial, JAMA 295:285-292, 2006.
Deciding if and when to operate is one of the most important decisions you will make as a surgeon. This trial
put that decision to the test as it pertains to men with minimally symptomatic inguinal hernias. Fitzgibbons is
a nationally recognized expert in the field of hernia surgery and presented the results of this prospective,
randomized, multicenter study in the Society of American Gastrointestinal and Endoscopic Surgeons
(SAGES) Grand Round Master Series (to view the video go to: www.medscape.com/viewarticle/553466).
In this trial, 720 men with mildly symptomatic inguinal hernias were randomized into two groups: watchful
waiting versus tension-free repair. They were followed for 2 to 4.5 years. No significant difference between
the two groups was found based on the main outcomes of the trial, pain and discomfort interfering with
activity, and changes from baseline in the physical component score (PCS) of the Short Form-36 health-
related quality-of-life survey. Therefore watchful waiting in this subset of patients is permissible because
the risk of incarceration is rare (1.8/1000 patient-years).
15. Neumayer L, Giobbie-Hurder A, Jonasson O et al.: Open mesh vs laparoscopic mesh repair of inguinal
hernia, N Engl J Med 350:1819-1827, 2004.
With the development of minimally invasive surgery in the late 1980s, many operations, including inguinal
hernia repair, were adapted to the laparoscopic approach. The advantages of laparoscopic repair include
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significantly less postoperative pain and speedier return to usual activities. However, laparoscopy does carry
risk. The best approach to repair of inguinal hernias has been controversial, multifactorial, and inconclusive.
Laparoscopic operations must be performed under general anesthesia, and there is increased potential
for serious complications, including but not limited to bowel perforation and major vessel injury. Many
studies have proven an overall advantage of laparoscopic over open tension-free techniques, but most of
these studies were done at specialized centers. This large multicenter, prospective, randomized trial,
conducted at the Veterans Administration, is the notable exception and may be more representative of the
general population. Two thousand one hundred sixty-four patients were randomized to laparoscopic
versus Lichtenstein or open tension-free repair of inguinal hernias. Though patients in laparoscopic group
had less pain and returned to work sooner, recurrence was significantly more common (10.1% versus
4.9%). Based on recurrence and safety, open tension-free repair was found to be superior to laparoscopic
repair. This study, and the subsequent editorial by Dr. Jacobs, raises many questions regarding the
learning curves for laparoscopic procedures, surgeon skill, and future resident training.

Poldermans D, Boersma E, Bax J et al.: The effect of bisoprolol on perioperative mortality and myocardial

infarction in high-risk patients undergoing vascular surgery, N Engl J Med 341:1789-1794, 1999.

This study is a nice follow-up to the study by Mangano and colleagues that evaluated the cardioprotective
effects of beta blockade in patients undergoing major surgery (N Eng J Med 335:1713-1720, 1996.) The
patient population in Mangano’s study either had or was at-risk for CAD and underwent various surgical
procedures. On 2-year follow-up, they found beta blockade did not significantly reduce the incidence of
perioperative MI or death from cardiac causes during hospitalization. The patient population studied was not
at high risk for perioperative cardiac complications, and therefore they were unable to significantly show
a benefit to perioperative beta blockade. To prove the advantage of perioperative beta blockade, Poldermans
and colleagues selected patients who were high risk for cardiac complications based on preoperative
testing including positive dobutamine echocardiography. They also chose patients who were specifically
undergoing vascular procedures. In this high-risk population, beta blockade did in fact significantly reduce
perioperative mortality from cardiac causes and nonfatal MI by 34%. This is a great example of the
importance in risk-stratifying patients accurately. In the future all surgeons’ “report cards” will be public
knowledge. It is critical for us to accurately risk-stratify our patients.

The recommendations for the use of perioperative beta-blockade in high-risk surgical patients are:

m Beta blockade should be started 1 to 2 weeks preoperatively
m Preoperative target heart rate less than 70 beats per minute
® |mmediate postoperative heart rate less than 80 beats per minute

Giger UF, Michel JM, Opitz | et al.: Risk factors for perioperative complications in patients undergoing
laparoscopic cholecystectomy: analysis of 22,953 consecutive cases from the Swiss Association of
Laparoscopic and Thoracoscopic Surgery Database, J Am Coll Surg 203:723-728, 2006.

Using the Swiss database, the authors identified a number of risk factors for local and systemic complications
in patients undergoing laparoscopic cholecystectomy (LC). There are no surprises reported during this
investigation; however, the findings seem to be useful for all of us to recognize so that we can adjust and
control surgeon related variables, including skill levels of trainee and supervisor involved in the complex
cases and timing of surgery for the complex patients.

Hebert P, Wells G, Blajchman M et al.: A multicenter, randomized, controlled clinical trial of transfusion

requirements in critical care, N Eng J Med 340:409-417, 1999.

Red cells are responsible for the delivery of oxygen to tissues, and the augmentation of oxygen delivery is
generally presumed to be beneficial in critically il patients; therefore a transfusion threshold of (hemoglobin)
10.0 g had often been deemed acceptable in the critical care setting. Both the risks and benefits of blood
transfusions can be significant. Given that blood transfusions are associated with excess volume infusion,
immunosuppression, and infection transmission, the benefits of a liberal transfusion strategy had not been
clearly established and potentially exposed many patients who did not necessarily need a transfusion to
avoidable risks. This multicenter, randomized, controlled trial randomized 838 euvolemic, intensive care
patients to either a “restrictive” or “liberal” transfusion strategy. In the restrictive group, patients were
given red blood cells when their hemoglobin dropped below 7 g/dl. In the liberal group, patients were
transfused at hemoglobin of 10 g/dl. Patients who were less acutely ill and were younger than 55, had a
much lower 30-day mortality in the restrictive arm of the study than those in the liberal group (8.7% to
16.1% and 5.7% to 13%, respectively). Patients in the restrictive group also received fewer transfusions
(mean of 2.6 units versus 5.6 units) and experienced lower in-hospital mortality (22.2% versus 28.1%;

p = 0.05). Cardiac events including pulmonary edema and MI occurred more frequently among the liberal
transfusion patients during their ICU stay. These findings suggest that a restrictive transfusion strategy
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with hemoglobin values of 7.0 to 9.0 may be safely applied for most critically ill patients, with the exception
of patients with ACS. By shining a light on traditional transfusion triggers, this trial encourages physicians to
justify the use and assess the risks and the benefits of blood transfusions.

19. The Clinical Outcomes of Surgical Therapy Study Group. A comparison of laparoscopic assisted and open

colectomy for colon cancer, N Engl J Med 350:2050-2059, 2004.

Studies comparing laparoscopic and open abdominal operations have generally demonstrated shorter
hospitalization and recovery for patients treated laparoscopically; however, as a result of concerns with
inadequate oncologic resections and a potential compromise in patient survival, laparoscopic colectomy
had not been widely accepted for the management of colon cancer. This randomized control trial was
designed to evaluate outcomes in patients undergoing laparoscopic colectomy for colon cancer. A total of
872 patients were randomized to open colectomy or laparoscopic colectomy, with similar patient
demographics and distributions of tumor locations in both treatment arms. The findings of the study
indicated no difference in complication rates, 30-day mortality, and surgical margin status between the
treatment arms. However, perioperative recovery was faster among the patients treated laparoscopically with
significant shorter hospital stay and reduced duration of narcotic analgesic usage reported. At 3-year follow
up, there was no difference in recurrence rates, overall survival, and disease-free survival. These results
along with similar findings reported from a European trial (Lancet Oncol 6:477-484, 2005) have clearly
established laparoscopic colectomy as an acceptable surgical treatment for colon cancer. To view a
laparoscopic colectomy for cancer, go to www.websurg.com.

20. Lee T, Marcantonio E, Mangione C et al.: Derivation and prospective validation of a simple index for

prediction of cardiac risk of major noncardiac surgery, Circulation 100:1043-1049, 1999.

During the preoperative evaluation the risks and benefits of the operation should be established and discussed
with the patient. The cardiovascular system is challenged during the perioperative period and cardiac
complications carry significant morbidity. Therefore, risk stratification for cardiac complications is essential
for each patient. Historically, guidelines including Goldman’s criteria and the Cardiac Risk Index were
devised to determine cardiac risk. The use of these systems has been limited by their complexity. This study
proposed a much simpler Revised Cardiac Risk Index (RCRI) to predict the risk of cardiac complications
in major elective noncardiac procedures. The study was performed at a highly reputable academic hospital
and included 4315 patients. The main outcome measures were cardiac complications. Six independent,
equal predictors of complications were identified including: high-risk type of surgery, history of ischemic
heart disease, history of congestive heart failure (CHF), history of cerebrovascular disease, preoperative
treatment with insulin, and a preoperative serum creatinine >2.0 mg/dl. The RCRI can be calculated
quickly and is a valuable tool currently used to accurately risk-stratify patients for cardiac complications in
major elective noncardiac procedures.

21. Gurm HS, Yadav JS, Fayad P et al., for the SAPPHIRE Investigators: Long-term results of carotid stenting

versus endarterectomy in high-risk patients, N Engl J Med 358:1572-1579, 2008.

The authors note that there is a direct relationship between the degree of carotid stenosis and ipsilateral stroke.
In the hands of experienced vascular surgeons and interventionalists, this disease can be managed and
patients can anticipate extraordinarily good results. The morbidity and mortality of a surgical CEA, even in
debilitated patients, is quite low. When an angioplasty catheter is inflated in the cerebral circulation, there is a
risk that a tiny bit of crumbled plaque floats north, causing memory loss. So, a fishing net that is placed
distal to the deployment of the angioplasty balloon and stent was developed (the first two authors
acknowledge that they are the inventors and hold patents on the emboli protection device). In a prospective
randomized trial of 260 patients, the authors conclude that carotid artery stenting with protection by the
emboli protection device is “not inferior” to CEA at 1 month, 1 year, and 3 years.
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CARDIOPULMONARY RESUSCITATION

Amandeep Singh, MD

What is cardiac arrest and sudden cardiac death?

Cardiac arrest is the sudden cessation of effective cardiac pumping function as a result of
either ventricular asystole (electrical or mechanical) or pulseless ventricular tachycardia or
ventricular fibrillation. Sudden cardiac death is the unexpected natural death from a cardiac
cause within 1 hour of onset of symptoms; in a person without a previous condition, that
would appear fatal.

What is the most common dysrhythmia encountered during sudden

cardiac death?

Ventricular fibrillation (VF) is the predominate rhythm encountered in the first 3 to 5 minutes
after sudden cardiac arrest. VF is characterized by chaotic rapid depolarizations and
repolarizations that cause the heart to quiver so that it is unable to pump blood effectively.

What is the initial treatment for a patient found to be in ventricular fibrillation?
Immediate therapy with defibrillation is the only effective treatment for VF and is most effective
if performed within 5 minutes of collapse. Initiation of cardiopulmonary resuscitation (CPR)
with chest compressions and ventilation provides a small but critical amount of blood to the
heart and brain while waiting for a defibrillator to arrive.

Is endotracheal intubation mandatory during cardiopulmonary resuscitation?
No. Adequate ventilation may be achieved with proper airway positioning, an oropharyngeal
or nasopharyngeal airway, and a bag-valve mask attached to an oxygen source. Insertion of
an endotracheal tube may be deferred until the patient fails to respond to initial CPR and
defibrillation.

How is the airway positioned during a resuscitation attempt?

In an unconscious patient, the most common airway obstruction is the patient’s tongue, which
falls back into the throat when the muscles of the throat and tongue relax. Opening the airway
to relieve the tongue from obstruction can be done using the head tilt-chin lift maneuver, or
in the patient with suspected cervical spine injury, the jaw-thrust maneuver. If available, an
oral airway or nasal trumpet should be inserted.

Describe the head tilt-chin lift and jaw-thrust maneuvers

The head filt-chin lift maneuver consists of two separate maneuvers. First, one hand is placed
on the forehead and is used to rotate the head into a "sniffing" position (i.e., neck fully extended
and head tilted backwards). Second, the other hand is used to lift the chin forward and up.

In the jaw-thrust maneuver, the rescuer places both hands at the sides of the victim’s face,
grasps the mandible at its angle, and lifts the mandible forward.

What is the proper method of chest compressions in children and adults?
The proper position for your hands during chest compressions in children and adults (about
1 year of age and older) is in the center of the chest at the nipple line. Using the heel of both
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hands, the rescuer should compress the chest approximately 1%z to 2 inches for adults.

The same method is used for children, however one hand is often adequate to compress the
chest and the depth of compression should be one third to one half the depth of the chest.
Rescuers should push hard, push fast (rate of 100 compressions per minute), allow for
complete chest recoil between compressions, and minimize interruptions in compressions
for all victims.

What is the interposed abdominal compression cardiopulmonary
resuscitation technique?

The interposed abdominal compression CPR technique uses a dedicated rescuer to provide
manual compression of the abdomen (midway between the xiphoid and the umbilicus) during
the relaxation phase of chest compression. This technique is thought to enhance venous
return during CPR and has been shown to increase return of spontaneous circulation and
short-term survival for in-hospital resuscitations.

What respiratory rate should be achieved during a resuscitation attempt?
Rescuers should deliver 8 to 10 breaths per minute during CPR, with each breath delivered
over 1 second at a tidal volume sufficient to produce chest rise (approximately 6 to 7 ml/kg
or 500 to 600 ml). A number of commercially available devices can be added in-line with a
bag-valve mask device to assist in delivering the proper number of breaths per minute.
Hyperventilation should be avoided.

What are the advantages to central line insertion during cardiac resuscitation?
Advantages to central line insertion

m Delivery of large fluid volumes can be facilitated with a large-bore central catheter.

m Peak drug concentrations are higher and circulation times are shorter with central catheters.
m Supraclavicular insertion into the subclavian vein requires minimal interruption in chest
compressions.

May be quicker to obtain central access with ultrasound guidance compared to peripheral
access in a patient who is severely hypotensive.

Although certain advantages exist with central line insertion, there is no data to suggest
improved outcome with central line placement. In most cases a large-bore peripheral
intravenous (V) or intraosseous (I0) cannulation is adequate for cardiac resuscitation.

Which advanced cardiac life support medications have demonstrated improved
survival of neurologically intact patients at hospital discharge?

There are no advanced cardiac life support (ACLS) medications that have proven useful in this
regard. To date no placebo-controlled trials have shown that administration of any vasopressor
agent at any stage of pulseless ventricular tachycardia (VT), VF, pulseless electrical activity
(PEA), or asystole increases the rate of neurologically intact survival to hospital discharge.

What is the sequence for treatment of ventricular fibrillation or pulseless
ventricular tachycardia?

As soon as possible, 120 to 200 J of electricity should be delivered through a biphasic
defibrillator (or 360 J through a monophasic defibrillator). A period of CPR should precede
defibrillation if the arrest was not witnessed. Immediately following defibrillation, CPR is
continued for 2 minutes at which point a brief pulse and rhythm check is done as the defibrillator
is recharged. In patients with persistent VF/VT, CPR should be resumed until the charge is
complete, and only withheld as the shock is delivered. This sequence of CPR-SHOCK-CPR-
RHYTHM CHECK should be continued as long as the patient remains in VF/VT. When IV or 10
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access is available, 1 mg of epinephrine 1V or 10 should be repeated every 3 to 5 minutes or a
single dose of 40 U of vasopressin IV or |0 should be given. Consider amiodarone 300 mg IV or
|0 (with an additional 150 mg IV or 10 given for patients with refractory VF or VT). Chest
compression should not be interrupted for the administration of medications.

What is the sequence for treatment of asystole/pulseless electrical activity?
CPR should be initiated immediately and continued for 2 minutes before a brief pulse

and rhythm check. CPR is continued following the pulse and rhythm check. This sequence

of CPR-RHYTHM CHECK should be continued as long as the patient remains in asystole/PEA.
When IV or 10 access is available, 1 mg of epinephrine IV or |0 repeated every 3 to 5 minutes
or a single dose of 40 U of vasopressin IV or 10 should be given; 1 mg of atropine IV
repeated every 3 to 5 minutes (to a maximum of three doses) is given for asystole or

slow PEA rate. Chest compression should not be interrupted for the administration

of medications.

What are the common treatable contributing factors for cardiac arrest?
Hypovolemia

Hypoxia

Hydrogen ion (acidosis)

Hypokalemia or Hyperkalemia

Hypoglycemia

Hypothermia

Toxins

Tamponade, cardiac

Tension pneumothorax

Thrombosis, coronary

Thrombosis, pulmonary

Trauma

An easy way to remember the etiology for treatable cardiac arrest is to remember that there
are six "H" causes and six "T" causes.

Is there a role for routine fibrinolysis in patients with pulseless electrical activity
cardiac arrest?

No. The results from a recent large clinical trial failed to show any significant treatment effect
when a fibrinolytic agent (tPA) was given to out-of-hospital patients with undifferentiated cardiac
arrest unresponsive to initial interventions. Individual patients in cardiac arrest in whom a strong
suspicion for PEA exists (e.g., immobilized patient, peripartum, deep venous thrombosis [DVT]
by history or suggested by physical examination) may benefit from the use of fibrinolytics as a
last-ditch, life-saving intervention.

What are the initial objectives of postresuscitation support?

Optimize cardiopulmonary function and systemic perfusion, especially perfusion to the brain.
Try to identify the precipitating cause of the arrest and institute measures to prevent recurrence.
Institute measures that may improve long-term, neurologically intact survival.

What is postresuscitation therapeutic hypothermia?

Postresuscitation induction of hypothermia (cooled to 32°C to 34°C for 12 to 24 hours) for
comatose patients with return of spontaneous circulation has been shown to lead to improved
neurologic outcome in patients with cardiac arrest. Although most clinical studies of cooling
have used external cooling techniques (e.g., cooling blankets and frequent application of ice
bags), more recent studies suggest that internal cooling techniques (e.g., cold saline,
endovascular cooling catheter) can also be used to induce hypothermia.
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What is the role of end-tidal CO, monitoring?

End-tidal carbon dioxide (CO2) monitoring is a safe and effective noninvasive indicator of
cardiac output (CO) during CPR. During cardiac arrest, CO, continues to be generated
throughout the body. The major determinant of CO, excretion is its rate of delivery from
the peripheral production sites to the lungs. In the low-flow state during CPR, ventilation
is relatively high compared to blood flow, so that end-tidal CO, concentration is low. If
ventilation is reasonably constant, then changes in end-tidal CO, concentrations reflect
changes in CO.

What electrolyte abnormalities can lead to cardiac arrest?

Malignant ventricular dysrhythmias may result from significantly elevated or depleted
potassium levels and from hypomagnesemia. Cardiorespiratory arrest can result from severe
hypermagnesemia.

What advanced cardiac life support modifications are required in patients with
severe electrolyte abnormalities?

Hyperkalemic cardiac arrest can be seen in patients with renal failure, metabolic acidosis,
hemolysis, tumor lysis from chemotherapy, and rhabdomyolysis. It is also seen in patients
who receive multiple blood transfusions and in those taking certain medications. Sudden
cardiac death in patients with documented or suspected severe hyperkalemia (>7 mEg/L with
toxic electrocardiogram [ECG] changes) mandates immediate treatment with IV doses of
1000 mg of calcium chloride, 50 mEq of sodium bicarbonate, 25 g of glucose, and 10 units
of regular insulin.

Hypokalemic cardiac arrest is seen in patients with severe hypokalemia (<2.5 mEq/L).
Hypokalemia is suspected in patients with alcoholism, diuretic use, severe diarrhea, and
diabetes mellitus (DM). Immediate treatment with 10 mEq of IV potassium given over 5 minutes
is indicated for patients with malignant ventricular dysrhythmia. Concurrent hypomagnesemia is
common in patients with hypokalemia.

Hypomagnesemia is seen in patients with alcoholism, diuretic use, severe diarrhea,
diabetic ketoacidosis (DKA), and severe burns. Cardiac arrest resulting from severe
hypomagnesemia is often preceded by torsades de pointes on a cardiac monitor. These
patients require 2 g MgS04 IV push over 5 minutes.

Cardiorespiratory arrest from hypermagnesemia is treated with 1000 mg of calcium
chloride IV over 2 minutes, along with aggressive volume and respiratory support.

What are the common causes for cardiac arrest resulting from anaphylaxis?
Life-threatening anaphylaxis is seen with reactions to antibiotics (especially parenteral
penicillins and other b-lactams), aspirin and nonsteroidal antiinflammatory drugs, and

IV contrast agents. Certain foods, including nuts, seafood, and wheat are associated with
life-threatening anaphylaxis from bronchospasm and asphyxia.

What advanced cardiac life support modifications are required in patients

with cardiac arrest resulting from anaphylaxis?

Cardiac arrest from anaphylaxis is as a result of acute airway obstruction coupled with
profound venous vasodilation leading to cardiovascular collapse. Early endotracheal intubation,
prolonged CPR, aggressive volume administration (typically between 4 and 8 L of isotonic
crystalloid), and adrenergic drugs are the cornerstones of therapy. Patients with full cardiac
arrest may receive high-dose epinephrine (i.e., escalating from 1 mg to 3 mg to 5 mg over

5 minutes). Surgical or needle cricothyrotomy is indicated if airway edema precludes
endotracheal intubation.
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What advanced cardiac life support modifications are required in patients with
cardiac arrest associated with trauma?

Basic and advanced life support for the trauma patient is fundamentally the same as that for the
patient with a primary cardiac arrest. Hypovolemia, tension pneumothorax, and pericardial
tamponade must be quickly evaluated and addressed during resuscitation.

Should all patients in cardiac arrest receive cardiopulmonary resuscitation?
No. Legitimate reasons to withhold CPR include:

The patient has a valid do not resuscitate (DNR) order.

The patient has signs of irreversible death (e.g., rigor mortis, decapitation, decompensation, or
dependent lividity).

No physiologic benefit can be expected because vital functions have deteriorated despite
maximal therapy (e.g., progressive septic or cardiogenic shock).

When should resuscitative efforts be terminated?

The decision to terminate resuscitative efforts rests with the treating physician in the hospital
and is based on consideration of many factors, including time to CPR, time to defibrillation,
comorbid disease, pre-arrest state, and initial arrest rhythm. None of these factors alone or in
combination is clearly predictive of outcome. Reports indicated that prolonged CPR could be
effective in cardiac arrest resulting from hypothermia, drug overdose, and anaphylaxis.

When should a "slow-code" be initiated?
Never. The practice of knowingly providing ineffective resuscitation compromises the ethical
integrity of healthcare providers and undermines the physician-patient or nurse-patient relationship.

Can family members be present during resuscitation of a loved one?

Yes. Not only do the majority of family members surveyed prior to a resuscitation state that they
would like to be present during a resuscitation attempt, many family members say that it is
comforting to be at the side of their loved one and eases the grief associated with a sudden or
expected loss.

What are the most common causes of perioperative cardiac arrest in children?
About 50% of cases are related to anesthesia, 25% are a result of failure to wean from
cardiopulmonary bypass, and 20% related to uncontrolled surgical hemorrhage. Among the
cases related to anesthesia, cardiovascular causes were the most common (41% of all arrests),
with hypovolemia from blood loss and hyperkalemia from transfusion of stored blood the most
common identifiable cardiovascular causes. Among respiratory causes of arrest (27% of all
arrests), airway obstruction from laryngospasm was the most common cause. Medication-
related cardiac arrest accounted for 18% of all arrests. Vascular injury incurred during
placement of central venous catheters was the most common equipment-related cause of arrest.

What is the revised cardiac risk index?

The revised cardiac risk index (RCRI) accurately predicts major cardiac events (e.g., myocardial
infarction [MI], pulmonary embolus [PE], VF, heart block, or cardiac arrest) in adults undergoing
major noncardiac surgery. Each risk factor is assigned a single point: high-risk surgical
procedure, history of ischemic heart disease, history of congestive heart failure (CHF), history of
cerebrovascular disease, preoperative treatment with insulin, preoperative serum creatinine
>2.0 mg/dl. The risk of a major cardiac event is <1% if there is none or one risk factor present.
A 6.6% risk of major cardiac event occurs if two risk factors are present, and increases to 11%
if three or more risk factors are present.
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EVALUATION AND TREATMENT OF

CARDIAC DYSRHYTHMIAS

Laurel R. Imhoff, MD, MPH, and Alden H. Harken, MD

Are cardiac dysrhythmias and cardiac arrhythmias the same?

Yes. Some purists will tell you that an arrhythmia can be only the absence of a cardiac rhythm. But
these are the same purists who use the word iatrogenic to mean “caused by a physician,” when, of
course, the only thing that can truly be “iatrogenic” is a physician’s parents.

Are all cardiac dysrhythmias clinically important?

Most are not. Many of us have isolated premature ventricular contractions (PVCs) or premature
ventricular depolarizations (PVDs) all the time. Superbly conditioned athletes frequently
exhibit resting heart rates in the 30s. A clinically important cardiac dysrhythmia is a rhythm that
bothers the patient. As a rule, if the patient’s ventricular rate is 60 to 100 beats per minute
(regardless of mechanism), cardiac rhythm is not a problem.

State the goals in the treatment of cardiac dysrhythmias.
The primary goal is to control ventricular rate between 60 and 100 beats per minute, and the
secondary goal is to maintain sinus rhythm.

How important is sinus rhythm?

It depends on the patient’s ventricular function. Induction of atrial fibrillation in a medical
student volunteer causes no measurable hemodynamic effect. Your ventricular compliance
is so good that you do not need an atrial “kick” to fill the ventricle completely.
Conversely, the worse (the stiffer) the patient’s heart, the more you should try to maintain
sinus rhythm. We observed a patient with a 7% left ventricular (LV) ejection fraction (EF)
whose cardiac output (CO) decreased by 40% when he spontaneously developed atrial
fibrillation.

Do you need to be ankle-deep in electrocardiogram paper and personally
acquainted with Drs. Mobitz, Lown, and Ganong to treat cardiac dysrhythmias in
the intensive care unit (ICU)?

No.

When you are called by the ICU nurse to see a patient with an arrhythmia, what
questions do you ask yourself?
1. Does the patient really exhibit an arrhythmia? What is the patient doing? Is the stuff
that looks like ventricular fibrillation (VF) really just the patient brushing his or her teeth?
Or is the rhythm strip that looks like asystole really just a loose lead? If the patient
does exhibit an arrhythmia, ask yourself the following questions.




m CHAPTER 3 EVALUATION AND TREATMENT OF CARDIAC DYSRHYTHMIAS

7.

2. Does the arrhythmia require intervention? 1solated PVCs usually can be ignored safely.

4.

5.

Similarly a resting bradycardia in a triathlete is normal. This is the occasion to launch
into your “2-second physical exam.” Is the patient sweaty and confused or alert and
happy?

. What is a 2-second physical exam? You look into the patient’s eyes, hoping to

determine whether he or she is perfusing his or her brain. If the patient looks back at
you, you have some time. If the patient requires therapy, ask yourself the following
questions.

How soon is therapy required? At this point, the patient becomes (paradoxically)
irrelevant. The most robust indicator dictating velocity of intervention is not how sick the
patient is, but how frightened you are. You must determine rapidly whether delay in
therapy is likely to put the patient at risk. If the cardiac arrhythmia is likely to inflict
psychopathologic (hypoxemic) consequences not only on the patient, but also, by
extension, on his or her extended (societal) family, you should be frightened. If you are
frightened, you must ask yourself:

What is the safest and most effective therapy?

If the patient requires antiarrhythmic therapy, what is the safest and most
effective strategy?
Therapy for cardiac arrhythmias is simple and comprises three comprehensible concepts:

1.

2.
3.

If the patient is hemodynamically unstable (the sole determinant of instability is whether
you are frightened), cardiovert with 360 J. (For lower energy, see Chapter 2.)

If the patient has a wide-complex tachycardia, cardiovert with 360 J.

If the patient has a narrow-complex tachycardia, infuse an atrioventricular (AV) nodal
blocker intravenously (IV). If at any time the patient becomes unstable, proceed with
cardioversion.

In assessing a cardiac impulse, how do you distinguish supraventricular from

ventricular origin?
Supraventricular origin: When an impulse originates above the AV node (supraventricular), it
can access the ventricles only through the AV node. The AV node connects with the
endocardial Purkinje system, which conducts impulses rapidly (2 to 3 m/sec). A
supraventricular impulse activates the ventricles rapidly (<0.08 sec, 80 msec, or two little
boxes on the electrocardiogram [ECG] paper), producing a narrow-complex beat.
Ventricular origin: When an impulse originates directly from an ectopic site on the ventricle,
it takes longer to access the high-speed Purkinje system. A ventricular impulse activates
the entire ventricular mass slowly (<0.08 sec, 80 msec, or two little boxes on the ECG paper),
producing a wide-complex beat (See Fig. 3-1).

Figure 3-1. Wide-complex beats are of ventricular origin. Narrow-complex beats are of
supraventricular origin.
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9. Extra credit: Correlate the ECG with cardiomyocyte membrane ion flux.

See Fig. 3-2.
R
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Figure 3-2. Typical action potential of a cardiac myocyte, the ionic shifts responsible
for each phase, and correlation with the surface ECG. A, Phase 0 = rapid depolarization,
characterized by rapid influx of sodium (Na+) through the voltage-gated Na+
channels. B, Phase 1 = brief repolarization, characterized by transient influx of chloride
(Cl-). C, Phase 2 = plateau phase, characterized by a rapid rise in calcium (Ca2-+)
permeability through L-type Ca2+ channels. Phase 3 = repolarization with potassium
(K+) exiting the cell. D, Slow depolarization of pacemaker cells caused by slow influx of
Na-+. (From Meldrum DR, Cleveland JC, Sheridan BC et al.: Cardiac surgical implications of
calcium dyshomeostasis in the heart, Ann Thorac Surg 61:1273-1280, 1996, with
permission.)

10. Do all wide-complex beats derive from the ventricles?

No, but most do. An impulse of supraventricular origin that is conducted with aberrancy through
the ventricle can take enough time to make it a wide-complex beat. In one study, 89% of 100
patients presenting to an emergency department (ED) with a wide-complex tachycardia
eventually proved to exhibit ventricular tachycardia, whereas 11% were diagnosed with
supraventricular tachycardia with aberrancy.
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11. What do you do if you cannot tell whether a ventricular complex is wide or narrow?
Acutely and transiently (for 5 seconds) block the AV node by giving 6 mg of adenosine 1V; if the
ventricular complex persists, it is ventricular. If the ventricular complex stops, it was
supraventricular.

12. To prevent lots of supraventricular impulses from getting to the ventricles, how
do you block the atrioventricular node pharmacologically?

In seconds, give 6 mg adenosine 1V push.
In minutes, draw up 20 mg Diltiazem (calcium channel blocker), infuse as IV over 2 minutes.
If necessary start continuous 1V infusion of 5-10 mg/hr to be started immediately following IV
bolus. (For IV infusion do not exceed 15 mg/hr and the drug should not be infused for more
than 24 hours.)
In hours, put 0.5 mg digoxin in 100 ml of Ringer’s lactate and infuse by IV drip over 30 minutes.

KEY POINTS: CHARACTERIZATION OF CARDIAC

DYSRHYTHMIAS

1. Supraventricular origin: when an impulse originates above the AV node, it can access the
ventricles only through the AV node to reach the Purkinje system, which conducts and
activates the ventricles rapidly, producing a narrow-complex beat (<2 small boxes on ECG).

2. Ventricular origin: when an impulse originates from an ectopic site on the ventricle, it takes
longer to access the high-speed Purkinje system. A ventricular impulse activates the entire
mass, slowly producing a wide-complex beat (>2 small boxes on ECG).

3. Not all wide-complex beats are ventricular in origin.

4. To distinguish ventricular from supraventricular tachycardia, transiently block AV node with
adenosine intravenous push. If ventricular complex persists, it is ventricular tachycardia; if
the complex stops, it is supraventricular tachycardia.

13. Why give digoxin?
Digoxin is an effective AV nodal blocker, but it makes cardiomyocytes more excitable. By giving
digoxin, you make supraventricular impulses more likely; but by blocking the AV node, you
render these impulses less dangerous.

14. Why infuse digoxin over 30 to 60 minutes intravenously?
Studies indicate that a big pulse of digoxin (IV push) concentrates in the myocardium, making
the myocytes hyperexcitable. Digoxin infused more slowly avoids this problem.

15. List the steps in calling a dysrhythmia by name.
Bradycardia: <60 beats per minute
Tachycardia: 100 to 250 beats per minute
Flutter: atrial or ventricular rate 250 to 400 beats per minute
Fibrillation: atrial or ventricular rate >400 beats per minute

WEBSITES @
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HOW TO THINK ABOUT SHOCK

Laurel R. Imhoff, MD, MPH, and Alden H. Harken, MD

1.

Define shock.
Shock is:
= Not just low blood pressure.
m Not just decreased peripheral perfusion.
= Not just limited systemic oxygen delivery.
Ultimately, shock is decreased tissue respiration. Shock is suboptimal consumption of oxygen
and excretion of carbon dioxide (CO,) at the cellular level.

Is shock related to cardiac output?

Yes. A healthy medical student can redistribute blood flow preferentially to vital organs. After
a 3- to 4-unit bleed, your typical young gunslinger can still think and can tell you: “four
dudes jumped me.” From this history you have no idea what happened to him, but you do
know that he is still perfusing his brain.

Is organ perfusion democratic?

No. Limited blood flow always is redirected toward the carotid and coronary arteries. Peripheral
vasoconstriction steals blood initially from the mesentery, then skeletal muscle, and then
kidneys and liver.

Is this vascular autoregulatory capacity uniform in all patients?

No. With age and atherosclerosis, patients lose their ability to redistribute limited blood flow.
A 20% decrease in cardiac output (CO), or a fall in blood pressure to 90 mm Hg, can be
life-threatening to a Supreme Court justice, whereas it may be undetectable in a triathlete.

For diagnostic and practical therapeutic purposes, can shock be classified?
Yes.
1. Hypovolemic shock mandates volume resuscitation.
2. Cardiogenic shock mandates cardiac stimulation (pharmacologic and eventually
mechanical).
3. Peripheral vascular collapse shock mandates pharmacologic manipulation of the
peripheral vascular tone (and direct attention to the cause of the vasodilation—typically
Sepsis).

Is it advisable to treat all shock in the same sequential fashion?

Ultimately, yes. Whether a cigar-chomping banker presents with a big gastrointestinal (Gl)
bleed (hypovolemic shock) or crushing substernal chest pain (cardiogenic shock), the surgeon
should take the following steps in order:

1. Optimize volume status; give volume until further increase in right-sided (central venous
pressure [CVP]) and left-sided (pulmonary capillary wedge pressure [PCWP]) preload
confers no additional benefit for CO or blood pressure (BP). (This step is Starling’s law;
place the patient’s heart at the top of the Starling curve.)
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11.
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2. If CO, BP, and tissue perfusion remain inadequate despite adequate preload, the
patient has a pump (cardiogenic shock) problem. Infuse cardiac inotropic drugs
(B-agonist) to the point of toxicity (typically cardiac ectopy), which will have lots of
frightening premature ventricular contractions. For pharmacologically refractory
cardiogenic shock, insert an intraaortic balloon pump (IABP).

3. If the patient exhibits a surprisingly high CO and a paradoxically low BP (such unusual loss
of vascular autoregulatory control is associated typically, but not always, with sepsis),
infuse a peripheral vasoconstrictor drug (x-agonist).

What is the preferred access route for volume infusion?

Flow depends on catheter length and radius. Volume may be infused at twice the rate

through a 5-cm, 14-gauge peripheral catheter as through a 20-cm, 16-gauge central line.
Assessment of CVP (and left-sided filling pressure) is necessary if the patient fails to respond to
initial volume resuscitation.

Should one infuse crystalloid, colloid, or blood?

If the goal is only to improve preload and to repair CO and BP, crystalloid solution should

be sufficient. It is controversial whether infused colloid remains in the vascular compartment.
If the goal is to augment systemic oxygen delivery, red blood cells bind much more oxygen
than plasma (see Chapter 7). Crystalloid should enhance flow, and blood should augment
oxygen delivery.

When cardiac preload is adequate, which inotropic agents are useful?
Dobutamine, epinephrine, and norepinephrine are the chocolate, vanilla, and strawberry of the
32 flavors of cardiogenic drugs. These three drugs are all that the surgeon really needs.

Is dopamine the same as dobutamine?

No. Dopamine stimulates renal dopaminergic receptors and may be useful in low doses

(2 milligrams per kilogram per minute) to counteract the renal arteriolar vasoconstriction that
accompanies shock. Dopamine has no place as a primary cardiac inotropic agent.

Discuss the use of dobutamine, epinephrine, and norepinephrine.
See Table 4-1.

TABLE 4-1. USE OF DOBUTAMINE, EPINEPHRINE, AND NOREPINEPHRINE

Dobutamine is a $1-agonist (cardiac inotrope), but it also has some B, effects (peripheral
vasodilation).

Start at: 5 micrograms per kilogram per minute and increase to point of toxicity (cardiac
ectopy).

Note: Infuse to desired effect (do not stick rigidly to a preconceived dose). Because
dobutamine has some vasodilating effects, it may be frightening to infuse into typically
hypotensive patients in shock.

Epinephrine is a combined B- and «-adrenergic agonist, with the B effects predominating at
lower doses and progressive vasoconstriction accompanying increased doses.

Start at: 0.05 micrograms per kilogram per minute and increase to point of toxicity (cardiac
ectopy).

Note: As with dobutamine, infuse to desired effect.

(Continued)
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TABLE 4-1. USE OF DOBUTAMINE, EPINEPHRINE, AND NOREPINEPHRINE—CONT'D

Norepinephrine is a combined o- and B-adrenergic agonist, with the o effects
predominating at all doses.

Start at: 0.05 milligrams per kilogram per minute and increase to point of toxicity (cardiac ectopy).

Note: Relatively pure peripheral vasoconstriction rarely is indicated and should be used only
to modulate the peripheral vascular tone in peripheral vascular collapse shock.

12. When is an intraaortic balloon pump indicated?
Mechanical circulatory support is indicated when the preload to both ventricles (CVP and PCWP)
has been optimized and further cardiac stimulatory drugs are limited by frightening runs of
premature ventricular contractions. Do not be afraid to resort to mechanical support.

KEY POINTS: SUMMARY OF ADRENERGIC AGENTS v

1. Dobutamine: B agonist (cardiac inotrope) with mild-to-moderate B, effects (peripheral
vasodilation).

2. Epinephrine: combined B- and a-adrenergic agent, with the B effects predominating at lower
doses and progressive vasoconstriction accompanying increased doses.

3. Norepinephrine: combined B- and «-adrenergic agonist, with the o effects predominating at
all doses.

13. What does an intraaortic balloon pump do?
It provides diastolic augmentation and systolic unloading.

14. What is diastolic augmentation?
A soft 40-ml balloon is inserted percutaneously through the common femoral artery into
the descending thoracic aorta. The balloon is not occlusive (it should not touch the aortic walls).
When it is inflated, it displaces 40 ml of blood and is exactly like acutely transfusing 40 ml
of blood into the aorta, augmenting each LV stroke volume by 40 ml. Balloon infusion is
triggered off the QRS complex from a surface ECG (any lead). The balloon is always inflated
during diastole to increase diastolic blood pressure (DBP) and augment coronary blood flow
(CBF). Eighty percent of CBF occurs during diastole.

KEY POINTS: INTRAAORTIC BALLOON PUMP v

1. Indicated for cardiogenic shock refractory to pharmacologic manipulation.

2. Triggered by QRS complex of surface ECG; inflates during diastole (T wave) and deflates on
systole (R wave or at dicrotic notch on aortic pressure curve).

3. Eighty percent of CBF occurs during diastole.

4. Mechanistically results in diastolic augmentation and systolic unloading (afterload
reduction).
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15. What is systolic unloading?

Balloon deflation is an active (not a passive) process. Helium abruptly is sucked out of the
balloon, leaving a 40-ml empty space in the aorta. The left ventricle can eject the first 40 ml of its
stroke volume into this empty space at dramatically reduced workload. An intraaortic balloon
increases CBF during diastole, while decreasing cardiac oxygen consumption just presystole.

16. Name the contraindications to intraaortic balloon pump.
The two main contraindications to an IABP are aortic insufficiency and atrial fibrillation.
Aortic insufficiency is when diastolic augmentation distends and injures the left ventricle.
Atrial fibrillation is when balloon inflation and deflation cannot be appropriately timed.
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WHAT IS PULMONARY INSUFFICIENCY?

Alden H. Harken, MD

1. What is pulmonary insufficiency?
The alveolar-capillary surface of the lung is the size of a singles tennis court. The purpose of
the lung is to match alveolar ventilation (V) to blood flow (Q). V/Q mismatching leads to
pulmonary insufficiency.

2. How is alveolar ventilation and blood flow mismatching characterized?
Shunt: decreased ventilation relative to regional blood flow; pulmonary arterial
(unoxygenated) blood “shunts” by hypoventilated alveoli.

Dead space: decreased pulmonary regional blood flow relative to ventilation.
So, both shunt (less ventilation than flow) and dead space (ventilated zones that are not
perfused) qualify as V/Q mismatch.

3. How much energy is expended in the work of breathing?
A healthy medical student expends about 3% of total oxygen consumption (energy use) on work
of breathing. After injury, particularly a big burn, patients may increase fractional energy
expenditure of breathing to 20% of their total energy use.

4. Which surgical incisions most significantly compromise a patient’s vital
capacity?
Intuitively an extremity incision or injury influences vital capacity least, followed sequentially
by a lower abdominal incision, median sternotomy, thoracotomy, and upper abdominal incision.
An upper abdominal incision is worse than a thoracotomy!

5. Is a chest radiograph helpful in assessing respiratory failure?
Yes, but the radiograph must be interpreted carefully. It can be difficult to standardize x-ray
technique, especially in an intensive care unit (ICU).

6. What should you look for on the chest radiograph of a patient with impending

respiratory failure?

1. Are both lungs fully expanded?

2. Are there localized areas of infiltrate, atelectasis, or consolidation?

3. Are there generalized areas of infiltrate, atelectasis, or consolidation?

4. Are the endotracheal and other tubes in proper position?

5. Why is the local versus generalized distinction important in assessing respiratory failure?
A local process may be produced by tumor or aspiration, and both are diagnosed and
treated by bronchoscopy. Generalized multilobar infiltrates are more likely to represent a diffuse
alveolar-capillary leak syndrome, such as adult respiratory distress syndrome (ARDS).

7. What is adult respiratory distress syndrome?
ARDS is a diffuse, multilobar capillary transudation of fluid into the pulmonary interstitium that
dissociates the normal concordance of V with Q.
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8. What governs fluid flux across pulmonary capillaries into the interstitium
of the lung?

Starling initially described the balance between intravascular hydrostatic pressure (Pc),
which tends to push fluid out of the capillaries, and colloid oncotic pressure (COP), which
sucks fluid back in across the capillary endothelial barrier (K):

Fluid flux = 5 K(Pc — COP)

9. What causes ARDS?
Anything that increases lung dysfunction by promoting wet lung:

1. Heart failure backs up pulmonary intravascular Pc, forcing fluid into the pulmonary
interstitium.

2. Malnutrition and liver failure decrease plasma protein and therefore COP. Fluid is not
sucked back out of the lung (if the total protein and albumin are low).

3. Sepsis may break down the capillary endothelial barrier (K), permitting water and
protein to leak into the lung.

KEY POINTS: CLINICAL FEATURES OF ACUTE v
RESPIRATORY DISTRESS SYNDROME

1. Severe hypoxemia refractory to increased inspired oxygen concentration
2. Diffuse pulmonary infiltrates

3. Low lung compliance

4. Large ventilation/perfusion (V/Q) mismatch

10. Explain high-pressure versus low-pressure ARDS.
Purists appropriately note that lung congestion resulting from high intravascular Pc hydrostatic
pressure secondary to heart failure is really not primary respiratory distress syndrome.
If the pulmonary capillary wedge pressure (PCWP) is >18 mm Hg, the diagnosis is high-
pressure pulmonary edema (not ARDS). A patient with pure mitral stenosis may have
(high-pressure) lung congestion, whereas a malnourished patient may develop (low-pressure)
lung congestion; neither of these is, strictly speaking, ARDS, although patients with ARDS
frequently have components of both.

11. What is a normal colloid oncotic pressure (COP)?
It is 22 mm Hg.

12. How is COP calculated?
0f COP, 75% normally is created by serum albumin along with globulins and fibrinogen:

COP = 2.1 (total protein)

If an osmotically active molecule such as hetastarch is infused, this calculation is
fouled up.
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13.

14.

15.

16.

17.

18.

19.

Define low-pressure ARDS.
Low-pressure ARDS is a redundant term. To make the diagnosis of ARDS, the PCWP must be
<18 mm Hg. Pure ARDS exists only if the PCWP is >4 mm Hg less than the COP.

How can the pulmonary capillaries leak if the COP exceeds the PCWP?

The current concept involves a septic expression of neutrophil CD11 and CD18 adhesion
receptors, which stick to pulmonary vascular endothelial intercellular adhesion molecules.
Septic stimuli provoke the adherent neutrophils to release intravascular proteases and
oxygen radicals. Resultant endovascular damage breaks down the K, permitting the lung
leak-even at low Pc.

What is a Lasix sandwich?

Many surgeons, when their backs are against the wall, give 25 g of albumin followed in 20 minutes
by 20 mg of furosemide (Lasix) intravenously (IV). They reason that the albumin pulls fluid

out of the water-logged lung and the Lasix promotes diuresis to rid the patient of extra water.
This therapeutic concept probably works only in patients who are not very sick. The sicker the
patient, the faster the infused albumin leaks and equilibrates across the damaged endovascular
endothelial barrier. Little water is sucked out of the sick lung in preparation for diuresis.

List the goals of therapy for ARDS.
1. Reduce lung edema (typically with a diuretic).
2. Reduce oxygen toxicity (inspired oxygen concentration <60% is safe).
3. Limit lung barotrauma (avoid peak inspiratory pressure in >40 cm H,0).
4. Promote matching of V and Q; frequently positive end-expiratory pressure (PEEP)
is useful.
5. Maintain systemic oxygen delivery (arterial oxygen content x cardiac output [CO]).

What governs the distribution of lung perfusion?
It is governed mostly by gravity. The dependent portions of the lung always are better perfused.

Discuss hypoxic pulmonary vasoconstriction (HPV).

Most students believe that after dedicating the entire second year of medical school to
pheochromocytoma and hypoxic pulmonary vasoconstriction (HPV), both entities may be safely
forgotten. At least in the case of HPV, this is not true. A patient who has just undergone
carotid endarterectomy (CEA) illustrates the relevance of HPV. As the patient awakens from
anesthesia, the blood pressure (BP) is 220/120 mm Hg and arterial partial pressure of

oxygen (POo) with 100% oxygen is 500 mm Hg. So that the patient will not blow the carotid
anastomosis, the surgeon urgently infuses nitroprusside. In 20 minutes, the blood pressure

is 120/80 mm Hg, but PO, (still with 100% oxygen) has dropped to 125 mm Hg!

Did the lab technician screw up the blood gas analysis? No; this is an example of the
clinical significance of HPV, which directs pulmonary arteriolar delivery of deoxygenated blood
toward ventilated alveoli and away from poorly ventilated lung regions. The patient was using
HPV to attain a PO, of 500 mm Hg. All antihypertensive agents (e.g., nitroprusside) and
most general anesthetics block HPV. The PO, increment from 125 to 500 mm Hg is as a result of
HPV. HPV steered perfusion toward ventilated areas of the lung.

What governs the distribution of ventilation in lung?

A large pleural pressure gradient (more negative at the top of the lung by 20 cm H,0) squeezes
gas primarily out of the dependent lung during each exhaled breath. The regional compliance

of dependent lung is much better than that of lung apex, which still is distended with gas at the end
of exhalation. The usual approach is to perfuse and ventilate dependent lung preferentially.
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KEY POINTS: THERAPEUTIC GOALS IN ACUTE v
RESPIRATORY DISTRESS SYNDROME

1

2
3.
4
5

20.

21.

22,

23.

24.

25.

. Reduce lung edema

. Reduce oxygen toxicity (Fi0, <60%)

Minimize barotraumas (keep peak inspiratory pressure <40 cm H,0)
. PEEP to promote V/Q matching

. Maintain systemic oxygen delivery (arterial oxygen content x CO)

How does ARDS compromise lung function?

The trachea is held open with cartilaginous rings, but terminal bronchioles are not. Wet lung
collapses the terminal bronchioles, trapping distal alveolar gas. Persistent perfusion of these
poorly ventilated regions is a shunt that results in hypoxia.

How long does it take for pulmonary arterial (deoxygenated) blood to
equilibrate completely with trapped (poorly oxygenated) alveolar gas?

It takes about three fourths of a second. After that, no more oxygen is added, and no more
carbon dioxide (CO,) is eliminated from the perfusing blood. Terminal bronchiolar closure
producing trapped alveolar gas is bad.

What is the therapy for terminal airways closure and resultant shunt
secondary to the wet lung of ARDS?

PEEP should hold open terminal bronchioles, promoting ventilation of previously trapped alveoli
and minimizing the shunt.

When may the patient come off mechanical ventilation and be extubated
safely?

The patient should be sufficiently alert to protect his or her airway, require an inspired
oxygen concentration (FiO,) no greater than 0.4, and be comfortable breathing on a T-piece
(without mechanical ventilation) for 60 minutes at a respiratory rate <20 and a minute
ventilation <10 L/min. The patient should be able to generate a negative inspiratory force
>—20 cm H,0. Finally, after 1 hour on the T-piece, oxygenation should provide a hemoglobin
saturation >85% without respiratory acidosis (see Chapter 7).

What is nitric oxide?

Nitric oxide (NO) is synthesized in vascular endothelial cells by constitutive nitric oxide synthase
(cNOS) and inducible NOS (iNOS). Intuitively, inhaled NO should diffuse across ventilated
alveoli to increase regional perfusion and improve matching of V and Q.

Does inhaled NO work in ARDS?

Almost 24 randomized controlled clinical trials have assessed the therapeutic efficacy of
inhaled NO. Although systemic oxygenation and pulmonary hypertension improve transiently,
ventilator time and ultimate survival are not influenced.



m CHAPTER 5 WHAT IS PULMONARY INSUFFICIENCY?
WEBSITES &

www.ardsnet.org

www.nIm.nih.gov/medlineplus/ency/article/000103.htm

BIBLIOGRAPHY

1. Bartlett R: Pulmonary insufficiency, New York, 2006, American College of Surgeons, Surgery WebMd
Corporation.

2. Chetta A, Tzani P, Marangio E et al.: Respiratory effects of surgery and pulmonary function testing in the
preoperative evaluation. Acta Biomed 77:69-74, 2006.

3. Davidson TA, Caldwell ES, Curtis JR et al.: Reduced quality of life in survivors of acute respiratory distress
syndrome compared with critically ill control patients. JAMA 281:354-360, 1999.

4. Gust R, McCarthy TJ, Kozlowski J et al.: Response to inhaled nitric oxide in acute lung injury depends on
distribution of pulmonary blood flow prior to its administration. Am J Respir Crit Care Med 159:563-570, 1999.

5. Pesenti A, Fumagalli R: PEEP: blood gas cosmetics or a therapy for ARDS? Crit Care Med 27:253-254, 1999.
6. Wang T, Tagayun A, Bogardus A et al.: How accurately can we predict forced expiratory volume in one second
after major pulmonary resection? Am Surg 73:1047-1051, 2007.

7. Westwood K, Griffin M, Roberts K et al.: Incentive spirometry decreases respiratory complications following
major abdominal surgery. Surgeon 5:339-342, 2007.


http://www.ardsnet.org
http://www.nlm.nih.gov/medlineplus/ency/article/000103.htm

MECHANICAL VENTILATION

Jeffrey L. Johnson, MD, and James B. Haenel, RRT

Why do patients need mechanical ventilation?

There are three basic categories of need when it comes to mechanical ventilation (MV):

(1) inadequate respiratory drive; (2) inability to maintain adequate alveolar ventilation; and

(3) hypoxia. The decision to provide MV should be based on clinical examination and assessment
of gas exchange by arterial blood gas (ABG) analysis as needed. It is an individualized decision
because arbitrary cutoff values for the partial pressure of oxygen (PO,), partial pressure of carbon
dioxide (pCO,), or acid-base balance (pH) may not be germane to all patients. Common
derangements necessitating the need for MV include primary parenchymal disorders, such

as pneumonia, pulmonary edema, or pulmonary contusion, and systemic disease that indirectly
compromises pulmonary function, such as sepsis or central nervous system (CNS) dysfunction.

Does mechanical ventilation make the lung better?

Not really. In the setting of respiratory failure, the aim is to support gas exchange while the
underlying disease process is reversed. Certain techniques can be used to recruit more
airspace for gas exchange, but overall it is much easier to hurt the lung with a ventilator
(i-e., ventilator induced lung injury [VILI]) than to fix it.

How many modes of ventilation can you name?

Common modes include controlled mechanical ventilation (CMV), assist-control ventilation
(ACV), intermittent mandatory ventilation (IMV), synchronized IMV (SIMV), pressure-controlled
ventilation (PCV), pressure-support ventilation (PSV), inverse ratio ventilation (IRV), airway
pressure-release ventilation (APRV), mandatory minute ventilation (MMV), high-frequency
ventilation (HFV), and dual control modes, such as pressure regulated volume control (PRVC).
The most basic difference between these modes of ventilation is based on whether they deliver
mandatory breaths (whether inspiration is machine triggered or machine cycled) versus
spontaneous breaths (whether inspiration is patient triggered and patient cycled).

What three elements can characterize all of the aforementioned mechanical
ventilation modes?

Each mode can be described by how a breath is triggered (by the patient or by the machine),
how it is cycled (switches from inhalation to exhalation), and how it is /imited (for example
by time, by pressure, or by flow).

What are the most commonly used modes of positive-pressure ventilation?
ACV, IMV, SIMV, and PSV, which all differ primarily in how the breaths are triggered and cycled.

How does assist-control ventilation work?

The ACV mode delivers a set minimum number of machine triggered breaths and also allows
the patient to trigger a breath. Every breath (mandatory or patient triggered spontaneous) is
cycled when a preset volume has been delivered at a preset flow rate. Because the patient
receives a full tidal volume with every breath, even when tachypneic, ACV may result in
respiratory alkalosis more often and may promote auto-positive end-expiratory pressure (PEEP).
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How does intermittent mechanical ventilation differ from assist-control
ventilation?

Like ACV, the ventilator provides a preset number of machine triggered breaths at a preset
tidal volume and flow rate in the IMV mode. Unlike ACV, however, the patient-triggered breaths
are not cycled at a preset volume. Rather, spontaneous breaths are cycled based on the patient’s
own respiratory efforts (usually by sensing the end of patient effort as the flow rate falls).
IMV may allow a decreased mean airway pressure (Paw) and possibly less barotrauma, because
not every breath is a full positive-pressure breath.

Compare intermittent mechanical ventilation with synchronized intermittent
mechanical ventilation

SIMV prevents “stacking” of breaths by deferring a machine-triggered breath if it would occur in
the middle of a spontaneous breath. It is therefore easier to synchronize the patient’s effort
with the ventilator in the SIMV mode. In practice, most IMV is delivered as SIMV. Both modes
involve additional work of breathing on the patient’s part. Pressure support can be added
during the spontaneous breaths to alleviate this work. It may be advantageous to relieve as
much work of breathing as possible in the early part of respiratory failure.

What are the pressure-limited types of ventilation?

PSV, PRVC, HFV, and PCV. PSV is a mode of ventilation used in spontaneously breathing
patients to decrease the imposed work of breathing from the endotracheal tube and to overcome
resistance in the breathing circuit. It is often used to “wean” or determine the readiness of a
patient to discontinue MV. PSV is a pure assisted form of ventilation. The patient must
always trigger the breath (not the machine). This causes the ventilator to deliver a clinician-
determined preset pressure, augmenting the tidal volume (V). PEEP or continuous positive
airway pressure (CPAP) may be added. PCV is a machine-triggered mode (based on time) in
which a set pressure (limit) is applied. It is cycled based on a preset amount of time, regardless
of the size of the breath that was delivered during that time.

Summarize the advantages and limitation of pressure-controlled ventilation.
Advantages include (1) limiting of peak pressure and theoretical prevention of overdistention
and (2) better matching of patient flow requirement than with a set flow rate. Potential
limitations include variation in delivered volumes as a result of increased airway resistance,
decreased pulmonary compliance, and decreased patient effort.

What are phase variables?

There are four basic phase variables: pressure, volume, flow, and time. These are the same
variables incorporated by the ventilator to detect the end of the inspiratory flow phase of a
breath, (i.e., pressure cycled, volume cycled, flow cycled, and time cycled). Phase variables may
be controlled either by the patient or by the ventilator.

What are trigger variables?

Trigger variables describe how a ventilator initiates inspiration. One or more of the phase
variables may be used: time, pressure, flow, or volume. For example, in the CMV mode, time
is the only trigger option available; no matter what the patient does, they cannot trigger a
breath. In the ACV or SIMV mode, the patient may receive a breath based on time; however, a
patient-generated decrease in baseline pressure (pressure-triggered) or patient-generated gas
flow (flow-triggered) can also initiate a breath.

What are limit variables?

The limit variables (pressure, volume, and flow) are parameters that cannot be exceeded during
inspiration. During an inspiration the pressure, flow, and volume will rise, and if they do not
exceed a preset value, a breath is said to be limited by the primary variable.
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What are the goals of mechanical ventilation in patients with acute respiratory
failure?

In patients with acute respiratory failure (ARF), the goals are to preserve or improve arterial
oxygenation and ventilation, to optimize lung mechanics, and to promote patient comfort
while preventing ventilator-induced lung inquiry. Complications may arise from elevated alveolar
pressures or persistently high inspired concentrations of oxygen (FiO,).

What are the initial ventilator settings in acute respiratory failure?

There are lots of possibilities and styles, but generally a mode that provides full support is
desired. Evidence from the ARDS-Net trial is centered on ACV, which ensures delivery of a
preset volume; this mode is simply most well studied. Pressure-cycled modes are acceptable
but probably offer only theoretical advantage. In any mode, the FiO, begins at 1.0 and is titrated
downward as tolerated. High FiO, in the face of acute lung injury results in worsening of
intrapulmonary shunt, possibly as a result of absorption atelectasis. Tidal volume is based

on ideal body weight (IBW) and the pathophysiology of lung injury. Volumes of 8 to 10 ml/kg of
IBW are probably acceptable if the plateau pressure is within a safe range. However, in the
setting of acute respiratory distress syndrome (ARDS) or acute lung injury (ALI), large
pressures or volumes may exacerbate the underlying lung injury. Therefore, smaller volumes
(<6 ml/kg IBW) are delivered at a higher frequency.

Which ventilator variables control the inspiratory/expiratory (I/E) ratio?

The inspiratory/expiratory (I/E) ratio is the net effect of four ventilator settings: the respiratory
rate (RR), Vi, peak flow, and the waveform setting. The peak flow rate is the maximal flow
rate delivered by the ventilator during the inspiratory part of the respiratory cycle. An initial flow
rate of 50 to 80 L/min is usually satisfactory. In a volume-cycled mode (e.g., ACV), then, a
higher flow rate means a shorter inspiratory time, and a lower I/E ratio. An I/E ration of 1:2 to
1:3 is reasonable in most situations. Patients with chronic obstructive pulmonary disease
(COPD) may require longer expiratory times to allow adequate exhalation. This can be
accomplished by increasing flow, thus decreasing the I/E ratio. High flow rates may increase
airway pressures and worsen gas distribution in some cases; slower flow rates may reduce
airway pressures and improve gas distribution by increasing the I/E ratio. The ventilator
waveform (e.g., square versus decelerating) will also effect the I/E ratio. Without changing

the peak flow setting the square waveform results in a higher peak airway pressure and longer
E time than the selection of a decelerating waveform.

What is positive end-expiratory pressure?
PEEP is an elevation of the baseline pressure above atmospheric pressure at end exhalation.

What does positive end-expiratory pressure do?

PEEP prevents alveolar collapse, recruits atelectatic alveoli, increases functional residual
capacity, and reverses hypoxemia. In all patients early in the course of their respiratory failure
PEEP probably needs to be manipulated in response to periods of desaturation (after
common causes for hypoxemia have been ruled out, such as mucous plugging and barotrauma)
to assess for recruitment potential.

What is intrinsic or auto-positive end-expiratory pressure?

Intrinsic PEEP (PEEPi) is the development of positive pressure and continued flow within the
alveoli at end expiration without application of extrinsic PEEP (PEEPe). Patients with high
minute ventilation requirements or patients receiving high I/E ratios are at risk for PEEPI. In
healthy lungs during MV, if the respiratory rate is too rapid or the expiratory time is too
short, there is insufficient time for full exhalation, resulting in stacking of breaths and generation
of positive airway pressure at end exhalation. Small-diameter endotracheal tubes may also
limit exhalation and contribute to PEEPI. Patients with increased airway resistance and
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decreased pulmonary compliance are at high risk for PEEPi. Such patients have difficulty in
exhaling gas because of small airway obstruction or collapse and are prone to development
of PEEPi during spontaneous ventilation and MV. PEEPi has the same side effects as PEEPe,
but detecting it requires more vigilance.

Failure to recognize the presence of auto-PEEP can lead to inappropriate ventilator changes.
The only way to detect and measure PEEPi is to occlude the expiratory port at end
expiration while monitoring airway pressure. Decreasing rate or increasing inspiratory flow
(to decrease I/E ratio) may allow time for full exhalation. Consider administering bronchodilator
therapy in the setting of bronchospasm.

What are the side effects of positive end-expiratory pressure?

a. Barotrauma may result from overdistention of alveoli.

b. Cardiac output (CO) may be decreased as a result of intrathoracic pressure, producing
an increase in transmural right atrial pressure and a decrease in venous return. PEEP also
increases pulmonary artery pressure, potentially decreasing right ventricular output.
Dilation of the right ventricle may cause bowing of the interventricular septum into the
left ventricle, thus impairing filing of the left ventricle, decreasing CO, especially if the
patient is hypovolemic.

c. Incorrect interpretation of cardiac filing pressures: Pressure transmitted from the alveolus to
the pulmonary vasculature may falsely elevate the readings. A rule of thumb is to subtract
one half of the PEEP applied over five from the pulmonary artery occlusion pressure.

d. Overdistention of alveoli from excessive PEEP decreases blood flow to these areas,
increasing dead space volume (Vp; Vp/V7).

e. Work of breathing may be increased with PEEP because the patient is required to generate
a larger negative pressure to trigger flow from the ventilator.

f. Increase in intracranial pressure (ICP) and fluid retention.

g. Increase in lung water.

What is a ventilator bundle?

The term ventilator bundle encompasses several preventative measures that virtually all
ventilated patients should receive. Use of such bundles can minimize the incidence of ventilator
associated pneumonia (VAP) and other complications. Simple bedside techniques such as
oral care and elevating the head of bed, for example, have been shown to decrease VAP. The
need for prolonged MV also places the patient at risk for gastrointestinal (Gl) bleeding and
deep venous thrombosis (DVT) and therefore prophylaxis from stress ulceration and DVTs
should be initiated as part of the ventilator bundle.

What is controlled hypoventilation with permissive hypercapnia?

Controlled hypoventilation (or permissive hypercapnia) is a pressure- or volume-limiting,
lung-protective strategy whereby pCOs is allowed to rise, placing more importance on protecting
the lung than on maintaining eucapnia. The set Vy is lowered to a range of approximately

410 6 ml/kg of IBW in an attempt to keep the alveolar pressure (static pressure) less than 30 cm
H,0. Several studies in ARDS and status asthmaticus have shown a decrease in barotrauma,
intensive care days, and mortality using this approach. The pCO. is allowed to rise slowly to a
level up to 80 to 100 mm Hg. If cardiovascular instability results as the pH falls, then the
addition of intravenous sodium bicarbonate may be necessary. Alternatively one may wait for the
normal kidney to retain bicarbonate in response to the hypercapnia. Permissive hypercapnia is
usually well tolerated. Potential adverse effects include cerebral vasodilatation leading to
increased ICP and intracranial hypertension is the only absolute contraindication to permissive
hypercapnia. Increased sympathetic activity, pulmonary vasoconstriction, and cardiac
arrhythmias may occur but are rarely significant. Depression of cardiac contractility may be a
problem in patients with underlying ventricular dysfunctions. In cases of ARF, worsening of
acid-base may preclude or limit aggressive permissive hypercapnia.
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What is compliance? How is it determined?

Compliance is a measure of distensibility and is expressed as the change in volume for a given
change in pressure. Determination of compliance involves the interrelationship between
pressure, volume, and resistance to airflow. The two relevant pressures that must be monitored
during MV are peak and static pressures.

How is peak pressure measured?

Peak pressure is measured during the delivery of airflow at the end of inspiration. It is influenced
by the inflation volume, airway resistance, and elastic recoil of the lungs and chest wall and
reflects the dynamic compliance of the total respiratory system.

How is static pressure measured?

Static or plateau pressure is measured during an end-inspiratory pause, during a no-flow
condition, and reflects the static compliance of the respiratory system, including the
lung parenchyma, chest wall, and abdomen.

How is compliance calculated?
Both dynamic and static compliance should be calculated as a routine part of ventilator
monitoring. Dynamic compliance is calculated as V; (Paw — total PEEP), and plateau or
static compliance is V1 (plateau pressure — total PEEP). Normal values for both dynamic and
static compliance are 60 to 100 ml/cm H,0. A decrease in dynamic compliance without a
change in the static compliance suggests an acute increase in airway resistance and can be
assessed further by comparing peak pressure and plateau pressure. The normal gradient is
approximately 10 cm H,0. A gradient >10 cm H,0 may be secondary to endotracheal tube
obstruction, mucous plugging, or bronchospasm. If volume is constant, acute changes in both
dynamic and static compliance suggest a decrease in respiratory system compliance that
may be caused by worsening pneumonia, ARDS, atelectasis, or increasing abdominal pressures.
Compliance is a global value and does not describe what is happening regionally in the
lungs with ARDS, in which diseased regions are interspersed with relatively healthy regions.
Compliance values of 20 to 40 cm H,0 are common in advanced ARDS. Decreased lung
compliance reflects the compliance of the lung that is participating in gas exchange, not the
collapsed or fluid-filled alveoli. As a general rule when static compliance is <25 ml/cm H,0
ventilator weaning may be difficult secondary to tachypnea during spontaneous breathing trials.

Is ventilation in the prone position an option for patients who are difficult to
oxygenate?

Absolutely! Pa0, improves significantly in approximately two thirds of patients with ARDS when
they are placed prone. The mechanisms include (1) recruitment of collapsed dorsal lung
fields by redistribution of lung edema to ventral regions; (2) increased diaphragm motion
enhancing ventilation; (3) elimination of the compressive effects of the heart on the inferior lower
lung fields, thus improving regional ventilation; (4) maintenance of dorsal lung perfusion in the
face of improved dorsal ventilation, which leads to improved ventilation/perfusion (V/Q) matching;
and (5) a change in the pleural pressure gradient from the ventral to dorsal regions of the lung.

What are the indications for prone ventilation?

Indications for prone ventilation are not clearly established. We initiate a prone trial in any
patient who remains hypoxemic or requires high FiO, concentrations after the performance or
recruitment/PEEP maneuvers. The best predictor of improved outcome during prone ventilation
may be a decrease in the PaC0, and not improved oxygenation.

Junior O’Flaherty is “fighting the ventilator.” What do | do?
Initially, the potential causes are separated into ventilator (machine, circuit, and airway)
problems and patient-related problems. Patient-related causes include hypoxemia, secretions or
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mucous plugging, pneumothorax, bronchospasm, infection (pneumonia or sepsis),

pulmonary embolus, myocardial ischemia, Gl bleeding, worsening PEEPi, and anxiety. The
ventilator-related issues include system leak or disconnection; inadequate ventilator support

or delivered FiO,; airway-related problems, such as extubation, obstructed endotracheal tube, cuff
herniation, or rupture; and improper triggering sensitivity or flows. Until the problem is identified,
the patient should be ventilated manually with 100% 0,. Breath sounds and vital signs should be
immediately checked. ABG analysis and portable chest radiograph are valuable, but if a tension
pneumothorax is suspected, immediate decompression precedes the chest radiograph.

Should neuromuscular blockage be used to facilitate mechanical ventilation?
Neuromuscular blocking agents (NMBAs) are commonly used to facilitate MV during ARDS,
but despite wide acceptance, there are few data and as yet no consensus available for when
these agents should be used. Gainnier and colleagues (2004) were the first to report the effects
of a 48-hour NMBA infusion on gas exchange in patients with early ARDS. All patients were
ventilated according to the ARDSNet protocol. Significant improvements in oxygenation and
ability to lower PEEP occurred in the NMBA group and were sustained beyond the 48-hour
infusion period. Although it remains to be elucidated why muscle paralysis improves
oxygenation, NMBAs are thought to decrease oxygen consumption, promote patient-ventilator
interface, and increase chest wall compliance.

Muscle paralysis may also be of benefit in specific situations, such as intracranial
hypertension or unconventional modes of ventilation (e.g., IRV or extracorporeal techniques).
Drawbacks to the use of these drugs include loss of neurologic examination, abolished
cough, potential for prolonged paralysis, diaphragmatic atrophy, and death associated with
inadvertent ventilator disconnects. Use of NMBAs must not be taken lightly. Adequate
sedation should be attempted first; if deemed absolutely necessary, use of NMBAs should be
limited to 24 to 48 hours to prevent potential complications.

I

KEY POINTS

. Inadequate alveolar ventilation, hypoxia, and impaired respiratory drive are the three

reasons patients may need MV.

. Allmodes of ventilation can be described based on how a breath is triggered, cycled, and limited.
. Initial ventilator settings for ARF should provide full support. ACV mode is the most studied.
. Hypoventilation and letting pCO, rise is permissible—and beneficial—if it allows the

physician to limit alveolar pressure and stretch (permissive hypercapnia).

. When a patient appears to be “fighting” the ventilator, the first step is to remove the

ventilator and manually (“bag”) ventilate the patient. This allows you to eliminate ventilator
variables as a cause and assess patient variables that may need urgent treatment (e.g.,
tension pneumothorax).
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WHY GET ARTERIAL BLOOD GASES?

Alden H. Harken, MD

1. Is breathing really overrated?
It may be. A Japanese yoga master survived just fine breathing once per minute for 1 hour (see
reference 3).

2. Mr. O’Flaherty has just undergone an inguinal herniorrhaphy under local
anesthesia. The recovery room nurse asks permission to sedate him. She says
that he is confused and unruly and keeps trying to get out of bed. Is it safe to
sedate Mr. O’Flaherty?

No. A confused, agitated patient in the recovery room or surgical intensive care unit (SICU) must
be recognized as acutely hypoxemic until proved otherwise.

3. Mr. O’Flaherty is moved to the SICU, and at 2:00 am the SICU nurse calls to report
that he has a partial pressure of oxygen (PO,) of 148 mm Hg on facemask
oxygen. Is it okay to roll over and go back to sleep?

No. More information is needed.

4. You glance at the abandoned cup of coffee sitting on your well-worn copy of
Surgical Secrets. What is the PO, of that cup of coffee?
It is 148 mm Hg.

5. How can Mr. O’Flaherty and the coffee have the same PO,?
The abandoned coffee presumably has had time to equilibrate completely with atmospheric gas.
At sea level, the barometric pressure is 760 mm Hg. To obtain the partial pressure of oxygen
(POy) in the coffee, subtract water vapor pressure (47 mm Hg) and multiply by the
concentration of oxygen (20.8%) in the atmosphere:

PO, = (760 — 47) x 20.8% = 148 mm Hg

6. What is the difference between Mr. O’Flaherty’s and the coffee’s PO,?
Nothing. Both represent the partial pressure of oxygen in fluid. A complete set of blood gases is
necessary.

7. What constitutes a complete set of blood gases?
PO,
pCO;
pH
Hemoglobin saturation
Hemoglobin concentration

8. If Mr. O’Flaherty and the coffee have the same PO,, how would Mr. O’Flaherty do

if he were exchange-transfused with coffee?

Badly.
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9. Why?
Although the oxygen tensions are the same, the amount of oxygen in blood is vastly greater.

10. How does one quantify the amount of oxygen in blood?

Arterial oxygen content (Ca0,) is quantified as ml of oxygen/100 ml of blood. (Watch out: Almost
all other concentrations traditionally are provided per ml or per L and not per 100 ml.) Because ml
of oxygen is a volume in 100 ml of blood, these units frequently are abbreviated as vol %.

11. Why is blood thicker than coffee (or wine)?

Because hemoglobin binds a huge amount of oxygen. A total of 10 g of fully saturated
hemoglobin (hematocrit about 30%) binds 13.4 ml of oxygen, whereas 100 ml of plasma at a
PO, of 100 mm Hg contains only 0.3 ml of oxygen.
12. Does the position of the oxyhemoglobin dissociation curve make any
difference?
= An increase in pCO,
= An increase in hydrogen ion concentrations (not pH)
= An increase in temperature
All shift the oxyhemoglobin curve to the right; that is, oxygen is released more easily in
the tissues. Within physiologic limits, however, Mae West probably said it best: “There is less
to this than meets the eye.”
KEY POINTS: MEDIATORS OF OXYHEMOGLOBIN V4
DISSOCIATION CURVE
Right Shift Left Shift
1. Increase in pCO, 1. Decrease in [H+"], higher pH
2. Increase in [H-+"1, lower pH 2. Higher altitudes/elevation
3. Increase in temperature 3. Decrease in 2,3-DPG (e.qg., at 4 weeks storage,
4. Increase in 2.3-DPG blood maintains no 2,3-DPG)

13. If arterial oxygen content (Cao,) or ultimately systemic oxygen delivery (cardiac
output x Cao,) is what the surgeon really wants to know, why does the nurse
report Mr. O’Flaherty’s PO, instead of his Cao, at 2:00 am?

No one knows.

14. What is the fastest and most practical method of increasing Mr. O’Flaherty’s
Caoy?

Transfusion of red blood cells. The patient’s Ca0, is increased by 25% with transfusion from
a hemoglobin concentration of 8 to 10 g/dl. The patient’s Ca0, is affected negligibly by an
increase in arterial PO, from 100 to 200 mm Hg (hemoglobin is fully saturated in both
instances).

15. What is a transfusion trigger?

The hematocrit at which a patient is automatically transfused. This is not a useful concept.
The NIH Consensus Conference, drawing data from Jehovah’s Witnesses, patients with renal
failure, and monkeys concluded that it is not necessary to transfuse a patient until the
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hematocrit is 21%. Traditional surgical dogma mandates a hematocrit >30%. When the
patient is in trouble, however, authorities in surgical critical care encourage transfusion to a
hematocrit of 45% to optimize systemic oxygen delivery.

What governs respiratory drive?

pCO, and pH are inextricably intertwined by the Henderson-Hasselbalch equation. By juggling
this equation in the cerebrospinal fluid (CSF) of goats, it is clear that CSF hydrogen ion
concentration (not pCO,) controls respiratory drive. This distinction is not clinically important,
however. What is important is that if a person becomes acidotic either with diabetic ketoacidosis
(DKA) or by running up a flight of stairs, minute ventilation (Vg) is increased.

How tight is respiratory control? Or, if you hold your breath for 1 minute, how
much do you want to breathe?
A lot (unless you are a yoga master approaching nirvana).

After 60 seconds of apnea, what happens to PaCO,?
It increases only from 40 to 47 mm Hg. Tiny changes in pCO, (and pH) translate into a huge
respiratory stimulus. Normally, respiratory compensation for metabolic acidosis is tight.

Define base excess.

Base excess is a poor man’s indicator of the metabolic component of acid-base disorders.
After correcting the pCO, to 40 mm Hg, the base excess or base deficit is touted as an indirect
measure of serum lactate. Although many parameters directing volume resuscitation in shock
are more practical and direct (see Chapter 4), base deficit has been advertised as helpful.

The base excess or deficit is calculated from the Sigaard-Anderson nomogram in the blood gas
laboratory. Normally, there is no base excess or deficit. Acid-base status is “just right.”
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FLUIDS, ELECTROLYTES, GATORADE,

AND SWEAT

Alden H. Harken, MD

1. What is hypertonic saline?
Normal saline is 0.9% sodium chloride. Hypertonic saline is 7.5% sodium chloride (8 times as
concentrated as normal saline).

KEY POINTS: ION CONCENTRATIONS IN CRYSTALLOID
SOLUTIONS

1. One half normal saline or 0.45% NaCl: 77 mEq of Na+, 77 mEq of Cl—

2. Normal saline or 0.9% NaCl: 154 mEq of Na+, 154 mEq of Cl—

3. Hypertonic normal saline or 7.5% NaCl: 1283 mEq of Na+, 1283 mEq of Cl—
4

. Lactated Ringer’s: 130 mEq of Na+, 110 mEq of Cl—, 38 mEq of lactate, 4 mEq of K+, and
3 mEq Ca+

2. What is hypertonic saline good for?
Resuscitation. The initial hypothesis was that a little hypertonic saline would pull extravascular
water into the intravascular compartment, rapidly restoring volume. It now appears that an
osmotic jolt (even a transient jump from 140 to 180 mOsm) would pacify circulating
neutrophils so that they do not stick to the endovasculature and provoke posttraumatic
inflammation.

3. Is hypertonic saline good for anything else?
Pacification of “primed” neutrophils should decrease the risk of posttraumatic multiple
organ failure.

4. How do you convert 1 g of sodium into milliequivalents (mEq)?
Divide by the atomic weight of sodium:

19 (1000 mg) of sodium + 23 = 43.5 mEq

5. How many mEq of sodium are in 1 teaspoon of salt?
104 mEq (or 2400 mg).

6. How many mEq of sodium are in an 8-0z bottle of Gatorade?
5 mEq.

7. How much does a 40-lb block of salt cost?
$3.40 at the feed store.
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8. What is the electrolyte content of intravenous fluids?
See Table 8-1.

TABLE 8-1. ELECTROLYTE CONTENT OF INTRAVENOUS FLUIDS

Solution (mEq/L) Sodium  Potassium Chloride Bicarbonate/Lactate
Normal saline (0.9% NaCl) 154 — 154 —
Ringer’s lactate solution 130 4 109 28*
5% dextrose %2 normal saline 77 — 7 —

*Lactate is converted immediately to bicarbonate.

9. How do these concentrations relate to body fluid and electrolyte compartments?
See Table 8-2.

TABLE 8-2. ELECTROLYTE CONCENTRATIONS IN BODY FLUIDS

Compartment (mEq/L) Sodium Potassium Chloride Bicarbonate/Lactate

Plasma 142 4 103 27
Interstitial fluid 144 4 114 30
Intracellular fluid 10 150 — 10

10. What are the daily volumes (mL/24 h) and electrolyte contents (mEgq/L) of
body secretions for a 70-kg medical student?
See Table 8-3.

TABLE 8-3. DAILY VOLUMES AND ELECTROLYTE CONTENTS OF BODY

SECRETIONS
ml/24 h Sodium Potassium Chloride Bicarbonate

Saliva +1500 10 25 10 30
Stomach -+1500 50 10 130 —
Duodenum -+1000 140 5 80 —
lleum +3000 140 5 104 30
Colon —6000 60 30 40 —
Pancreas +500 140 5 75 100
Biliary +500 140 5 100 30
Sweat* +1000 50 — — —
Gatorade — 21 — 21 —
*See question 6.
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Are sweat glands responsive to aldosterone? Can they be trained?
Yes and yes. Archie Bunker’s sweat contains 100 mEg/L sodium, whereas an Olympic marathon
runner retains sodium (sweat sodium may be as low as 25 mEq/L).

Is Gatorade really just flavored athlete’s sweat?
Yes.

What are the daily maintenance fluid and electrolyte requirements for a 70-kg
medical student?

Total fluid volume 2500 ml
Sodium 70 mEq (1 mEg/kg)
Potassium 35 mEq (0.5 mEa/kg)

Does the routine postoperative patient require intravenous sodium or
potassium supplementation? Routine serum electrolyte testing?
No and no.

Can a patient with a good heart and kidneys overcome all but the most woefully
incompetent fluid and electrolyte management?
Yes.

Can one throw a healthy medical student into congestive heart failure by
intravenous infusion of 100 ml of 5% dextrose in saline solution per kilogram
per hour?

No. One will simply be ankle-deep in urine.

What is subtraction alkalosis?
Vigorous nasogastric suction of a patient with a lot of gastric acid eliminates hydrochloric acid,
leaving the patient alkalotic.

Which electrolyte is most useful in repairing a hypokalemic metabolic alkalosis?
Chloride.

List the best indicators of a patient’s volume status.
Heart rate
Blood pressure
Urine output
Big-toe temperature

Does a warm big toe indicate a hemodynamically stable patient?

Most likely. The vascular autoregulatory ability of a young healthy patient is huge. The carotid
and coronary circulations are maintained until the bitter end. Conversely, if the patient’s big
toe is warm and perfused, the patient is stable.

What is the minimal adequate postoperative urine output?
It is 0.5 milliliters per kilogram per hour.

What is a typical postoperative urine sodium?
Itis <20 mEq/L.



m CHAPTER 8 FLUIDS, ELECTROLYTES. GATORADE, AND SWEAT

23.

24.

25.

26.

Why?
Surgical stress prompts mineralocorticoid (aldosterone) secretion so that the normal kidney
retains sodium.

Explain paradoxical aciduria.

Postoperative patients, by virtue of nasogastric suction (loss of gastric acid), blood transfusions
(the citrate in blood is converted to bicarbonate), and hyperventilation (decreased pco,), are
typically alkalotic. Patients also are stressed, and their kidneys retain sodium and water.

The renal tubules must exchange some other cations for the retained sodium. The kidney
chooses to exchange potassium and hydrogen ions. Even in the face of systemic alkalosis, the
postoperative kidney absorbs sodium and excretes hydrogen ions, producing a paradoxical
aciduria.

What is third spacing?

Hypotension and infection prime neutrophils (CD11 and CD18 receptor complexes), promoting
adherence to vascular endothelial cells. Subsequent activation of adherent neutrophils spews
out proteases and toxic superoxide radicals, blowing big holes in the vascular lining. Water
and plasma albumin leak through the holes. The volume pulled out of the vascular space into
the third space of the interstitial and hollow viscus (gut) creates relative hypovolemia and
requires additional fluid replacement.

What is a Lasix sandwich?

It is 25 gms albumin followed by 20 mg of furosemide (Lasix) intravenously (IV). If the patient
is edematous, the intravenous albumin theoretically sucks water osmotically out of the
interstitial third space. As the excessive water enters the vascular compartment, Lasix produces
a healthy diuresis. In most patients in the intensive care unit (ICU), however, the infused albumin
rapidly equilibrates across the damaged vascular endothelium. No additional water is pulled
into the blood volume. Although surgeons often order Lasix sandwiches, they probably work
only in healthy patients who do not need them.

BIBLIOGRAPHY

. Brown MD: Evidence-based emergency medicine: hypertonic versus isotonic crystalloid for fluid resuscitation in

critically ill patients. Ann Emerg Med 40:113-114, 2002.

. Bunn F, Roberts |, Tasker R et al.: Hypertonic versus isotonic crystalloid for fluid resuscitation in critically ill

patients. Cochrane Database Syst Rev (1):D002045, 2002.

. Dellinger RP, Levy MM, Carlet JM et al.: Surviving Sepsis Campaign: international guidelines for management of

severe sepsis and septic shock: 2008. Crit Care Med 36:296-327, 2008.

. Greaves |, Porter KM, Revell MP: Fluid resuscitation in pre-hospital trauma care: a consensus view. J R Coll

Surg Edinb 47:451-457, 2002.

. Perel P, Roberts I: Colloids versus crystalloids for fluid resuscitation in critically ill patients. Cochrane Database

Syst Rev (4):CD000567, 2004.

. Traber DL: Fluid resuscitation after hypovolemia. Crit Care Med 30:1922, 2002.



NUTRITIONAL ASSESSMENT, PARENTERAL,

AND ENTERAL NUTRITION

Margaret M. McQuiggan, MS, RD, CNSD, and Frederick A. Moore, MD, FACS

NUTRITIONAL ASSESSMENT

What does a nutritional assessment include?

The medical and surgical history determine pre-existing conditions, metabolic stress, and
alterations in organ function that influence nutritional support. The physical exam evaluates
muscle mass, adipose stores, skin integrity, and hydrational state. Laboratory data

include serum sodium (Na), potassium (K), carbon dioxide (CO,), chloride (Cl), blood urea
nitrogen (BUN), creatinine, glucose, ionized calcium (Ca), serum phosphate (PO4), magnesium
(Mg), and complete blood count (CBC) with differential. Arterial blood gases (ABGs) to assess
acid-base status and CO, retention, albumin, transferrin, prealbumin and urinary nitrogen are
useful. Glycosylated hemoglobin (HgbA1C), lipid profile, C-reactive protein (CRP), 25-0OH
vitamin D, trace elements and liver function tests (LFTs) may also be valuable. The drug profile
reveals agents that affect the metabolism of nutrients (insulin, levothyroxine, corticosteroids),
alter energy expenditure (B-blockers, Diprivan), or affect gastrointestinal (Gl) function
(prokinetic agents, antibiotics). Anthropometric data include height, weight, waist and hip
circumference. Skinfold testing with calipers is useful once edema has resolved, but is rarely
used in the fat-free acute care setting. Bioelectrical impedance analysis (BIA) quantifies
adipose reserve, intracellular and extracellular water, and third space fluid in stable surgical
patients. Dual energy x-ray absorptiometry (DEXA) is effective for tracking bone mineral density
that may be compromised with age, hormonal status, drug therapy, and chronic disease. The
nutrition history reveals information on the nutritional practices of the individual. The social
history explores economic data, social support network, or substance abuse behaviors and
may predict the likelihood of adequate home care and treatment compliance for the patient,
once discharged.

What are primary malnutrition and secondary malnutrition?

Primary malnutrition results when the individual consumes inadequate kilocalories, protein,
vitamins, or minerals. It may occur as a result of poor food choices, anorexia, poverty,
alcoholism, suboptimal support regimens, or after bariatric surgery. Secondary malnutrition
occurs even when adequate food is infused or consumed. It may result from organ
dysfunction (hypoalbuminemia with cirrhosis), malabsorption (Crohn’s disease), immobility
(muscle wasting), drug therapy (insulin resistance with corticosteroids), or the inflammatory
state (acute phase response).

What is the significance of serum proteins in nutritional assessment?

The most commonly cited and readily available proteins for nutritional assessment are
albumin, transferrin, and prealbumin, which are produced in the liver (see [@RIe 9-1). All three
constitutive proteins plummet shortly after injury or surgery because the liver reprioritizes the
production of acute phase proteins. Then, as the stress response resolves, the liver resumes




TABLE 9-1. SERUM PROTEINS

Synthetic
Protein Site Clinical Significance Half-Life Limitations Interpretation
Albumin Liver Relates to outcomes; relates ~ 20-21 days Best case scenario for hepatic Normal <3.5 g/dl
to edema production—12-25 g/24 hours; Mild depletion 2.8-3.5 g/dl
dilutional effects; long half-life; Moderate 2.2-2.8 g/dl
used alone, sensitivity poor Severe <2.2 g/dI
Prealbumin Liver Indicates nutritional deficits 2-4 days Short half life Normal >18 mg/dl
before albumin Mild depletion 10-18 mg/dl
Moderate 5-10 mg/dl
Severe <5 mg/dl
Transferrin Liver More sensitive than albumin; ~ 8-10 days Poor marker of early repletion; Mild depletion 150-200 mg/dI
relatively useful parameter in sensitive to changes in body iron ~ Moderate 100-150 mg/dl
liver disease compared with Severe <100 mg/dl
albumin; can calculate from
TIBC
C-Reactive Liver Increases abruptly after 48-72 hours May be increased with obesity and  Baseline normal <3 mg/d|
Protein (CRP) injury. Early and reliable other chronic inflammatory states  Bacterial infection 30-35 mg/dl
indicator of disease or injury Viral infection <20 mg/dl
severity. Peaks 48-72 hours post-trauma
up to 35 mg/dl
TIBC, total iron-binding capacity.
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production of constitutive proteins. Adequate kilocalories and protein facilitate this process. As a
result of shorter half-lives, prealoumin and transferrin are most useful in the intensive care unit
(ICU) and should be limited to patients with creatinine clearance >50 ml/min. Prealbumin travels
in the circulation bound to retinol binding protein (RBP) and vitamin A. Levels of prealbumin may
be elevated in renal failure despite nutritional compromise resulting from decreased

catabolism and excretion of RBP. Transferrin is elevated with iron depletion, independent of

the effects of nutrition.

How are protein requirements determined?

Protein need is determined based on patient weight, current stress factors, extraordinary
skin losses, and organ function. Although the recommended daily intake (RDI) for protein for
healthy individuals is only 0.8 g of protein/kg of body weight, the following guidelines may
be used in the surgical patient:

Injury Level Protein Requirement

Mild stress/injury 1.2 to 1.4 g of protein/kg
Moderate stress/injury 1.5 to 1.7 g of protein/kg
Severe stress/injury 1.8 to 2.5 g of protein/kg

What is the significance of urinary nitrogen in nutritional assessment?

Total urinary nitrogen (TUN) is the most reliable indicator of nitrogen use and excretion in
the patient who is in the surgical intensive care unit (SICU). However, urinary urea nitrogen
(UUN) is more readily available in most hospital laboratories. Although TUN and UUN are
nearly equal in healthy ambulatory patients with normal renal and hepatic function, critically
ill patients have a poor correlation between the two. A 12-hour urine collection compares well
with a 24-hour collection (Graves). Optimal nutrition support promotes a +3 to +5 nitrogen
balance. Estimate the protein needs of the patient by adding:

[24h UUN (g) + 2 g N insensible losses + 3] x 6.25 = required amount of protein (g)

Remember that 6.25 g of protein yields 1 g of nitrogen. Insensible losses are increased

with burns, decubiti, wound vacuums, and large wounds. UUN is not useful as a guide for
nutritional prescription in hepatic failure, renal dysfunction (<50 ml/min creatinine clearance),
or recent spinal cord injury.

Should protein be severely restricted in the surgical patient with hepatic
failure or renal failure?

Limit protein to 0.6 to 0.8 g/kg in the patient with hepatic encephalopathy, if the encephalopathy
produces significant clinical consequences. However, only about 10% of chronic liver disease
patients are protein sensitive; thus, other causes of encephalopathy, such as infection,
constipation, and electrolyte disturbance, should be explored. Otherwise, give a more typical
postsurgical protein load (1.3 to 1.5 g/kg).

In injured and acutely ill patients with renal failure, balance the need for increased protein
with the need for increased dialysis. Giving adequate protein may require more frequent dialysis.
Amino acid losses and requirements increase with more intensive hemodialysis (HD) (10to 12 g
of amino acids removed with each HD, or 5 to 12 g of amino acids daily with continuous
venovenous hemodialysis [CVVHD]).

How are kilocalorie needs determined?
There are numerous methods for setting kilocalorie targets in the surgical patient: (a) prediction
equations, (b) kcal/kg estimations or, (c) indirect calorimetry. One common prediction
equation, the Harris Benedict (HBE), was developed in 1919 for use on ambulatory, fasted,
healthy people but is of limited usefulness in hospitalized patients.

A number of prediction equations have been developed but most physicians employ a total
kcal/kg goal as shown in Table 9-2.
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TABLE 9-2. KILOCALORIE GOALS IN SURGICAL PATIENT

Feeding Level Level by Indirect
Patient (kcal/kg) Calorimetry
Normal weight patients 25-30 REE* x 1.0
Underweight patients 30-35 REE x 1.2
Obese patients 20-257 REE x 0.85
Morbidly obese 10-207 REE x 0.75

*Basal energy expenditure (BEE) is the number of kilocalories expended at rest, in a fasted state. Resting
energy expenditure (REE) is measured in a fed state and is 5% to 10% higher than BEE.
fAdjusted weight = [(Actual weight— Ideal weight) x 0.25] + Ideal weight

8. What is indirect calorimetry, and when is it useful?

9.

Indirect calorimetry is a respiratory test that measures the patient’s production of CO, and
consumption of oxygen for approximately 30 minutes, until steady state is achieved. Results are
worked into the modified Weir equation:

REE = [(3.796 x VO,) + (1.214 x VCO,)] x 1440 min/day

Where:

REE = resting energy expenditure (kcal/day)

V0, = oxygen consumption (L/min)

VCO, = CO, exhaled (L/min)

The report indicates the number of kilocalories the patient consumes in 24 hours and the
respiratory quotient (RQ). RQ = VC0,/VO, and provides information on the type of substrate
being used. The RQ for the metabolism of fat, protein, and carbohydrate are 0.7, 0.83, and
1.0, respectively. Overfeeding will result in an RQ >1.0, as a result of increased CO, production
associated with lipogenesis.

The test is useful in the patient on mechanical ventilation (MV) once a patient is relatively
stable, with a fractional concentration of oxygen in inspired gas (Fi0,) <60% and peak
end-expiratory pressure (PEEP) <10. Studies are helpful:

a. When overfeeding (diabetes mellitus, chronic obstructive pulmonary disease, obesity) is

undesirable
b. When underfeeding (renal failure, large wounds) is detrimental.
c. In patients whose physical or clinical factors promote alterations in energy expenditure
(spinal cord injury).

d. When drugs are used that significantly alter energy expenditure (paralytic agents,
B-blockers).

e. In patients who do not respond as expected to calculated regimens.

ENTERAL NUTRITION

When should enteral nutrition be considered?

Always, but especially when a patient is unlikely to meet >70% of nutritional needs by mouth.
Patients who have sustained major head injury (Glasgow Coma Scale <8), major torso
trauma, major trauma to the pelvis and long bones, or major chest trauma benefit from enteral
nutrition. Approximately 85% of patients (even those undergoing Gl surgery) tolerate early
enteral feeding within 24 hours postoperatively.
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How do you access the gastrointestinal tract for feeding?

Pursue access by blind placement of a nasogastric (NG) tube or a nasoduodenal tube. Place

a nasojejunal tube (NJ) blindly, endoscopically or fluoroscopically. Achieve gastric
decompression with concurrent nasojejunal feeds with an endoscopic percutaneous
gastrostomy/jejunostomy (PEG/PEJ). Alternatively, place a gastrostomy or feeding jejunostomy
intraoperatively.

What types of enteral formulas are available?

Polymeric enteral feedings are soy-based, lactose-free products containing intact protein,
carbohydrate, and fat. Most offer 1 kcal/ml and 37 to 62 g of protein per liter. Special
modifications of the standard formulas include dietary fiber or “immune-enhancing’’ agents,
such as fish oil, arginine, glutamine, and nucleotides. ‘“Elemental’ formulas contain amino
acids, di-, tri-, and quatra-peptides, dextrose, and minimal fat. Several concentrated formulas
(2 kcal/ml) are available for use in patients with congestive heart failure (CHF), renal failure, and
hepatic failure. In general, products that are ““disease-specific’’ or contain nutrients in
elemental form are more expensive than standard products.

Are specialized formulas necessary for the patient with diabetes mellitus

who is critically ill?

No. Formulas with reduced carbohydrate and increased fat loads are marketed as being
superior in maintaining glycemic control. These products have not shown superior, clinically
significant outcome in hospitalized patients in randomized controlled trials. The use of standard
high protein formulas in an isocaloric or hypocaloric load, combined with appropriate insulin
therapy, is the most effective treatment for hyperglycemia in the stressed patient with type 2
DM. The level of glycemic control associated with enhanced outcome is best achieved with
insulin, as opposed to carbohydrate restriction. Furthermore, gastric feedings with high fat
formulas in the diabetic patient with gastroparesis may delay gastric emptying and increase risk
of aspiration.

Should specialized “pulmonary” formulas be used on all patients on
ventilators?

No. Specialized, high omega-6 fat formulas have been marketed to reduce CO, production

in COPD patients who retain CO,. In theory, these formulas minimize CO, production

and facilitate weaning. However, avoiding overfeeding is more important for reducing CO,
production than providing high fat formula. Gastric feeding with these products increases the
risk of aspiration.

What complications are related to enteral support?

Enteral feeding may produce electrolyte abnormalities, hyperglycemia, Gl intolerance,
pulmonary aspiration, and nasopharyngeal erosions. Surgical complications of enteral access
include leaks, tube dislodgement, volvulus, soft tissue infection, and bowel necrosis.

Should one wait for bowel sounds or flatus before beginning enteral
feedings?
No.

Should one delay nutrition support longer in obese patients assuming they
have increased reserves?

No. Obese patients have more fat, but during stress all patients become hypermetabolic and
break down endogenous protein stores to mobilize amino acids for gluconeogenesis,
protein production, and adenosine triphosphate. As with patients who are of normal weight,
patients who are obese require high protein nutritional supplementation to meet increased
nitrogen demands.
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Should enteral formulas be diluted for initial presentation?
No. Dilution delays the attainment of feeding goals and increases the likelihood of bacterial
contamination. Solution osmolarity is a relatively minor culprit in producing diarrhea.

How should enteral feeding-related diarrhea be managed?

Mild diarrhea usually requires no treatment. With moderate to severe diarrhea, consider feeding
reduction, antidiarrheal agents, and stool studies for clostridium difficile. Evaluate the
medication profile for sorbitol-containing elixirs, laxatives, stool softeners, and prokinetic
agents. Monitor sanitation issues related to formula handling. Some success has been reported
with soluble fiber or lactobacillus (yogurt) in antibiotic-associated diarrhea.

During gastric feeding, at what level of gastric residual volume (GRV) should
one hold feedings?

Always use measurements of gastric residual volume (GRV) in tandem with clinical assessment.
Increase vigilance at 200 to 500 ml of GRV and start prokinetic agents. Hold feedings if GRV
>500 ml.

Do enteral feedings contain enough water to meet all fluid needs?
Most 1 kcal/ml formulas (standard) contain 85% water by volume, whereas 2 kcal/ml formulas
contain 70% water. Water is generally not an issue in the patient in ICU receiving multiple
intravenous (V) fluids and drugs. However, post-ICU, or in patients bound for home or extended
care facilities, it is essential to write a water prescription with the tube feeding order. General
guidelines for the total water needs are shown in Table 9-3.

For example, if the total calculated need for fluid is 2400 ml for a 60-kg patient and 2400 cc of
the tube feeding provides approximately 2000 ml of free water, write an order to give 200 ml of
water to the patient twice daily.

TABLE 9-3. DAILY WATER NEEDS IN RELATION TO AGE

Patient Age Daily Water Needs
Average adult 25-55 years 35 ml/kg
Young, active adult years 16-35 40 ml/kg
Adult >55-65 years 30 ml/kg
Elderly >65 years 25 ml/kg

How is enteral nutrition infused?

Enteral nutrition is infused continuously, in bolus form or cyclically. Continuous infusion is
best in the patient who is critically ill requiring postpyloric feedings. Bolus feedings are used in
more stable patients with gastric feedings. Cyclic feedings or nocturnal feedings are useful
for the patient who is on concurrent oral intake and in transition to full oral support, or for those
requiring feeding-free periods for physical therapy or activities of daily living.

Is enteral nutrition better than total parenteral nutrition?

Yes. Substrates delivered enterally are better tolerated, are associated with fewer metabolic
and hepatic complications, and help preserve normal mucosal integrity. Eighty percent of the
body’s immune tissue is in the gut and needs local and systemic nutrition. A review of 13 studies
describing a total of 856 patients who were critically ill, contrasting total parenteral nutrition
(TPN) with enteral nutrition, concluded that enteral nutrition reduces infectious complications
and is typically more cost-effective than parenteral nutrition.
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23. Should you discontinue enteral feeding at midnight on all patients
undergoing elective surgery with general anesthesia?
No. The American Society of Anesthesiologists recommends that healthy adults cease intake of
solids for at least 6 hours and liquids for 2 hours before undergoing elective procedures. The
guidelines may need to be modified for patients with coexisiting diseases that may affect gastric
emptying-pregnancy, obesity, DM, hiatal hernia, gastroesophageal reflux disease (GERD), ileus
or bowel obstruction, emergency care, or enteral tube feeding. Recent clinical investigation
shows enhanced immunologic and functional recovery of the Gl tract with decreased
perioperative fasting periods.

24. Is the clear liquid diet mandatory after surgery?
No. Clinical outcomes are similar when patients are fasted or given clear liquids until the
appearance of flatus or BM as opposed to receiving a regular diet beginning one day
postoperatively.

25. Does preoperative nutrition with immune-enhancing diets improve surgical
outcome?
Yes. Perioperative immune-enhancing diets (IEDs) can reduce postoperative complications
and infections and enhance postoperative immunocompetence in properly selected patients. The
consensus recommendations from the U.S. Summit on Immune-Enhancing Enteral
Therapy (2001) advise giving IEDs to severely malnourished patients undergoing lower Gl
surgery 5 to 7 days before surgery. Emerging data suggest a benefit for patients who are not
clinically malnourished.

26. Should actual, ideal, or adjusted body weight be used in nutrition
calculations for the patient with obesity?
Studies using an obesity-adjusted weight in kilocalorie calculations [ideal body weight (IBW) + .25
(actual-1BW)] correlate better with measured energy expenditure than when using actual weight.

ENTERAL CONTROVERSIES

27. What are probiotics, and when are they useful?
Probiotics are live microbes that benefit the host. Clinical studies show therapeutic or
preventive use of varied probiotic strains for antibiotic-associated diarrhea, rotavirus-associated
diarrhea and pouchitis. Results are promising for irritable bowel syndrome, ulcerative colitis,
and for side-effect reduction in antibiotic therapy for helicobacter pylori.

28. Which is more important: nitrogen or caloric balance?
Ultimately, maintaining positive nitrogen balance may be more important than achieving positive
kilocalorie balance.

29. Are postpyloric feedings superior to gastric feedings?
Following major surgery or injury, gastric emptying is impaired for several days. Early enteral
feeding, with its known benefits, may not easily occur through a gastric feeding in the early
stages of injury. Postpyloric feedings deliver more kilocalories, more timely return to anabolism,
and promote a lower rate of infectious complications than continuous gastric feeding.

30. When should immune-enhancing formulas be used?
Rarely. Patients in randomized controlled trials have demonstrated that IEDs improve outcome
and reduce septic morbidity in patients prone to intraabdominal sepsis after major torso
trauma and after major operative resection of upper Gl cancers. The use of IEDs should be
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restricted to these patients, and duration should be limited because of the increased expense.
The IEDs have not been adequately tested in other types of patients, and, when tested in

a variety of patients in the ICU, there is some evidence to suggest that they could be harmful.
There is concern that administering arginine in patients with sepsis, who have upregulated
expression of inducible nitrous oxide synthase (iNos), will result in excessive nitrous

oxide production and resultant exaggerated vasodilation and oxidant stress.

Should formula with increased fish-oil formula be used in patients who are
going into acute respiratory distress syndrome?

Two industry-funded, randomized controlled trials demonstrate superior outcome in

patients with acute respiratory distress syndrome (ARDS) when provided a high omega-3 fatty
acid enteral product as opposed to a high omega-6 “pulmonary” formula. Unfortunately, the
control diet, a high omega-6 fatty acid formula, is not the standard of care and may worsen
ARDS. High omega-6 fatty acids increase inflammation and produce lipid mediators that
worsen ventilation/perfusion (V/Q) mismatch in the lung and worsen oxygenation in ARDS.

A randomized controlled trial comparing standard, moderate-fat polymeric formula and a high
omega-3 formula is needed.

PARENTERAL NUTRITION

What is parenteral nutrition?

Parenteral nutrition is the provision of protein as amino acids (4 kcal/g), dextrose (3.4 kcal/g),
and fat (lipid 20% solution delivers 2 kcal/ml), vitamins, minerals, trace elements, fluid, and
sometimes insulin through an IV infusion.

What are the indications for parenteral nutrition?

Use parenteral nutrition when the Gl tract is totally nonfunctional, e.g., major bowel resection,
“short gut,” peritonitis, intestinal hemorrhage, paralytic ileus, high volume enterocutaneous
fistulae, ileus, and severe intractable diarrhea (>1 liter/day).

What types of access are available for the delivery of parenteral nutrition?
Central parenteral solutions have osmolarities up to 3000 mOsm/L. These require delivery into
a large lumen vein (e.g., subclavian, or less commonly, a femoral vein). If a multiple-port
catheter is used, a “virgin port” should be reserved exclusively for nutrient infusion. When
prolonged parenteral nutrition infusion is necessary in the postacute setting, consider a long-
term access device such as a Hickman or Broviac catheter. This may not be necessary, however,
when the central venous catheter is placed under sterile conditions and the patient and
caretakers deliver meticulous care.

Should patients with pancreatitis be exclusively fed parenterally?

Although patients with pancreatitis have traditionally been given “gut rest” and TPN, studies
demonstrate improved outcome with enteral feeding past the ligament of Treitz. Enteral feedings
delivered into the jejunum promote decreased infectious morbidity, shorter hospital length

of stay, fewer complications, a faster resolution of systemic inflammatory response

syndrome (SIRS) and a shorter disease course than parenteral nutrition. If enteral nutrition is not
tolerated, parenteral nutrition should be considered no sooner than 5 days into the hospitalization.

Are intravenous lipids contraindicated in pancreatitis?

In extremely rare instances of pancreatitis caused by congenital hyperlipidemia, lipids should
be withheld. However, in most cases of severe pancreatitis where enteral nutrition is not
tolerated, it is best to avoid IV lipid emulsions until the inflammatory response has subsided.
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What complications are associated with parenteral nutrition?

Fluid and electrolyte imbalance, altered glucose metabolism, increased LFTs, hepatic steatosis,
systemic candidiasis, site infections, and gut atrophy are associated with TPN. Hemothorax or
pneumothorax may occur during central line placement. Although rare, air emboli or
extravascular placement of central lines occur.

Why do parenterally fed patients often develop hyperglycemia?

Patients who are fed parenterally may develop hyperglycemia as a result of increased stress and
the inflammatory response, limited mobility, concurrent steroid therapy, and excessive
kilocalorie intake.

How should hyperglycemia be managed?

Evaluate information on the home glucose control regimen from the medication history.

A continuous insulin infusion is often necessary during critical iliness to achieve adequate
glycemic control. When insulin requirements are predictable and the patient becomes more
stable metabolically and moves outside of the ICU, insulin is added to the TPN. NPH insulin is
geared toward patients consuming meals at regular intervals and thus, is not appropriate

with continuous 1V feedings. Glucose infusion rates should not exceed 5 milligrams per kilogram
per minute.

Why are intravenous fat emulsions used, and when are they contraindicated?
Theoretically, fat emulsions are employed to prevent essential fatty acid deficiency. In reality,
this condition is rare, takes several weeks to develop, and requires only 3% to 4% of kilocalories
as linoleic acid (or 10% of kilocalories as a standard fat emulsion). Fat emulsions are also
used to provide additional kilocalories once glucose delivery exceeds 5 kilocalories per kilogram
per minute. When delivered in total-nutrient-admixtures (3-in-1 solutions) lipid emulsions are
stable for 24 hours. When infused as a sole nutrient, limit hang times to <12 hours to prevent
bacterial growth. Avoid fat emulsions with hyperlipidemia-induced pancreatitis, and when serum
triglycerides are significantly elevated (e.g., >500 mg/dl). Because they are associated with
increased mortality early after trauma, and increased infections in critical illness, IV fat emulsion
risk outweighs benefit during the early acute-phase response.

What is refeeding syndrome, and how is it managed or prevented?

Refeeding syndrome occurs when a patient is moderately to severely malnourished and has
limited substrate reserves, usually as a result of chronic alcoholism, anorexia nervosa, post-
bariatric surgery, or chronic starvation. When presented with a large nutrient load, the patient
rapidly develops a clinically significant decline in serum K, phosphorus (P), Ca, and Mg
because of compartment shifts or increased utilization of these ions. Hyperglycemia is common
as a result of blunted basal insulin secretion (see Kraft). Provide ample quantities of K, P, Ca,
and Mg with the initial parenteral mixture, within the solubility limits of the solution. Reduce the
initial kilocalorie load by 25% of goal by limiting dextrose kilocalories. Monitor blood glucose 4
times daily, and, serum K, P, Ca, and Mg daily for 5 days after initiating feeding, while advancing
kilocalories to goal levels.

How should parenteral nutrition be monitored?

Parenteral nutrition should be monitored daily with serum chemistries (Na, K, CI, CO,,
glucose, Mg, P, and Ca) during the initial days of therapy in the critical care setting. Check
blood glucose every 6 hours. With acceptable fluid and electrolyte balance, reduce frequency to
1 to 2 times weekly. The adequacy of the nutrition regimen may be assessed by evidence of
proper wound healing, maintenance of hydrational status, preservation of body cell mass,

and a timely repletion of constitutive protein levels. Overfeeding may present as insulin
resistance, hypertriglyceridemia, increased LFTs, and hypercapnia.
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What infusion schedules are used for TPN?
TPN is usually infused continuously. In more ambulatory patients, and those on home therapy,
a cyclic or nighttime infusion schedule (12- to 18-hour cycle) increases patient freedom.

How should TPN be discontinued?
To discontinue TPN, reduce the infusion rate by half for 2 hours, halved again for 2 hours,
and then turn it off. This “ramp down” prevents reactive hypoglycemia.

What is the cost of parenteral nutrition?

Parenteral solution costs vary widely depending on the constituents. The cost of TPN solution
components, preparation, access devices, and laboratory monitoring costs up to 10 times
that of a standard enteral feeding. Many third-party payers do not provide more reimbursement
for parenteral therapy than enteral in the hospital setting.

How much gut is necessary to avoid TPN dependence after small bowel
resection?

The normal adult small bowel is 300 to 800 cm in length. Loss of more than two

thirds is considered short-bowel syndrome. The condition of the remnant small bowel is
important.

PARENTERAL CONTROVERSIES

47.

48.

49.

Should TPN solutions contain the same percentage of fat kilocalories that

are recommended in the diet of healthy Americans (i.e., 30% of total
kilocalories)?

The American Heart Association (AHA) recommendations for 30% of total kilocalories as

fat are geared toward cardiovascular disease prevention in healthy people and were never
intended for IV feeding in individuals who are critically ill. Furthermore, AHA suggests that those
kilocalories be distributed among saturated, monounsaturated and polyunsaturated fat,
including omega-3 series fatty acids. Current lipid formulations available in the United States
are made from either soybean oil or a mixture of soybean and safflower oil; thus, they are
predominately polyunsaturated (omega-6) fat. Glucose kilocalories are the most cost-effective
kilocalories, followed by standard amino acid kilocalories, then lipid calories. Lipid infusions
exceeding 1 g/kg of body weight are associated with decreased immunocompetence and
impaired oxygenation in patients who are critically ill.

Does supplemental glutamine enhance outcome in surgical patients?

Glutamine, the amino acid found in greatest concentration in muscle and plasma, decreases
after surgery, injury, or stress. Thus, it is a conditionally essential amino acid. It plays a role as a
metabolic substrate for rapidly replicating cells, maintains the integrity and function of the
intestinal barrier, and protects the enterocyte from free radical damage. Glutamine is not
included in standard amino acid solutions because of limited solubility and stability.
Supplementation may reduce infectious complication rates and decrease hospital stay in
surgical patients.

Should recombinant growth hormone, glutamine, and a modified diet be used
routinely to maximize gut adaptation after intestinal resection?

Five clinical trials have appeared in the past decade. Three showed negative results, whereas two
showed positive results. Positive results are short-lived. Until further research occurs, this
expensive therapy should not be routine, and intensive nutrition and pharmacologic
management should remain the mainstay of care.
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WHAT DOES POSTOPERATIVE FEVER

MEAN?

Alden H. Harken, MD

1. What is a fever?
Normal core temperature varies between 36° C and 38° C. Because humans hibernate a little
at night, we are cool (36° C) just before rising in the morning; after revving our engines all day,
we are hot at night (38° C). A fever is a pathologic state reflecting a systemic inflammatory
process. The core temperature is >38° C but rarely >40° C.

2. What is malignant hyperthermia?
A rare, life-threatening response to inhaled anesthetics or some muscle relaxants. Core
temperature rises >40° C. Abnormal calcium metabolism in skeletal muscle produces heat,
acidosis, hypokalemia, muscle rigidity, coagulopathy, and circulatory collapse.

3. How is malignant hyperthermia treated?
m Stop the anesthetic.
= Give sodium bicarbonate (2 mEag/kg intravenously [1V]).
= Give dantrolene (calcium channel blocker at 2.5 mg/kg 1V).
= Continue dantrolene (1 mg/kg every 6 hours for 48 hours).
= Cool patient with alcohol sponges and ice.

KEY POINTS: MALIGNANT HYPERTHERMIA v

1. Rare, familial (autosomal dominant with variable penetrance) catastrophic response to
inhaled anesthetics or muscle relaxants.

2. Mechanism: abnormal calcium metabolism in skeletal muscle.

3. Clinical manifestations: core temperature >40° C, trismus, hypercapnia, tachycardia,
tachypnea, hypertension, cardiac dysrhythmias, metabolic acidosis, hypoxemia,
myoglobinuria, or coagulopathy.

4. Management: halt anesthetic; administer dantrolene over 48 hours, supplemental sodium
bicarbonate; actively cool patient.

4. What causes fever?
Macrophages are activated by bacteria and endotoxin. Activated macrophages release
interleukin-1, tumor necrosis factor (TNF), and interferon, which reset the hypothalamic
thermoregulatory center.
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Can fever be treated?
Yes. Aspirin, acetaminophen, and ibuprofen are cyclooxygenase inhibitors that block the
formation of prostaglandin E, in the hypothalamus and effectively control fever.

Should fever be treated?

This is controversial. No evidence suggests that suppression of fever improves patient
outcome. Patients are more comfortable, however, and the surgeon receives fewer calls from
the nurses.

Should fever be investigated?

Yes. Fever indicates that something (frequently treatable) is going on. The threshold for inquiry
depends on the patient. A transplant patient with a temperature of 38° C requires scrutiny,
whereas a healthy medical student with an identical temperature of 38> C 24 hours after an
appendectomy can be ignored.

Summarize a fever work-up.

Order blood cultures, urine Gram stain and culture, and sputum Gram stain and culture.
Look at the surgical incisions.

Look at old and current intravenous sites for evidence of septic thrombophlebitis.

If breath sounds are worrisome, obtain a chest x-ray.

What is the most common cause of fever during the early postoperative

period (1 to 3 days)?

The traditional answer is atelectasis. A total pneumothorax does not cause fever, however.
Why does a little atelectasis cause fever, whereas a lot of atelectasis (pneumothorax) does not?
The most likely explanation is that sterile atelectasis (and early postoperative lung collapse
typically is not infected) has nothing to do with fever.

Do surgical incisions compromise spontaneous breathing patterns?

Yes. Vital capacity was measured in a large group of patients 24 hours after various surgical
procedures. An upper abdominal incision was the worst, followed by lower abdominal incision,
then (counterintuitively) thoracotomy, median sternotomy, and extremity incision.

Should atelectasis be treated with incentive spirometry?
Yes, but not to avoid fever.

Define a wound infection.
A wound infection contains >10° organisms per gram of tissue. An infected incision appears
erythematous (red), edematous (swollen), and tender.

Are certain wounds prone to infection?

Each milliliter of human saliva contains 108 aerobic and anaerobic, gram-positive and
gram-negative bacteria. All human bite wounds must be considered as contaminated.
Animal bite wounds typically are less contaminated. (It is safer to kiss your dog than your
fiancé[e].)

Do incisions become infected early after surgery?

The incision must be examined in a patient with a fever (39° C) <12 hours after surgery.

Look for a foul-smelling, serous discharge in a particularly painful wound (all incisions hurt) with
or without crepitus. Gram stain of the serous discharge for gram-positive rods confirms or
excludes the diagnosis of clostridial infection.
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Summarize the therapy for clostridial gas gangrene.

m The wound should be opened immediately, with fluid resuscitation of the patient. The
mainstay of therapy is aggressive surgical debridement of necrotic tissue (skin, muscle,
and fascia). Make a big hole, and do not worry about closing it.

= Give penicillin, 12 million U/day IV for 1 week.

m Hyperbaric oxygen is not helpful.

Are nonclostridial necrotizing wound infections a cause of concern?
Hemolytic streptococcal gangrene, idiopathic scrotal gangrene, and gram-negative synergistic
necrotizing cellulitis are distinct entities but have been lumped into the single category of
necrotizing fasciitis. All require the same initial approach:

1. Fluid and electrolyte resuscitation.

2. Broad-spectrum antibiotics (“triples”).

3. Aggressive surgical debridement of all necrotic tissue.

What are triple antibiotics?
A shotgun approach to potentially life-threatening infections when the patient is seriously
ill and the surgeon is seriously concerned:
1. Gram-positive coverage (e.g., ampicillin)
2. Gram-negative coverage (e.g., gentamicin)
3. Anaerobic coverage (e.g., metronidazole [Flagyl])
To avoid overgrowth of yeast and resistant bacteria, focus on the culprit bacteria as soon as the
cultures define it.

KEY POINTS: CLOSTRIDIAL VERSUS NONCLOSTRIDIAL +/

NECROTIZING WOUND INFECTIONS

18.

19.

20.

21.

. Clostridial infection involves underlying muscle resulting in myonecrosis or gas gangrene.
. Nonclostridial infection involves subcutaneous fascia (also known as necrotizing fasciitis).

. Similar management: fluid and electrolyte resuscitation, antibiotics (high-dose penicillin for

clostridial infection, broad-spectrum triples for necrotizing fasciitis), and aggressive
surgical debridement of necrotic tissue.

Give the doses for triple antibiotics.
Ampicillin 1 g every 6 hours IV in adults
40 mg/kg every 6 hours IV in children
Gentamicin 7 mg/kg IV every 24 hours (this single daily dose is less nephrotoxic than
2 mg/kg IV every 8 hours)
Metronidazole 500 mg IV every 6 hours in adults
7.5 mg/kg IV every 6 hours in children

Which surgical procedures are predisposed to wound infections?
Gastrointestinal (GI) procedures, especially when the colon is opened.

When do wound infections typically occur?
They occur between 12 hours and 7 days postoperatively.

How is a wound infection treated?
The wound should be opened and completely drained.
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22. Is it necessary to irrigate an infected wound?
Tap water irrigation decreases the bacterial load and promotes healing. Alcohol is toxic to
tissues. Sodium hydrochlorite (Dakin solution) and hydrogen peroxide kill fibroblasts and
slow epithelialization. As a rule of thumb, put nothing into a wound that you would not put in
your eye.

23. When do urinary tract infections occur?
The longer the urethral (Foley) catheter is in place, the more likely the urinary tract infection
(UTI). Urologic instrumentation at the time of surgery may accelerate the process considerably.
Germs craw! up the outside of the urethral catheter, and by 5 to 7 days after surgery, most
patients harbor infected urine.

24. How is a urinary tract infection diagnosed?
A UTI has a urine culture with >10° bacteria/ml. White blood cells on urinalysis are highly
suspicious.

25. Name the most common late causes of postoperative fever.

Septic thrombophlebitis (from an intravenous line) and occult (usually intraabdominal)
abscesses tend to present about 2 weeks after surgery.
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SURGICAL WOUND INFECTION

Steven L. Peterson, DVM, MD

1. Why should we worry about surgical wound infection?
Approximately 30 million patients undergo surgery each year in the United States, and 20%
of these patients acquire at least one nosocomial infection in the postoperative period. Infections
at surgical sites are the third most common form of these infections and complicate 1% to
12% of all operations. The risk of death is 4 times higher in patients who develop wound
infections, and each infection costs $12,000 to $30,000 to treat.
Commonly reported rates for specific operations are:

Cholecystectomy 3% Inguinal herniorrhaphy 2%
Appendectomy 5% Thoracotomy 6%
Colectomy 12%

2. What comprises a surgical wound infection?
Surgical wound infections more appropriately are called surgical site infections (SSls) and
must occur within 30 days of surgery unless a foreign body is left in situ. In the case of
implanted foreign material, 1 year must elapse before surgery can be excluded as causative.
SSls are subdivided based on depth of tissue involvement into three clinically relevant
categories.
1. Superficial incisional SSls involve only the skin and subcutaneous tissue.
2. Deep incisional SSls involve deep soft tissue layers, such as fascial or muscle layers of the
incision.
3. Organ space SSls involve any anatomic structure opened or manipulated during the
operative procedure.

3. List the classic signs of superficial incisional, deep incisional, and organ space
surgical site infections.
Superficial and deep incisional SSls:
Calor (heat)
Rubor (redness)
= Tumor (swelling)
= Dolor (pain)
= Purulent drainage
Organ space SSls should be suspected in the presence of systemic signs and symptoms:
= Fever
m |leus
= Shock
Definitive diagnosis of organ space SSIs may require imaging studies.

4. Why do these infections occur?
Many factors contribute, however, the fundamental principle is that traumatic and
surgical wounds violate the normal protective layer of skin. The importance of an intact
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integument has been shown experimentally in which it was determined that an inoculum of
8 million bacteria is required for infection of intact skin, 1 million are required for violated skin,
and only 100 are required when foreign material is present.

Surgery always violates the skin, and we often leave foreign material. How can
we avoid SSls?

Although it is true that the basic act of surgery compromises the patients’ defenses, we can
take steps to prevent wound infection. These steps involve the surgeon and the patient.

What can the surgeon do to decrease SSls?

The first step the surgeon can take is appropriate hand washing. The classic surgical scrub
consists of 3 minutes of brushing with povidone-iodine or chlorhexidine gluconate. This
protocol has been shown to have a high rate of noncompliance, which may contribute to SSIs.
Data indicate improved compliance with comparable SSI rates using a much simpler

protocol consisting of a 1-minute hand wash with nonantiseptic soap followed by hand-rubbing
with a liquid aqueous alcoholic solution. Whether such simpler scrub protocols also can be
applied in the future to the preparation of the patient is unknown.

What else can the surgeon do to control SSis?

The surgeon may limit the duration of surgery and follow good surgical principles by eliminating
dead space, controlling hemorrhage, minimizing placement of foreign material (including
excessive suture), and exhibiting gentle tissue handling. The surgeon should ensure that the
patient remains warm during the perioperative period. This simple act of warming was shown in
two prospective studies to decrease significantly the incidence of SSls.

Can’t the surgeon predict who is going to get infected and just give them lots
of antibiotics to stop infection from happening?
To a degree, SSls can be anticipated. Factors that have been shown to have some predictive
value to the surgeon are the physical status of the patient as classified by the American
Society of Anesthesiologists, results of intraoperative cultures, and duration of preoperative
hospital stay. Adequacy of regional blood supply also is important, as evidenced by the
low infection rate in facial wounds. The classic description of wounds based on degree of gross
contamination also may be of value. This scheme places wounds into one of four categories:
1. Clean wounds are atraumatic wounds in which no inflammation is encountered, no breaks
in sterile technique occur, and no hollow viscus is entered.
2. Clean-contaminated wounds are identical except that a hollow viscus is entered.
3. Contaminated wounds are caused by trauma from a clean source or by minor spillage of
infected materials.
4. Dirty-infected wounds are caused by trauma from a contaminated source or gross
spillage of infected material into an incision.
Reported infection rates for each category are 2.1%, 3.3%, 6.4%, and 7.1%, respectively.
Antibiotics can help but only when used appropriately.

How do | use antibiotics correctly to prevent SSis?

First by knowing what organism you are targeting, then choosing an appropriate antibiotic
and delivering it at the appropriate time via the appropriate route. Because you usually will not
have a preoperative culture to guide therapy, you need to base your choice of antibiotic on
predicted organisms. Staphylococci are the most common skin organism and the most
common etiologic agent in SSls. Cefazolin, a first-generation cephalosporin, is usually the
recommended antibiotic for prophylaxis in clean surgical procedures. In circumstances in
which known contamination has occurred, initial antibiotics should be tailored based on the
violated organ’s common flora. If the gut was entered, enterobacteriaceae and anaerobes are
common; biliary tract and esophageal incisions yield these organisms plus enterococci. The
urinary tract or vagina may contain group D streptococci, Pseudomonas, and Proteus species.
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If antibiotics are used, how and when should they be administered?

Maximal benefit is obtained when tissue concentrations are therapeutic at the time of
contamination. Efficacy is enhanced when prophylactic antibiotics are administered
intravenously (IV) less than 1 hour before surgical incision; late administration is similar to no
administration. Multiple-dose regimens have no proven benefit over single-dose regimens.
Indiscriminate antibiotic selection outside recommended hospital protocols may increase the
incidence of SSls. In special circumstances, administration routes other than IV may be
indicated.

KEY POINTS: WOUND CLASSIFICATION AND

INFECTION RATE

1.

Clean wound is atraumatic, with no breaks in sterile technique, no entry into respiratory,
alimentary, or genitourinary tract. Incidence is 2.1%.

2. Clean-contaminated wound is same as clean wound except entry into respiratory,

alimentary, or genitourinary tract. Incidence is 3.3%.

3. Contaminated wound has trauma from a clean source or minor spillage of infected

materials. Incidence is 6.4%.

4. Dirty wound is trauma from a contaminated source or spillage of infected materials.

11.

12.

13.

Incidence is 7.1%.

Name other routes that you would use for prophylactic antibiotic administration.
In patients with nasal carriage of Staphylococcus aureus, intranasal administration of mupirocin
ointment may have some efficacy in decreasing nosocomial and SSls. In elective colon
surgery, a meta-analysis of published studies indicated that orally administered antibiotics
combined with intravenous antibiotics are superior to intravenous antibiotics alone in preventing
surgical site infections.

Does all that pulsatile lavage the surgeon uses in the operating room really

do any good?

Yes. High-pressure pulsatile lavage has been evaluated extensively in soft tissue contamination
and shown to be 7 times more effective in reducing bacterial load than bulb syringe lavage.
The inherent elastic recoil of the soft tissues allows particulate matter to escape between
pulses of fluid. The optimal pressure and pulse frequency seems to be 50 to 70 Ib/in.2 and
800 pulses/min. Adding antibiotics to lavage solutions, although commonly practiced, has not
been shown definitively to improve outcome.

What can the patient do to help decrease SSls?

Stop smoking. Although obesity, poor nutritional status, advanced age, and diabetes are risk
factors for SSls, cigarette smoking is probably the leading preventable patient factor for

SSls just like it is the leading preventable cause of death and disability in the United States. Half
of all people who smoke eventually die from a smoking-related illness. Smoking not only

kills, but also more than triples that risk of incisional wound breakdown. In one study, smoking
increased the incidence of SSls in clean operative procedures sixfold, from 0.6% to 3.6%.
Tobacco use results in decreased blood flow and decreased oxygen delivery to the wound.
Toxic tobacco by-products also directly impede all stages of wound healing. Despite this
knowledge, surgeons continue to operate electively on smokers, and most smokers continue to
smoke up until the day of surgery.
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When prevention fails, what do you do for SSIs?

The first line of therapy in SSls is drainage. This is established by reopening the wound or, in the
case of deep space infections, using techniques that are guided by computed tomography
(CT) or ultrasound for drain placement or presurgical planning. Antibiotic therapy is used to
control associated cellulitis and generalized sepsis.

What may happen with untreated superficial or deep incisional SSls?

Locally the wound breaks down, and infection dissects through the tissue planes and continues
to advance. If the infection progresses rapidly, necrotizing fasciitis may develop. Finally, the
strength layers of the wound closure break open (dehisce).

Define wound dehiscence.
The partial or total disruption of any or all layers of the operative wound.

Define evisceration.
Rupture of the abdominal wall and extrusion of the abdominal viscera.

What factors predispose to dehiscence?

Age >60 years, obesity, increased intraabdominal pressure, malnutrition, renal or

hepatic insufficiency, diabetes mellitus (DM), use of corticosteroids or cytotoxic drugs, and
radiation have been implicated in wound dehiscence. Infection also plays an important role;

an infective agent is identified in more than half of wounds that undergo dehiscence. Despite these
excuses, the most important factor in wound dehiscence is the adequacy of closure. Fascial
edges should not be devitalized. Ideally the linea alba sutures should be placed neither too laterally
nor too medially. Excessive lateral placement may incorporate the variable blood supply of the
rectus abdominis muscle and compromise fascial circulation. Excessive medial placement misses
the point of maximal strength at the transition zone between the linea alba and rectus
abdominis sheath. In addition, sutures should be tied correctly without excessive tension, and
suture material of adequate tensile strength should be chosen.

When does wound dehiscence occur?
It may occur at any time after surgery; however, it is most common between the fifth and tenth
postoperative days, when wound strength is at a minimum.

What are the signs and symptoms of wound dehiscence?

Normally a ridge of palpable thickening (healing ridge) extends about 0.5 cm on each side of
the incision within 1 week. Absence of this ridge may be a strong predictor of impending
wound breakdown. More commonly, leakage of serosanguineous fluid from the wound is the
first sign. In some instances, sudden evisceration may be the first indication of abdominal
wound dehiscence. The patient also may describe a sensation of tearing or popping associated
with coughing or retching.

Describe the proper management of wound dehiscence.

If the dehiscence is not associated with infection, elective reclosure may be the appropriate
therapeutic course. If the condition of the patient or wound makes reclosure unacceptable, however,
the wound should be allowed to heal by second intention. An unstable scar or incisional hernia
may be dealt with at a later, safer time. Dehiscense of a laparotomy wound with evisceration is a
surgical emergency with a reported mortality of 10% to 20%. Initial treatment in this instance
consists of appropriate resuscitation while protecting the eviscerated organs with moist towels;
the next step is prompt surgical closure. Exposed bowel or omentum should be lavaged thoroughly
and returned to the abdomen; the abdominal wall should be closed; and the skin wound should
be packed open. Vacuum-assisted wound closure may be valuable in select cases.
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PRIORITIES IN EVALUATION OF THE

ACUTE ABDOMEN

Alden H. Harken, MD

1. What is the surgeon’s responsibility when confronted by a patient with an
acute abdomen?
1. To identify how sick the patient is (treat the patient first and then the disease).
2. To determine whether the patient (a) needs to go directly to the operating room, (b) should
be admitted for resuscitation or observation, or (c) can be sent safely home.

2. Which is the most dangerous course in a patient with an acute abdomen?
To send the patient home.

3. Is it important to make the diagnosis in the emergency department?
No. Frequently time spent confirming a diagnosis in the emergency department (ED) is lost to
in-hospital resuscitation or treatment in the operating room. The only patient who needs a
relatively firm diagnosis is a patient who is to be sent home.

4. If the essential goal is not to make the diagnosis, what should the
surgeon do?

1. Resuscitate the patient. Most patients do not eat or drink when they are getting sick.
Most patients are depleted of at least several liters of fluid. Fluid depletion is worse in
patients with diarrhea or vomiting.

2. Start a big intravenous (IV) line.

3. Replace lost electrolytes (see Chapter 8).

4. Insert a Foley catheter.

5. Examine the patient (frequently).

5. Are symptoms and signs uniquely misleading in any groups of patients?
Yes. Watch out for the following groups:
= The very young, who cannot talk.
= Diabetics because of visceral neuropathy.
m The very old, in whom, much as in diabetics, abdominal innervation is dulled.
m Patients taking steroids, which depress inflammation and mask everything.
= Patients with immunosuppression (a heart or kidney transplant patient may act cheerful
even with dead or gangrenous bowel).

6. Summarize the history needed.

1. The patient’s age. Neonates present with intussusception; young women present with
ectopic pregnancy, pelvic inflammatory disease, and appendicitis; the elderly present with
colon cancer, diverticulitis, and appendicitis.

2. Associated problems. Previous hospitalizations, prior abdominal surgery, medications,
heart and lung disease? An extensive gynecologic history is valuable; however, it is
probably safer to assume that all women between 12 and 40 years old are pregnant.
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3. Location of abdominal pain. Right upper quadrant: gallbladder or biliary disease,
duodenal ulcer. Right flank: pyelonephritis, hepatitis. Midepigastrium: duodenal or gastric
ulcer, pancreatitis, gastritis. Left upper quadrant: ruptured spleen, subdiaphragmatic
abscess. Right lower quadrant: appendicitis (see Chapter 37), ectopic pregnancy,
incarcerated hernia, rectus hematoma. Left lower quadrant: diverticulitis, incarcerated
hernia, rectus hematoma. Nofe: Cancer, unless it obstructs (colon cancer), and bleeding
(diverticulosis) typically do not hurt.

4. Duration of pain. The pain of a perforated duodenal ulcer or perforated sigmoid
diverticulum is sudden, whereas the pain of pyelonephritis is gradual and persistent. The
pain of intestinal obstruction is intermittent and crampy. Note. Although the surgeon is
rotating through a gastrointestinal (Gl) service, the patient may not know this and may
present with urologic, gynecologic, or vascular pathology.

PHYSICAL EXAMINATION

Are vital signs important?

Yes. They are vital. If heart rate (HR) and blood pressure (BP) are on the wrong side of 100
(heart rate >100 beats/min, systolic blood pressure <100 mm Hg), watch out! Tachypnea
(respiratory rate >16) reflects either pain or systemic acidosis. Fever may develop late,
particularly in the immunosuppressed patient who may be afebrile in the face of florid peritonitis.

What is rebound?

The peritoneum is well innervated and exquisitely sensitive. It is not necessary to hurt the patient
to elicit peritoneal signs. Depress the abdomen gently and release. If the patient winces, the
peritoneum is inflamed (rebound tenderness).

What is mittelschmerz?
Mittelschmerz is pain in the middle of the menstrual cycle. Ovulation frequently is associated
with intraperitoneal bleeding. Blood irritates the sensitive peritoneum and hurts.

What do bowel sounds mean?

If something hurts (e.g., a sprained ankle), the patient tends not to use it. Inflamed bowel is
quiet. Bowel contents squeezed through a partial obstruction produce high-pitched tinkles.
Bowel sounds are notoriously unreliable, however.

Explain the significance of abdominal distention.
Distention may derive from either intraenteric or extraenteric gas or fluid (worst of all, blood).
Abdominal distention is always significant and bad.

Is abdominal palpation important?

Yes. Remember, the patient is (or should be) the surgeon’s friend. There is no need to cause
pain. Palpation guides the surgeon to the anatomic zone of most tenderness (usually the
diseased area). It is best to start palpation in an area that does not hurt. Rectal (test stool for
blood) and pelvic examinations localize pathology further.

What is Kehr’s sign?

The diaphragm and the back of the left shoulder enjoy parallel innervation. Concurrent left upper
quadrant and left shoulder pain indicate diaphragmatic irritation from a ruptured spleen or
subdiaphragmatic abscess.

What is a psoas sign?
Irritation of the retroperitoneal psoas muscle by an inflamed retrocecal appendix causes pain on
flexion of the right hip or extension of the thigh.
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LABORATORY STUDIES

15. How is a complete blood count helpful?

1. Hematocrit. If the hematocrit is high (>45%), the patient is most likely dry or may
have chronic obstructive pulmonary disease (COPD). If it is low (<30%), the patient
probably has a more chronic disease (associated with blood loss; always do a rectal and
test the stool for blood).

2. White blood cell count. It takes hours for inflammation to release cytokines and elevate
the white blood cell count. A normal white blood cell count is entirely consistent with
significant abdominal trouble.

16. Is urinalysis necessary?
Yes. White blood cells in the urine may redirect attention to the diagnosis of pyelonephritis or
cystitis. Hematuria points to renal or ureteral stones. Because an inflamed appendix may lie
directly on the right ureter, red and white blood cells may be found in the urine of patients with
appendicitis.

17. What is a “three-way of the abdomen”?
1. Upright chest radiograph: Look for free air under the diaphragm (perforated viscus) and
pneumonia or pneumothorax.
2. Upright abdomen: Look for free air under the diaphragm and air-fluid levels (intestinal
obstruction). Remember to look for sigmoid or rectal air (partial obstruction).
3. Supine abdomen: This radiograph tells nothing.
Most ureteral stones can be visualized. Only 10% of gallstones are radiopaque, and
appendiceal fecaliths are rarely noted.
Honors: Air in the biliary system indicates a biliary-enteric fistula; this in association with
intestinal air-fluid levels makes the diagnosis of gallstone ileus.

KEY POINTS: RADIOGRAPHIC EVALUATION

FOR THE ACUTE ABDOMEN

1. May assist in diagnostic evaluation but should not supplant physical examination in
evaluation of an acute abdomen.

2. Three-way of the abdomen: look for free air under the diaphragm, intrathoracic pathology,
air-fluid levels, dilated alimentary canal, and distal air in rectum.

3. Ultrasound: useful for biliary, ob-gyn, and vascular assessments; may note intraperitoneal
or retroperitoneal fluid collections.

4. CT: increasing use in clinical arena, with excellent visualization of abdominal structures.
Drawbacks: cost, radiation exposure.

18. What is a sentinel loop?
Except in children (who swallow everything, including air), small bowel gas is always
pathologic. A single loop of small bowel gas adjacent to an inflamed organ (e.g., the pancreas)
may point to the diseased organ.

19. Is ultrasound valuable?
Yes, if the working diagnosis is cholecystitis, gallstones, ectopic pregnancy, ovarian cyst,
abdominal aortic aneurysm, or intraperitoneal/retroperitoneal fluid.
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Is abdominal computed tomography valuable?

Yes, if the working diagnosis is an intraabdominal abscess (sigmoid diverticulitis), pancreatitis,
retroperitoneal bleeding (leaking abdominal aortic aneurysm; this patient should have gone
straight to the operating room), or intrahepatic or splenic pathology.

What is a double-contrast computed tomography scan?

The bowel is delineated with barium or Gastrografin. The blood vessels are delineated with an
iodinated vascular dye. The CT scan precisely displays the abdominal contents relative to
vascular and intestinal landmarks. Contrast CT of pancreatitis is valuable to assess zones of
perfusion or necrosis.

SURGICAL TREATMENT

If the patient is sick (and not getting better), what should be done?
After fluid resuscitation, the patient’s abdomen should be explored. An exploratory laparotomy
has been touted as the logical conclusion of a complete physical examination.

Is a negative laparotomy harmful?
Yes, but patients can uncomfortably survive a negative laparotomy, whereas missed bowel
infarction (or appendicitis) can be life-threatening.

Name the most challenging problem in all of medicine?
An acute abdomen.

WEBSITE @

www.acssurgery.com/abstracts/acs/acs0301.htm
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SURGICAL INFECTIOUS DISEASE

Glenn W. Geelhoed, MD, MPH, MA, DTMH, ScD (Hon), MA, MPhil, EaD, FACS

Have modern antibiotic developments controlled many, if not most, of the
problems of surgical infection?

No. In seriously ill surgical patients in intensive care unit (ICU) settings, the problems of
sepsis have increased and remain among the principal causes of death in ICU patients,
especially those with multiple organ failure (MOF) and impairments of host defense. Antibiotic
treatment may change the biographical sketch of the flora associated with patients’ deaths
but cannot overcome the multiple causes of failing host resistance to infection that accompany
barrier breeches to microbial invasion and the inflammatory and immunologic responses to
the “usual suspects.”

What kinds of barrier breech allow microbial invasion that may set up

surgical site infection?

The skin and mucosal linings of the body maintain a barrier between the multifloral outside
world and the sterile interior milieu of the tissues and organs (even when the outside world is
a tube of heavily populated flora through the middle of usually sterile body cavities, such as
the gastrointestinal [GI] tract). It is easy to see the barrier breech when a knife penetrates the
skin, carrying exterior flora beneath the skin, or when that knife perforates and spills the
contaminated contents of the gut into the abdomen. It is less obvious when the breech is caused
by a low-flow state or when inadequate nutrition or toxins impair mucosal immunoglobulins,
making the “bug-body barrier” permeable. These polymicrobial communities of organisms
may begin to invade through the breech in such barriers, particularly if there are further failures
in the third line of defense in humoral and cellular resistance.

What is the difference between contamination and infection?
The presence of microorganisms does not an infection make!

Resident communities of flora on body surfaces do little harm, and gut flora are even
beneficial when contained in the gut. It is even possible for bacteria to be transiently present
outside their usual commensal residences without constituting an infection in the normally
intact host. For example, in vigorously brushing one’s teeth, gram-negative bacteria of various
kinds that are resident in the oral cavity are introduced into the bloodstream but probably
quickly were eliminated by normal defense mechanisms, unless they met lowered host
resistance or seeded a prosthetic heart valve.

How can the enormous load of bacteria in the lower gastrointestinal tract

be beneficial?

Bugs can be beautiful. These are the same bacteria that have lived with and in humans
symbiotically for millennia. They synthesize vitamin K—something we literally cannot do
without—or crowd out pathogenic organisms by their overwhelming numbers. They also help
to metabolize bile salts and play a role in detoxifying some environmental hazards, similar to
septic systems.
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5. Whenever intraabdominal bowel spillage is encountered, is it mandatory to
culture the fecal contamination and obtain sensitivities of all identified
organisms?

No. There is a difference between contamination and infection. Therefore, cultures of fecal
spillage into the peritoneum will not provide useful information. The contaminant, just because
of its change in position with reference to the bowel wall, is not likely to be sterile. When
would you like the laboratory to quit? Will you be content to hear a report of Escherichia

coli and bacteroides, two of the more than 800 species that even the most compulsive
laboratory can hardly be competent to identify, given the exposure to air and time lapse until
processing on different media? How will information from a sampling error of mixed,
community-acquired contaminants change your therapy? If, for instance, no anaerobes are
identified from the fecal specimen, will you be so confident that they are not present as to
exclude these species from coverage?

The lesson to be learned is that culture of community-acquired contaminants is expensive,
incomplete, and unedifying; the culture of invading microbes in infections, particularly
hospital-acquired microbes that persist after treatment, may give critical information and is a
more appropriate use of microbiologic resources.

6. What are preps (e.g., bowel preps)?
Preps are decontamination procedures, designed to reduce resident flora before an elective
invasive procedure. Preps may take the form of a simple process such as an alcohol
swab smeared over the skin before a quick prick of the subcutaneous injection or may
involve preparation of a larger area of the skin surface for the surgical field of incision
(see question 7).

A bowel prep is similarly designed to reduce the resident flora in the gut through

(1) mechanical catharsis (i.e., purge); (2) osmotic or volume dilution with large volumes of
saline, other electrolyte solutions, or mannitol; or (3) oral administration of nonabsorbed
antibiotics. Of these methods, the most important is clearly mechanical catharsis because it
purges huge amounts of flora, which may account for up to two thirds the dry weight of colon
contents. One of the most cogent reasons for the choice of certain oral antibiotics in bowel preps
(see question 9) is their vigorous cathartic action.

7. How is the skin or mucosal cavities of a patient sterilized to prepare a sterile
field for operative incision?
There is one way, hardly recommended, by which patients can be “sterilized”; similar to
instruments and drapes, they can be placed in an autoclave. But short of this absurd
example, the skin is never sterile. Decontamination processes are never perfect, particularly
in so complex a tissue with crevices and accessory skin structures in which bacteria
reside. Resting gloved hands on a “sterile field” does not include the skin or mucosal surfaces.

At best, we simply reduce the flora to the low-level inoculum that can be handled by

most intact host defense systems—as in the example of brushing your teeth—but living tissue
surfaces are never sterile. A method that kills all microbial organisms from such surfaces
would also devitalize mammalian cells and render them more susceptible to lower-level
microbial inocula.

8. What means can be used to reduce surface resident flora without further
injuring the skin or mucosa?
= Volume lavage (for mnemonic value only: dilution is the solution to pollution)
m Defatting, which solubilizes the sebaceous oils that may trap flora
= Microbicidal killing with a bacteriostatic agent
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To an amazing extent, one cheap, simple fluid that may serve as a diluent, fat solvent,
and antimicrobial is alcohol. Alcohol is nearly ideal as prepping solution, with the
minor disadvantages that it is dehydrating and minimally flammable. Because it vaporizes
and disappears, flora may spread from interstices, outside the field, or even via aerosolized
fallout onto the field, thus requiring the addition of extended-duration bacteriostasis to the
alcohol prep.

lodine also kKills bacteria but with a greater hazard to sensitive mammalian cells (it oxidizes
the cell walls of small plants). A lower initial concentration of iodine and a longer duration of
action can be achieved by incorporation of an iodophor, a substance in nearly universal use
in preps. The application of moisture- and vapor-permeable “incise drapes” or desiccation-
preventing “ring drapes” may further retard repopulation of flora over the prepped (but still
not sterile) field.

What are “pipe cleaner” antibiotics?

Pipe cleaners are orally administered antibiotic regimens that reduce the flora in the Gl tract,
from which they are not well absorbed. They are an almost ideal component of bowel preps
because they are potent cathartic agents and accomplish the vast majority of their “pipe
cleaning” by mechanical purgative action. The most popular pipe cleaners include a neomycin
or erythromycin base.

What is selective gut decontamination? How does it work?

It does not work. This method used pipe cleaners in patients at high risk for the development
of sepsis from MOF with the theoretic aim of reducing the risk involved in barrier breech of
the Gl tract and inoculation with gut flora. Good experimental evidence indicated that this
method should reduce the high mortality rate in seriously ill patients at high risk of surgical
sepsis. After prolonged clinical trials, however, it failed to demonstrate a benefit in patient
survival. The likely reason is that whereas the laboratory studies were done in intact animal
models with functioning host defense systems, failures of defense beyond the barrier breech
may explain why selective gut decontamination failed to benefit seriously ill patients.
Furthermore, resident hospital flora repopulated the purged gut over time, but with virulent
forms of microbes selected by their resistance to the broad-spectrum antibiotics. The method
still has some use in patients undergoing procedures such as high-dose chemotherapy or
bone marrow transplantation and in some patients isolated in “life islands” (e.g., patients
with immunodeficiency diseases or burns).

ANTIBIOTICS

Are antibiotics the classic wonder drugs?
Only because you wonder if they are going to work, if they are going to cause more harm
than good, and if the next generation will be unaffordable or toxic.

Skepticism is healthy with regard to any procedure or agent in heath care but especially
with regard to antibiotics, which are embraced almost universally as agents that both prevent
and cure infections. The primacy of the host defense in this vital process and the potential
interference by the very drugs given credit for infection control are overlooked. We must
look critically at the limited role that antibiotics should play in health care and restrain their
overuse, which generates even more harm than unnecessary expense.

What is meant by generations of antibiotics, as in third-generation
cephalosporins?

The earliest antibiotics were bacteriostatic, largely through interference in protein synthesis,
so that they might keep a microorganism from reproducing even if they did not kill it. The
difference between infestation (presence of living microbes in the host) and infection
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(replication and spread of microorganisms in the host) may be useful in understanding how
previous drugs possibly controlled infection but were less capable of eliminating organisms
in any brief period of therapy.

Penicillin changed all that. It may be the first antibiotic with a legitimate claim to the
title “wonder drug” because it has the microbicidal capability of eradicating sensitive organisms.
Penicillin was the first generation of the beta-lactam antibiotics, joined by the congener
first-generation cephalosporins (e.g., cefazolin). They shared beta-lactam structure and had
good gram-positive coverage with less range in any effect over gram-negative microbes.

The second-generation beta-lactam antibiotics (e.g., cefoxitin) covered new classes of
microbes beyond gram-positive aerobes, such as many of the Bacteroides species, but had
little effect on gram-negative aerobic microbes. Because the third-generation cephalosporins
covered some of the latter microbes, they were touted as single-agent therapy for all
principal-risk floras.

As with penicillin, the original wonder drug, the wonderment waned with failures of the
new agents because of rapidly induced antimicrobial resistance. The most easily measured
and calculated difference in the generations is cost: wholesale values are about $2.00/g
for the first generation, $5.00/g for the second, and $30.00/g for the third. Despite this bracket
creep in cost, the higher generations lose some of their potency against the original gram-positive
organisms for which the first-generation agents were truly wonderful. Therefore, it takes 2 g
of moxalactam to be half as good as 1 g of cefazolin for gram-positive coverage. It does not take a
pharmacoeconomist to ask, “What have | got in return for this sixtyfold surcharge?”

What is the role of third-generation cephalosporins in surgical prophylaxis?
None (no more wondering here!). If the principal-risk flora are gram-positive, the first
generation is better; if the anaerobic risk is sizable, the second generation is better. And either
class is cheaper by far and seems to have generated less resistance than the third-generation
cephalosporins, which are unconscionably expensive for use in prophylaxis and rarely as
effective as other single-agent therapy for established surgical site infection (SSI). Specific
indications, such as pediatric meningitis, hospital-acquired pneumonia, or other

specific infections outside the indications of surgical predominance, might use or exclude
these agents.

How do enzyme inhibitors combined with antibiotics enhance their
antimicrobial spectrum?

Microorganisms have defense mechanisms of their own, and the strains that have the capacity
to make antibiotic-degrading enzymes achieve an unnatural selection advantage with the
widespread use of antibiotics. This is what happened to penicillin: penicillinases emerged.
But clever pharmaceutical manufacturers closed that loophole for bacterial ingenuity in
degrading penicillin by strategic placement of a methyl group to ruin the survival fitness of
penicillinase producers. Methicillin was the result, but the persistence of the microbes means
that we now have a plague of methicillin-resistant Staphylococcus aureus (MRSA). Besides,
microbes outnumber pharmaceutical manufacturers and have a shorter turnaround time

than the approval process of the Food and Drug Administration (FDA). Microbes will always
be ahead of us in ingenuity if only because of their numbers.

Newer strategies by the bacteria included the production of beta-lactamases. The response
of the pharmaceutical industry was a group of inhibitors of beta-lactamase, such as
clavulanic acid or sulbactam. The combination of a beta-lactamase inhibitor with a modified
penicillin such as ampicillin should have enhanced activity against bacteria that produce
beta-lactamase, provided that they were ampicillin sensitive in the first place. Higher doses of
the original agent for a shorter time may accomplish the same effect, often at lower cost,
because the combined drugs were developed much more recently and are under patent
protection.
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What are the most expensive kinds of antibiotic therapy?
= Drugs that are given when they are not needed.
= Drugs that are badly needed but do not work.
m Drugs that cause more harm than good because of host toxicity, whatever their
antibiotic potential.

Can oral antibiotics be given in place of intravenous antibiotics in seriously

ill surgical patients?

Yes, if only they could take them! These patients almost invariably can take nothing by mouth
(NPQ), are often unconscious, and are as likely as not to be on a ventilator. In addition, the
gut has been put out of commission by nasogastric (NG) suction tubes, laparotomy, and
ileus, and primary intraabdominal problems often associated with the need for the antibiotics,
such as intraabdominal sepsis and pancreatitis. Usually such patients are on complete gut
rest and are likely to be on parenteral nutrition as well.

The attempt to use some form of gut-delivered antibiotic is based on the favorable
pharmacokinetics and spectrum of quinolones, which can be started intravenously and
switched as soon as possible to the oral form when feeding has resumed. Nearly all such
patients begin on some form of intravenous (IV) antibiotic program and the start-up of the
antibiotic regimen is more important than the form to which patients are tapered before
treatment is discontinued.

PROPHYLAXIS

Should systemic antibiotic prophylaxis be used in elective colon
resection?
Yes, beyond any statistical shadow of a doubt. At least two dozen clinical trials have been
carried out using placebo controls against a variety of antibiotics, principally those active
against at least the anaerobic-predominant flora, and nearly all have shown a reduction
in infectious complications in the antibiotic group. Never again should this point need
repeating, and no patient should be placed at risk when systemic antibiotic prophylaxis
has been established as the standard of care. No new clinical trials against placebo in
this group of patients with known risk can be performed ethically given the confirmed risk
reduction.

Other risk groups (e.g., cesarean section after membrane rupture) besides
patients undergoing colon resection have been standardized by trials in large patient
populations and have shown similar risk reduction. The benefit of prophylaxis has been
demonstrated. In other groups of patients that cannot be standardized because of unusual
contamination factors or unique factors of host resistance impairment, guidelines for rational
prophylaxis should follow similar principles.

Are two prophylactic doses better than one in preventing infection?

Are three doses better still?

Only one dose (the dose in systemic circulation at the time of the inoculum) of prophylactic
antibiotic can be proved, beyond statistical or clinical doubt, to be efficacious. Whether the
dose needs to be repeated one or more times during the 24 hours after the inoculum
depends on the blood levels of the drug, which are largely a function of protein binding and
clearance rate. We also know for sure that 10 days of the same prophylactic drug that is
efficacious if given immediately before the inoculum results in a higher risk of infection than
no antibiotic at all.
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KEY POINTS: PREOPERATIVE ANTIBIOTIC v
PROPHYLAXIS

1. Timing of administration is the most important factor.

2. Dose 30 minutes before incision so that antibiotic is circulating before the inoculum.

3. No evidence supports continuation of prophylaxis beyond 24 hours.
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What factors determine the timing of antibiotic administration under the
criteria of prophylaxis?

The most important element in timing of prophylaxis is that the drug be circulating before

the inoculum. When should it stop? When the reduction in infection risk is no longer provable
and before continued use will defeat the prophylactic purpose (as explained previously).

To summarize with an arbitrary rule of thumb: There is no justification for prophylactic antibiotic
24 hours after the inoculum of an invasive procedure.

What does this rule imply? Should we not continue prophylaxis for weeks to cover the presence
of a prosthetic hip joint? Presumably, the prosthetic hip will be in the patient for many years; but
surely you do not argue that the antibiotic should continue on a daily basis as long as the hip is in
place! What is “prophylaxed” is not the prosthetic hip but the procedure of implantation. And it is not
only implantation that poses a risk to the patient with a prosthesis, so does the hemorrhoidectomy
done years later, for which prophylaxis is made mandatory by the presence of the hip prosthesis.

The prosthetic or rheumatic heart valve is a risk, but the indication for the use of prophylactic
antibiotics is an invasive procedure; a root canal is an example in which an inoculum is
unavoidable. Operations are covered by prophylactic antibiotics; the conditions that are risk
factors during the operation are not.

To be safe, why not administer prophylactic antibiotics to all patients
undergoing any kind of operation?
Can you give me the indication for a prophylactic antibiotic in a patient undergoing a clean
elective surgical procedure that implants no prosthesis, such as hernia repair?

“Sure,” one of my brighter students once responded, “the patient who has a serious
impairment in host response, such as acute granulocytic leukemia in blast crisis.”

| responded, “Why on earth are you fixing his hernia? That is a clean error (hopefully not
a clean kill) in surgical judgment that has nothing to do with antibiotics at all. A patient with that
degree of host impairment does not undergo an elective surgical procedure.”

Rule of thumb: If you can provide the indication for a prophylactic antibiotic to cover a clean
elective nonprosthetic operation for a patient, you have provided the contraindication for the
operation.

MANAGEMENT OF SURGICAL SITE INFECTIONS

What is the drug of choice for the treatment of an abscess?

A knife. Surgically drain the abscess. Abscesses have no circulation of blood within them to
deliver an antibiotic. The antibiotic, even if injected directly into the abscess, would be worthless
because the abscess contains a soup of dead microorganisms and white blood cells (WBCs).
Even if the organisms were barely alive, they would not be reproducing and incorporating

the antibiotic. The drug most likely would not work at all at the acid-base balance (pH) and
pKa conditions of the abscess environment.
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If there is an indication for an antibiotic, it would be in the circulation around the compressed
inflammatory edge of the abscess and the cellulitis (at the vascularized “peel of the orange”)
and uncontaminated tissue planes through which the necessary drainage must be carried out.
A focal infection is managed by a /ocal treatment, which is both necessary in all abscesses
and sufficient treatment in many. Adjunctive systemic antibiotics are occasionally indicated
for protection of the tissues through which drainage is carried out. If it helps to make this
fundamental surgical principle clear, here is the rule of thumb for management of abscesses:
Where there is pus, let there be steel. Perhaps one of the most gratifying procedures in all
of medicine is the drainage of pus with immediate relief of local and systemic symptoms
(e.q., a perirectal abscess).

Which abscess treatment is the important one in determining the outcome of
a patient with intraabdominal sepsis?

It is the drainage of the /ast abscess that counts. There should be little applause for drainage
of a pelvic abscess in the patient who retains a subphrenic abscess. The patient responds
dramatically when the /ast pus is drained.

This has been an area of significant advance in managing surgical infections because
noninvasive scanning capability has facilitated the finding of multiple pockets of pus.
Furthermore, such modalities as the computed tomography (CT) scan not only find but also
percutaneously direct the fixing of the last abscess. What might have been an indication for an
exploratory return trip to the operating room only a decade before (i.e., a failing patient on
appropriate therapy should trigger the first response, “Where’s the pus?”) is now a good
indication for a CT scan to find and drain the focal infection.

Which is preferred for draining an intraabdominal abscess, a needle or a knife?
Which can be done most expeditiously? The patient with intraabdominal sepsis is quite ill,
and the earliest, safe drainage is the procedure of choice. There may be advantages to the less
invasive CT scanning, which can be repeated and has less morbidity if the results are negative.
Surgery, on the other hand, can fix associated conditions that may have caused the abscess,
such as the devitalized loop of bowel or the leak in the anastomosis that can be exteriorized.
Each method is likely to find multiple collections, and each can leave external drains for lavage
and continuing drainage. Whether by needle or by knife, the urgency and adequacy of local
treatment of focal infection determine which methods takes precedence.

What is the role of gallium scintiscanning in early finding of abscesses in

the abdomen?

There is none. Ordering a gallium scan is a temporizing means of self-deception that some
progress is being made in finding out what is wrong with the patient. In fact, it merely postpones
decisions about intervention in critical illness for several days, often to a point beyond salvage.
Gallium scanning involves bowel prepping, a vigorous WBC response from an active bone
marrow, and false-positive test results at the sites of tubes and incisions. It is a time-consuming
and unreliable test that is the obverse of the principles of early and definitive management. Do not
order a gallium scan to satisfy a consultant that “something is being done for this patient.”

EXTRA CREDIT QUESTIONS

Should all patients undergoing elective laparotomy receive prophylactic
antibiotic coverage?

No. Doing so would contribute to driving up the cost of antibiotics and their complication

rate and devaluing formerly good drugs by rendering them useless against common flora
against which they were once highly potent. Operating room nurses have always classified the
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kind of operation by its status with respect to microbial exposure: clean, contaminated, or
septic. These categories are approximation of the microbial risk exposure, and if additionally are
superimposed categories of patient resistance (higher risk associated with aging, obesity or
other malnutrition, concomitant drugs, or viral or mycobacterial or neoplastic disease immune
compromise), these same strata are called class I, II, and Il1.

Which abscess is the most important one to be drained?

It is the /ast abscess that counts in drainage because the patient’s dramatic response is often
only achieved when the last pus is drained. Draining a pelvic abscess, for example, but
leaving behind a subphrenic abscess, would not result in the quenching of the inflammatory
mediators of the sepsis syndrome.

Is postoperative fever the earliest and most frequent sign of an incisional
infection?
Postoperative fevers are much more frequent than are wound infections, and the typical wound
infection presents far later. The principal sources of postoperative fever are:

Wind (atelectasis or pneumonia)

Water (urinary tract infection)

Walk (get your patient up and around; thrombophlebitis)

Wound

Should you begin amphotericin at the first isolation of Candida species drawn

from any intravenous catheter line?

No. Again, remember the distinction between colonization and infection, and the source from

which the specimen is taken. The IV lines through which hyperalimentation solutions are infused

make colonization possible. The presence of a fungus such as Candida species is frequent

in patients who do not have an invasive fungal infection or a true candidemia. The latter might be

distinguished from catheter colonization by a blood culture drawn from another source, such

as a venopuncture. If evidence of any invasive fungal infection is also present (e.g., as

endoscopic biopsy of inflammatory mucositis), a choice of antifungal therapies is now indicated.
Topical fungal solutions (e.g., mycostatin mouthwashes or lavage) may control the

local fungal infection and may sometimes be instituted as prophylaxis in high-risk patients

(e.q., patients on antirejection therapy for bone marrow or solid organ transplantation).
Systemic antifungal agents include fluconazole, caspifungin, and amphotericin.

Are antibiotic drug combinations always superior to a single antibiotic agent?
Monotherapy is superior to combination antibiotic treatment regimens, but this is provable
probably only in the highest-risk patients. With the carbapenem class antibiotic agents, a large
multicenter clinical trial proved imipenem therapy superior to aminoglycoside and a macrolide
antibiotic, with survival demonstrably superior only in the patients with the highest acute
physiology and chronic health evaluation (APACHE) scores. Ertapenem monotherapy was the
equivalent of ceftriaxone and metronidazole in a smaller, more recent trial.

More is not always better, and the R and S on culture reports do not translate directly to
the M and M (morbidity and mortality) at the Death and Complications Conference reports. It is
not just important that the effective antibiotic regimen kills the bacteria; also important are
how this microbicidal effect is carried out, and what effect it may have on the patient in
quenching or prolonging the systemic inflammatory response.

Is antibody treatment of circulating endotoxin a clinically important tool?

Not yet. The neutralization of circulating endotoxin might give a theoretic benefit to patients with
sepsis, and animal studies looked promising. But antigen/antibody complexes initiate
complement cascade and release of activate leukocyte products such as leukotrienes that
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may further augment the inflammatory process. The complexes are also filtered in the kidney
where they may further impair renal function. To date, no clinical therapeutic benefit has been
demonstrated for such monoclonal antibody therapy.

31. What is the role of human recombinant activated protein C in patients with
sepsis?
Of the multiple clinical trials of mediator neutralization or receptor blockade, the evidence to date
seems marginally favorable only for a few, and the major response to treatment comes from
early and complete control of the focus of sepsis (not the cytokine sequelae).

WEBSITES @

www.acssurgery.com/abstracts/acs/acs0102.htm
www.medscape.com

Search: preoperative antibiotics
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RISKS OF BLOOD-BORNE DISEASE

Natasha D. Bir, MD, MHS

1.

3.

What infectious diseases are transmissible via blood transfusion?

Viruses, parasites, and bacteria and the diseases they transmit have all been found in

donated blood. Donor screening and testing have dramatically decreased the risk of transfusion-
related infections in the developed world; however, infection remains a significant risk in
less-developed countries, where over 10 million units of blood are not screened for HIV or
the hepatitides. The most common transmitted diseases in developed nations include hepatitis B
virus (HBV) and hepatitis C virus (HCV); human immunodeficiency virus (HIV) and
cytomegalovirus (CMV) transmission are far less common. Parasites such as malaria
(Plasmodium), Chagas’ disease (Trypanosoma cruzii), toxoplasmosis (Toxoplasma gondii),
and babesiosis (Babseium), are only a problem where these diseases are endemic.
Lymphomas and leukemias can be caused by human T-cell lymphotropic virus (HTLV-1), and
infectious mononucleosis by Epstein-Barr virus (EBV). Bacterial contamination of blood
products occurs most often in platelets, which are stored at room temperature. Bacterial
contamination can result in sepsis or a toxic shocklike syndrome.

What are the estimated risks of HBV, HCV, and HIV transmission by blood
transfusion in the United States?

Rates of viral disease transmission are lower than ever, particularly after nucleic acid testing for
HIV, HBV, and HCV began in 1999. At present time, mathematical models are employed to
estimate risks of viral transmission.

Frequency per Million  Risk of Disease per Actual
Disease Units of Blood Unit Transfused
HBV 17 1/60,000 to 1/200,000
HCV 1 1/800,000 to 1/1,600,000
HIV 1 1/1,400,000 to 1/2,400,000
Bacterial transmission; 2 1/500,000
packed red blood cells
Bacterial transmission; 500 1/2,000
platelets

Which blood-borne pathogens pose a risk to surgeons?

More than 8 million healthcare workers are exposed to blood or other body fluids annually.
Eighty-two percent are exposed through percutaneous injury such as needlesticks, and another
14% through contact with the mucosal membranes of the eyes, mouth, or nose. HIV, HBV,
and HCV are diseases of concern to surgeons because of the morbidity and mortality associated
with these diseases. As of 2003 (the most recent data available in 2008) only 57 confirmed
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cases of healthcare-worker HIV infection by patients have been reported, including six
physicians (all non-surgeons). In all cases, the inciting injury involved significant cuts or
penetration with large-bore hollow needles. Solid needlesticks have never resulted in HIV
transmission. HIV transmission between patient and surgeon in the operating room has never
been documented in the United States.

HBV infection of surgeons has declined with the widespread use of the HBV vaccine (see
below). A hollow needlestick can result in HBV transmission in as many as 30% of cases.

The risk of HCV in the operating room remains significant because there is no available
vaccine and the number of chronically infected patients numbers more than 4 million. After
exposure, the rate of seroconversion to HCV is approximately 10%. Fifty to eighty percent of
seroconverters develop a persistent chronic HCV infection, and 20% of these advance to hepatic
cirrhosis. Given the lack of cure and potentially devastating consequences of this disease,
HCV infection is the greatest threat to surgeons.

What is the risk to healthcare workers of exposure to hepatitis B virus?

In the United States, there are 2 million people with HBV—approximately 100,000 new cases
each year. The highest prevalence is in individuals aged 20 to 49 years. Thirty percent of acute
HBV cases are clinically occult, and 10% remain chronic carriers for life. About 25 percent of
people with chronic HBV eventually die of hepatic disease. Among healthcare workers,
vaccination and the adoption of universal precautions led to a sharp decline in new HBV
infections—from 12,000 cases in 1985 to approximately 1,000 in 1994. However, two-hundred
fifty healthcare workers die from chronic HBV every year.

What is the risk to healthcare workers of exposure to hepatitis C virus (HCV)?
HCV is transmitted via blood, and patients at higher risk include injection drug users, patients
who received a blood transfusion before 1999, hemophiliacs, patients on hemodialysis,

and healthcare workers. Acute HCV infection is asymptomatic in 70% of cases. Sixty percent
of acute HCV infections result in chronic, persistent infection. Although these data are still
controversial, 50% of patients infected with HGV will develop cirrhosis, and half of them will go
on to develop a hepatoma. Approximately 10% of needlesticks result in acute HCV infection.

What is the risk to healthcare workers of exposure to HIV?

Among healthcare workers only 57 confirmed cases and 139 “possible” cases (unconfirmed
as a result of poor documentation) of HIV transmission have occurred since 1983. The majority
of confirmed cases were nurses (n=24), while six were physicians. None were surgeons.
Eighty-four percent of the cases suffered percutaneous routes of transmission—that is, cuts or
punctures. The risk of seroconversion to HIV after a percutaneous exposure is 0.3%. There have
been no documented cases of transmission from a patient who is HIV positive to a surgeon.

How well does hepatitis B vaccination protect against the disease?

Ninety percent of individuals who complete the three-dose immunization series for

HBV develop anti-HBV surface antibody (anti-HBs) titres of > 10 mIU/ml. An additional
8% display appropriate titre levels after additional doses. An anti-HBs level of 10 or more
mlIU/ml confers a protective efficacy of nearly 100%. While about half of successfully
vaccinated adults demonstrate a decreased or non-detectable titre level within 10 years,
a lifelong “immune memory” to the viral antigen persists and people do not require
booster doses.

A bivalent vaccine immunizing against both hepatitis A and B was approved in 2001 by the
U.S. Food and Drug Administration (FDA) for individuals 18 years of age and older, and it is
as successful as the monovalent vaccine in conferring protection against HBV infection with the
added benefit of protecting against hepatitis A viral infection. There are also two brands of
monovalent recombinant DNA vaccines available.
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Are patients at risk of infection from surgeons who are infected with HBV?
Some cases of surgeon-to-patient transmission of HBV have been documented. Those

with the highest chance of transmitting disease to patients are positive for the e-antigen

of hepatitis B, a degradation product of the viral nucleocapsid that represents active
replication in the liver. E-antigen positive people generally exhibit a high viral load.
However, transmission of disease has been documented even when a surgeon was negative
for e-antigen.

What is the proper response after percutaneous exposure to a patient with
known hepatitis B?

For practitioners who have been immunized and ever demonstrated positive titres, no additional
response is necessary. Some people’s titre levels may decline with time so titre levels at the time
of exposure is not indicated. People who were immunized or who had a weak or incomplete
response to vaccine should receive a dose of hepatitis B immunoglobulin and then begin the
vaccination series anew.

What are the recommendations for hepatitis B immunization?

Vaccination against hepatitis B is required for surgical trainees and strongly encouraged for all
healthcare workers. The recommendations of the United States Public Health Service are

that all healthcare workers who perform tasks the may involve exposure to blood or body
fluids should receive a 3-dose series of hepatitis B vaccine at 0-, 1- and 6-month intervals.
They should then be tested for hepatitis B surface antibody (anti-BHs) 1 to 2 after vaccination,
to document immunity. If the anti-BHs is at least 10 mIU/ml then the patient is immune.

If less than 10 mlU/ml, the patient remains unprotected; another 3-dose series of vaccination
should be given and titres should be rechecked 1 to 2 months. If titres are adequate, the
patient is immune. If still less than 10 mIU/ml, the patient is deemed a non-responder.

They should be considered susceptible to HBV and should maintain strict precautions and
obtain hepatitis B immunoglobulin for any known or probable exposure.

What are the recommendations for hepatitis C immunization?
There are none.

The only effective protection against HCV is the rigorous use of universal precautions to
prevent exposure to infected body fluids. There is no effective vaccine, and immunoglobulin
does not confer protection.

Does laparoscopic surgery minimize the risk of HIV contamination?
Laparoscopic technique reduces exposure to blood and sharp instruments. However, discharge
of pneumoperitoneum can release aerosolized blood and peritoneal fluid into the operating
room if not evacuated into a closed system.

Is double gloving an effective method of protection?
Yes, the contact rates between blood and skin decrease by 70% with the addition of a
second pair of gloves. The nondominant index finger is the most common target.

Are non-percutaneous exposures (eye splash) a major threat to surgeons?
According to the Centers for Disease Control and Prevention (CDC), the risk of seroconversion
after mucocutaneous exposure (eyes, nose, or mouth) is 0.1%, or about 1 in 1000.
Mucocutaneous contact is responsible for 13% of documented HIV transmissions. Among
surgeons, eye splash injuries are often overlooked as a major risk for disease transmission. One
study of surgical procedures examined the eye shields of 160 surgeons and assistants. All
operations were 30 minutes or greater. Although the surgeons were aware of spray in only 8%
of cases, blood splashes were macroscopically visible in 16% of cases, and microscopically
positive in 44% of cases. Eye protection is important.
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15. What is the surgeons’ rate of exposure to blood and body fluids?
Exposure is widely underreported but percutaneous exposure occurs in an estimated 1% to 6%
of operative procedures and mucocutaneous exposure in up to 50% of surgical cases. No
healthcare worker has even been infected by exposure through intact skin.

16. Again, what are the seroconversion rates for HIV, HBV, and HCV exposure?
Seroconversion rates from a hollow needlestick are 0.3% for HIV, 10% for HCV, and range
between 6% and 30% for HBV.

17. Are there effective methods to reduce the risk of transmission of blood-borne
diseases to surgeons?
Obviously, the most effective way to reduce disease transmission is to limit exposure to infected
blood or body fluid (universal barrier precautions). For HBV, postexposure immunoglobulin
administration reduces infection. A highly effective vaccine exists and is required for most
healthcare workers. Surprisingly, most surgeons over 50 have not been vaccinated.

18. What is the risk to surgeons in training?
A recent multicenter survey of surgeons in training noted that needlesticks are frequent
and often go unreported. Number of needlesticks increased with each year in training (post-
graduate year (PGY)-2, 3.7; PGY-3, 4.1; PGY-4, 5.3; and PGY-5, 7.7), and by their final year of
training, 99% of residents had at least one needlestick. About half of residents had been exposed
to blood from high-risk patients (patients with a history of HIV, HBV, HCV, or injection drug use).
The most common reason for not reporting a needlestick was “lack of time.”
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Il. TRAUMA

INITIAL ASSESSMENT

Jeffry L. Kashuk, MD, FACS

What is the “golden hour’?

This first hour of injury provides a unique opportunity to initiate life-saving interventions.
More than half of trauma deaths occur during this time period as a result of brain injury or
exsanguinating hemorrhage, therefore, rapid transport, appropriate triage, and organized
systems of assessment (advanced trauma life support [ATLS]) are important standardized
procedures that can save lives.

Name the major components of the initial assessment of the trauma patient.
Primary survey, resuscitation, secondary survey, reevaluation, and definitive care.

What is the purpose of the primary survey?
To identify life threatening injuries via a reproducible prioritized system and time frame.

Define the ABCDE mnemonic of the primary survey that reinforces the fact
that life-threatening injuries kill in a predicable order.

Airway control with cervical spine protection

Breathing with oxygenation and ventilation

Circulation with hemorrhage control

Disability or neurologic status

Exposure of patient with temperature control

What are the adjuncts to the primary survey?

All trauma patients should initially receive high-flow supplemental oxygen by nasal cannula

or face mask. Continuous monitoring should include pulse oximetry, cardiac electrocardiogram
(ECG) monitor, and a cycled blood pressure (BP) cuff. Two large-bore intravenous (1V) lines
are placed as blood is drawn for screening tests, including blood type and cross-match.
Nasogastric (NG) or orogastric tubes are placed for gastric decompression and to prevent
aspiration. A Foley catheter is inserted to assess urine flow and character of urine. Radiographs
should include the “big three” for major trauma “mechanism”: cervical spine, chest x-ray,
and pelvic x-ray. Cervical spine x-ray may be deferred if the patient is going to computed
tomography (CT) scan.

Identify the one concept that can prevent unexpected acute deterioration
of the trauma patient during initial assessment.
Reevaluation: If deterioration occurs, proceed back to the ABCs in sequential order.

Name the two major causes of death during the first 24 hours after injury.
Exsanguination secondary to bleeding from traumatic wounds, and central nervous system
(CNS) injury.
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How is the airway assessed?

Ask the patient a question. A response in a normal voice suggests that the airway is not in
immediate danger. A horse, weak, or stridorous response may imply airway compromise.

An agitated or combative response indicates hypoxia, until proven otherwise. No response
indicates the need for a “definitive airway” (ideally, a cuffed tube in the trachea).

What are the causes of upper airway obstruction in the trauma patient?
The tongue, followed by blood, loose teeth or dentures, vomit, and soft tissue edema.

What are the initial maneuvers used to restore an open airway?

The chin lift and jaw thrust physically displace the mandible and the tongue anteriorly to
open the airway, which will facilitate manual clearance of debris and suctioning of the
oropharynx to optimize patency. Oropharyngeal and nasopharyngeal airways (trumpets) are
useful adjuncts in maintaining an open airway in an obtunded patient. One should always
assume the presence of a cervical spine injury until proven otherwise, performing in-line
stabilization while evaluating the airway.

What are the indications for a definitive airway?

Apnea, inability to maintain or protect the airway (compromised consciousness), inability
to maintain oxygenation, hemodynamic instability, need for muscle relaxation or sedation,
and need for hyperventilation.

List the types of definitive airway that are available in their order of priority.
= QOrotracheal intubation.
= Nasotracheal intubation.
m Surgical airway (cricothyroidotomy or tracheostomy).

What are the indications for a surgical airway?
Extensive maxillofacial and trauma, high-risk anterior neck trauma, or any situation in which
airway intubation cannot be accomplished safely.

Contraindications include: direct laryngeal trauma, suspected tracheal disruption, and
children, who have a greatly increased risk of stenosis in this region after the procedure.
Preferred options in this group are tracheostomy and transtracheal ventilation.

How does one “clear the C-spine”?

Injury must be excluded before moving the head or neck of a trauma patient. Alert patients
without other significant “distracting injuries” may be cleared if they are asymptomatic

and have no tenderness on exam by direct palpation. Other patients require radiologic
evaluation. Most bony injuries may be found with definitive CT scan of the neck, reserving
magnetic resonance imaging (MRI) evaluation for suspected soft tissue ligamentous injury that
can cause instability. In the absence of CT scan capability, a three-view cervical spine series
(anteroposterior [AP], lateral, and odontoid) are required, with visualization to the level of C7-T1.
This level is frequently difficult to view, requiring a “swimmers view” to accentuate

the visualization of this anatomic region.

What are the five non-airway conditions that pose an immediate threat to
breathing in the trauma patient?

Tension pneumothorax: air in the pleural space under pressure that obstructs the venous
outflow by kinking the vena cava, treated with urgent decompression with needle or tube
thoracostomy.

Open pneumothorax: an open wound of the chest wall casing free communication of the
pleural space with the air interfering with the thoracic bellows mechanism treated with
tube thoracostomy.
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Flail chest: multiple rib fractures with a free-floating segment and potential underlying
pulmonary contusion, treated with tube thoracostomy and frequently endotracheal
intubation.

Massive hemothorax: a large collection of blood in the pleural space that limits lung
ventilation and oxygenation treated with tube thoracostomy and possible thoracotomy.
Pericardial tamponade: inhibition of diastolic filling and associated cardiac output (CO)—the

major cause of cardiogenic shock in trauma—requires evacuation of the tamponade
initially by aspiration if possible, and subsequent emergency thoracotomy with correction
of the underlying injury.

What are the preferred sites of emergent intravenous access?

Peripheral venous access in the upper extremities with large bore (14- to 16-gauge) catheter.
Other options include ankle or groin saphenous vein. Central venous access (subclavian or
jugular routes) is indicated for measurement of central venous pressure (CVP) after the initial
fluid boluses to assess hemodynamic instability. In children <6 years, the interosseous
route at the distal femur or proximal tibia is an effective alternative.

What are common, simple measures of assessing hemodynamic stability in
a trauma patient?
Mental status (alert, verbal, pain, or unresponsive).
Skin perfusion (pink/warm versus pale/cool).
Hemodynamic parameters (BP, heart rate [HR], and respiratory rate [RR]).
Gross estimates of systolic blood pressures: radial pulse: >80 mm Hg; femoral: >70 mm Hg;
carotid: >60 mm Hg. Urine flow of >% milliliters per kilogram per hour suggests good
end organ perfusion.

What is the Glasgow Coma Scale and what does it measure?
The Glasgow Coma Scale (GCS) is an assessment of mental status, papillary status, and
best motor activity.
Best eye-opening response, scored 1 to 4
Best verbal response, scored 110 5
Best motor response, scored 1 to 6
Points are added up. An overall score of 13 to 15 indicates a mild head injury, 9 to 12 indicates
moderate injury, and <8 indicates a severe injury and mandates endotracheal intubation.

What fluids should be used for initial resuscitation?
Lactated Ringer’s or normal saline are the mainstay of fluid resuscitation via rapid infusion.
Early blood and plasma should be administered to optimize oxygen carrying capacity and
prevent progressive coagulopathy in patients who present with signs of acidosis (pH <7.25),
hypothermia (temperature <34° C), coagulopathy (international normalized ratio [INR] >1.5)
in the face of severe shock (systolic BP <70 mm Hg).

Colloid infusions are more expensive and have no proven advantage in the trauma setting.

What does FAST mean, and how does it help in trauma evaluation?

FAST stands for focused abdominal sonography in trauma. The four areas examined by
ultrasound include the pericardial area, right upper quadrant, left upper quadrant, and the pelvis.
The test is reported as positive (blood) or negative.

What is DPL, and does it have a role in trauma evaluation?

DPL stands for diagnostic peritoneal lavage, in which a small catheter is inserted into the patient
to assess for intraperitoneal bleeding. Its chief usefulness in the era of FAST and CT scan

is in the hemodynamically unstable patient whose initial FAST is negative to better rule out the
abdomen as a source of hemorrhage.
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22. How can | learn proficiency at initial assessment?
Take the ATLS course of the American College of Surgeons, which emphasizes the skills
necessary to initially treat the trauma patient.

KEY POINTS OF INITIAL ASSESSMENT

1. Follow the ABCDEs of the ATLS system when evaluating a trauma patient, and return to the
same sequential order when reevaluating the patient.

I

2. Assume every trauma patient has a cervical spine injury until proven otherwise, and
carefully assess methods to evaluate or clear the cervical spine.

3. Establish a secure airway based on the injury pattern present, or the neurological status of
the patient (GCS).

4. Evaluate for presence of shock and initiate fluid, blood, or plasma resuscitation based on the
level of shock and associated signs of coagulopathy, hypothermia, and acidosis via large-
bore peripheral 1V infusions.

5. Establish central venous catheterization to help assess homodynamic stability.

6. Use FAST, DPL, and CT scan to evaluate the extent of injuries and triage the patient
appropriately.
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POSTTRAUMATIC HEMORRHAGIC SHOCK

Ryan P. Merkow, MD, and Ernest E. Moore, MD

Are hemorrhagic shock and hypovolemic shock the same?
Yes.

What is hemorrhagic shock?

Shock exists when the cardiovascular system is no longer able to meet the body’s metabolic
and oxygen needs resulting in cellular injury. In other words, the tissues are not adequately
perfused to meet their oxygen and nutrient requirements.

What is the initial management of hemorrhagic or hypovolemic shock?

Prompt and aggressive fluid resuscitation in attempt to restore circulating blood volume. Hemorrhage
is the most common cause of shock in the injured patient. Depletion of the blood volume results in a
decreased driving pressure returning blood to the heart, a decreased end-diastolic ventricular volume,
and a decreased stroke volume; resulting in a decreased cardiac output (CO).

Describe the cellular manifestations of hemorrhagic shock.

The inadequate tissue perfusion results in decreased cellular oxygen tension and disruption

of normal oxidative phosphorylation with a decrease in the generation of adenosine triphosphate
(ATP). The Na+ K+ ATPase slows, and the cell can no longer maintain membrane polarization
integrity impairing a number of important cellular processes. Anaerobic metabolism ensues
resulting in the production of lactic acid, creating a “gap” metabolic acidosis. The first evidence
of this dysfunction is swelling of the endoplasmic reticulum, followed by mitochondrial damage,
lysozyme rupture, and entry of interstitial water into the cell as intracellular sodium (Na+)
accumulates. This loss of extracellular water exacerbates the intravascular volume deficit.

List the clinical manifestations of hemorrhagic shock.
m Heart rate (HR) >100 beats per minute and blood pressure (BP) <90 mm Hg.
m Altered mental status with lethargy and confusion.
m Decrease in urine output <0.5 milliliters per kilogram per hour and low central venous
pressure (CVP).

How can blood volume be estimated in adults and children?

In adults and children, the average blood volume represents 7% and 9% of ideal body weight,
respectively. Therefore, in adults multiply the ideal weight in kg x 7% (70 ml/kg). In children,
multiply ideal weight in kg x 9% (90 ml/kg).

State the first physiologic response to hypovolemia.
The patient tries to compensate for the decrease in stroke volume by increasing HR
(tachycardia).

What are the skin manifestations?

The skin becomes cool, clammy, and pale. The subcutaneous veins collapse (making it hard to
start an intravenous [IV] line). Capillary refill is delayed 2 to 3 seconds. This results from the
body’s attempt to redistribute oxygen delivery to vital organs.
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Can the neck veins tell you anything?

Lack of pulsations or collapsed external jugular veins indicate low right-sided heart filling
pressure (i.e., hypovolemia); conversely, distended veins indicate heart failure or cardiogenic
shock, including pericardial tamponade.

Is the hematocrit a reliable guide for estimating acute blood loss?

No. A decrease in the hematocrit occurs with refill of the intravascular space from the
interstitial space or during administration of exogenous crystalloid resuscitation fluid.
However, this process is not immediate, and serial hematocrits are more helpful to assess
blood loss.

What is the appropriate choice for intravenous solution during

resuscitation?

Lactated Ringer’s or normal saline. Isotonic crystalloid fluid requirements in hemorrhagic
shock are estimated at 3 times the blood loss (3:1 rule). The initial volume replacement
should be directed by the response to therapy rather than relying on estimated blood loss.

Do not add dextrose to the initial fluids; this exacerbates the physiologic hyperglycemia and
provokes an osmotic diuresis. Dextrose 5% is added to IV solutions after initial resuscitation for
its protein-sparing effect in the fasting trauma patient.

What is base deficit, and how is it useful during resuscitation?

The base deficit reflects the degree of metabolic acidosis in blood and is used in hemorrhagic
shock as a surrogate marker of tissue hypoxia. The worse the base deficit (the more positive
it is), the worse (less adequate) the patients peripheral perfusion. Base deficit depends on the
hematocrit, acid-base balance (pH), and partial pressure of carbon dioxide (pCO,); if you correct
the pCO, back to 40 mm Hg, the pH should be 7.40. If your patient is still acidotic, they have a
base deficit.

What are the clinical classifications of shock and the associated clinical
manifestations?

See Table 16-1. These are estimates and not nearly as accurate or valuable as determining your
patient’s response to therapy or resuscitation.

TABLE 16-1. CLINICAL CLASSIFICATIONS OF SHOCK

Class Description Clinical Manifestations
Class 1 Blood volume loss = 15% Mild tachycardia, headache, and postural
Can compare this with a dizziness
blood donor
Class 2 Blood volume loss = 30% Moderate tachycardia, tachypnea, and
decreased pulse pressure
Class 3 Blood volume loss = 40% Marked tachycardia, tachypnea, decreased

mental status, hypotension, and decreased
urine output

Class 4 Blood volume loss >40% Marked tachycardia, marked tachypnea,
decreased systolic blood pressure,
obtundation to unconscious mental status,
and no urine output
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14. What are the other types of shock, and how do they differ from hemorrhagic
shock?
In addition to hemorrhagic or hypovolemic shock, there are neurogenic, cardiogenic, and
septic types of shock. Neurogenic shock (this is uncommon) is caused by sudden loss of
autonomic vascular tone, resulting in vasodilation. The systolic BP is low, the pulse pressure is
low, but the skin remains warm. Cardiogenic shock results from pump failure secondary to
intrinsic heart muscle damage (myocardial infarction [MI]) or mechanical compression
(cardiac tamponade). In this setting, CO is low, however intravascular volume is adequate
reflected by increased CVP. Septic shock (more common in surgical intensive care unit [SICU]
patients) is characterized by hypotension and low systemic vascular resistance (SVR). It is
important to remember these categories of shock do not always exist in isolation. For example, a
trauma patient may have cardiac tamponade and also be hemorrhaging into his pelvis.

15. When should fluid resuscitation be initiated on the patient with multiple
traumas?
Immediately! Begin therapy (fluid through large-bore IV lines) while you are doing the
primary survey directed at life-threatening injuries. It is inappropriate to wait until the trauma patient
fits a precise physiologic classification of shock before starting aggressive volume restoration.

16. What are the potential sources of occult blood loss when trying to ascertain a
patient’s hemodynamic status?
The pleural spaces, abdominal cavity, retroperitoneal or pelvic space (pelvic fractures),
major long bone fractures, and at the scene externally (“on the sidewalk”). Femur fractures can
hide >1 L of blood, whereas each rib fracture can account for 150 ml.

17. What is the patient called who becomes unstable after the initial resuscitation,
and why is it important to recognize this phenomenon?
This patient is a “transient responder.” This indicates ongoing blood loss! Mismanagement in
this setting can be fatal.

18. When is blood transfusion indicated during initial resuscitation?
If the patient arrives who is not responding to aggressive (“wide open”) crystalloid infusion,
the patient should receive uncrossed, O-negative packed red blood cells. Do not wait for
type-specific blood if immediate infusion is required; the blood bank is not generally using the
same clock (they are not as frightened because they cannot see the patient).

19. How does hemorrhagic shock lead to multiple organ failure?
Multiple organ failure (MOF) is a syndrome that represents a complicated and dynamic
pathophysiologic pathway leading to organ functional derangement and eventual death. Severe
hemorrhagic shock begins an inflammatory cascade that cannot be reversed in some
patients despite adequate resuscitation. This pathway is thought to begin within hours of injury.
During the Vietnam War, the patients in hemorrhagic shock were treated rapidly, but later
died as a result of pulmonary failure or adult respiratory distress syndrome (ARDS). Patients
with ARDS can be mechanically ventilated but later die from a combination of liver, cardiac,
and bone marrow failure or MOF. MOF is the leading cause of late postinjury mortality in 85% of
these deaths. In addition to the cellular derangement in ATP synthesis; shock causes the
release of platelet-activating factor, interleukin-8, and arachidonic acid metabolites that prime
neutrophils to adhere to endothelial cells and release cytotoxic mediators, which produce
defects in the endovasculature, flooding the interstitial space and causing organ damage.
The mesenteric circulation is a hotbed of proinflammatory mediator synthesis (the gut is the
“motor for MOF”) and appears to release agents (probably arachidonate and other toxic lipids)
into the mesenteric lymph that causes systemic neutrophil priming and ultimately acute lung
injury.
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KEY POINTS: CLASSIFICATIONS OF SHOCK v
1. Hemorrhagic: most common cause of posttraumatic shock; low filling pressures and CO,

low mixed venous oxygen saturation (SV0,), high SVR.
2. Neurogenic: uncommon; low SVR with bradycardia; skin remains warm.

3. Cardiogenic: pump failure secondary to intrinsic myocardial damage (MI) or mechanical
compression (tamponade); high filling pressures, low CO, low SVO,.

4. Septic: more common in surgical intensive care unit than in trauma bay; initially high CO,
low SVR, high SV0.,.
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TRAUMATIC BRAIN INJURY

Brian P. Callahan, MD, and Craig H. Rabb, MD

Is traumatic brain injury (TBI) a common problem?

Yes. In the United States, 1 in 12 deaths are due to injury. About 40% of traumatic deaths

are associated with TBI. Of deaths resulting from motor vehicle accidents, 60% are a result of
brain injury. Even more common is minor TBI, which accounts for 75% of admissions for
head trauma. There are over 200,000 patients hospitalized with TBI in the United States per year
and over 1.7 million mild TBIs that require a physician’s attention. It is estimated that 2 to 6
million people in the United States are living with TBI-associated disabilities.

What is a concussion?

The definition of concussion or mild TBI per the Centers for Disease Control and Prevention
(CDC) is a complex pathophysiologic process secondary to trauma that results in a constellation
of physical, cognitive, emotional, or sleep-related symptoms that may or may not involve

loss of consciousness (LOC). The symptoms include headache, dizziness, amnesia, and
vomiting. There are about 128/100,000 population concussions in the United States per year.
In pediatric patients, sports is the most common cause, whereas falls and motor vehicle
accidents are the most common cause in adults. The Glasgow Coma Scale (GCS) score is used
to categorize brain injuries as follows: mild, 13 to 14; moderate, 9 to 12; and severe, 8.

How is the GCS score derived?

The GCS is a means of identifying change in neurologic status. Its principal strengths are
ease of use and reproducibility among observers. It is a 15-point scale; 15 is the best score,
and 3 is the worst. The score is derived from the addition of the three individual components:
best eye-opening response (1 to 4 points), best verbal response (1 to 5 points), and best motor
response (1 to 6 points). The GCS is insensitive to pupillary response and focality.

When should a neurosurgeon be consulted?
For patients with LOC and subsequent neurologic abnormality or abnormality on computed
tomography (CT) scan. These patients often have a GCS score equal to 13.

How do you initially assess the patient with a brain injury?

Just like any trauma patient. The first steps are assessment of the ABCs (airway, breathing, and
circulation) and rapid physiologic resuscitation. The neurologic examination is crucial.

The initial examination includes (1) GCS assessment; (2) assessment of cranial nerve reflexes,
including pupil size and reactivity, oculocephalic reflex (doll’s eyes), corneal reflex, and gag
reflex; (3) and motor examination. Repetition of the neurologic examination is also crucial.
Finally, evaluate for concurrent cervical spine injury.

What takes priority in a patient who is hypotensive also with a traumatic brain
injury?

Hypotension in patients with head injury frequently accompanies other injuries. Do not
assume that hypotension is a result of the brain injury alone. A single episode of hypotension
doubles the mortality rate. Also, hypoxemia, as defined as a Pa0, less than 60 or O, saturation
less than 90%, significantly increases mortality in TBI.




m CHAPTER 17 TRAUMATIC BRAIN INJURY

10.

11.

12.

13.

What is the significance of anisocoria in a patient with a decreased level of
consciousnhess?

Anisocoria (unequal pupils) is a true neurologic emergency. Commonly a mass lesion

(e.g., subdural or epidural hematoma, contusion, or diffuse swelling of one hemisphere) leads to
uncal herniation and stretching of the ipsilateral third nerve. Time is crucial. Give mannitol,
get a CT scan, and proceed with surgical decompression (if possible).

What if the larger pupil is reactive?

If the larger pupil is reactive, the third cranial nerve is functioning. Think of Horner’s
syndrome (miosis, ptosis, and anhydrosis) on the other side. This syndrome may be a result
of injury to the sympathetic nerves traveling with the carotid artery in the neck. Consider
evaluation (angiography) for a carotid dissection.

Is the term “semicomatose” inaccurate?

Yes. Patients are either alert, lethargic (arousal is maintained by verbal interaction), obtunded
(constant mechanical stimulation to maintain arousal), or comatose (neither verbal nor
mechanical stimulation elicits arousal). Change in level of consciousness is often the first sign of
increasing intracranial pressure (ICP); it is also the most poorly documented part of the
neurologic examination. Document all findings!

How is motor response tested?

Ascertain the ability to follow commands by asking the patient to hold up fingers and move his
or her arms and legs. If the patient does not follow commands, test response to painful
central stimulus. Localization of painful stimulus is confirmed by the patient’s hand reaching
toward a sternal rub. The patient may be in more danger if in response to pain he or she exhibits
flexor posturing (decorticate), extensor posturing (decerebrate), or no response. Flexor
posturing indicates a high brainstem injury, and extensor posturing is associated with low
brainstem dysfunction.

What is the significance of periorbital ecchymosis (raccoon eyes) and
ecchymosis over the mastoid (Battle’s sign)?

In the absence of direct trauma to the eyes or mastoid regions, periorbital ecchymosis and
ecchymosis over the mastoid are reliable signs of basilar skull fractures. Of patients with basilar
skull fractures, 10% have cerebrospinal fluid (CSF) leaks, including rhinorrhea or otorrhea.
Persistent CSF leaks are associated with meningitis; however, prophylactic antibiotics do not
decrease the risk of meningitis.

Should scalp lacerations be explored in the emergency department?

Usually not. A CT scan should be performed first to look for intracranial pathology or skull
fracture. If surgical pathology is seen on the CT, the laceration will be closed in the operating
room (OR). If not, the laceration can be washed and closed in the emergency department
(ED). If bleeding cannot be controlled before CT, then the laceration should be closed with
staples to stop the blood loss.

Which patients need CT scans of the head?

The CT scan is used partly as a triage tool with minor brain injuries and can be cost
effective compared with admission to the intensive care unit (ICU) for observation.
Conversely, patients with focality on examination do not proceed to the OR without a CT
scan. Patients who definitely need a CT scan after mild TBI are those less than age 16 or
greater than 65, who are intoxicated, not dependable, on anticoagulants, have persistent
amnesia or other neurological symptoms, signs of a basilar skull fracture, or abnormal
neurological exam.
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What are the common traumatic surgical lesions?

If the ventricles are large (ventriculomegaly), a ventriculostomy can drain excessive CSF if ICP
is elevated. Epidural hematomas (from arterial bleeding), subdural hematomas (from venous
bleeding), and intraparenchymal hematomas with significant mass effect should be surgically
evacuated. A depressed skull fracture or foreign body (e.g., a bullet) may require a trip to

the operating room in certain clinical situations.

When is intracranial pressure monitoring indicated?

ICP should be monitored in all salvageable patients with a severe TBI (GCS 3 to 8 after
resuscitation) and an abnormal CT (defined as hematomas, contusions, swelling, herniation, or
compressed cisterns). ICP monitoring is also indicated in patients with severe TBI and
normal CT if 2 or more of the following are noted: age >40, posturing, or systolic blood pressure
(SBP) <90 mm Hg.

Describe the initial treatment of patients with a suspected increase in ICP.

The brain, similar to every other organ, must have adequate blood flow and oxygen delivery.
The ABCs come first. Airway should be established, and the patient should be intubated if
necessary. Keep the systolic blood pressure >100 mm Hg and avoid hypoxia. The head of the
bed should be elevated, and cervical spine precautions followed. Mannitol should be given if
patient has signs of impending herniation, such as anisocoria, or focal neurological signs on
examination such as posturing.

Should all patients with elevated ICP be hyperventilated?

Decreasing the partial pressure of carbon dioxide (pCO,) is the most rapidly effective
treatment for elevated ICP. The goal is usually a pCO, of 30 to 35 mm Hg. Any patient with a
depressed level of consciousness and inability to protect the airway should be intubated. Before
a CT scan is obtained, patients thought to have a mass lesion by neurologic examination
should be hyperventilated until definitive treatment is achieved. Avoid chronic hyperventilation,
which can cause ischemic brain injury as a result of vasoconstriction of cerebral blood
vessels and decrease of cerebral blood flow (CBF). Because of this effect on CBF,
hyperventilation should only be used as a temporizing measure.

In hemodynamically stable patients, how do you decrease ICP?

Mannitol, 1 g/kg, as an intravenous (1) bolus. More recent evidence also suggests that hypertonic
saline may decrease ICP and maintain hemodynamic stability. Hypertonic saline may be given
as a continuous infusion with a goal serum sodium or as bolus injections for bumps in ICP.
The bolus dose varies from 100 ml of 3% normal saline to 10 ml of 23.4% normal saline. Also be
sure the cervical collar is not obstructing venous outflow through the jugular system.

What is the end point of treatment with diuretics?

Serum sodium of 150 mEg/L and serum osmolality of 320 mOsm are usually the upper limits of
diuresis. Anticipate intravascular hypovolemia and treat accordingly. The recent SAFE (Saline vs
Albumin Fluid Evaluation) trial comparing albumin versus saline in resuscitation of patients with TBI
has shown that resuscitating with albumin increases mortality and is more expensive than
crystalloids. Thus, crystalloids should be used to replace the lost volume secondary to diuresis in TBI.

What is the significance of cerebral perfusion pressure (CPP)?
CPP is the difference between mean arterial pressure (MAP) and ICP:

CPP = MAP — ICP

CPP is important. Neurologic outcome is best in patients with CPPs in the 60s, and CPP<50
should be avoided. Some patients require treatment with pressors and fluids to maintain the
CPP, however, aggressively maintaining CPP >70 should be avoided because of the
increased risk of adult respiratory distress syndrome (ARDS).
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Why should all children with TBI be undressed and examined thoroughly?
Half of children suffering nonaccidental trauma (child abuse) have TBI. A thorough examination
may reveal additional injuries.

Should posttraumatic seizures be treated prophylactically?

Patients with brain parenchymal abnormalities on CT scan after head injury may benefit from
1 week of antiseizure prophylaxis. Early seizures can increase the metabolic demand of the
injured brain and adversely affect ICP. Of patients who have seizures within the first 7 days

of injury, 10% also have late seizures. Prevention of early seizures does not reduce the incidence
of late seizures, however. Patients at increased risk of seizures are those with GCS <10,
contusions, depressed skull fractures, brain hematomas, or penetrating injuries.

Which coagulopathy is associated with severe brain injury?

Disseminated intravascular coagulation. The presumed mechanism is massive release of
thromboplastin from the injured brain into the circulation. The serum levels of fibrin degradation
products roughly correlate with the extent of brain parenchymal injury. All patients who are
severely brain injured should be evaluated with prothrombin time, partial thromboplastin time,
platelet counts, and fibrinogen levels.

What other medical complications may result from severe head injury?

Diabetes insipidus (DI) secondary to the inadequate secretion of antidiuretic hormone is caused
by injury to the pituitary or hypothalamic tracts. The kidney is unable to decrease free water
loss. Usually the urine output is >200 ml/hr, and the urine specific gravity is <1.003. The
serum sodium may rise precipitously if DI is not treated promptly. The treatment of choice in
trauma is IV infusion of synthetic vasopressin (Pitressin), which has a 20-minute half-life

and can be titrated to produce the appropriate urine output. Because most trauma-induced DI
is self-limited, long-term 1-deamino-8-D-arginine vasopressin (DDAVP), which has a 12-hour
half-life, is usually not necessary.

If a patient is awake with significant neurologic symptoms but no abnormality on
CT scan, what are the likely explanations?
A spinal cord injury or carotid or vertebral artery dissection.

Are gunshot wounds that cross the midline of the brain uniformly fatal?
No. The tract that the bullet takes is important, but so is the energy that it imparts to the brain.

What is the significance of concussion?

In most studies of minor TBI, >50% of patients have complaints of headache, fatigue, dizziness,
irritability, and alterations of cognition and short-term memory. This constellation of
symptoms has been called the postconcussive syndrome. It is important to alert the patient to
the likelihood of developing these symptoms. The neurobehavioral problems significantly
affect patients’ lives. The symptoms usually resolve within 3 to 6 months after injury.

Can patients with minor TBIs be discharged from the emergency department?
Patients whose examination (including short-term memory) returns to normal and who have a
normal head CT scan can be discharged to home if they are accompanied by a responsible
person and given written instructions to return to the hospital if headache continues to worsen,
increasing vomiting, weakness, drowsiness, or CSF leak appears.

Is brain injury permanent? Is the outcome always poor?

No and no. Brain injury occurs in two phases. The primary injury occurs at the moment of
impact. Secondary injury is preventable and treatable. Examples include hypoxia, hypotension,
elevated ICP, and decreased perfusion to the brain secondary to ischemia, brain swelling,
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and expanding mass lesions. Rapid surgical management and avoidance of secondary
injury improve outcome. Although previously it was believed that the brain was not capable of
repair, it is now clear that neuronal repair and reorganization occur after injury.

30. What is the threshold for treating increased ICP?
Most studies agree that the threshold for treating ICP should be 20 to 25 mm Hg.

31. Should high dose steroids be given to TBI patients to treat increased ICP?
No. There is evidence (CRASH [Corticosteroid Randomization After Significant Head Injury] study)
that shows that high dose steroids in TBI are associated with increased morbidity and mortality.

32. Are patients with traumatic brain injury at risk for deep venous thrombosis
and pulmonary embolus?
Yes. The risk of deep venous thrombosis (DVT) and pulmonary embolus (PE) in patients
with TBIs can be as high as 30%. SCDs have been shown to reduce the rate of DVT/PE and
should be used in all patients with TBIs unless a lower extremity injury prevents their use.
Low-molecular weight heparin (LMWH) has also been shown to decrease the risk, but can also
increase the risk of brain hemorrhage.

KEY POINTS v

1. Hypotension and hypoxia must be avoided in TBI.

2. Think of carotid or vertebral artery dissection in trauma patients with neurologic symptoms
but a normal CT scan.

3. CPP = MAP — ICP. Try to maintain CPP between 50 and 60 mm Hg in severe TBI, especially
in patients with ongoing ICP problems. Do not overtreat (CPP >70), as this increases the
risk of ARDS.

4. Do not use high dose steroids in TBI.
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SPINAL CORD INJURIES

Brian P. Callahan, MD, and Craig H. Rabb, MD

1. What is the difference between a spinal injury and a spinal cord injury?
Spinal injuries include damage to the bone, disc, or ligaments. These injuries sometimes
result in spinal instability. They also may be associated with spinal cord injury (SCI), which is
damage to the neural tissue, often with clinical deficit. It is crucial to determine whether
there is (1) a spinal injury, (2) an SCI, or (3) spinal instability.

2. Describe the evaluation of a patient with a suspected spine injury.
First, be sure that the patient is adequately immobilized, and everyone knows to maintain spinal
precautions. Second, inspect and palpate the spine for external trauma and step-off. Finally,
do a complete neurologic examination including all four extremities. Assess strength, sensation
(light touch/proprioception and pain/temperature), muscle tone, reflexes, and rectal tone.
Carefully document your results.

3. How do you minimize the risk of additional spine injury in hospital?
Trauma patients should be protected with a rigid cervical collar. The thoracic and lumbar spine
are protected using initial spine board immobilization. The patient should be logrolled
during initial evaluation, then removed from the board and transferred to an appropriate hospital
bed to prevent decubitus ulcers. Spine precautions should be maintained until the spine is
“cleared,” meaning there is no spinal instability or the instability has been identified.

4. How is the level of the spinal cord injury defined?
The level does not refer to the level of the injury to the spinal column (vertebrae, discs, and
ligaments) but to the most caudal level in the cord with intact function. If a patient has normal
function of the deltoids (C5) and little or no function of the biceps (C6) or below, the patient
has a C5 motor level injury. Right and left sides should be documented separately.

5. Which type of injury is commonly associated with cervical spine injury?
Head injury. Forces associated with significant head and brain injury may be transmitted through
to the cervical spine. Of patients with spinal cord injuries, 50% have associated head injuries.
Approximately 15% of patients with one spine injury have a second injury elsewhere in the spine.

6. How can the spinal cord be evaluated in patients with associated head injury?
All patients should have a rectal examination to evaluate tone. A patulous anus is a good
indication of spinal cord or cauda equina injury. Flaccid motor tone and absent reflexes should
raise suspicion of SCI. These findings are extremely unusual with isolated brain injury. Priapism
is common with SCI but not caused by head injury. Radiographic imaging should be used
liberally when an SCl is suspected.

7. Which other significant injury may mimic, at presentation, a high thoracic cord
injury?
Thoracic aortic dissection may present as a T4 region cord injury. T4 is a watershed zone in the
cord between the vertebral arterial distribution and the aortic radicular arteries.




m CHAPTER 18 SPINAL CORD INJURIES

8.

10.

11.

12.

13.

What is spinal shock?

Absence of all spinal cord function below the level of the lesion results in flaccid motor tone

and areflexia. Neurogenic shock, by contrast, refers to the hypotension that may result from cervical
or upper thoracic complete spinal cord lesions. The hypotension is the result of the lack of
sympathetic vasomotor innervation below the lesion and is characterized by bradycardia

from unbalanced vagal input to the heart. Fluid resuscitation and pressors should be used to keep
the systolic blood pressure (SBP) >90 mm Hg. Atropine may be necessary to treat the bradycardia.

Describe an adequate radiologic evaluation.

Awake, alert, and reliable patients with no neck pain or tenderness do not require imagining.
A three-view cervical spine series (anteroposterior [AP], lateral, and odontoid views) is
recommended for radiographic evaluation of the cervical spine in patients who are symptomatic
after traumatic injury. The relationship between C7 and the top of T1 must be visualized. This
should be supplemented with computed tomography (CT) to further define areas that are
suspicious or not well visualized on the plain cervical x-rays. Cervical spine immobilization

in awake patients with neck pain or tenderness and normal cervical spine x-rays (including
supplemental CT as necessary) may be discontinued after either (a) normal and adequate
(with at least 30-degree excursion in each direction) dynamic flexion/extension radiographs, or
(b) a normal magnetic resonance imaging (MRI) study is obtained within 48 hours of injury
or (c) at the discretion of the treating spine attending physician. Obtunded patients with normal
cervical spine x-rays should undergo high-quality CT imaging with coronal and sagittal
reconstructed images. This may be supplemented with MRI.

For the thoracic and lumbosacral spine, anteroposterior and lateral views are obtained.
Patients with evidence of possible fractures on plain films should have CT scans to define the
injury in greater detail. MRI is also useful to look for herniated discs and ligamentous injury.
Currently, these areas can be satisfactorily imaged by images reconstructed from body imaging
done during the trauma workup (CT chest, abdomen, and pelvis).

Describe the proper way to read a lateral cervical spine film.

Make a habit of doing a thorough systematic review in the same way with every film. First look

at the prevertebral soft tissue space, which may be the only radiographic abnormality in 40%

of C1 and C2 fractures. The space anterior to C3 should not exceed one third of the body of C3. At the
(6 level, the entire body of C6 generally fits into the prevertebral soft tissue space. Check the
alignment of the anterior, then posterior edges of the vertebral bodies. Be sure that the intervertebral
disc spaces are of relatively equal height. Assess each facet joint. Check the spinous processes
for alignment and abnormal splaying. Finally, evaluate each vertebra for fracture.

What about the anteroposterior film?

Carefully inspect the alignment of the midline spinous processes. Abrupt angulations suggest
unilateral facet dislocation. More subtle changes may indicate facet instability or fracture.
Body fractures may be more obvious in the AP view.

Can a patient have a spinal cord injury and normal plain radiographs?

Spinal cord injury without radiographic abnormality (SCIWORA) is defined as neurologic signs and
symptoms consistent with traumatic myelopathy despite normal x-rays. SCIWORA is rare and is
most common in children, where most series quote about 15% of SCI. This rate can be as high as
40% in children <9 years old. SCIWORA is less common in adults (about 5% of SCIs).

Is magnetic resonance imaging useful in the evaluation of acute spine trauma?
Yes. If plain radiographs and CT scans do not explain adequately the extent of injury noted on
the neurologic examinations, MRI should be used to evaluate the spine for herniated discs,
ligamentous injuries, and evidence of SCI. In addition, MRI is used routinely to further clarify
injuries identified on CT imaging.
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14. Fractures of C1 and C2 are visualized best with which view?
In the plain radiographs, the odontoid view is best, otherwise coronal and sagittal
reconstructed CT images. Look for overhang of the lateral mass of C1 off the lateral edges of C2.
This occurs in Jefferson’s fractures (burst fractures of the C1 ring, best seen on axial CT
images). Sum total overhang of both C1 lateral masses on C2 of >7 mm may be associated
with disruption of the transverse ligament and instability. If you see a C1 fracture, look carefully
for a C2 fracture. The three types of odontoid fractures are:
= Type | occurs in the dens.
m Type Il occurs across the base of the dens where it joins the body of C2.
= Type Il extends into the body of C2.

15. What is hangman’s fracture?
Bilateral fractures through the pedicles or pars interarticularis (or “isthmus”) of C2 that
are caused by a severe hyperextension injury, usually secondary to high-speed motor
vehicle accidents. In judicial hangings, the fatal injury is the spinal cord stretch caused by the
drop in combination with the C2 fracture. Most patients with hangman’s fracture present
neurologically intact, and most cases of hangman’s fracture can be treated with external
immobilization.

16. Define deficits in complete transverse myelopathy, anterior cord syndrome,
central cord syndrome, and Brown-Séquard syndrome.
Complete transverse myelopathy may result from transection, stretch, or contusion
of the cord. All function below the level of the lesion—motor, sensory, and reflexive—is
lost. Anterior cord syndrome results from injury of the anterior two thirds of the spinal
cord (the distribution of the anterior spinal artery), which carries motor, pain, and
temperature tracts. Light touch and proprioception are intact because the posterior columns
are preserved.

Central cord syndrome results from injury to the central area of the spinal cord. Often it is
found in patients with preexisting cervical stenosis resulting from spondylotic changes.
Characteristically, deficits are more severe in the upper extremities than in the lower
extremities, and have been thought to be a result of buckling of thickened posterior
ligamentum flavum into the spinal cord, with extension. Pathologically, there is
hemorrhage in the center of the spinal cord. Motor function usually is affected more than
sensory function.

Brown-Séquard syndrome characteristically is seen in penetrating injuries, but also may be
seen in blunt injury, especially with unilateral, traumatically herniated discs. The syndrome
results from injury to half of the spinal cord. Clinically, motor, position, and vibration sense are
affected on the side ipsilateral to the injury; these tracts cross in the brainstem. Pain and
temperature sensation are abolished contralateral to the lesion; these tracts cross in the cord at
or near the level of innervation.

17. What is the role of methylprednisolone in the treatment of acute cord
injury?
The results of the Second National Acute Spinal Cord Injury Study (NASCIS II) suggest that high-
dose methylprednisolone resulted in a statistically significant improvement in outcome. The
dose is a 30-mg/kg load, followed by 5.4 milligrams per kilogram per hour for 23 hours. The
NASCIS Ill trial reported that patients dosed 3 to 8 hours after injury had improved outcomes
when treated for 48 hours with the methylprednisolone rather than 24 hours. In patients
dosed within 3 hours of injury, no further gains were documented by treating beyond 24 hours.
Recent reevaluation of available data has put the value of these steroids in doubt, and the risks
may outweigh the benefits. Methylprednisolone is not indicated in the management of
penetrating SCI.
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Do patients with spinal cord injuries ever undergo acute surgery?

There are currently no standards on the timing of surgery, in particular with the goal in mind of
reversing neurologic deficits. Ideally, unstable spinal injuries (in otherwise systemically stable
patients) should be surgically stabilized within 72 hours, so as to facilitate their global care
and mobilization of the patient. With regard to urgent surgery to treat neurologic deficits,
surgery is usually performed in patients with incomplete injuries or in a patient with SCI and
neurologic deterioration. Deterioration may be the result of herniated disc material, epidural
hemorrhage, or cord swelling in a narrowed canal, causing cord compression and worsening
symptoms. Patients who should not undergo emergent surgery are those with complete injuries
>24 hours old and medically unstable patients.

How is the bony injury treated?
1. Prevention of further injury using spinal precautions.
2. Obtaining normal alignment using body position, traction, and bracing.
3. Open reduction, decompression, and fusion as necessary.

What is the outcome in patients with spinal cord injury?

With complete lesions (no motor or sensory function below the lesion), the chances of
recovery are poor; 2% of patients recover ambulation. The prognosis is markedly better for
patients with incomplete lesions: 75% experience significant recovery. Appropriate treatment of
bony injuries helps to prevent pain and late neurologic deterioration.

Are cervical spine injuries associated with injuries to the carotid or vertebral
arteries?

Yes. The incidence of blunt vertebral artery injury has been shown to be 0.53% to 1.03% of all blunt
trauma admissions. An overall stroke rate of 24% has been observed in all patients diagnosed
with blunt vertebral artery injury, regardless of injury grade, and the death rate from blunt vertebral
injury was 8%. Risk factors correlated with blunt vertebral artery injury were noted to be cervical
fractures involving the foramen transversarium, any fracture involving C1 to C3, and any injury
involving subluxation. Screening of patients with these types of injuries 16-slice multidetector
computed tomographic angiography (CTA) can identify such vascular injuries, enabling preventative
measures such as anticoagulation, before as stroke happens.

Should all patients with spinal cord injuries have inferior vena cava filters placed
to prevent pulmonary embolus?

No, but those patients who do not respond to anticoagulation or have contraindications to
anticoagulation should have an inferior vena cava (IVC) filter placed.

KEY POINTS

I

. SCI should be suspected in all trauma patients who are unconscious, intoxicated, have

distracting injuries, or complain of neck pain or tenderness. Strict spinal precautions should
be applied until radiographic and clinical spine clearance.

. In patients with acute SCI, mean arterial pressure (MAP) should be maintained >90 mm Hg

to increase spinal cord perfusion.

. Patients with cervical spine injuries should be evaluated for carotid and vertebral artery

injuries.

. Patients with SCI who present within 8 hours may be treated with high dose 1V

methylprednisolone protocol.
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PENETRATING NECK TRAUMA

C. Clay Cothren, MD, and Ernest E. Moore, MD

1. Why are penetrating neck wounds unique?
Although comprising only a small percentage of body surface area, the neck contains a heavy
concentration of vital structures.

2. What constitutes a penetrating neck wound?
Violation of the platysma muscle defines a penetrating neck wound. This investing fascial
layer of the neck is superficial to vital structures. If the platysma is not penetrated, the
wound is managed as a simple laceration and the patient discharged from the emergency
department (ED).

3. Which side of the neck is more likely to be injured?
The left side because most assailants are right handed.

4. Do gunshot wounds and knife wounds cause the same relative injuries?
Gunshot wounds generally tend to inflict more tissue damage (see Table 19-1).

TABLE 19-1. GUNSHOT VERSUS STAB WOUNDS

Structure Gunshot Wounds (%) Stab Wounds (%)
Artery 20 5
Vein 15 10
Airway 10 5
Digestive 20 <5

5. What are the priorities in the management of penetrating neck trauma?
The ABCs (airway, breathing, and circulation) are the first priority in every trauma patient. If
indicated, patients should be intubated orally, although cricothyrotomy may be necessary
with an extensive neck hematoma or ongoing bleeding into the oropharynx. Although the patient
may present with a patent airway, early elective airway control should be performed in
patients with expanding hematomas. Based on the trajectory of injury, pneumothoraces,
hemothoraces, or great vessel injury should be suspected. External bleeding should be
controlled with direct digital pressure, and intravenous (IV) access secured using two large-bore
peripheral catheters.
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How should bleeding be controlled at the accident scene and in the emergency
department?

Direct digital pressure is almost always successful, even for major arterial injuries. Blindly
placing clamps inside a wound risks injury to other vital, uninjured structures, particularly
nerves.

Should you explore the neck wound in the trauma bay?

Although careful visual inspection is warranted, probing the wound (digitally, with
a Q-tip, or with a surgical instrument) may dislodge a blood clot, causing marked
hemorrhage.

What physical examination findings should be elicited?

Ongoing hemorrhage from the wound, expanding or pulsatile hematomas, hemoptysis,
hematemesis, neurologic deficits, dysphagia, dysphonia, hoarseness, and stridor are indicative
of significant injury.

How often do patients with cervical crepitus have a significant injury?

One third of patients with crepitus have an injury of the pharynx, esophagus, larynx, or trachea.
In two thirds of these patients, however, the air has been introduced through the wound
entrance site, and there is no significant underlying injury.

What are the three zones of the neck?
Zone | extends from the sternal notch to the cricoid cartilage.
Zone |l extends from the cricoid cartilage to the angle of the mandible.
Zone Il comprises the area cephalad to the angle of the mandible (see Fig. 19-1).

Figure 19-1. The three
zones of the neck.
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11.

Why are penetrating injuries divided into zones?

Each zone has management implications. Because of the technical difficulties of injury exposure
and varying operative approaches, a precise preoperative diagnosis is desirable for symptomatic
zone | and Il injuries. Zone Il injuries are more easily evaluated with physical examination
(see Fig. 19-2).
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Figure 19-2. Management of penetrating neck trauma.
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13.
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15.

What are the indications for immediate operative exploration?
Hemodynamic instability or external arterial hemorrhage.

What is selective management of penetrating neck trauma?

Historically, all zone Il injuries violating the platysma were explored operatively. However, as a
result of a prohibitive number of negative explorations, this approach lost support.
Asymptomatic patients with zone Il injuries may be observed for 12 to 24 hours. The exception
is patients with transcervial gunshot wounds, who should undergo computed tomographic
angiography (CTA) to determine the tract of the missile and need for further diagnostic imaging.

Should arteriography be performed on all patients?

Angiography is performed in symptomatic, hemodynamically stable patients with zone | and Il
injuries. In patients with zone | trauma, angiography identifies great vessel injuries in the
thoracic outlet that may require a thoracic operative approach. Angiographic diagnosis of zone
[l injuries may be followed by angioembolization or endovascular intervention.

What is the value of other diagnostic studies, such as esophagography,
esophagoscopy, laryngoscopy, and bronchoscopy?

Esophagography, bronchoscopy, and laryngoscopy have been advocated in zone | and
selected nonoperatively managed zone |l patients, but multislice computed tomography (CT)
scanning has limited their role. Esophagoscopy is combined with esophagography if esophageal
injury is suspected; if water-soluble contrast material does not show a leak, barium is used.
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Missed esophageal injuries can be deadly, with a 20% mortality rate if diagnosis is delayed
only 12 hours. Intraoperative endoscopy with insufflation may be used provocatively to show
an air leak and associated esophageal injury. Angiography remains the gold standard for
diagnosis of arterial injury, and this modality may be therapeutic for zone Il injuries; zone 11l is
tough to expose surgically.

16. Should an asymptomatic patient with a penetrating neck wound be sent home
from the emergency department?
No. Life-threatening penetrating neck wounds initially may be difficult to sort out; the safest
policy is to observe all patients in the hospital for at least 24 hours.

KEY POINTS v

1. Penetrating injury implies violation of the platysma; management is based on a patient’s
symptoms and anatomic zones of injury.

2. Immediate operative intervention is indicated in patients with hemodynamic instability or
significant ongoing external bleeding.

3. Zone | injuries often have associated great vessel injuries which may necessitate a thoracic
approach.

4. Mandatory exploration of all zone Il injuries is not necessary; alert and asymptomatic
patients can be observed expectantly for 24 hours.
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BLUNT THORACIC TRAUMA

Jeffrey L. Johnson, MD, and Ernest E. Moore, MD

1. How often do patients with isolated blunt chest trauma need an emergent
operation?
Rarely. In patients who arrive in the hospital alive, operative injuries to pulmonary, vascular,
and mediastinal structures are surprisingly rare; only 5% of patients with isolated blunt injury to
the chest require thoracotomy.

2. In a patient with a hemothorax after blunt chest injury, what is the most
important guide for the decision to operate?
The hemodynamic status of the patient. Hemothorax after blunt injury is most often the result of
nonoperative lesions of the lung and chest wall. In a stable patient, therefore, evacuation
of the hemothorax, reexpansion of the lung, and correction of coagulopathy, hypothermia
and acidosis should be the initial focus. Chest tube output should be noted, but is not
the principle consideration.

3. What is a tension pneumothorax?
Air in the pleural space under pressure as a result of a one-way valve mechanism. This is a
life-threatening condition because marked elevations in intrapleural pressure produces
circulatory collapse from impaired right ventricular filling.

4. What are the clinical signs of tension pneumothorax?
Hypotension, absent breath sounds on the involved side, and distended neck veins. Tension
pneumothorax should be treated on clinical suspicion and without delay for radiographic
confirmation.

5. How is tension pneumothorax treated?
Make a hole in the chest. For prehospital care, needle decompression via the fifth intercostal
space in the midaxillary line or midclavicular line. In the hospital setting, however, an
experienced physician can completely decompress the pleural space just as rapidly with a
tube thoracostomy.

6. Does it matter how many ribs are broken?
Yes. Six or more fractures indicate a higher risk of pneumonia, adult respiratory distress
syndrome (ARDS), and death, particularly in elderly patients.

7. What is a flail chest?
Aflail chest occurs when a portion of the thoracic cage loses bony continuity with the rest of the
chest. When multiple ribs are fractured in two or more places, the chest wall moves
paradoxically (“flails”) with respiration.

8. How does flail chest impact ventilation?
In spontaneously breathing patients, the portion of the thoracic cage that has lost bony
continuity retracts inward during inspiration. This paradoxical motion can result in impaired
ventilation.
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Do all patients with a flail segment then need to be put on a ventilator?

No. The impact of a flail segment on ventilation is not usually profound, and with good analgesia,
many patients can maintain their own work of breathing. Standard indications for intubation
should be used.

Does flail chest affect oxygenation?

Flail chest per se has little direct impact on oxygenation. However, virtually all patients with flail
chest have an underlying bruise on the lung—pulmonary contusion. The severity of the pulmonary
contusion is a more important determinant of outcome and need for intubation than the impaired
mechanics of the chest wall. The pathophysiology of blunt injury to the chest with severe bony
injury should be thought of as a single process (i.e., flail chest or pulmonary contusion).

What is the natural history of pulmonary contusion?

It’s like a bruise of the lung. Initially, the lung undergoes shearing of parenchyma and rupture of
small blood vessels; this tissue injury is followed by edema and inflammation. Thus, like
other bruises, patients with pulmonary contusion usually develop clinical deterioration in the
first 48 hours. The initial chest radiograph may appear deceptively benign.

What is the most common initial presentation of blunt injury to the thoracic aorta?
Death. Eighty-five percent of patients with a torn thoracic aorta die of exsanguination before
they reach the hospital. Disruption of the heart and great vessels is second only to head injury as
a cause of death as a result of blunt trauma.

Of patients surviving to reach the hospital, where is the most common injury
to the thoracic aorta?

A tear across the intima and media just distal to the takeoff of the left subclavian artery. Because
the adventitia is intact, the patient does not immediately exsanguinate, and, if the lesion is
detected promptly and treated, the survival rate is 85%.

What are the clinical signs of torn thoracic aorta?

There are no definitive signs. Suspicion must be based on mechanism of injury (rapid
deceleration). The physical signs associated with aortic disruption are not commonly observed;
they include upper extremity hypertension, unequal upper extremity pressures, loss of lower
extremity pulses, and expanding hematoma in the root of the neck.

What findings on chest radiograph are associated with rupture of the
descending thoracic aorta?

Like physical signs, no initial radiographic signs are definitive. The signs that have been
associated with torn thoracic aorta include indistinct aortic knob, widened mediastinum

(>8 cm at the level of the aortic knob), apical cap, left pleural effusion, depression of the left
mainstem bronchus, rightward displacement of the esophagus (look for the nasogastric tube),
first rib fractures, displacement of the trachea and loss of the aortopulmonary window.
Approximately 15% of patients with torn aorta have a normal mediastinum, and 7% have a
completely normal chest radiograph.

In the stable patient with a major mechanism of injury or chest radiographs
consistent with aortic injury, how is the diagnosis made?

Dynamic helical computed tomography (CT) of the chest approaches 100% sensitivity for detecting
aortic injury; it is widely available and applicable to all stable patients. Aortography can more
precisely identify the site and extent of injury, but has largely been supplanted by CT angiography.

Junior O’Flaherty was hit in the chest with a baseball bat. How can | tell if he has
a bruise on his heart (myocardial contusion)?
You can’t unless you are doing his autopsy.
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Ok, then, how do I tell if something bad is going to happen to Junior’s heart?
From a practical standpoint, only two things happen to the bruised heart: arrhythmia and pump
failure. By far the most common manifestation of blunt cardiac injury is arrhythmia. Patients
with an initial electrocardiogram (ECG) that is normal have an exceedingly small chance

of developing clinically significant arrhythmias during their hospital course. Any ECG
abnormality is an indication for admission and 24 hours of cardiac monitoring. Hemodynamic
compromise from blunt cardiac injury is unusual and not subtle; echocardiography should

be employed in patients with evidence of impaired contractility. Cardiac enzymes are poor
predictors of arrhythmia or pump failure and are not recommended.

Where do blunt injuries to the bronchus usually occur? How do they present?
Within a few centimeters of the carina. The mainstem bronchi are splayed apart with severe
anteroposterior compression of the chest. As the lungs are displaced laterally, the mainstem bronchi
may tear near the site where they are fixed at the carina. The typical presentation is subcutaneous air,
massive air leak, or failure to reexpand the lung (“dropped lung”) after tube thoracostomy.

What are the indications for emergency department thoracotomy after blunt
chest injury?

Cardiovascular collapse after arrival in the emergency department (ED). The outcome, however,
is typically dismal; less than 1% of patients survive neurologically intact.

What is traumatic asphyxia?

Traumatic asphyxia is the result of a protracted crush injury to the upper torso or epigastrium. In such
an injury, venous hypertension is transmitted to the valveless veins of the upper body. Patients
present with altered sensorium, petechial hemorrhages, cyanosis, and edema of the upper body.
Although its initial presentation can be dramatic, with supportive care the outcome is usually good.

I

KEY POINTS

. Most blunt chest injuries—even significant ones—can be treated without operation. A chest

tube and pain control is usually the most that is needed.

. Tension pneumothorax is a preterminal event and should be treated immediately with a hole

in the chest.

. Do not bankrupt the hospital searching for a bruise on a patient’s heart. Check his ECG and

make sure it is pumping.

. Patients leaking lots of air out of their lungs might have a tear in a major bronchus.
. Rapid deceleration can result in a tear in the descending thoracic aorta. Despite a normal

chest radiograph, patients with this mechanism deserve a CT scan.
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PENETRATING THORACIC TRAUMA

Jeffrey L. Johnson, MD, and Ernest E. Moore, MD

1. How often do patients with penetrating chest wounds need an operation?
Most penetrating injuries seen in civilian practice are from knives and low-energy handguns.
Consequently, although injuries to the chest wall and lung are common, the vast majority can
be treated with tube thoracostomy alone. Formal thoracotomy or median sternotomy is required
in less than 15% of isolated penetrating chest injuries.

2. What are the indications for emergency department thoracotomy after
penetrating chest wounds?
Patients who arrive within 15 minutes of circulatory collapse (or arrest after arrival) can benefit
from an emergency department thoracotomy (EDT). Unlike blunt injury, a treatable cause is
more commonly found after penetrating injury (e.g., pericardial tamponade). EDT results in a
survival of about 20% in this setting.

3. What is the “6-hour rule” for chest injuries?
An upright chest radiograph with no evidence of pneumothorax after 6 hours makes a delayed
pneumothorax or occult injury to an intrathoracic organ unlikely. The 6-hour rule identifies
patients who can be safely discharged.

4. How much blood in the pleural space can be reliably detected by chest
radiograph?
250 ml or more.

5. If a stable patient with a penetrating chest wound has a lot of blood coming
out of a chest tube, when should | operate?
A good rule of thumb is that immediate return of over 1500 ml of blood or ongoing bleeding in
excess of 250 ml/hr for 3 consecutive hours should prompt operation. All unstable patients
deserve an operation.

6. What is a “clam shell” thoracotomy?
Bilateral anterolateral thoracotomies with extension across the sternum. This procedure allows
rapid access to pleural spaces, pulmonary hilae, and the mediastinum.

7. What is an open pneumothorax?
A defect in the chest wall that is open to the pleural space. In penetrating chest injuries, it most
often is the result of a close-range shotgun blast.

8. How is an open pneumothorax treated?
The defect in the chest wall should be covered with a dressing that is fixed on only three
sides. This temporary fix prevents entry of more air into the pleural space while allowing egress
of air under pressure. A chest tube is then inserted. Formal repair of the chest wall can wait
until other significant injuries are excluded.
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Where is “the box,” and why is it important?

The box describes an area on the anterior chest where a wound should prompt concern about
an underlying cardiac injury. Its borders are the midclavicular lines from clavicle to costal
margin. Although the typical patient with a penetrating cardiac injury has a wound in the box, the
heart also can be reached from the root of the neck, axilla, and epigastrium.

What is Beck’s triad? Is it useful in penetrating chest injuries?

Beck’s triad consists of hypotension, distended neck veins, and muffled heart tones. These signs
are difficult to appreciate in the trauma patient (particularly muffled heart sounds in a busy
resuscitation room) and present in a minority of patients with tamponade from penetrating
injuries (less than 40%). The absence of distended neck veins might be expected because most
patients have concomitant hypovolemia.

In a stable patient with suspected penetrating cardiac injury, what is the

most important initial study?

After completion of the primary survey (airways, breathing, circulation), bedside
ultrasonography should be performed. This rapid, sensitive method for detecting pericardial fluid
will identify the results of cardiac injury. Although the initial study may be negative with a small
effusion, serial examinations detect virtually all cases.

Junior O’Flaherty just got stabbed in the heart. What is he likely to die of?
Cardiac tamponade. Knife wounds usually make a slit-like opening in the pericardium, which
seals off with clot after the heart bleeds into the pericardial sac. Exsanguination is uncommon;
tamponade is the most common threat to life.

What is the initial therapeutic maneuver in the patient with a penetrating cardiac
wound who is not yet hypotensive?

Percutaneous pericardial drainage. One of the early effects of tamponade is subendocardial
ischemia, which puts the patient at risk for refractory arrhythmias. Immediate decompression of
the pericardium ensures safer transport to the operating room (OR) for definitive repair.
Suxiphoid pericardial window is also an option (and popular on television), but ultrasound-
guided decompression is the best choice.

In a penetrating chest wound, how do I tell if the diaphragm is also injured?

At end expiration, the dome of the diaphragm reaches the level of the nipples. In principle, then,
any patient with penetrating injury below the level of the nipples may have an injury to the
diaphragm. Computed tomography (CT) scanning is not reliable unless it shows obvious
herniation of abdominal viscera into the chest. Diagnostic peritoneal lavage (DPL) is the
preferred initial procedure. If the DPL fluid comes out a chest tube, there is a hole in the
diaphragm. Absent this finding, the red blood cell count can also be used as a guide. Red blood
cell counts less than 1000/mm?® are negative. Counts >10,000 are positive; for counts of 1000 to
10,000, thoracoscopy or laparoscopy is often used to visualize the hemidiaphragm at risk.

Why is it important to detect a small diaphragmatic laceration?

Abdominal viscera herniate from the positive-pressure abdominal cavity into the negative-
pressure pleural space. The morbidity of a strangulated diaphragmatic hernia is not trivial, often
because of delay in diagnosis. It is best to identify the hole at the time of the initial injury!

Junior O’Flaherty was shot all the way through his mediastinum. He seems
stable: does he need an operation?

Probably not. Surprisingly, most wounds that appear to pass completely across the chest do not
injure a critical structure. In fact, only about 35% of stable patients require exploration. Junior
should be evaluated with history (odynophagia? hoarseness?), physical examination (deep
cervical emphysema? expanding hematoma? pulseless extremity?), and CT scan to assess
trajectory and evaluate for injury. If the bullet tract indicates critical structures are at risk, follow-
up angiography, bronchoscopy, and esophagoscopy may be necessary.
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Are prophylactic antibiotics warranted to prevent empyema after tube
thoracostomy?

Meta-analysis of currently published randomized studies on prophylactic antibiotics for tube
thoracostomy suggests a benefit. The number of doses required is unclear; further, the use in patients
with blunt multisystem injuries may be questioned because of the risk of emergence of resistance.

What is the most important risk factor for posttraumatic empyema?

Persistent hemothorax. Blood is an excellent incubation medium for bacteria; therefore,
expedient evacuation of blood from the pleural space via tube thoracostomy or video-assisted
thoracoscopic surgery is central in the management of traumatic hemothorax (starve the bugs!).

What is a bronchovenous air embolism?

An air embolism occurs when gas under pressure leaks from a lacerated bronchus into an
adjacent lacerated pulmonary vein. Air then travels to the left side of the heart and into

the coronary arteries. The classic presentation is a patient with a penetrating chest injury who
arrests after intubation and application of positive-pressure ventilation.

How is bronchovenous air embolism diagnosed and treated?

Diagnosis is based only on the typical history (see question 18). Therapy is directed toward
removal of air from the left ventricle and coronary arteries: Trendelenberg (head down) position
with right side down, immediate thoracotomy and aspiration of the apex of the left ventricle,
the aortic root, and occasionally the coronary arteries.

In a penetrating esophageal injury, where may air be evident on physical
examination?

The deep subcutaneous tissues of the neck. In the upright position, air in the mediastinum
dissects into a plane continuous with the deep cervical fascia.

How do penetrating tracheobronchial injuries present?

Laceration of the trachea and major bronchi presents with subcutaneous emphysema,
hemoptysis, and dyspnea. Chest radiographs reveal a pneumothorax or pneumomediastinum.
After tube thoracostomy, continuous air leak and failure of the lung to reexpand (“dropped
lung”) should prompt suspicion of a major bronchial injury.

What does a blurry bullet on a chest radiograph indicate?
A bullet lodged in the myocardium. Movement of the heart causes the image to be blurry on the
radiograph. Beware the blurry bullet.

KEY POINTS v

. Most patients with a hole in their chest do not need an operation. A chest tube is usually the

only definitive treatment necessary.

. If there is not a pneumothorax after 6 hours, the patient is unlikely to have a significant

chest injury.

. If a weapon penetrates the anterior chest in the box, use an ultrasound to look for

pericardial blood.

. Cardiac tamponade is what is likely to kill you after a stab wound to the heart.
. Diaphragm injuries are important to find, but hard to detect accurately.
. If a patient with a stab wound to the chest arrests after intubation, a bronchovenous air

embolism should be suspected.
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BLUNT ABDOMINAL TRAUMA

David J. Ciesla, MD, MS, and Ernest E. Moore, MD

1. What elements of the history are important in evaluating a patient with
suspected blunt abdominal trauma (BAT)?
First, the mechanism of injury (e.g., motor vehicle collision, automobile-pedestrian accident,
fall) is important. In motor vehicle accidents, note the position of the victim in the car, velocity
of impact (high, moderate, or low), type of accident (front, lateral, or rear impact; side swipe;
or rollover), and type of restraint used (shoulder restraint, air bag, or lap belt). Information
about damage to the vehicle, such as a broken windshield or bent steering wheel, may raise
suspicion of cervical and chest injuries. In a fall, it is important to note the distance fallen
and the site of anatomic impact. Vertical landing on the feet or in a sitting position causes
a different pattern of injury than lateral landing on the side. Serial vital signs and mental status
are always important.

2. Is physical examination accurate in the diagnosis of intraabdominal injury?
No. The examination results may be normal in up to 50% of patients with acute intraabdominal
bleeding. Signs of intraabdominal injury include abrasions and contusions over the lower
chest and abdomen; subcutaneous emphysema or palpable rib fracture; clinically evident
pelvic fracture; abdominal pain, tenderness, guarding, or rigidity; blood in the urine or
urethral meatus; high-riding prostate or blood on rectal examination; and microscopic
hematuria.

3. Which organs are most frequently injured in BAT?

Liver, 50% Colon, 5%
Spleen, 40% Duodenum, 5%
Mesentery, 10% Vascular, 4%
Urologic, 10% Stomach, 2%
Pancreas, 10% Gallbladder, 2%
Small bowel, 10%

4. What diagnostic studies are helpful in BAT?

1. Ultrasound: reliably identifies peritoneal fluid (blood) and pericardial fluid but may miss up
to 25% of isolated solid organ injuries.

2. Gomputed tomography (CT) scan: identifies the presence and severity of solid organ
injury (liver and spleen), detects intraabdominal air and fluid (blood, mucus, urine), and
aids in evaluation of pelvic fractures. CT scanning can also identify bowel, pancreatic,
renal, and bladder injuries. The sensitivity and specificity of CT scans for diagnosing injury
in BAT continues to improve with newer generation scanners.
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3. Diagnostic peritoneal lavage (DPL): grossly positive DPL (>10 ml blood returned by
aspiration of the catheter) indicates significant hemoperitoneum. Positive by cell count
after infusion of 1 L of crystalloid fluid (>100, red blood cells/mm?®, presence of bile or
fibers) indicates intraabdominal bleeding, injury to hollow viscus, or hepatobiliary system
injury. Lavage fluid exiting through a chest tube or urinary catheter indicates
diaphragmatic or bladder injury.

How has the availability of ultrasound changed the initial evaluation of BAT?
The focused abdominal sonography in trauma (FAST) examination has largely supplanted the
DPL. The FAST examination can be performed in a hemodynamically unstable patient during
the early secondary survey with immediate transfer to the operating room (OR) when
hemoperitoneum is identified. CT scan is safe in the hemodynamically stable patient. DPL is still
useful when ultrasound (US) is equivocal or not available. DPL is also useful to evaluate

for the presence of hollow viscus injury in cases in which free fluid is present on CT scan in
the absence of solid organ injury.

How is hollow organ injury diagnosed?

Hollow organ injury is usually detected by physical examination (peritonitis in the awake
patients) or at the time of laparotomy for hemorrhage control. CT findings include peritoneal
fluid without solid organ injury, extravasation of oral contrast into the peritoneal cavity, and free
intraabdominal air. Suggestive signs include mesenteric stranding and hematoma. Peritoneal
lavage results suggestive of hollow organ injury include elevated amylase, alkaline phosphatase,
or biliribun levels and the presence of particulate matter.

What are the indications for urgent operation in a patient with BAT?

Any hemodynamically unstable patient who exhibits significant hemoperitoneum (by US or DPL)
requires emergency laparotomy. Other indications for urgent laparotomy include free
intraabdominal air and evidence of hollow viscus injury.

How does time in the emergency department (ED) impact the mortality of
patients requiring emergent operation for BAT?

The probability of death from trauma is related to both the extent of hypotension and the
interval from the time of injury to definitive surgery. An estimated increase in mortality of 1% is
incurred for every 3 minutes spent in the emergency department (ED) up to 90 minutes.

What is the role of angiographic embolization?

Angiographic embolization may be effective for hemorrhage control in hemodynamically
stable patients. Favorable embolization sites include liver, spleen, and kidney injuries; lumbar
arteries with retroperitoneal hemorrhage; and pelvic blood vessels associated with pelvic fracture.

What is the “bloody viscus cycle”?

The bloody viscus cycle is a syndrome of hypothermia, acidosis, and coagulopathy that occurs
with profound hemorrhagic shock and massive transfusion. It represents a circular cascade
of events in which severe hemorrhagic shock accompanied by metabolic failure provokes a
coagulopathy that exacerbates further bleeding.

What is a staged or abbreviated laparotomy (damage control surgery)?

Staged laparotomy is terminated before all definitive procedures are completed with the intent to
return to the OR to complete the operation at a later (and safer) time. The purpose of this
approach is to delay additional surgical stress until the patient is in a more favorable physiologic
state. The objectives of the initial operation become to (1) arrest bleeding and correct
coagulopathy; (2) limit peritoneal contamination and the secondary inflammatory response

(to control gastrointestinal [GI] spillage); and (3) enclose the abdominal contents to protect
viscera and limit heat, fluid, and protein loss from an open abdomen.
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12. When is staged laparotomy used in trauma patients?

Inability to achieve hemostasis because of recalcitrant coagulopathy (pack the bleeding).
Inaccessible major venous injury (retrohepatic caval injury).

Demand for control of a life-threatening extraabdominal (e.g., head or thoracic) injury.
Inability to close the abdominal incision because of extensive visceral edema.

Need to reassess the abdominal contents because of questionable viability at the time of the
initial operation.

KEY POINTS: USEFUL DIAGNOSTIC MODALITIES v
1. Primary and secondary surveys are crucial, but further diagnostic testing is required in
most patients.

2. FAST: reliably identifies intraabdominal and intrapericardial fluid but is poor at hollow viscus
evaluation.

3. DPL: effective for evaluation of hemoperitoneum and a useful adjunct along with FAST
examination.

4. CT: excellent modality with 99.97% negative predictive value for BAT.

WEBSITE
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PENETRATING ABDOMINAL TRAUMA

C. Clay Cothren, MD, and Ernest E. Moore, MD

1. Why is the evaluation different for patients with stab wounds versus gunshot
wounds?
Although one third of stab wounds (SWs) to the anterior abdomen do not penetrate the
peritoneum, 80% of gunshot wounds (GSWSs) violate the peritoneum. Additionally, of those
wounds that penetrate the peritoneum, 95% of GSWs have associated visceral or vascular
injuries while only one third of SWs do (see Fig. 23-1).

Hemodynamically Unstable
or Peritonitis

Vv

Anterior N
PENETRATING Abdomen
ABDOMINAL
TRAUMA Gsw RUQ
Tangential CT +
5 s
Hemodynamically Back/Flank Scan Operating
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vs.
with —| CT

AASW = anterior abdominal stab wound +LWE Scan [
LWE = local wound exploration vs.
DPL = diagnostic peritoneal lavage Serial

Exams

CT = computed tomography

Figure 23-1. Management algorithm for patients with penetrating abdominal trauma.

2. What are the indications for emergent laparotomy in patients with stab wounds?
Hypotension, peritonitis, and obvious signs of abdominal visceral injury (hematemesis;
proctorrhagia; palpation of diaphragmatic defect on chest tube insertion; radiologic evidence of
injury to the gastrointestinal [GI] tract) mandate immediate exploration. Most authorities also
advocated prompt exploration for omental or intestinal evisceration.

3. What are the indications for immediate laparotomy in patients with gunshot
wounds?
Because of the high incidence of visceral injury, early exploration is indicated for all GSWs that
violate the peritoneum. The exception is penetrating trauma isolated to the right upper quadrant;
in hemodynamically stable patients with bullet trajectory confined to the liver by computed
tomography (CT) scan, nonoperative observation may be considered. Similarly, in obese
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(see Chapter 27), and those with proximity to the urinary tract should be evaluated with CT
scanning (see Chapter 30).

What is the difference between a penetrating wound to the anterior abdomen
versus the flank or back?

Because the incidence of injury is higher for anterior wounds, and injuries are within the
peritoneal cavity, diagnostic evaluation differs.

How is an anterior abdominal stab wound evaluated in asymptomatic
patients?

The first step is local exploration of the wound to determine peritoneal penetration. If the
tract clearly terminates superficially, above the fascia, no further evaluation is required and
the patient is discharged from the emergency department (ED). If the fascia is penetrated or
the peritoneum violated, further evaluation is warranted. The optimal diagnostic approach
remains debated between serial examination, diagnostic peritoneal lavage (DPL), and CT
scanning.

What constitutes a positive diagnostic peritoneal lavage result after
penetrating trauma?

A grossly positive tap (aspiration of >10 mL; of blood or aspiration of Gl or biliary contents)
mandates immediate exploration. A negative initial aspirate result is followed by the instillation
of 1000 ml of saline (15 ml/kg in children) into the abdomen through a dialysis catheter,
followed by gravity drainage of the fluid back into the saline bag. The finding of >100,000/uL
red blood cells (RBCs), >500 pL white blood cells (WBCs), amylase >20 IU/L, alkaline
phosphatase >3 IU/L, or elevated bilirubin level are also indications for exploration.

How are stab wounds to the flank and back evaluated in asymptomatic
patients?

The incidence of significant injuries is 10% for SWs to the back and 25% for SWs to the
flank. SWs to the flank and back should undergo triple-contrast CT to detect occult
retroperitoneal injuries of the colon, duodenum, and urinary tract. The most valuable aspect
of CT scanning is determining the wound trajectory.

How is a lower chest stab wound evaluated?

Stab wounds to the lower chest are associated with abdominal visceral injury in 15% of
cases, whereas gunshot wounds to the lower chest are associated with abdominal visceral
injury in nearly 50% of cases. The lower chest is defined as the area between the nipple line
(fourth intercostal space) anteriorly, the tip of the scapula (seventh intercostal space)
posteriorly, and the costal margins inferiorly. Because the diaphragm reaches the fourth
intercostal space during expiration, the abdominal organs are at risk of injury even after what
appears to be an “isolated chest” wound. Thus, wounds to the lower chest should also be
managed as abdominal wounds to rule out intraabdominal injury. Occult injury to the diaphragm
must be ruled out in patients with SWs to the lower chest. Patients undergoing DPL evaluation
have different laboratory value cut-offs than standard anterior abdominal stab wounds. A red
blood cell count of more than 10,000/uL is considered positive, and an indication for
laparotomy whereas patients with a DPL red blood cell count between 1,000/uL and 10,000/uL
should undergo laparoscopy or thoracoscopy.

Which patients with abdominal gunshot wounds are candidates for
nonoperative management?

Hemodynamically stable patients with tangential, subcutaneous missile tracts or those with
isolated hepatic trauma. Selective management of GSWs to the back and flank are based on
triple-contrast CT scan results.
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13. If abdominal operative exploration is indicated, what is the general approach?
A midline abdominal incision provides rapid entry and wide exposure; it may be extended as
a median sternotomy to access the chest. The aorta should be palpated just below the
diaphragm to assess the patient’s blood pressure (BP). Liquid and clotted blood is evacuated
with multiple laparotomy pads and suction to identify the major source(s) of active bleeding.
After localizing the source of hemorrhage, direct digital occlusion (vascular injury) or
laparotomy pad packing (solid organ injury) are used to control bleeding. Hollow visceral
injuries are temporarily isolated with noncrushing clamps or are rapidly oversewn. The entire
abdomen is systematically explored before undertaking extensive repairs so that injuries can
be prioritized for definitive treatment.

I

KEY POINTS
1. GSWSs to the abdomen generally require operative exploration; an exception could be right
upper quadrant wounds with isolated hepatic injury.

2. Following an SW, patients with hypotension, peritonitis, or evisceration should undergo
operative exploration.

3. Anterior abdominal SWs in stable patients are initially evaluated with local wound
exploration; penetration of the peritoneum requires further evaluation (serial examination,
DPL, or CT scan).

4. Flank and back SWs in stable patients are evaluated with triple-contrast CT scan.

CONTROVERSY

14. What is the role of laparoscopy and thoracoscopy after penetrating
abdominal trauma?
Although an intriguing diagnostic modality with additional therapeutic capabilities, laparoscopy
thus far appears to have limited application after trauma. With the exception of suspected
diaphragmatic injury, an isolated solid organ injury, or evaluation for peritoneal penetration,
laparoscopy has yet to demonstrate advantages over the algorithm delineated previously. The
potential for missed injuries, poor evaluation of the retroperitoneum, and expense are major
drawbacks.
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patients if the GSW is thought to be tangential through the subcutaneous tissues, CT scan can
delineate the tract and exclude peritoneal violation. Laparoscopy is another option to assess
peritoneal penetration, and may be followed by laparotomy to repair injuries. If in doubt, it is
always safer to explore the abdomen than to equivocate.

4. When is emergency department thoracotomy indicated for a penetrating
abdominal wound?
Resuscitative thoracotomy should be considered when a patient presents in cardiac arrest
(cardiopulmonary resuscitation [CPR] <15 minutes) or with profound hypotension (systolic
blood pressure [SBP] <70 mm Hg) that is refractory to initial resuscitation. Following
anterolateral thoracotomy, the descending aorta is cross-clamped to decrease
subdiaphragmatic hemorrhage and improve coronary and cerebral perfusion. Open cardiac
massage is performed if necessary.

5. What are the key elements of the secondary survey?
Examine the patient systematically; it is easy to overlook synchronous injuries. The examination
includes looking for additional entry or exit sites; be sure to look thoroughly in the axilla and
perineum as wounds can be hidden in folds of skin. Evaluation for blood in the GI, genitourinary
(GU), and gynecologic systems should be done, and associated blunt mechanisms of injury
should be considered; some unfortunate patients are assaulted with both knives and fists
(see Fig. 23-2).

Bullet Path

Figure 23-2. An example of how the path of a bullet through a contorted body can
produce confusion when the patient is examined in the ED. An entrance wound will be
found at the left upper arm and an exit wound at the medial aspect of the right knee.
The bullet could have damaged any structure between these two wounds when the
patient’s body was contorted.

6. What are the appropriate initial studies?
In stable patients, a chest radiograph excludes hemothorax or pneumothorax and determines
the position of intravenous (IV) catheters (e.g., endotracheal, nasogastric [NG], and pleural
tubes). Biplanar abdominal radiographs are helpful in locating retained foreign bodies
(i.e., bullets) and may reveal pneumoperitoneum. The location of entrance and exit wounds,
identified with a radiopaque marker applied to the skin, may be helpful in determining
the trajectory of missiles. Injuries in proximity to the rectum obligate sigmoidoscopy
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HEPATIC AND BILIARY TRAUMA

Jarrod N. Keith, MD, and Ernest E. Moore, MD

1. How often is the liver injured in trauma?
The liver is both big and central, so it is vulnerable to blunt trauma and an easy target for
penetrating wounds.

2. Do the liver and spleen respond similarly to injury?
No. The liver has a unique ability to establish spontaneous hemostasis even with
extensive injuries. For this reason, the majority of liver injuries in hemodynamically stable
patients can be managed nonoperatively. In contrast, many splenic fractures continue to
bleed; therefore, a greater percentage of patients with splenic injuries require operative
intervention.

3. What are the determinants of mortality after acute liver injury?
The mechanism of injury, grade of injury, and the associated abdominal organs injured
determine mortality. The mortality for stab wounds (SWs) to the liver is 2%; for gunshot wounds
(GSWs), 8%; and for blunt injuries, 15%. The mortality rate for isolated grade Il hepatic
injuries is 2%; for grade 1V, 20%; and for grade V, 65%. Retrohepatic vena cava injuries carry
mortality rates of 80% for penetrating trauma and 95% for blunt trauma.

4. What history and physical signs suggest acute liver injury?
Any patient sustaining blunt abdominal trauma (BAT) with hypotension must be
assumed to have a liver injury until proven otherwise. Specific signs that increase the likelihood
of hepatic injury are contusion over the right lower chest, fracture of the right lower ribs
(especially posterior fractures of ribs 9 to 12), and penetrating injuries to the right lower
chest (below the fourth intercostal space, flank, and upper abdomen). Physical signs of
hemoperitoneum may be absent in as many as one third of patients with significant hepatic
injury.

5. What diagnostic tests are helpful in confirming acute liver injury?
Diagnostic peritoneal lavage (DPL) is sensitive for hemoperitoneum (99%), but not
specific for liver injury. Ultrasound (US) is highly sensitive in identifying >200 ml of
intraperitoneal fluid. It is noninvasive and may be repeated at frequent intervals, but it is
relatively poor for staging liver injuries. Abdominal computed tomography (CT) scan
currently is used in patients who are hemodynamically stable that are candidates for
nonoperative management. Grading of liver injuries by CT scan is useful in determining the
success rate of nonoperative management because higher grade injuries are more likely to
require intervention.

6. What is the role of hepatic angiography?
Selective hepatic artery embolization is effective therapy for hepatic arterial bleeding, both
for avoidance of surgery and for recurrent postoperative bleeding. Embolization should be
considered for patients with active contrast extravasation into the peritoneum seen on CT scan
because they are less likely to tamponade.
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7. How many anatomic lobes are present in the liver? What is their topographic
boundary?
The liver is divided into two anatomic lobes, the right and the left. Their boundary lies in an
oblique plane extending from the gallbladder fossa anteriorly to the inferior vena cava
(IVC) posteriorly. The three hepatic veins define the division between the lobar segments and
the planes of surgical resection. Lobar segments are numbered | to VIII, according to
Couinaud’s nomenclature (see Fig. 24-1).

SURGICAL ANATOMY OF THE LIVER

Figure 24-1. The functional division of the liver and the segments
according to Couinaud’s nomenclature. (From Bismuth H: Surgical
anatomy and anatomical surgery of the liver, World J Surg 6:6,
1982, with permission.)

8. What is the blood supply to the liver and the relative contribution of each
structure to hepatic oxygenation?
The hepatic artery supplies approximately 30% of the blood flow to the liver and 50% of its
oxygen supply. The portal vein provides 70% of the liver’s blood flow and 50% of its oxygen.
The relative significance of arterial flow in cirrhotic patients is greater; therefore, hepatic artery
ligation is not recommended in patients with cirrhosis.

9. What are the most common variations in hepatic arterial supply to the right
and left lobes of the liver?
In most people, the common hepatic artery originates from the celiac axis and divides into
right and left hepatic arterial branches within the porta hepatis. Approximately 15% of people
have a replaced right hepatic artery (sole arterial supply to the right lobe) that originates
from the superior mesenteric artery (SMA). A replaced right hepatic artery always supplies
a cystic artery; thus, ligation should be followed by cholecystectomy. A replaced left hepatic
artery (approximately 15% of people) arises from the left gastric artery; it may be the sole
blood supply to the left lobe or may contribute to blood supply in conjunction with a normal
left hepatic artery. In 5% of people, the hepatic arterial supply does not arise from the celiac axis.
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In these people, either the right and left hepatic arteries are replaced or a single main hepatic
trunk derives from the SMA.

What is the venous drainage of the liver?

The right, middle, and left hepatic veins are the major venous tributaries and enter the IVC below
the right hemidiaphragm.

OPERATIVE MANAGEMENT OF LIVER INJURY

How are acute liver injuries classified?

Liver wounds are generally graded on a scale of | to VI according the depth of parenchymal
laceration and involvement of the hepatic veins or retrohepatic portion of the IVC. Optimal
methods of obtaining hemostasis vary with the severity of the injury (see Table 24-1).

TABLE 24-1. LIVER INJURY SCALE

Description of Injury
Injury  Subcapsular Parenchymal  Vascular
Grade Hematoma Lacertion Hematoma
| <10% 1 cm in depth — —
surface area
1l 10%-50% 1-3 ¢m in depth =10cmin —
surface area length
Il >50% >3 cm in depth >10cm in —
surface area length
\% — 25%-75% of the lobe — —
or 1-3 Couinaud
segments
v — >75% of the lobe or — Retrohepatic inferior
>3 Couinaud vena cava or major
segments hepatic veins
Data from Moore EE, Cogbill TH, Jurkovich GJ et al.: Organ injury scaling: spleen and liver (1994
revision), J Trauma 38:323-324, 1995.

Do all patients with a traumatic liver injury require surgery?

No. Nonoperative treatment is the standard for victims of blunt trauma who remain
hemodynamically stable (approximately 85% of patients). One third of such patients require
blood transfusions, but if the volume exceeds 6 units in the first 24 hours, angiography should
be done. CT scan should be repeated in 5 to 7 days for grade IV and V injuries. Complications,
including perihepatic infection, biloma, bilhemia, and hemobilia, have been reported in 10% of
nonoperative patients.

Which patients are more likely to fail nonoperative management?
Those patients requiring ongoing fluid resuscitation to maintain hemodynamic stability, pooling
or blush of contrast seen on CT scan, and those with injuries to multiple solid organs.
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What are the options for temporary control of significant hemorrhage in
victims of hepatic trauma?

Ongoing hemorrhage leads to the vicious cycle of acidosis, hypothermia, and coagulopathy.
Manual compression, perihepatic packing, angioembolization, and the Pringle maneuver are
the most effective temporary strategies.

What is the Pringle maneuver?

The Pringle maneuver is a manual or vascular clamp occlusion of the hepatoduodenal
ligament to interrupt blood flow into the liver. Included in the hepatoduodenal ligament are
the hepatic artery, portal vein, and common bile duct. Failure of the Pringle maneuver to control
liver hemorrhage suggests either (1) injury to the retrohepatic vena cava or hepatic vein or
(2) arterial supply from an aberrant right or left hepatic artery (see question 9).

What is the finger fracture technique?

Finger fracture hepatotomy or tractotomy is the method of exposing bleeding points

deep within liver lacerations by blunt dissection. Pushing apart the liver parenchyma enables
points to be identified and ligated. This method is most commonly required for penetrating
injuries.

What is the role of selective hepatic artery ligation in securing hemostasis

in patients with a major liver injury?

Deep lacerations of the right or left hepatic lobe may result in bleeding that cannot be completely
controlled by suture ligation of specific bleeding points within the liver parenchyma. In this
situation, either the right or left artery can be ligated for control of the bleeding with little risk
of ischemic liver necrosis.

Why is retrohepatic vena caval laceration lethal?

Exposure requires either extensive hepatotomy, extensive mobilization of the right lobe, or
right lobectomy, or transection of the vena cava. The large caliber and high flow of the IVC
results in massive hemorrhage during surgical exposure, whereas clamping of the IVC often
results in hypotension attributable to an abrupt decrease in venous return to the heart.

What is the physiologic rationale for use of a shunt in attempted repair

of retrohepatic vena caval injuries?

Hemorrhage control requires maintenance of venous return to the heart while both
antegrade and retrograde bleeding through the laceration is stopped. These requirements are
met by shunting blood through a tube spanning the laceration between the right atrium and
lower IVC.

What is the intrahepatic balloon tamponading device?

For transhepatic penetrating injuries, a 1-inch Penrose drain is sutured around a red rubber
catheter. This forms a long balloon that is threaded through the bleeding liver injury and inflated
with contrast media through a stopcock in the red rubber catheter. The balloon tamponades
liver hemorrhage. The catheter is brought out through the abdominal wall, deflated, and
removed 24 to 48 hours later.

What are the indications for perihepatic packing?

Liver packing with planned reoperation for definitive treatment of injuries in patients who
have hypothermia, acidosis, and coagulopathies is a life-saving maneuver (damage control
laparotomy). Laparotomy pads (>20) are packed around the liver to compress and

control hemorrhage. A temporary dressing is then placed over the open abdomen (damage
control laparotomy), and the patient’s metabolic abnormalities and coagulopathy are corrected
with planned reoperation within 24 hours.
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What is the abdominal compartment syndrome?

The abdominal compartment syndrome is a potentially lethal complication of perihepatic packing or
large volume resuscitation. It may occur when intraabdominal pressure exceeds 20 cm H,0.
Intraabdominal pressure increases because of bowel and liver edema secondary to ischemia and
reperfusion injury or continued hemorrhage into the abdominal cavity. As pressure increases beyond
20 cm H,0, venous return, cardiac output (C0), and urine output decrease, but ventilatory pressures
increase. Patients must return promptly to the operating room (OR) for decompression of the
abdomen. A manometer attached to the Foley catheter is useful in following intraabdominal pressure.

What are the common complications related to liver injury?

After blunt injury to the liver, overall, 13% develop hepatic complications. Complications include
bleeding, biliary leaks or fistulae, abdominal compartment syndrome, and infection. Complications
occur more frequently in higher grades of injury: 5% in grade 111, 22% in grade 1V, and 52% in grade V.

BILIARY TRACT INJURY

Why are complications associated with bile duct leaks?

Bilomas (i.e., collections of bile) frequently become infected and may result in lethal peritonitis.
Biliopleural fistula, a communication between the biliary system and pleural cavity, persists
because of the relative negative pressure in the thorax and may result in a bile empyema.
Bilhemia results from an intrahepatic fistula between the bile ducts and hepatic veins, resulting
in severely elevated bilirubinemia. Hemobilia occurs from the rupture of an arterial
pseudoaneurysm into the biliary system, resulting in upper gastrointestinal hemorrhage.

What is the incidence of bile duct leak?

For patients managed nonoperatively, the leak rate is 3%, and they are rarely seen for grade |, Il
or Il injuries. Leak rates are higher for those who undergo operations or angioembolization.
Perihepatic fluid collections identified by US suggest a leak, however, they are more accurately
identified by hepatobiliary iminodiacetic acid (HIDA) scan or endoscopic retrograde
cholangiopancreatography (ERCP).

What is the initial management of a bile leak?

ERCP is usually quite useful in diagnosing and treating leaks. Biliary stenting with or without
sphincterotomy and percutaneous drainage of bilomas frequently allows spontaneous resolution
of bile duct injuries. Extensive injuries require hepaticojejunostomy for reconstruction.

KEY POINTS

I

. Liver injuries are common following BAT and should be considered in all patients who are

hypotensive.

. Eighty-five percent of patients with liver injuries can be treated nonoperatively.

Angioembolization is an important adjunct.

. Higher grade injuries are more likely to fail nonoperative management and have an

increased complication rate.

. Damage control laparotomy should be considered for severe hepatic injuries.
. The hepatic artery delivers 30% of blood flow, and the portal vein delivers 70% of blood flow.
. Biliary injuries can occur with severe hepatic injury, but most are treated by minimally

invasive techniques.
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SPLENIC TRAUMA

Sarah Judkins, MD, and Ernest E. Moore, MD

1. What is the physiologic role of the spleen?
In fetal development, the spleen serves as a major site for hematopoiesis. In early childhood
the spleen produces immunoglobulin M (IgM) and tuftsin. The spleen also functions as a
filter, allowing resident macrophages to remove abnormal red blood cells (RBCs), cellular
debris, and encapsulated and poorly opsonized bacteria.

2. What injury patterns are associated with splenic trauma?
Direct blunt force, deceleration, and compression to the left torso. Think spleen after a
motor vehicle accident or fall: lower rib fractures, left side-only rib fractures, and high-energy
transfer (big hits) increase the probability of splenic injury.

3. What are the signs and symptoms of splenic injury?
The main sign is pain in the left upper quadrant. This is produced by stretching the splenic
capsule. Peritoneal irritation (rebound tenderness) is caused by extravasated blood. Vital signs
vary depending on associated blood loss and are not specific for injuries to the spleen.
Unfortunately, a large number of patients with a significant splenic injury exhibit no signs or
symptoms at all.

4. What studies can help in diagnosing splenic trauma?
Ultrasound (US) is routinely performed in the emergency department (ED) and can rapidly
identify as little as 200 ml fluid or blood. When US is equivocal, diagnostic peritoneal lavage
(DPL) is an accurate and sensitive measure of intraabdominal bleeding. Computed tomography
(CT) scanning is the gold standard diagnostic test because it is nearly 100% accurate for
identifying splenic injuries but also defines the magnitude of injury and quantifies the amount of
intraperitoneal blood.

5. How are splenic injuries classified, and why is that important?
Management is governed by the hemodynamic status of the patient, but therapy is also
influenced by the CT grade of splenic injury. Nonoperative management is most successful
in grades | to Ill, whereas operative intervention is often required for grade IV injuries. Grade V
injuries demand prompt operative intervention (see Table 25-1).

TABLE 25-1. GRADES OF SPLENIC INJURY
Grade Description

| Hematoma: nonexpanding subcapsular <10% surface area
Laceration: nonbleeding capsular <1 ¢cm parenchymal depth

1l Hematoma: nonexpanding, subcapsular <50% surface area
Nonexpanding intraparenchymal <5 cm diameter
Laceration: bleeding, capsular <3 c¢cm parenchymal depth
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TABLE 25-1. GRADES OF SPLENIC INJURY—CONT'D
Grade Description

1] Hematoma: subcapsular >50% surface area, expanding, ruptured with
active bleeding Intraparenchymal >5 cm diameter or expanding
Laceration: capsular >3 cm parenchymal depth, involving trabecular vessel

\% Hematoma: ruptured, intraparenchymal, with active bleeding
Laceration: involves segmental or hilar vessels with >25% splenic
devascularization

V Laceration: shattered spleen
Vascular: hilar avulsion or complete splenic devascularization

Do splenic injuries require laparotomy?

No. Nonoperative management is successful in approximately 95% of patients with grades | to lll.
Patients who are hemodynamically stable with evidence of ongoing bleeding (requiring transfusion)
may be treated by selective arterial embolization if a bleeding site is identified on angiography.

What are contraindications to nonoperative management of splenic injuries?
= Hemodynamic instability.
m Persistent coagulopathy.
= Additional intraabdominal injury requiring operative intervention.

What is the failure rate of nonoperative management of splenic injury?

Any patient with signs of hemodynamic instability, persistent bleeding, worsening pain or
tenderness, or progressive injury by CT scanning has failed nonoperative management.
Approximately 60% of all splenic injuries can be managed nonoperatively with a failure rate
of 12%. Factors that predict nonoperative failure include multiple injuries, grade >Ill spleen
injuries, and need for blood transfusion.

What is delayed rupture of the spleen?

This is a rare complication that occurs in <1% of patients with a splenic injury. Delayed splenic
rupture should be distinguished from a delay in diagnosis of splenic injury and rupture of a
known splenic injury. True delayed splenic rupture occurs >48 hours in a patient with a history
of abdominal trauma and no overt clinical evidence of intraabdominal injury on initial
presentation.

What are the general principles of operative management of the injured spleen?
The first priority is to control bleeding. This can usually be accomplished by packing and manual
compression of the spleen. If successful, the abdomen is then thoroughly explored for other
injuries. Complete mobilization of the spleen by division of the splenocolic, splenorenal,
phrenosplenic, and gastrosplenic ligaments is required for complete assessment of the spleen.
The short gastric vessels can be ligated with division of the gastrosplenic ligament. Repair

of the spleen can be accomplished by application of hemostatic agents, direct pledgeted suture
repair of the splenic parenchyma, partial splenectomy, and construction of a “splenic wrap”
using absorbable mesh. If splenectomy is required, the splenic artery and vein should be ligated
individually before removing the spleen.

What early complications arise after splenectomy?
Recurrent bleeding, acute gastric dilatation, gastric perforation, pancreatitis (the splenic artery
courses along the top of the pancreas), and subphrenic abscess.
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12. What is splenic autotransplantation?
Autotransplantation is accomplished by implanting splenic tissue parenchymal slices into
pouches created in the gastrocolic omentum.

13. Does splenic autotransplantation preserve splenic function?
Autotransplantation after splenectomy is controversial. At least 30% of the original splenic mass
is needed to provide normal function. After autotransplantation, immunoglobulin G (IgG) and
IgM levels are increased in response to pneumococcal vaccine compared with patients after
splenectomy alone.

14. Does postsplenectomy leukocytosis predict infection?
Elevations in white blood cell (WBC) count and platelet count (PC) after splenectomy are a
common physiologic event. After the fourth postoperative day, however, a WBC >15 x 103 and
a PG/WBC <20 are highly associated with sepsis and should not be confused with the
physiologic response to splenectomy.

15. Should a follow-up computed tomography scan be performed after
nonoperative management of splenic injuries before patient discharge?
No. Most patients who fail nonoperative management do so within 5 days and will
exhibit hemodynamic evidence of ongoing hemorrhage. However, follow-up CT should be
performed for grade Ill and IV injuries at 4 to 6 weeks before getting back to vigorous physical
activity.

16. What is overwhelming postsplenectomy sepsis, and how is it prevented?
Overwhelming postsplenectomy sepsis (OPSS) is a devastating bacteremia (typically
encapsulated bacteria) that occurs in 2% of patients after splenectomy. The risk of OPSS is
greatest when splenectomy is performed during infancy. The most common organisms are
pneumococcus (50%), meningococcus, Escherichia coli, Haemophilus influenzae,
staphylococcus, and streptococcus. Although rare, OPSS carries a mortality rate of 75% and has
spurred interest in splenic preservation. OPSS is primarily prevented by postoperative
vaccination. Pneumococcal, meningococcal, and Haemophilus flu vaccines should be given
2 weeks after splenectomy and are recommended every 5 years. Sepsis can occur despite
vaccination; consequently, long-term prophylaxis with oral penicillin is recommended for
children.

KEY POINTS: EXPECTANT MANAGEMENT OF SPLENIC
INJURIES

1. Nonoperative management is successful in 95% of grades | to Ill injuries.

2. Eighty percent of all splenic injuries are managed nonoperatively, with a 12% failure or
conversion rate.

3. Factors that predict failure or conversion to operative treatment include injury >grade III,
and need for blood transfusion.

4. Patients with evidence of ongoing bleeding (e.g., contrast “blush” on CT or ongoing
transfusion requirements) may be managed with selective arterial embolization.
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PANCREATIC AND DUODENAL INJURY

Jeffry L. Kashuk, MD, FACS

1. How common are pancreatic and duodenal injuries?
Because the duodenum and pancreas are intimately associated with vital structures in a deep
and narrow area of the retroperitoneum, affording a significant degree of protection, reported
injury frequency is between 7% and 10% for all trauma celiotomies. Blunt duodenal injury
occurs in less than 1% of blunt trauma.

2. What other injuries are typically associated with penetrating pancreatic
trauma?
Liver injury is the most frequent concomitant injury, with a reported incidence of 50%. Other
commonly associated injuries include the stomach (40%), large abdominal vessels such as the
aorta and vena cava (40%), spleen (25%), kidney (2%), and duodenum (20%).

3. How are pancreatic injuries diagnosed preoperatively?
Penetrating trauma to the pancreas is usually discovered during exploration for associated
injuries. Such patients may present with hemodynamic instability from bleeding, positive
focused abdominal sonography in trauma (FAST) examination, or peritonitis. Patients with blunt
injury who are hemodynamically stable should undergo abdominal computed tomography (CT)
scan, and possible endoscopic retrograde cholangiopancreatography (ERCP). Elevated serum
amylase concentrations are nonspecific for pancreatic injury and can be normal in a high
proportion of patients.

4. What are some of the commonly used surgical options for the treatment of
pancreatic injuries?
Most low-grade penetrating and blunt injuries are adequately treated by closed suction
drains placed at surgery. In more severe injuries, the integrity of the main pancreatic duct
should be evaluated, either by direct inspection or by intraoperative pancreatography. Distal
duct injuries are treated with distal pancreatectomy, with or without splenectomy, and
closed drainage of the pancreatic stump. Preservation of the spleen is preferable. Injury to
the pancreatic duct in the head or neck may require resection of significant portions of
distal pancreas and are usually performed in a delayed manner following damage control
procedures.

5. Describe the common complications of pancreatic injuries.
Exsanguination is the most common cause of early death, prompting the use of damage control.
For patients who survive their initial operation, the two most common complications are
pancreatic fistulas and intraabdominal abscesses. Other late problems are pancreatitis,
pancreatic pseudocyst, and pancreatic hemorrhage. Most patients who die after sustaining
injuries to the pancreas do so as a result of late complications and not from the pancreatic injury
itself.
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KEY POINTS: SURGICAL OPTIONS FOR PANCREATIC v
INJURIES

1. Low-grade injuries are treated with simple closed suction drainage at the time of celiotomy.
2. Associated injuries are common and should be searched for and addressed.

3. Patients who are unstable should undergo debridement of devascularized tissue,
hemostatis, and drainage with delayed reconstruction until the patient is stable.

4. If ductal injury is suspected in a stable patient, visualize with ERCP or cholangiogram.

5. If ductal injury is present in the head or neck of the pancreas, ligate proximally and attempt
to preserve pancreatic tissue with Roux-en-Y pancreaticojejunostomy.

6. Consider establishing enteral nutritional access by placing a jejunal feeding tube in patients
with more than minor injuries.

DUODENUM

6. What is the role of computed tomography scanning in diagnosing blunt
duodenal injuries?
Although CT is an excellent tool for visualizing solid injuries, CT is less useful with injuries to
hollow organs such as the duodenum. Even the addition of an oral contrast agent to the
study has a high specificity but poor sensitivity. Subtle signs of duodenal injury on CT scans
include paraduodenal edema, fluid, retroduodenal air, and fat standing with loss of sharp tissue
planes, which may usually indicate a duodenal rupture and spillage of small amounts of
intralumenal contents into the retroperitoneum. Such subtle findings in a patient with a high-risk
mechanism of injury may warrant operative exploration.

7. What is the importance of the Kocher maneuver?
In 1903, Kocher described what has now become a routine maneuver during the exploratory
celiotomy to visualize and repair injuries to the duodenum, distal common bile duct, and
pancreatic head. The avascular lateral peritoneal attachments to the duodenum are incised
sharply; then the duodenal sweep is elevated and reflected medially, allowing for inspection and
palpation of its posterior surface as well as of the head of the pancreas.

8. What are the four portions of the duodenum and their surgical relationships?
The first portion of the duodenum starts at the pylorus (intraperitoneally) and passes backward
(retroperitoneally) toward the gallbladder (the remainder of the duodenum is retroperitoneal).
The second portion descends 7 to 8 cm and is anterior to the vena cava. The left border of the
duodenum is attached to the head of the pancreas, at the site where the common bile and
pancreatic ducts enter; it shares a common blood supply with the head of the pancreas through
the pancreaticoduodenal arcades. The third portion of the duodenum turns horizontally to the
left, with its cranial surface in contact with the uncinate process of the pancreas, and passes
posterior to the superior mesenteric artery and vein. The fourth portion continues to the left,
ascending slightly and crossing the spine anterior to the aorta, where it is fixed to the
suspensory ligament of Treitz at the duodenojejunal flexure.

9. How are duodenal injuries classified?
An organ injury scale has been adopted that allows for standardized descriptions of duodenal
injuries, which extend from grade 1 (less severe) to grade V (most severe). The grading of
duodenal injuries assists surgeons in selecting the appropriate surgical procedure for the repair
or reconstruction of these frequently complex injuries (see Table 26-1).
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TABLE 26-1. GRADES OF PANCREATIC INJURY

Grade Injury Description

| Hematoma Involving single portion of duodenum
Laceration  Partial thickness; no perforation

Il Hematoma  Involving more than one portion
Laceration  Disruption <50% of circumference

1l Laceration  Disruption 50%—75% circumference of D2 or disruption of
50%-100% of D1, D3, or D4*

\% Laceration  Disruption >75% of D2 or involving ampulla or distal common
bile duct
V Laceration ~ Massive disruption of duodenopancreatic complex
Vascular Devascularization of duodenum

*D1, D2, D3, and D4 refer to the portions of the duodenum (i.e., first through fourth).

10. What are the main surgical options for penetrating duodenal injuries?
Most simple lacerations (grade 1 to 2) can be repaired primarily. Complex lacerations (grade 3)
with devitalized margins or lacerations that involve >50% of the duodenal circumference
require debridement of margins and reanastomosis of the divided ends. If tension on the suture
line is anticipated because of extensive tissue loss (grade 3 to 4) adjunctive techniques
such as Roux-en-Y duodenojejunostomy or pyloric exclusion are more appropriate. Severe
duodenal injuries involving the distal bile duct and pancreatic head (grade 5) may warrant
pancreaticoduodenectomy (i.e., Whipple procedure) after damage control procedures. In
patients with all but simple repairs, consideration should be given to establishment of enteral
access via jejunostomy.

KEY POINTS: SURGICAL OPTIONS FOR DUODENAL v
INJURIES

1. Associated injuries are common, particularly to the pancreas, and they should be searched
for and addressed.

2. Although penetrating injuries are usually discovered at laparotomy for bleeding or
peritonitis, blunt injuries are difficult to diagnose even with CT scan, and the decision to
operate must include consideration of subtle clinical signs.

3. Thorough exploration requires a Kocher maneuver and full evaluation of all anatomic
regions of the duodenum.

4. Operative repair is determined by injury severity classification. Most injuries are managed
with simple primary repair, and extensive resections should be delayed in most patients via
damage control procedures.

5. Enteral access should be considered in all but the simplest injuries.
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TRAUMA TO THE COLON AND RECTUM

Walter L. Biffl, MD, FACS

COLON TRAUMA

1. How do most colon injuries occur?
Nearly all (>95%) colon injuries are caused by penetrating trauma from gunshot, stab,
iatrogenic, or sexual injury. Blunt colonic trauma is rare and usually results from seat belts
during motor vehicle crashes.

2. How are colon injuries diagnosed?
They are usually diagnosed during laparotomy for penetrating trauma. For patients in whom the
need for laparotomy has not been established, chest and upright abdominal radiographs may
reveal free air and detect the location of penetrating objects. Triple-contrast (i.e., oral,
intravenous [1V], and rectal) computed tomography (CT) or soluble-contrast radiographs can
diagnose retroperitoneal colon injuries. Elevated white blood cell counts or enzyme (amylase,
alkaline phosphatase) levels or fecal material in diagnostic peritoneal lavage (DPL) is highly
suggestive of a bowel injury.

3. How are colon injuries graded?
Grade I: contusion hematoma without devascularization or partial-thickness laceration.
Grade II: laceration <50% circumference.
Grade Ill: laceration >50% circumference.
Grade IV: transection of the colon.
Grade V: transection with segmental tissue loss.

4. What are three primary surgical options for managing a colon injury?
1. Primary repair: suturing of simple perforations or resection and primary anastomosis
for more complex injuries.
2. Colostomy: injured colon is resected and the proximal colon is brought out as a colostomy
or the injury is repaired but a more proximal ileostomy or colostomy is brought out to
divert the fecal stream.

5. What are the advantages and disadvantages of each of these options?

1. Primary repair is desirable because definitive treatment is carried out at the initial operation,
and the patient is spared the morbidity of a colostomy and its reversal. The disadvantage is
that suture lines are created in suboptimal conditions, so leakage may occur.

2. Proximal colostomy avoids an unprotected suture line in the abdomen but requires a
second operation to close the colostomy. Stomal complications, including necrosis,
stenosis, obstruction, and prolapse, may occur.

6. How are most patients with colon injuries surgically managed?
Primary repair is safe and effective in essentially all patients with colon trauma. Handsewn and
stapled anastomoses have equal complication rates. Prophylactic antibiotics are administered
for no longer than 24 hours postoperatively.
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How should the surgical incision and penetrating wound be managed?
Wounds should be left open (for delayed primary closure) to decrease the incidence of wound
infection and fascial dehiscence.

What complications are associated with colonic injury and its treatment?
= Wound infection (= 65% if the skin incision is closed primarily; do not be tempted to close
a dirty incision).
Intraabdominal abscess (20%).
Fascial dehiscence (10%).
Stomal complications (5%).
Anastomotic leak (5%).
Mortality (<1%).

RECTAL TRAUMA

How do rectal injuries occur?

Similar to colon injuries, most rectal injuries result from penetrating trauma as a result of
gunshot, stab, iatrogenic, or sexual injury. Blunt pelvic fractures should be assessed with a
strong suspicion for rectal (and urethral) injury.

How are rectal injuries diagnosed?

A thorough examination is crucial, and the diagnosis is suggested by the course of the projectiles
and the presence of blood on digital rectal examination. If rectal trauma is suspected, the
patient should undergo proctoscopy to look for hematoma, contusion, laceration, or gross blood.
If the diagnosis is in question, radiographs with soluble-contrast enemas should be performed.

How are patients with intraperitoneal rectal injuries treated differently from
those with extraperitoneal injuries?

The portion of the rectum proximal to the peritoneal reflection is called the intraperitoneal
segment. Injuries of this portion are treated similar to colonic injuries.

What are the four basic principles for managing simple extraperitoneal rectal
injuries?
1. Diversion: either a loop or an end sigmoid colostomy or ileostomy is appropriate.
2. Drainage: a retroanal incision should be used to place Penrose or closed-suction drains
near the perforation site.
3. Repair: appropriate when possible, but not mandatory
4. Washout: irrigation of the distal rectum with isotonic solution until the effluent is clear.
The role of washout remains controversial, but it may benefit patients whose rectum is
full of feces.
These principles have recently been questioned, but they are still supported by the literature
and most expert recommendations.

How are complex extraperitoneal rectal injuries managed?

In patients with massive pelvic trauma and an associated rectal injury, an abdominoperineal resection
may be required for adequate debridement and hemostasis. An abdominoperineal resection is

also required in rare instances in which anal sphincters have been destroyed.

What complications are associated with rectal trauma and its treatment?
They are similar to those in colonic injuries. In addition, pelvic osteomyelitis may occur.
In this case, debridement may be necessary, and culture-specific IV antibiotics should be
administered for 2 to 3 months.
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15. What is the role of antibiotics in colorectal trauma?
Antibiotics are important. They should be initiated preoperatively (you need a good blood level
at the time you make your incision) and ended quickly (12 to 24 hours postoperatively).
Broad-spectrum, combination therapy is superior to single-agent therapy.

KEY POINTS: COLORECTAL TRAUMA v

1. Primary repair of colon injuries is safe.
2. Handsewn and stapled anastomoses have equal complication rates.

3. A preoperative dose of antibiotic therapy, to be continued for 24 hours or less, is
advantageous.

4. The management of extraperitoneal rectal injuries is evolving. Diversion and drainage is the
most conservative strategy.
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PELVIC FRACTURES

Steven J. Morgan, MD, FACS, and Wade R. Smith, MD

What are the first steps in the evaluation and treatment of a patient with
pelvic trauma?

The ABCs (airway, breathing, and circulatory assessment). The answer to this first trauma
question is always the same. Trauma patients with displaced pelvic fractures have a high
incidence of associated injuries to the head, chest, and abdomen.

What are the sources and potential volume of bleeding in the displaced

pelvic fracture?

Pelvic fractures bleed from exposed cancellous bone surfaces, pelvic veins, and pelvic arteries.
Cadaveric injection studies have demonstrated that 90% of patients with trauma fatalities with
pelvic fractures bleed to death from exposed bone and injured veins. Only 10% bleed from
arteries. The total volume the pelvis can hold is 4 to 6 L before a tamponade effect slows venous
and bone bleeding.

Should a Foley catheter be placed in trauma patients with displaced pelvic
fractures?

Yes. Contraindications include urethral injuries, which should be suspected when blood is
observed at the penile meatus or vaginal introitus. A manual rectal examination in men and a
bimanual examination in women are mandatory to exclude an open fracture into the vagina or
rectum or a high-riding prostate. If a urethral injury is present, a suprapubic catheter can be
easily inserted percutaneously, and both a urethrogram and cystogram are performed.

What is the incidence of urologic injury associated with pelvic fractures?
The overall incidence is 16%.

What are the commonly used radiographic classification schemes for

pelvic fractures?

The mechanistic classification describes pelvic fractures as anteroposterior compression (APC),
lateral compression (LC), vertical shear (VS), or combined mechanism (CM). The Tile
classification categorizes fractures into three groups, A, B, or C, with numbered subgroups
based on increasing severity of ligamentous and bony disruption.

What is an open pelvic fracture?

An open fracture has been contaminated via a laceration in the skin, vagina, or rectum.
When an open pelvic fracture is suspected, patients should receive a rectal examination with
an ano-scope, and a vaginal examination performed bimanually and with a speculum.

With open fractures, the morbidity and mortality rates are increased both in the acute period
(because of hemorrhage) and in the delayed period (because of infection). Open injuries in
the rectal or perirectal region often require a diverting colostomy to prevent deep pelvic
infection.
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When is acute mechanical stabilization of a pelvic fracture indicated?

Open-book and vertical shear fractures with displacement may benefit from acute mechanical
stabilization. When hemodynamic instability persists in the face of ongoing aggressive
resuscitation, pelvic stabilization with a beanbag, external wrap, or external fixation device may
help to decrease pelvic bleeding by decreasing pelvic volume (tamponade effect), stabilizing
fracture surfaces, and promoting clot formation.

What is pelvic packing, and when is it used?

Pelvic packing is the technique of opening the retroperitoneum, either directly through a
Pfannenstiel type approach or indirectly through the peritoneal reflection, during emergent
laparotomy and placing sponges to absorb and tamponade bleeding. Historically packing was
used as a last ditch effort late in the course of failed resuscitations. Recent reports have shown
packing to be safe and potentially beneficial in reducing mortality in unstable pelvic trauma
patients as long as the procedure is done early in the resuscitation and as part of a
multidisciplinary protocol with specific indications and access to emergent angiography.

What is the role of angiography in an acute pelvic fracture?

Angiography can identify and embolize arterial bleeding caused by pelvic fractures. But only a
low percentage of pelvic bleeding is from arterial injury. Suspicion should be increased when
patients with hypotension fail to respond to pelvic ring stabilization and aggressive fluid
resuscitation. If retroperitoneal pelvic packing is employed during resuscitation, continued
transfusion requirement signals a high likelihood of arterial bleeding and subsequent need for
angiography.

Why do patients die from pelvic fractures?
Mortality is usually caused by associated injuries rather than the pelvic fracture. Only 2% of
patients with a pelvic fracture experience isolated trauma to the pelvis. For example, patients
with LC pelvic fractures are more likely to die secondary to associated head injuries rather than
from pelvic hemorrhage. However, in pelvic fractures with major bleeding, death is most
often as a result of shock and multisystem organ failure (MOF). Limiting blood loss through
aggressive resuscitation with 1:1 blood/fresh frozen plasma transfusion, mechanical
stabilization, operative treatment of associated injuries, pelvic packing, and angiography for
refractory shock are the keys to reducing pelvic fracture mortality.

Mortality overall is high for patients with shock but can be reduced by a multidisciplinary
protocol.

What is external fixation?

External fixation by the use of pins placed into the iliac wings and connected to a frame or

by pins placed into the bone just superior to the acetabulum and connected to a C clamp can
be used as a temporary method of fracture reduction and stabilization. External fixation does
not prevent vertical and posterior displacement of the pelvis in the case of complete posterior
disruption. The fixation device must be placed in a manner that permits abdominal access

for laparotomy, diagnostic imaging, and the definitive operative approach for open reduction and
internal fixation.

Is there a role for pneumatic antishock garments in the treatment of

pelvic fractures?

Pneumatic antishock garments (PASGs) are falling out of favor in the treatment of pelvic
fractures. Their potential role is limited to emergency transportation and initial stabilization of
patients with a complex pelvic fracture. PASGs can reduce displacement of APC fractures but
may increase the displacement of a LC fracture. The garment also restricts access to the patient,
compromises pulmonary reserve, and is associated with increased risk of compartment
syndrome.
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When can patients with a pelvic fracture ambulate?

Patients with fractures involving only the anterior pelvic ring, such as unilateral or bilateral
pubic rami fractures, may bear weight immediately. If the fracture pattern involves the
posterior structures, such as the sacroiliac joint or iliac wing, patients must not bear weight
for 10 weeks.

What is the most common source of arterial bleeding associated with a
pelvic fracture?
The superior gluteal artery.

Which gender and what portion of the urethra is most commonly injured

in patients with a displaced pelvic fracture?

The male urethra is more commonly injured. The urethra passes through the urogenital
diaphragm or pelvic floor, transitioning in an abrupt fashion from the membranous to the
bulbous urethra. The urethra at this point is attenuated and relatively fixed above, accounting
for the large number of injuries at the membranous bulbous junction. The female urethra

is much shorter, and the pelvic floor is less well developed, allowing for greater mobility of
the female urethra (or perhaps it is because girls are smarter, more cautious, and do not
get injured as often). The most common site of urethral injury in girls and women is at the
bladder neck.

Describe the mechanism that results in a bladder rupture.

The bladder is both an intraperitoneal and extraperitoneal structure. Compression of a
distended bladder results in an intraperitoneal rupture along the bladder dome. Extraperitoneal
rupture, a more common injury, results from the laceration of the bladder by displaced pubic
rami fracture fragments.

What are the three radiographic views required to evaluate patients with pelvic
fractures?

1. Anteroposterior (AP) pelvis view

2. Inlet view

3. Outlet view

What is the appropriate insertion location for a diagnostic peritoneal lavage
catheter in the presence of a pelvic fracture?

A supraumbilical location avoids inadvertent decompression of the pelvic hematoma and a false-
positive result.

What percent of patients with an unstable pelvic fracture will suffer an
associated neurologic injury?

Associated injuries of the lumbosacral plexus, sacral foramina, and sacral canal are reportedly
as high as 50%.

What is a potential pitfall of aggressive blood transfusion of patients with
hemodynamically unstable pelvic fracture?

Coagulopathy. Forty percent of patients with unstable pelvic fractures may require 10 units
of blood. Fresh frozen plasma and platelets should be transfused early in the resuscitation.

What is the significance of an L5 transverse process fracture in a patient

with a pelvis fracture?

A transverse process (TP) fracture at the level of L5 may indicate vertical instability of the pelvic
fracture. The iliolumbar ligaments attach to.
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KEY POINTS: BLOOD LOSS FROM PELVIC FRACTURES

1. Ninety percent of deaths related to pelvic bleeding result from venous and bony bleeding.

2. The remaining 10% are a result of arterial bleeding, most commonly from the superior
gluteal artery.

3. Normally the pelvis can hold 4 to 6 L of blood before a tamponade effect occurs.
4. Pelvic wraps or fixation can limit bleeding, reduce bony shear, and promote clot formation.

5. Angiography is therapeutic and diagnostic, but only 10% of injuries are predominantly
arterial.

6. Mortality overall is high for patients with shock, but can be reduced by a multidisciplinary
protocol.

I
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UPPER URINARY TRACT INJURIES

Fernando J. Kim, MD, FACS, and Mario F. Chammas, Jr., MD

What is the most common type of renal trauma in the United States, blunt
or penetrating?
Blunt, by far.

Do most renal injuries require surgery?
No. Fewer than 2% of blunt injuries require surgery, and many penetrating injuries can also
be treated nonoperatively.

Are pediatric kidneys more susceptible to major injury?

Yes. Because of children’s weaker abdominal muscles, less-ossified thoracic cage, decreased
perirenal fat, and increased renal size in relation to the rest of the body, the risk for renal
injury is greater in the pediatric population.

When should potential renal trauma be investigated?

All blunt trauma patients with gross hematuria or with microscopic hematuria and shock
(systolic blood pressure <90 mm Hg) should be closely examined. Penetrating injurious with
any degree of hematuria should be imaged. For pediatric patients, liberal use of studies is
advisable. When children spill <50 red blood cells per high-powered field (hpf) on
microscopic analysis, significant renal injury is rare.

When does one suspect renal trauma?

The mechanism of injury, physical examination (i.e., flank ecchymosis, location of penetrating
wounds) and associated injuries (e.g., rib fractures) should raise the suspicion of renal
trauma. Although the degree of hematuria does not correlate with the degree of renal injury,
when hematuria is out of proportion to the history of trauma, it suggests preexisting renal
abnormality (e.g., hydronephrosis, ectopic kidney, tumor, cystic disease, vascular
malformation). Conversely, renal pedicle injuries (grade 4) may cause little or no hematuria
because of arterial interruption.

What imaging study is the best to evaluate renal trauma?

Computed tomography (CT) scan of the abdomen and pelvis with and without intravenous (1V)
contrast should be performed, but it is pivotal that the perfusion and excretion phases

(10 minutes after IV contrast is administered) are obtained during the study.

What is a “single-shot IVP”” and when do you perform it?

Single-shot IVP is an imaging study were only a single film is taken 10 minutes after intravenous
push (IVP) of 2 ml/kg of contrast material. It is performed in situations in which preoperative
renal CT staging cannot be performed (i.e., the patient is undergoing immediate exploration
and is hemodynamically unstable).
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How is renal trauma classified?

Grade 1: Contusion. There is subcapsular hematoma, nonexpanding without parenchymal
laceration

Grade 2: Superficial laceration (<1 cm parenchymal depth of renal cortex without urinary
extravasation)

Grade 3: Deep laceration (>1 cm parenchymal depth of renal cortex without collecting
system rupture or urinary extravasation)

Grade 4: Parenchymal laceration extending through renal cortex, medulla, and collecting
system or renal artery or vein injury with contained hemorrhage

Grade 5: Shattered kidney or avulsion of renal hilum

How is the management according to the degree of trauma?

A patient who is hemodynamically stable with an injury well staged by CT can usually be
managed without renal exploration; indeed, 98% of blunt renal injuries can be managed
nonoperatively. Grade IV and V injuries more often require surgical exploration, but even these
high-grade injuries can be managed without renal operation if carefully staged and selected.

What are the different types of renal pedicle trauma?

The renal pedicle may be interrupted by thrombosis or complete avulsion; both events are
characterized by urographic nonvisualization and minimal hematuria. The most common site of
arterial interruption is the junction of the proximal and middle thirds of the main renal artery.
Although hematuria is often absent, one may see transitory gross hematuria or microhematuria,
emphasizing the requirement for urinalysis in all circumstances.

How long can a nonperfused kidney tolerate warm ischemia?

Irreversible renal damage may be seen in kidneys after 30 minutes of warm ischemia, and after
8 hours of ischemia, renal salvage is minimal. Recently, single reports of renovascular
trauma with intimal tear treated with endovascular stents have been encouraging.

What is the significance of delayed gross hematuria?

This occurs 3 to 4 weeks after trauma and may indicate an arteriovenous fistula. Selective
embolization is the next step if conservative therapy (bed rest) fails. Rarely, operative
intervention, usually for partial nephrectomy, is necessary.

How do you manage an unexpected retroperitoneal bleeding during surgical
exploration?

A pulsatile hematoma suggests a major vascular injury, and exploration should be preceded
by vascular control (both proximal and distal) and preparation for rapid blood replacement.
Stable hematomas (above the pelvic brim) may be left undisturbed unless studies
(preoperative or intraoperative) disclose severe renal damage. When doubt exists, exploration
is justified, with the likelihood of losing a kidney.

How are patients with posttraumatic urine extravasation managed?

When urine extravasation is caused by a major laceration into the collecting system and
coexists with significant persistent bleeding, surgical correction is advised. Otherwise urine
extravasation commonly resolves promptly. Reimaging at 48 to 72 hours defines cases
requiring drainage, stenting, or operative repair.

What is included in conservative management of renal trauma?

Conservative management includes bed rest until gross hematuria has subsided. Strenuous
activities are avoided until microhematuria has subsided (usually within 3 weeks). Patient
followed for grade 5 renal trauma should undergo ultrasonography, CT scan of the abdomen
and pelvis, or urography at 6 weeks. Hospitalization is not required during these periods.
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What is the likelihood of subsequent hypertension?

Documented posttraumatic hypertension occurs in <2% of patients and is rennin mediated. Onset
generally occurs within the first several months of injury. The mechanisms of posttraumatic
hypertension may be the result of renal artery stenosis or occlusion, renal parenchymal
compression (extravasation of blood or urine), and posttrauma arteriovenous fistula.

KEY POINTS: PRINCIPLES OF URETERAL REPAIR v
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Any level of primary ureteral anastomosis should be performed maintaining adequate
ureteral vascular supply during dissection of ureteral ends, tension-free ureteral
anastomotic site, over stent with absorbable suture.

. For a distal injury in the lower third ureter below the iliac vessels, ureteroneocystostomy is

recommended. If more ureteral length is needed to keep the anastomosis tension free, a
Bohari Flap (bladder flap) and Psoas Hitch may be performed.

. For middle and proximal third injuries, end-to-end anastomosis is recommended, but

anastomosis stricture rate is higher than the proximal or distal ureteral repair.

. For a proximal injury (uretero-pelvic junction injury), more common in children, immediate

laparotomy and surgical repair is needed.

How are most ureters damaged?

The ureter is the least-often injured genitourinary organ, accounting for less than 1% of all
urologic traumas secondary to external violence. Ureteral injury occurs more commonly
intraoperatively (80%) than from external violent trauma (20%). Blunt trauma and stab wounds
(SWs) rarely result in injury to the ureter. Blunt trauma represents 4.1% and SWs 5.2% of

all ureteral traumas. The most common ureteral injuries from external violence are from gunshot
wounds (GSWs; 90.7%).

How do you evaluate and identify an ureteral injury?

The site and mechanism of trauma should prompt the surgeon to suspect ureteral injury.

The clinical manifestations are characteristically subtle and often obscured by coexisting
injury and complaints. The majority of SWs and GSWs would also injure bowel, colon, liver,
spleen, blood vessels, or pancreas. Hematuria is often microscopic, but it may be absent.
Extravasation of contrast may be detected with noninvasive (IVP and CT scan) and invasive
(anterograde and retrograde ureteropyelogram) imaging studies. If ureteral injury is suspected
during laparotomy, indigo carmine (1 vial IV bolus) should be given to identify the site of
leakage (blue coloration).

What are the potential consequences of missed ureteral injury?
Fever, leukocytosis, azotemia, flank pain, ileus, urinoma, or urinary fistula. Presentation is often
delayed by several weeks after injury.

Distal ureter is injured and ureteral reimplantation with psoas hitch

(tack up the bladder to the psoas muscle) is performed. Postoperatively

the patient complains of anterior thigh numbness. What did you

do wrong?

The genitofemoral nerve lies on the anterior aspect of the ileopsoas muscle. You caught this
nerve when you synched this to the tendon of the psoas muscle.
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LOWER URINARY TRACT INJURY

AND PELVIC TRAUMA

Mario F. Chammas, Jr., MD, and Fernando J. Kim, MD, FACS

What are the causes of bladder injury?

latrogenic manipulation and penetrating or blunt trauma. Because of the rich detrussor blood
supply, bladder injury is usually accompanied by hematuria. Other signs may include suprapubic
pain, inability to void, or incomplete recovery of catheter irrigation.

What types of bladder injury may occur with blunt trauma?

Laceration or perforation may be either intraperitoneal or extraperitoneal. Hematuria with a
normal cystogram defines bladder contusion in the absence of upper tract injury. Extraperitoneal
injuries constitute the majority of bladder trauma and tend to concentrate at the bladder base
or parasymphyseal area. These can usually be managed conservatively with urinary catheter
for 10 days. Intraperitoneal ruptures typically occur when the bladder is distended at the time
of trauma, causing a blowout of the dome of the bladder. Intraperitoneal vesical rupture
should be surgically repaired using a two-layer closure with absorbable sutures and
placement of suprapubic and urethral catheters.

What is the likelihood of a bladder injury in patients with a fracture pelvis?
Extraperitoneal bladder injury occurs in 10% of all pelvic fractures. Conversely, approximately
85% of blunt bladder injury is associated with pelvic fracture. Bladder injuries occur more
often with parasymphyseal pubic arch fractures and more often with bilateral than unilateral
fractures. Isolated ramus fractures produce bladder laceration in 10% of cases.

How is bladder injury evaluated?

Both computed tomography (CT) cystography and retrograde cystourethrography provide
great diagnostic accuracy for bladder rupture. The bladder should be filled under gravity with a
total of 300 to 400 mL of a 50% dilution of standard radio contrast agent using the Foley
catheter. Films should include anteroposterior (AP), lateral, and oblique views. Finally, a
postvoid film should be obtained. When renal or distal ureteral injury is suspected, upper
tract imaging (intravenous pyelogram [IVP] or CT scan) should precede the cystogram.

What are the retrograde cystourethrographic patterns of bladder injury?
Extraperitoneal injury allows contrast agent to scape adjacent to the symphysis, but

it is confined to the bladder base by the intact peritoneum. Intraperitoneal extravasation
produces a “sunburst” appearance from the bladder dome, which may collect in the paracolic
gutters, outline loops of bowel, or pool under the liver or spleen. It is pivotal to obtain
postvoid films.

How is bladder rupture managed?

Extraperitoneal lacerations can be managed with an indwelling catheter for 7 to 10 days, at
which time cystogram usually confirms resolution of extravasation. Intraperitoneal lacerations
require operative repair. In selected patients a laparoscopic approach could be an option for
these patients. Bladder contusion requires catheter drainage until gross hematuria has subsided.
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When should urethral injury be investigated?

The mechanism of injury (e.g., crushing or deceleration/impact, straddle injuries) and
associated trauma (e.g., pelvic fracture), blood at the meatus, penile or scrotal swelling and
ecchymosis, upward prostatic displacement on digital rectal examination, and inability to void
or to pass a urethral catheter should be investigated.

When a patient presents with a pelvic fracture, is concomitant urethral

injury a major concern?

Yes. Urethral trauma occurs in 10% of pelvic fractures; it is more common with anterior
disruption of the pelvic ring, including 20% of unilateral and 50% of bilateral parasymphyseal
fractures. Posterior (prostatomembranous) avulsion is associated with potential disabling
sequelae and requirements for complex and challenging operative corrections. In contrast,
more distal urethral injures avoid impotence and incontinence issues and are more surgically
accessible.

How is urethral injury best assessed?

Retrograde urethrography must always be performed before inserting a Foley

catheter. Incomplete urethral transaction produces local contrast dye extravasation and bladder
opacification. Total avulsion produces extensive local extravasation, and no contrast dye

gets into the bladder. Incomplete transection is more common with anterior (50%)

than posterior (10%) urethral injuries.

How is urethral injury managed?

For incomplete transaction regardless the site, either catheter stenting across the defect
(performed by the urologist) or diversion by suprapubic cystostomy permits resolution.

With complete urethral transection, the bladder should be decompressed initially via suprapubic
cystostomy. Early restoration of continuity by placement of a bridging urethral catheter
should be performed endoscopically if possible.

What are the complications of urethral injury?

Strictures, incontinence, and impotence (associated with traumatic prostatic displacement).
latrogenic complications are associated with retropubic dissection during the surgical
management of the injury.

What is the differential diagnosis in blunt scrotal trauma?
Testicular rupture, hematocele, scrotal hematoma, intratesticular hematoma, and testicular
torsion. Ultrasonography helps sort this out.

What is the sonographic sign of testicular rupture?
The sign loss of the normal homogenous echo texture of the testicle, with areas of irregular
hyperechogenicity or hypoechogenicity.

How are patients with acute testicular rupture managed?

Management includes surgical exploration and debridement of extruded, nonviable tubules
and evacuation of the hematoma. After proper hemostasis is achieved, the tunica albuginea
should be closed with running absorbable sutures.

What is the most common cause of penile fractures?

Penile fracture is a rupture of the corpus cavernosum, most commonly associated with
sexual intercourse, aggressive masturbation, or an abnormally forced bending of the
erect penis. Characteristically the patient hears a popping sound, followed by pain and
detumescence.
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16. What are the physical examination findings with a penile fracture?
Injury to the tunica albuginea causes formation of hematoma and deviation of the shaft to the
opposite side of the injury. If Buck’s fascia is intact, the hematoma will be confined to the
penis (‘eggplant deformity’); disruption of Bucks fascia allows spread of the hematoma under
Colle’s and Scarpa’s fascia onto the perineum and abdominal wall.

17. How are penile fractures managed?
Surgically. Closure of the defect (or defects) along the tunica albuginea and evacuation
of hematoma are performed after degloving the penis. A retrograde urethrogram
should be performed when urethral injury is suspected because it may occur in
approximately 20% of cases.

18. In penile amputation injuries, how should the amputated portion of the penis
be preserved for transport?
The amputated portion of the penis should be wrapped in a saline-soaked gauze and placed in
a sealed sterile bag, then the bag containing the protected penis is placed in an ice-slush
bath (double-bag procedure), the ice should not be in direct contact with the penile skin.
The penis should be reimplanted within the first 24 hours after injury.

19. How is major scrotal skin loss managed?
If primary repair is not possible, meshed split-thickness skin grafts may be used to cover
the testis. When delayed repair is necessary, thigh pouches should be created until permanent
reconstruction is feasible.

20. A 50-year-old woman complains of urine leakage from her vagina after a
hysterectomy. What is the most likely diagnosis?
Unrecognized bladder injury during hysterectomy with subsequent urine extravasation into
the surgical field and drainage via the vaginal suture line leads to formation of vesicovaginal fistula.

21. What is the best time to repair a vesicovaginal fistula secondary to an
uncomplicated hysterectomy?

Although 3 to 6 months after injury has been recommended in the past, early repair can be
successful if there is minimal inflammation and there are no complicating factors.
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EXTREMITY VASCULAR INJURIES

Ashok N. Babu, MD, and Ernest E. Moore, MD

1.

What are the “hard signs’ of arterial injury?
m Distal circulatory deficit: ischemia or diminished or absent pulses.
= Bruit.
m Expanding or pulsatile hematoma.
= Arterial (pulsatile) bleeding.

What are the four ways in which an arterial injury may present?
1. Hemorrhage.
2. Thrombosis.
3. Arteriovenous fistula.
4. Pseudoaneurysm.

What are the “soft” signs of arterial injury?
Small- to moderate-sized stable hematoma.
Adjacent nerve injury.
Shock not explained by other injuries.
Proximity of penetrating wound to a major vascular structure.

What are the symptoms of acute arterial occlusion?
The six P’s: pain, pallor, pulse deficit, paresthesia, paralysis, and poikilothermia (cold).

What initial screening test is used to evaluate an extremity for occult vascular
injury?
Calculation of arterial pressure indices (APISs).

What are the APIs for the upper extremity and lower extremity called?
An API for the upper extremity is the wrist brachial index (WBI).
An API for the lower extremity is the ankle brachial index (ABI).

How are WBI and ABI measured, and what is considered a normal value?

A handheld Doppler and blood pressure cuff are used to measure systolic blood pressure (SBP)
in the brachial, radial, ulnar, dorsalis pedis (DP), and posterior tibial (PT) arteries bilaterally.
The ABI for each leg is the highest DP or PT divided by the highest brachial pressure. The WBI
for each arm is the highest radial or ulnar artery pressure divided by the highest brachial
pressure. A value of 1.0 is normal.

What API value raises concern for arterial injury, and what is the sensitivity and
specificity?
= An API value <0.9 has a sensitivity of 95% and specificity of 97% for major arterial injury.
= An APl >0.9 has a negative predictive value of 99%.
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When the API value is <0.9 in an injured extremity, what should be the next
diagnostic test?

CT angiography with follow-up arteriography to establish the diagnosis and plan for operative
intervention.

What abnormalities on arteriography determine a positive test result?
Obstruction of flow

Extravasation of contrast

Early venous filling or arteriovenous fistula

Wall irregularity or filling defect

False aneurysm (pseudoaneurysm)

What study should be performed for patients with proximity injury or soft signs
(API >0.9)?
Duplex ultrasonography to rule out occult vascular injury.

What occult vascular injuries can be detected by duplex ultrasonography?
Intimal flap.

Pseudoaneurysm.

Arteriovenous fistula.

Focal vessel narrowing.

Nonoperative observation of these injuries is safe and effective: 89% of them do not
require surgery.

What is a pseudoaneurysm?
It is a disruption of the arterial wall leading to a pulsatile hematoma contained by fibrous
connective tissue (but not all three arterial wall layers). (See Figs. 31-1 and 31-2.)

Intimal Flap

with Stenosis

Figure 31-1. Subtraction
angiography demonstrating
intimal flap with stenosis of
superficial femoral artery.
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Figure 31-2. Duplex ultrasound of common femoral artery demonstrating
pseudoaneurysm sac and associated neck between pseudoaneurysm sac and femoral
artery after percutaneous access for angiography.

What is a true aneurysm?
Dilatation of all three layers of the vessel wall (i.e., intima, media, and adventitia).

What is the most effective way to control arterial bleeding in an injured
extremity?
Direct digital pressure.

What means of controlling vascular injury should be avoided? Why?
A tourniquet should be avoided because collateral circulation is occluded and leads to increased
tissue ischemia.

Blind clamping should also be avoided because it may cause further vessel damage, making
reconstruction more difficult and may injure adjacent nerves.

How should a patient with an extremity vascular injury be prepared and draped
in the operating room?

The entire involved extremity should be in the sterile field. The major arterial trunk proximal to
the site of injury (for proximal control) and a portion of lower extremity permitting access to
saphenous vein should be included in the sterile field.

What else should be prepared and draped for proximal extremity injuries?

The chest should be prepped for proximal injuries of the upper extremity. The abdomen should
be prepped for proximal injuries of the lower extremity. (Access to the chest or abdomen may be
necessary to obtain safe proximal vascular control.)

What are the operative principles relative to repair of vascular injuries?
m Perform longitudinal incisions over vessels to be explored.
m [nitial dissection should be away from the site of suspected injury and adjacent hematoma.
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Obtain proximal and distal control of the injured vessel.

Debride the injured vessel.

Perform primary repair if tension free (fully extend extremity to ensure tension-free
repair).

m Repair with autogenous interposition vein graft if there is inadequate length (tension).

What is the best conduit to use for extremity vascular injuries if primary repair is
not possible? Why?

Saphenous or cephalic vein from the uninjured extremity because long-term patency rates are
better and there is less risk of infection.

Should injuries to major veins of the extremities be repaired?

Yes. Repair of a major vein enhances the success of a concomitant arterial repair by improving
outflow. This is most applicable to popliteal venous injuries. Late thrombosis often occurs after
venous repair, but initial patency helps by allowing collateral circulation to develop. This may
also reduce the incidence of postoperative venous insufficiency.

When should injured major veins be ligated?
Major veins should be ligated rather than repaired when the patient is hemodynamically unstable
or the repair is too complex.

What complications can develop after ligation of major extremity veins?
Possible complications include rapid increase in muscle compartment pressure, leading to
compromised venous or arterial flow and compartment syndrome. Postoperative venous stasis
may also occur, which can be attenuated with intermittent pneumatic calf compression and leg
elevation.

What is a compartment syndrome?
Development of pathologically elevated tissue pressures (preventing perfusion) within
nonexpansile envelopes (inside fascial compartments) of the arm or leg.

What is the most common cause of a compartment syndrome?
Ischemia-reperfusion injury when ischemia depletes intracellular energy stores and then
reperfusion leads to toxic oxygen radicals, causing cellular swelling and interstitial fluid
accumulation.

What is the earliest sigh of compartment syndrome after vascular repair of an
extremity?

Neurologic deficit in the distribution of the peroneal nerve with weak dorsiflexion and numbness
in the first dorsal webspace.

Are there any other signs of a developing compartment syndrome of an
extremity?

Increased pain with passive motion of the ankle.

Pain out of proportion to clinical findings (ischemia hurts).

Tense muscle compartments that are tender to palpation.

Distal pulses can remain intact.
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How is the objective diagnosis of a compartment syndrome made?
By measuring compartment pressures with a percutaneous needle and pressure transducer.
Criteria for compartment syndrome are as follows:

= When diastolic pressure-compartment pressure is = 20 mm Hg or

m \When mean arterial pressure-compartment pressure is = 30 mm Hg.

What is the treatment for compartment syndrome of an extremity?

Emergent fasciotomy with decompression of the four compartments of the lower leg
(anterior, lateral, superficial posterior, and deep posterior) or decompression of the forearm
compartments.

What is the result of untreated compartment syndrome?
Loss of perfusion promotes eventual myoneuronecrosis.

Which are the most commonly injured arteries in the upper extremity?
Brachial artery 30% (most frequently caused
by catheterization for arteriography)
Radial or ulnar artery 20%
Axillary artery 10%
Subclavian artery 5%

Which are the most commonly injured arteries in the lower extremity?

Superficial femoral artery 20%
Popliteal artery 10%
Common femoral artery <5%
Anterior, posterior tibial, and peroneal arteries <5%
Deep femoral artery 2%

Can a patient with an extremity arterial injury have palpable distal pulses?
Yes. In 20% of proven arterial injuries, a distal pulse is palpable (often because of collateral
circulation).

What orthopedic injuries commonly have associated vascular injuries?
= Supracondylar humerus fractures are associated with brachial artery injuries.
m Knee dislocations are associated with popliteal artery injuries.
m Femur fractures can be associated with injury to the superficial femoral artery.

For an injured extremity with concomitant fracture and vascular injury, which
repair should be performed first?
The vascular repair should be performed first to restore flow and reverse tissue ischemia.

After reducing or fixing an extremity fracture, what must you always do?
Evaluate the distal pulses to ensure adequate vascular inflow (especially if fixation or any
manipulation follows a vascular repair).
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37. What is the likely diagnosis in a patient with repetitive palmar trauma and finger
ischemia or necrosis?
Hypothenar hammer syndrome (HHS). The mechanism is thought to be repetitive palmar
trauma in patients with preexisting palmar artery fibrodysplasia. (The arteriogram shows
digital artery occlusions with segmental ulnar artery occlusion or “corkscrew” elongation.)

(See Fig. 31-3.)

Femur
Fracture

Figure 31-3. Angiography
demonstrating intimal flap
in superficial femoral artery
associated with femur
fracture.

38. What complications can occur after angiography when a percutaneous closure
device is used on the femoral artery?
= Thrombosis, ischemia, or both when the closure suture involves the posterior wall (back
wall) of the artery.
m [nfected pseudoaneurysm.
m Distal embolization when a hemostatic plug closure device is used.

39. What are some of the characteristics that make computed tomography
angiography an effective alternative to conventional angiography in the
evaluation of extremity vascular injury?

A higher sensitivity (95% to 100%), lower cost, decreased time to diagnosis as compared
to angiography, effective even in distal arm and leg vessels, purely diagnostic (no possibility for
intervention as with conventional angiography).
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Pathologically elevated tissue pressures in nonexpansile fascial compartments prevent
tissue perfusion.

. The most common cause is ischemia-reperfusion injury following traumatic extremity injuries.

. The earliest clinical sign is numbness in the first dorsal webspace associated with

compromise of the deep peroneal nerve. Other signs: pain with passive joint motion, pain
out of proportion to injury, and tense and tender muscle compartments.

. Distal pulses are evident until late in the diagnosis and should not be used to rule out

compartment syndrome.

. Handheld manometer is used to measure muscular compartments.

Normal pressure <10 mm Hg; pathologic pressure >35 mm Hg.

. Treatment is emergent fasciotomy.

!
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FACIAL LACERATIONS

Raffi Gurunluoglu, MD, PhD

What distinguishes facial lacerations from other lacerations?

Appearance is clearly of primary importance. Quality of the final result depends on strict
adherence to basic principles of wound management and painstaking technique. Copious
irrigation, judicious debridement, gentle tissue handling, meticulous hemostasis, and
minimization of sutures combined with early stitch removal are critical to an optimal result.
Fine suture and sharp instruments should be used; eversion of the wound margin with layered
closure, obliteration of dead space, and lack of tension are mandatory.

What factors influence treatment for the wound?

The mechanism, location and depth of injury, the clinical assessment of contamination, and the
time elapsed since wounding dictate treatment. Soft tissue injuries are of greatest concern
when located in the posterior and inferior aspect of the cheek. Within this vital area lies the
branches of the facial nerve, the parotid gland and duct, and the masseter muscle. Clean
lacerations, heavily contaminated wounds, crush injuries, and bites are treated quite differently.

How are clean lacerations repaired?

Clean lacerations are treated with minimal, tension-free, fine monofilament suture placement
and early suture removal (3 to 5 days). The use of plain catgut absorbable sutures in children
appears to be an acceptable alternative to nonabsorbable suture because the long-term cosmetic
outcome seems to be at least as good.

How are dirty lacerations repaired?

Heavily contaminated wounds should remain open after irrigation and debridement to undergo
delayed closure. Because of cosmetic considerations, however, this approach is unacceptable
in the face. For this reason, meticulous debridement of devitalized tissue and removal of all
foreign material is essential. The wound should be cultured before copious irrigation, and a
broad-spectrum antibiotic should be instituted prophylactically. The patient must be informed of
the potential of a postrepair infection.

What factors influence suture selection?

Any method of suturing provokes tissue damage, impairs host defense, increases scar
proliferation, and invites infection. Presence of a single silk suture in a wound lowers the
infective threshold by a factor of 10,000. Therefore, fine, monofilament suture, just strong
enough to overcome the resting wound tension, should be used. Use as few sutures as possible.
Wounds with little or no retraction may be closed with tape alone.

Which wounds are suitable for closure with tissue adhesives and steri strips?
N-butyl-2-cyanoacrylate may suffice for cutaneous closure of low-tension lacerations in children
(preferred method) and adults. This adhesive effectively closes low-tension lacerations. This
method is fast and relatively painless. It has a low complication rate and produces excellent
cosmetic outcomes. In many instances, if initial wound orientation is against Langer’s lines, it
may, in fact, offer an advantage over conventional manual suturing. Steri strips may also suffice
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for closure of low-tension simple lacerations both in adults and children and provide similar
cosmetic outcomes.

Should eyebrows be shaved when facial lacerations are repaired?
No. They provide a landmark for realignment of disrupted tissue edges and do not always
grow back.

How should crush avulsion injuries with associated skin loss be repaired?
Nonviable elements must be surgically excised because they predispose to infection and
lead to excessive scarring. If viability is in doubt, the wound should be irrigated thoroughly
and left open with moist dressings. A delayed closure can be accomplished when the
questionable areas have declared themselves. It is often prudent to close facial tissue

as it lies; this technique often produces a less obtrusive scar than straight-line debridement
and closure.

How should bites be treated?

Both animal and human bite wounds are heavily contaminated and prone to infection. The
wound should be left open and closed in a delayed fashion. However, despite the risk of
infection, the wound can be irrigated and primary repair can be undertaken in an attempt to
achieve the best cosmetic outcome. Antibiotic prophylaxis is indicated. If the wound becomes
infected, the sutures must be removed and the wound allowed to drain and heal. The patient
should be informed that a scar revision may be necessary.

Should skin grafts or flaps be used for primary closure of a wound?
Complicated tissue transfer techniques have no place in the acute treatment of facial
wounds. Closure should be achieved in the simplest way possible and complex
reconstructive efforts should be deferred until the scar has matured (months). When
tissue loss prevents closure, it may be necessary to use a full-thickness skin graft
(preferably as a sheet graft) or a skin flap for coverage. Reconstructive options should
be considered early in wounds with substance loss (i.e., through and through defects of
lip, nose, or ear).

When are antibiotics indicated in the treatment of facial lacerations?

Copious irrigation, debridement, and gentle tissue handling are more pertinent to the prevention
of infection than the use of antibiotics in clean and clean-contaminated wounds.

Antibiotic coverage is indicated, however, in crush avulsion injuries, bites, and heavily
contaminated injuries.

What determines the quality of the scar?

Location of the wound, age of the patient, and type and quality of skin determine it. Lesser
determinants are the type and quantity of suture material and wound care. Final appearance
depends little on the method of suture. Contusion, infection, retained foreign body, improper
orientation of laceration, pattern of laceration (e.g., “U” shaped), tension, and beveling of edges
predict a poor outcome. Differences among suture materials are negligible; however, the
technical factors of suture placement to produce wound eversion and time to removal affect the
final result.

When should scars be revised?

A scar usually has its worst appearance at 2 weeks to 2 months after suturing. Scar revision
should await complete maturation, which may take 4 to 24 months. A good rule of thumb is to
undertake no revisions for at least 6 to 12 months after initial repair. The maturation of the
wound may be assessed by its degree of discomfort, erythema, and induration.
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14. What techniques are available for scar revision?

Circular or U-shaped scars or those crossing natural skin folds usually benefit from some
form of revision involving change in direction, lengthening, or staggering. Surgical techniques
include Z-plasty and W-plasty.

CONTROVERSIES

15. What controversies exist regarding the care and repair of facial lacerations?
There is little controversy about the care and repair of facial lacerations. Attention to basic
principles of wound care usually produces a satisfactory scar. Because of the cosmetic
considerations in facial trauma, primary repair in some instances is undertaken for the sake of
appearance despite the risk of infection that would be deemed unacceptable in other areas of
the body. A good example would be an animal or human bite wound that may be repaired
primarily following copious irrigation and debridement of nonviable tissues.

KEY POINTS: FACIAL LACERATIONS v

1. Appearance and function are of paramount importance.

2. Clean lacerations are treated with minimal, tension-free, fine monofilament suture placement
and early suture removal (3 to 5 days).

3. N-butyl-2-cyanoacrylate (Dermabond) or steri strips are preferrably used to repair pediatric
facial lacerations, particularly with low tension.

4. Heavily contaminated wounds are irrigated, debrided, and repaired with administration of
antibiotics.
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BASIC CARE OF HAND INJURIES

Kagan Ozer, MD, and Laura DiMatteo, MD

How are hand fractures and hand injuries splinted?
Injury specific immobilization should include splinting the joint above and below the injury.
For example, a fracture of the metacarpal bone should be immobilized at the wrist and
metacarpal phalangeal joint.
Volar wrist splint: Ideal resting splint for the hand after burn and soft tissue injuries.
Thumb spica splint: Ideal for injuries located on the radial side of the hand including tendinitis
of the first dorsal compartment (de Quervain’s).
Ulnar gutter splint: Commonly used for the fractures of the fourth and fifth metacarpals
(boxer’s fracture).
Stack splint: Used for mallet finger injuries and nail bed trauma. It allows proximal
interphalangeal joint (PIP) flexion preventing the development of any contracture.

What are the signs of flexor tenosynovitis?
Kanaval signs: flexed posture of the digit, circumferential swelling, tenderness along the
flexor tendon sheath, and pain with passive extension of the digit.

How is flexor tenosynotivitis treated?
Urgent decompression of the tendon sheath in the operating room (OR), culture specific
antibiotics, and wound care.

How and where should hand injuries be explored?
Hand wounds should be explored under tourniquet control with adequate analgesia using
delicate instruments in a well-lighted surgery suite. Visual magnification is usually mandatory.

How is emergency hemostasis of injured hands achieved?

In the acute setting (outside the operating suite), no tourniquet should be applied; and there
should be no blind clamping or suture tying of any structures. Hemostasis may be achieved by
elevation of the extremity and with direct compression of the wound for 10 minutes. This
approach prevents injury to delicate underlying structures that are tough to see.

How are fingertip injuries treated?

If <1 cm of pulp is disrupted, the wound will heal spontaneously with daily cleansing and
dressing with nonadherent, moist gauze. Larger defects may require a skin graft, which can
often be provided by defatting the amputated piece. Bone exposure necessitates flap coverage
if digital length is to be maintained. Digital nerves cannot be repaired distal to the distal
interphalangeal (DIP) joint.

What is the classification system for fingertip amputations?

Classification for fingertip amputations is based on the amount of remaining sensate volar skin.
Although the favorably angulated amputation commonly removes some nail and bone, the volar
skin is available for easy coverage. This amputation type is “favorable” for treatment by
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dressings only, allowing wound repair by contraction and epithelialization. The volarly angulated
amputation angle is “unfavorable” for conservative management and usually requires a
reconstructive procedure (see Fig. 33-1).

Favorable Guillotine Unfavorable

Figure 33-1. Fingertip amputations. Image from Ditmars DM Jr: Fingertip and nail bed injuries. In
Kasdan ML, editor: Occupational hand and upper extremity injuries and disease. Philadelphia, 1991,
Hanley & Belfus, 1991, with permission.)

How are nail bed injuries repaired?

Repair of the disruption of the germinal matrix must be meticulously approximated under
magnification; and the nail bed splinted, preferably with the avulsed part. Subungual hematomas
should be evacuated by a hot-tipped paperclip or battery-powered electric cautery. Repair of
the disruption of the sterile eponychial fold must be maintained for 3 weeks with Xeroform
gauze or with the original nail. Often, nail bed disruption cannot be diagnosed without removal
of the nail.

What is the initial management of flexor tendon laceration?

Flexor tendon laceration is not an emergency, and repair should not be undertaken in the
emergency department (ED). If a hand surgeon is unavailable, the wound should be copiously
irrigated and sutured and prophylactic antibiotics instituted. This injury can be repaired primarily
in 3 weeks.

What is the proper management of an open fracture?

Open fractures should be cleaned and dressed in the ED, but not probed or cultured. A first-
generation cephalosporin, such as Ancef, should be administered; tetanus immunization
should be updated; a saline-soaked dressing applied over the wound; and the hand should be
splinted in the position of function with a bulky dressing. The wound and fracture should be
urgently taken to the operating room (OR) for formal irrigation, debridement, and wound closure
if possible. Wounds meeting the criteria of a Gustilo and Anderson open fracture should also
receive Penicillin and an aminoglycoside, such as Gentamicin.

What is the proper treatment for hand infection?
The extremity should be immobilized and elevated, and parenteral antibiotics should be given.
The patient should be immediately referred for possible surgical drainage.

What is the proper management of human and animal bites?

After cleansing of the wound, a radiograph should be taken. The wound should be left open;
never closed. Antibiotics should be started, and the wound should be rechecked at 24

and 48 hours. If evidence of infection is present, parenteral antibiotics should be instituted



13.

14.

15.

16.

17.

18.

CHAPTER 33 BASIC CARE OF HAND INJURIES

and referred for possible surgical drainage. In human bites, the most common microorganism
is Eikenella Corrodens and is best treated with penicillinase resistant penicillin, such as
amoxicillin/clavulanate. In animal bites, Pasteurella Multocida is the most common organism
and should be treated with amoxicillin/clavulanate. The so-called fight bite occurs over

the metacarpophalangeal (MCP) joint or proximal interphalangeal joint when a clenched fist

is impaled on the front teeth of an adversary. This often inoculates the MCP joint with anaerobic
streptococci. When infection is diagnosed, immediate arthrotomy and lavage should be
performed.

How are injection injuries treated?

Despite their innocuous appearance, injection injuries may cause profound destruction of hand
structures. Any such injury requires immediate hospitalization with prompt and extensive
decompression, drainage, and debridement.

What are the most preventable causes of deformity in hand injuries?

Edema and infection lead to increased scarring and restricted function. Prolonged
immobilization in a poor position also impairs function, as does delayed skin closure. Failure
to obtain a radiograph leads to a missed diagnosis with delay in recognition of an injury.

What is the proper emergency department treatment of the patient with an
amputated part?

First the patient should be treated in accordance with the advanced trauma life support (ATLS)
protocol. Once the patient condition is stabilized, tetanus immunization and prophylactic
antibiotics should be administered. Broad-spectrum antibiotics should be given if the wound
is heavily contaminated or if the patient is diabetic or immunocompromised. For further
evaluation of the patient with a potentially replantable part, the following tests should be
ordered: radiographs of the injured extremity and the amputated part, hemoglobin/hematocrit
content, blood type and screening, and other tests as indicated (blood glucose for diabetics,
etc.). While these tests are pending, a replantation center should be contacted for transfer.
Because prolonged ischemia of the amputated part results in complete loss of the part and the
function, once agreed, the transfer should be instituted as soon as possible. For a digit,
replantation is usually possible up to 12 hours. However, parts containing muscle (forearm,
arm) may not be replanted after 6 hours.

How should the amputated part be transported to the replantation center?

First, the part should be placed on a wet gauze with normal saline. Then it should be placed in a
sealed plastic bag which should then be placed in a container with ice saline maintaining the
temperature of 4°C. Direct contact to ice should be avoided to prevent freezing. Hypotonic and
hypertonic solution should not be used to prevent osmotic damage to the part.

What is acute carpal tunnel syndrome?

Acute compression of the median nerve in the carpal tunnel. Associated with trauma to the
hand, wrist, or forearm; for example, a distal radius fracture. Diagnosed clinically and presents
with worsening wrist pain and sensory changes in the median nerve distribution. Sensory
changes typically include parasthesias in the volar thumb, index, middle, and half of the

ring finger. The best test is 2-point discrimination with less than 5 mm at the finger tips in
normal hands.

How is acute carpal tunnel treated?
Emergent operative decompression of median nerve by incising the transverse carpal ligament
which is the fascial roof of the carpal tunnel.
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KEY POINTS: ACUTE VERSUS CHRONIC CARPAL

TUNNEL SYNDROME

1. Both are compression neuropathies.

2. Chronic form has predilection to women after 40, acute carpal tunnel syndrome can be seen
at any age.

3. Acute form is related to a trauma whereas chronic form is seen more commonly in repetitive
manual workers.

4. Pain is the predominant symptom in acute carpal tunnel syndrome followed by numbness
and tingling. In chronic form, numbness, tingling and night awakenings are the dominant
symptoms.

WEBSITE

www.ninds.nih.gov
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BURNS

Janeen R. Jordan, MD, and Walter L. Biffl, MD, FACS

Where do burn injuries occur?
Eighty percent of burn-related injuries occur in the home, mostly in low-income, multifamily
dwellings.

Who is at risk of suffering burns?

The incidence of burn injuries and deaths in the United States is substantially higher than

that of the rest of the industrialized world. The male-to-female ratio for burn injuries is roughly 2:1.
Work-related burn injuries account for most of the disparity between males and females, with
accidents in the petrochemical and transportation industries responsible for a significant
proportion. Alcohol abuse and illicit drug activity also increase the risk of burn injury and

death. The death rate for children younger than 5 years and adults age 65 or older is 5 to 6 times
higher than for the rest of the population.

What factors influence burn outcomes most profoundly?

The overall mortality risk of burns is 7.6%. Pediatric burn centers record mortalities between
2% and 3%, whereas mortality for those older than 50 years is more than 3 times higher
than the national mean, and above 70 years of age, mortality exceeds 33%. Three major risk
factors have been identified, with essentially equal weight in predicting mortality: burn size

of >40% total body surface area (TBSA), patient age >60 years, and the presence of inhalation
injury to the lungs. The cumulative probability of death when one or more of these factors is
presented in Table 34-1.

TABLE 34-1. MORTALITY RATES ASSOCIATED WITH BURN INJURY

Number of Risk Factors Present Mortality
0 0.3%

1 3%

2 33%

3 90%

Do any other variables influence survival?
Ethanol abuse and illicit drug abuse can be added to the three factors listed previously,
increasing the risk of death by a factor of 2 to 4 times.

As a single mode of injury, why do burns pose such a devastating challenge and
threat to victims?
m Extensive damage to the skin (considered the largest single organ in the body and
consuming almost 20% of the cardiac output [CO]) sets the stage for bacterial invasion.
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m Because humans are almost 70% water, enclosed by a complex integumentary system,
serious derangements in fluid homeostasis occur when the skin envelope is destroyed.

= Heat-induced denaturation of integumentary proteins enter the circulation. Systemic
infection or sepsis remains the dominant precipitant of organ failure and death; this points
to a burn injury-related immune dysfunction or failure.

What happens locally in burn injury?

The injury site may be divided into three zones by standard light microscopy: an inner zone

of necrosis, a middle zone of stasis, and an outer zone of hyperemia. In the zone of necrosis, all
proteins are denatured; all microvascular and macrovascular structure and function are destroyed.
Surrounding this central zone is a zone of stasis. Here, cellular morphology is intact but cells are
swollen with microstructural changes with extravasation of leukocytes and red blood cells into the
interstitial space, increased interstitial fluid, and capillary stasis. A third zone of hyperemia then
gently transitions into the adjacent normal tissues where no abnormalities are seen.

What changes occur systemically?

Systemic events become clinically significant beyond an injury size of 10% TBSA. Two important
abnormalities occur: (1) a trend to fluid retention with generalized edema, caused by an
increased systemic microvascular permeability of rapid onset (minutes to hours) and (2) a
definite and reproducible decrease in CO that gradually resolves over 12 to 36 hours to evolve
into an ensuing cardiovascular hyperdynamism at 36 hours postinjury. To summarize, the
pump is failing, and the microvasculature is leaking.

How can burn victims be managed in a rational way from the time of injury?
Five phases of care can be identified:

1. Burn first aid.

2. Prehospital care.

3. Emergency department (ED).

4. Transport to burn unit.

5. Stabilization in burn unit or patient room.

What can first responders do when witnessing a burn injury?

First, do no harm. No ice, butter, dry ice, or any other substance should be applied to the
wound after extinguishing the fire. If the burn is minor (<10% TBSA), running tepid tap water over
the burn with a handheld shower for 20 minutes is beneficial. Applying wet towels appears to
provide no benefit and may provoke hypothermia. If stranded in a remote area, encourage oral
fluid intake and cover the wound with clean towels. Aspirin or ibuprofen may benefit the patient
and the wound. Elevate any burned extremities and encourage full range of motion of all joints.

What actions are needed from prehospital providers (i.e., after the prehospital
crew arrives, what are their priorities)?

The American College of Surgeons’ Committee on Trauma (ACS-COT) advises that all ambulance
crews follow “scoop and run” procedure guidelines for all burn victims within 60 minutes of
an appropriate hospital (level I or Il trauma center or burn facility). Attempt to place an
intravenous (V) line en route, but this is not essential if the travel time is <60 minutes. Lines
may be placed through burned skin, preferably in antecubital veins.

How does the hospital-based emergency department contribute to the care of
the patients with major burns?
Urgency in caring for the victim, not the wound, is pivotal for the ultimate survival of the victim:
A. Airway. Look for soot in the pharynx and for extensive facial burns.
B. Breathing. Identify hoarseness or stridor. Listen for breath sounds on both sides.
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C. Circulation. Place two peripheral IV lines, start fluids as lactated Ringer’s solution;
calculate the Parkland formula = 4 ml x kg body weight x % body burn [half of volume
in first 8 hours; other half over 16 hours].

D. Neurologic deficit. Examine central nervous system (CNS) and cranial nerves; assess
the neurologic status of burned extremities.

E. Expose and examine the skin, log roll and meticulously determine burn size on the
posterior body, and then cover and preserve body heat. The patient’s environment should
be heated to 90° F.

F. Fluid therapy should be assessed for effect as demonstrated by 1 ml of urine output
per kilogram of body weight every hour.

Pain management and psychoemotional support are also vitally important. Avoid overdosing
with narcotics.

How are burns sized?
This determination is done clinically, with the aid of three important clinical tools:
1. The volar surface of the victim’s opened hand (including fingers) = 0.8% to 1.0% of
TBSA; most useful for the sizing of small, scattered wound areas
2. Rule of nines: most commonly used; easy to memorize; not accurate; usually
overestimates
Adult head = 9%
Total upper extremity = 2 x 9%
Total anterior lower extremity = 2 x 9%
Total posterior lower extremity = 2 x 9%
Anterior torso = 2 x 9%
Posterior torso including buttocks = 2 x 9%
Genitals = 1%
Note that adults and children differ significantly by the difference in the relative size of the
head (9% in adults, 15% in infants). By contrast, a thigh in an infant is much smaller than in
adults (6% versus 10%).
3. Lund and Browder chart: more accurate; time consuming; requires practice; not easy to
memorize

Besides the actual skin injury, what other associated injuries may occur?
Inhalation injury is diagnosed in 10% of all hospitalized burn victims. Other physical trauma
is frequently associated with explosions or merely the attempts to escape the fire. Awareness
of associated trauma justifies the importance of a careful Advanced Trauma Life Support
(ATLS) trauma evaluation.

How is inhalation injury defined?
In contrast to the visible and somewhat quantifiable external burn injury to the skin, the
inhalation of heat, carbon monoxide, cyanide, and other toxic or noxious vapors is less visible
and less quantifiable, yet quite dangerous. Four separate mechanisms of injury to the
airways are sometimes incorrectly grouped as inhalation injury:
1. Carbon monoxide intoxication.
2. Heat damage to upper airways.
3. Inhalation of toxic smoke components that are produced by the combustion of modern
synthetic materials used in the interior decoration of houses, buildings, and cars.
4. Cyanide poisoning: The combustion of many synthetic materials also produces cyanide
gas, which binds to the cytochrome enzyme system and inhibits mitochondrial
function and cellular respiration. Blood cyanide levels should be assessed in all patients
with carbon monoxide levels >10%.
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How is inhalation injury diagnosed?
1. Obvious hoarseness or stridor.
. Substantial head and neck or facial burns.
. Entrapment in enclosed space or direct proximity to an explosion.
. Extensive total body burns (>50% in young adults; less in elderly individuals).
. Event history of superheated steam.

OB wnNd

What treatment has most influenced the outcome of burn victims over the
past 100 years?
Adequate and timely fluid resuscitation.

Why should fluid be resuscitated, and by what route?

All patients with burns >10% TBSA should receive fluid. Fluid resuscitation through the
gastrointestinal (Gl) tract with an orogastric tube is used quite often in pediatric burn centers.
In adults, the IV route is mandatory.

How is fluid therapy managed?

The fluid management plan has two components. First, determine the burn wound size and
the patient’s weight in kilograms, calculate the hourly fluid rate by the Parkland formula, and
administer lactated Ringer’s solution at the hourly rate calculated.

The second component of the plan is just as important. Monitor the effectiveness of your fluid
therapy plan and adjust it promptly when indicated. Our goals is a patient who is
hemodynamically normalized, with a urine output of 0.5 to 1.0 ml of urine per kilogram body
weight per hour.

What should be done if this treatment algorithm fails to achieve clinical
improvement and patient stabilization?

Failure to respond to the Parkland formula is indicative of a poor prognosis. However,

some additional measures may be beneficial but are not currently considered as part of the
standard of care. These include the use of hypertonic saline solutions in massive burns,
early use of colloids in massive burns, and the early use of inotropes (dopamine is preferred in
most burn texts).

How are fluid requirements calculated when there has been a delay in the
initiation of therapy?

Sometimes delay is unavoidable. In an attempt to address a perceived backlog of fluid
resuscitation, current teaching is to proportionally increase the fluid volume in an attempt to get
the desired total volume for 8 hours into the patient before the 8-hour period elapses. This
remedy does require some common sense; one should not apply this guideline if the patient
arrives at the resuscitation site later than 3 hours after the injury. Instead, administer fluids
based on blood pressure (BP), pulse, and urine output.

What is the best way to care for burn wounds initially?
Early on, these wounds need simple coverage with a surgically clean or, if available, sterile sheet
or surgical drape. The ACS-COT burn and trauma guidelines state that definitive wound care
need not occur up to 24 hours postinjury. No ointment or specific antibacterial treatment is
initially required. The patient should be kept warm because exposure precipitates systemic
hypothermia.

For definitive wound care, the entire patient is washed or showered, and residual debris
and damaged epidermis are removed. Then the extent of the injury is mapped, usually on a
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Lund and Browder chart, along with preliminary attempts to determine the depth of the

injury. A burn wound is usually a mosaic of different areas injured to varying degrees (depths).
All burn wounds deepen to some extent over the first 48 to 96 hours, so a better prediction of
which areas require grafting will come with time.

22. Why and how is the depth of a burn injury graded?

This depends on the presence of skin appendages (hair follicle and sweat gland) that carry the
germinal layer deep into the dermis, from which reepithelialization can occur. On the day of
injury, the visual ability to differentiate burn wound that will heal from that which will not is
poor (50% accurate). Over time (next 3 to 7 days), the accuracy of clinical prediction will
improve somewhat (=90%). Table 34-2 helps to elucidate these aspects.

Fourth-degree burns involve damage to structures deeper than the dermis (e.g., fat, muscle,
bone, tendon, nerve, joint capsule). Burns are designated as fifth degree when tissue is lost,
blown off, or vaporized by the burn or blast.

TABLE 34-2. DEPTH OF INJURY WITH CLINICAL SIGNS AND PROBABLE OUTCOME

Clinical Signs and
Depth of Injury Symptoms Outcome

First degree (superficial ~ Erythema of the skin with Wounds heal spontaneously in

injury limited to mild to moderate discomfort. 5-10 days; damaged epithelium
epidermis) peels off, leaving no residual
effects.
Second degree Wounds are blistered or Wounds heal spontaneously
Superficial (involves weeping, erythematous, and  within 2-3 weeks without
entirety of epidermis and  painful. residual scarring and with good-
superficial portion of Skin is desiccated, blistered, quality skin; pigmentation may
dermis) Deep (involves  white eschar often seen. be altered. Wounds heal
deeper dermis, but Wounds are occasionally spontaneously beyond 3-4
viable portions of moist and difficult to weeks; hypotrophic scarring
epidermal appendages  distinguish from third-degree often occurs and, occasionally,
remain) burn. unstable epithelium. For best

results, remove eschar by
tangential excision and cover
with split-thickness skin graft.

Third degree (all Avascular, waxy, white, Unless small in size (<2 cm in
epidermal appendages leathery brown or black, diameter), wounds require
destroyed) insensate eschar. removal of eschar and coverage

with skin graft for healing.

23. When should surgical excision of the burn wound begin?
It should start as soon as possible, but it should be blended with common sense and
pragmatism, which implies a patient who is hemodynamically “normalized” with no signs of
sepsis or other contraindication to major surgery. This can be as soon as 24 hours after injury in
small to moderate size burns (=30% depending on age) but may take up to 4 to 10 days in
unstable, septic, or frail patients.
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How is the excised area managed?

A significant advance in burn management occurred in the early 1970s when Janzekovic
demonstrated that excised wounds should be immediately grafted with skin. This remains the
goal. If donor sites are insufficient, cadaver skin, pigskin, or biosynthetic products (e.g., Integra,
Biobrane, or Transcyte) can be used for wound coverage. These areas require autografting
subsequently. Cultured autologous keratinocytes are an attractive theoretical alternative, but
they still lack consistent high-percentage engraftment when used on large areas.

What is the impact of a severe burn injury on the body?

A big burn is on the top of the list of diseases or injuries that are best avoided. The metabolic
response peaks at 2.5 times the basal metabolic rate (BMR) in all burns >50% TBSA. This maximal
acceleration of the body’s metabolism by burn injury leads to rapid and severe catabolism,
further aggravated by periods of septicemia and heat loss through increased evaporation.

How can we best supply fuel to the metabolic furnace of the body?

Nutritional support of the burn victim is paramount. Total enteral nutrition may have the added
benefit of maintaining the intestinal barrier function, which is purported to reduce septic
events by preventing bacterial translocation.

What is the role of antibiotics in burn care?

Antibiotics are never administered prophylactically for burn injuries. However, early and
appropriate antibiotic therapy is a critically important and life-saving tool in the management of
established infections in burn patients.

How are chemical burn injuries approached?

Brush off all chemicals that remain in powdered form on the victim. Thereafter, immediate and
prolonged irrigation (30 minutes) of the contaminated skin should be done with running tap
water; in the case of alkali burns, irrigate for 60 minutes. Some chemicals may be absorbed;
therefore, immediate contact with a toxicology center is indicated.

How are patients with electrical burns managed?

An injury caused by electricity may either be an electrical flash burn or contact or conduction
injury. In electrical flash injury, the air or atmosphere is ionized by the electrical discharge,
without conduction of current through the body. Thus, the injury is only cutaneous. A true
electrical flash burn most frequently heals without much grafting. Airway compromise is rare. In
electrical conduction injury, however, tissue is damaged through the actual transfer of electrical
energy through the patient from entry point to exit. Thermal energy is generated within the
tissues because of the relative resistance to the conduction of current, with resultant protein
denaturation and cell death. Different structures (e.g., bone, skin, muscle, nerve, tendon, and
lung) exhibit different electrical conductivity, resulting in unpredictable conduction pathways.
Thus, the skin is often only minimally involved at the entry and exit sites, with extensive muscle,
nerve, tendon, and even bone necrosis in erratic patterns. Neurologic injury, compartment
syndrome, and myoglobinuria are frequent complications. Rapid tissue decompression

(i.e., fasciotomy) is essential with early and repeated reexploration to remove necrotic tissue.
The goal of fluid therapy should be to achieve high urine volumes (>1.0 to 1.5 milliliters per
kilogram per hour). Alkalinization of the urine is also beneficial.

After burn injuries have healed, what important issues remain to be addressed in
the rehabilitation period?

The rehabilitation of a burn victim must begin on the day of admission and is a total team effort
that involves physiatrists, plastic surgeons, occupational therapists, physical therapists,
nutritionists, psychologists, social workers, pulmonologists, microbiologists, pharmacists,
speech therapists, and nurses. Rehabilitation of the mind and body must occur in concert.
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KEY POINTS: FACTORS STRONGLY ASSOCIATED WITH

MORTALITY AFTER BURN INJURY

1. Burn size >40% TBSA.
2. Patient age >60 years.

3. Presence of inhalation injury.
4. One risk factor: 3% mortality rate; all three risk factors: 90% mortality rate.

WEBSITE

www.ameriburn.org/
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PEDIATRIC TRAUMA

Jonathan P. Roach, MD, and David A. Partrick, MD

1. What is the leading cause of death in children in the United States?
Injuries cause more death and disability in children from ages 1 to 18 years than all other
causes combined. Unintentional injury deaths account for 65% of all injury deaths in children
under 19 years of age. Each year, approximately 20,000 children and teenagers die as a
result of injury and 50,000 children suffer permanent disabilities. Each year, nearly
1 in 4 children receives medical treatment for an injury. The estimated annual cost is
$15 billion.

2. What age groups are at particular risk for traumatic death?
Infants younger than age 2 years have a consistently higher mortality rate for the same
level of injury. During adolescence, however, injury takes the greatest toll, accounting for nearly
80% of deaths.

3. What primary mechanisms account for pediatric traumatic injuries?
Blunt (90%), penetrating (9%), and crush injuries (<1%). Motor vehicle accidents are the most
common cause of injury (50%) and death in childhood.

4. What is the incidence of injuries by body region?
Multiple (50%), extremities (20%), head and neck (15%), abdomen (3%), face (2%),
and thorax (1%).

5. What is the overall mortality from injury in children?
Two percent of all injured children, and 3% of hospitalized injured children.

6. What is the mortality rate of injuries by mechanism?
Mechanism Mortality (%)
Beating 13
Gunshot wound (GSW) 8
Motor vehicle accident 5
Pedestrian 5
Motorcycle 3
Bicycle 2
Sport 1
Fall 1
Other 3

7. Are boys and girls equally susceptible to injury?
No. Boys are injured twice as often as girls. Boys and men are at a 4 times greater risk for
“successful” suicide (although boys try it less often), 3 times greater risk for drowning, 2.5
times greater risk for homicide, and 2 times greater risk for motor vehicle-related trauma. The
second X chromosome is clearly protective.
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How is a child’s airway different from an adult’s?

Children are at increased risk of airway obstruction because of their large tongue; floppy
epiglottis; increased lymphoid tissue; and short, small-diameter trachea. Uncuffed endotracheal
tubes are appropriate in children younger than age 8 years to minimize vocal cord trauma,
subglottic edema, and ulceration. The narrowest part of a child’s airway is the cricoid ring, which
functions as a seal for the uncuffed endotracheal tube.

What is the appropriate size of endotracheal tube to place in a child?

The endotracheal tube should be the same size as the child’s small finger. For newborns, use a
3-mm tube; children in first year of life, 4-mm tube; children older than 1 year, internal
diameter of the endotracheal tube = 18 + patient’s age in years = 4 (but, in an urgent situation
do not resort to extensive calculations; simply look at the child’s pinky).

What if oral endotracheal intubation cannot be accomplished?

A needle cricothyrotomy is preferable to surgical cricothyrotomy and can be performed with a
14-gauge catheter. Conceptually, this is the same as jet insufflation in adults. Surgical
cricothyrotomy is much more difficult in small children and has a high association with
secondary subglottic stenosis.

What is a child’s total blood volume?
It is 80 ml/kg (8% of body weight).

What is the first sign of significant blood loss in children?

Tachycardia. Young children are incredibly tough and have a remarkable tolerance to blood loss.
Hemorrhage of 30% of blood volume may result in no blood pressure (BP) change, but such
blood loss does cause a rapid increase in heart rate. A child’s cardiac output (CO) depends
largely on heart rate (HR); unlike adults, children have a limited capacity to increase stroke
volume.

What are signs of hypovolemic shock in children?
Tachycardia (progressing to bradycardia), altered mental status, respiratory compromise,
delayed capillary refill (>2 sec), and decreased or absent peripheral pulses.

Is hypotension a reliable indicator of blood loss in children?

No. Fewer than half of injured children with documented hypotension have an identifiable insult
resulting in significant volume loss. Hypotension is often associated with an isolated closed
head injury, especially in children younger than age 6 years.

Why are children at increased risk for hypothermia during resuscitation?

The child’s surface area is large relative to internal body mass; an unclothed child can lose heat
fast. Cold intravenous (V) fluids and inhaled gases can exacerbate hypothermia, leading to
hypoxemia, which causes pulmonary hypertension and progressive metabolic acidosis.
Particularly vulnerable are infants <6 months of age, who lack significant subcutaneous fat and
an effective shivering mechanism.

What sites are preferred for venous access in children?
Two large-bore IV catheters should be inserted percutaneously in the upper extremities. The
second choice is percutaneous access to the distal saphenous vein (or a cutdown).

What if you cannot establish an intravenous line?

The intraosseous route is safe and actually requires less time than a venous cutdown. The
anteromedial surface of the proximal tibia is used most commonly, with the needle placed 3 cm
distal to the tibial tuberosity. The proximal femur, distal femur, and distal tibia are other
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potential sites. Saline, glucose, blood, bicarbonate, atropine, dopamine, epinephrine,
diazepam, antibiotics, phenytoin, and succinylcholine have been administered successfully via
the intraosseous route. Complications are rare and result primarily from infection or
extravasation. Intraosseous volume resuscitation facilitates subsequent cannulation of the
venous circulation.

What are the appropriate crystalloid and blood resuscitation volumes in
children?

Administer 20 ml/kg of Ringer’s lactate solution or normal saline by bolus. A response is a
decrease in HR and an increase in urinary output. The 20-ml/kg bolus should be repeated if
assessment reveals inadequate tissue perfusion. If evidence of shock persists after two bolus
infusions of crystalloid solution, 10 ml/kg of packed red blood cells (type specific if available or
0-negative) should be administered. Unfortunately, a favorable response to resuscitation does
not exclude a big abdominal or thoracic injury.

Why are head injuries more common in children than adults?

Until age 10 years, children’s heads are larger in relation to the body than heads of adults.
Central nervous system (CNS) injury is the leading cause of death among injured children and,
thus, is the principal determinant of outcome.

What types of head injuries are more common in children?

Epidural hemorrhage is the most common; subdural hemorrhage is relatively rare. However,
mortality from subdural hemorrhage is 40% versus 4% for an epidural bleed. Pediatric
patients also tend to sustain injuries that produce diffuse edema rather than focal, space-
occupying lesions.

Can children have significant chest trauma without rib fractures?

Absolutely. The chest wall is much more compliant in children than in adults; thus, kinetic
energy is transmitted more readily to structures within the thorax. A child with significant blunt
chest trauma is at increased risk of life-threatening contusion to the lungs or heart even with
no or relatively few rib fractures. Furthermore, pneumothorax may prove rapidly fatal in children
because of a more mobile mediastinum. When present, rib fractures in children reflect
nonaccidental trauma. Thoracic injury is the second leading cause of death (after head trauma)
in children.

What types of thoracic injuries are common or uncommon in children?
Pulmonary contusion, traumatic asphyxia, and tracheobronchial injuries are common. Traumatic
aortic rupture, flail chest, diaphragmatic rupture, and open pneumothorax are unusual.

What is the frequency of abdominal organ injury in blunt trauma?

In decreasing order of frequency, they are spleen, liver, kidneys, intestine, pancreas, urinary
bladder, and major blood vessels. Approximately one third of children with major trauma have
significant intraperitoneal injuries that must be recognized and treated expeditiously.

How accurate is physical examination in the evaluation of pediatric blunt
abdominal trauma?
Poor. Physical examination is misleading in ~50% of injured children.

What are the advantages and disadvantages of diagnostic peritoneal lavage in
children?

Diagnostic peritoneal lavage (DPL) is 96% accurate in detecting intraabdominal injury. However,
it may lead to nontherapeutic laparotomy rates of 15%.
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What are the advantages and disadvantages of computed tomography in children?
Abdominal computed tomography (CT) scan is safe, noninvasive, and can assess retroperitoneal
structures and identify specific organ injuries. CT is critical in the decision to manage

children nonoperatively. Disadvantages include insensitivity for hollow visceral injury and the
need for IV and enteral contrast agents. In addition, CT is time consuming (spiral CT may prove
better) and requires patient transport and sedation. A trip to the scanner leaves patients
vulnerable and unmonitored. Thus, CT is risky in unstable patients.

Is ultrasonography effective in the evaluation of children with abdominal trauma?
Yes. It is simple, fast, readily available, and can be performed at the bedside. In addition, it is
noninvasive and easily repeatable. The sensitivity and specificity of a focused abdominal
sonography in trauma (FAST) examination exceeds 95%. Abdominal ultrasound is best used
as a triage tool to detect significant intraperitoneal fluid, thus identifying hemodynamically
unstable patients who might benefit from a laparotomy.

Is there a reliable method to diagnose hollow visceral injury in children?
No. Serial physical examinations remain the gold standard. Repeat physical examination by the
trauma surgical team is mandatory.

What are the “soft signs” of pediatric intraabdominal injury?

m Lap-belt ecchymosis corresponds to a high incidence of solid organ injury, hollow viscus
injury, and lumbar spine injury.

m Gross hematuria has a 30% risk for significant intraabdominal injury not even involving the
genitourinary system.

m Elevation of the liver enzymes aspartate aminotransferase (>250 U/L) or alanine
aminotransferase (>450 U/L) corresponds to a 50% risk for liver injury.

= Children with documented pelvic fracture have at least a 20% risk for associated
intraabdominal injury.

= Children with severe neurologic impairment (Glasgow Coma Scale score <8) frequently
suffer concurrent intraabdominal injury.

What should be suspected in children with seat belt or handlebar injuries?
The seat-belt complex consists of ecchymosis of the abdominal wall, a flexion-distraction
injury to the lumbar spine (Chance fracture), and intestinal injury. Approximately 30% of
children with the seat-belt sign have an associated intestinal injury. A handlebar injury
classically causes disruption of the pancreas at the junction of the body and tail, where the
pancreas crosses the vertebral column and is vulnerable to anterior blunt compression.

Does the presence of hemoperitoneum in children require laparotomy?
No. Unlike in adults, <15% of children with hemoperitoneum require laparotomy for control of
bleeding or repair of an injury.

Do all children with solid organ injuries require operative repair?

No. As with adult patients, selective nonoperative management of solid organ injuries has
revolutionized the management of pediatric trauma. In fact, most patients sustaining a Grade | to
IV liver or spleen injury will not require an operation.

When is nonoperative management of solid organ injury in children
appropriate?

When the vital signs remain stable, 50% or less of the blood volume is replaced, and no other
significant intraabdominal injuries are present. The decision for nonoperative management
versus laparotomy should be based on the child’s physiologic condition and not on the extent of
injury as documented radiographically.
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What are the long-term consequences of honoperative management of a
splenic injury in children?

Vascular pseudoaneurysm and splenic cyst are known sequelae of splenic trauma. However, in
pediatric patients these complications are exceedingly rare (<1%). Up to 15% of children
(depending on grade of injury) may experience prolonged pain >4 weeks after injury. In
almost all cases, though, this pain is related to the healing process or is entirely unrelated to
the spleen.

What are the indications for operative intervention for solid organ injuries?
Massive bleeding on presentation and transfusion of >50% of blood volume (40 ml/kg) within
24 hours of injury.

What is SCIWORA?

SCIWORA stands for spinal cord injury without radiologic abnormalities. It is a problem unique
to children. A child’s spine has increased elasticity, shallow and horizontally oriented facet
joints, anterior wedging of the vertebral bodies, and poorly developed uncinate processes. The
spinal cord can be completely disrupted in young children without apparent disruption of the
vertebral elements. However, most patients have evidence of spinal cord injury (SCI) on
magnetic resonance imaging (MRI). Two thirds of SCIWORA cases are seen in children ~8
years of age.

What is the hallmark of SCIWORA?

A documented neurologic deficit that may have changed or resolved by the time the child arrives
in the emergency department (ED). The danger is that immediate reinjury of the same area
may produce permanent disability. Many children with SCIWORA tend to develop neurologic
deficits hours to days after the reported injury. Therefore, spinal immobilization should continue,
and thorough neurosurgical evaluation is essential in any child with reliable evidence of even
a transient neurologic deficit.

What percentage of pediatric deaths attributed to injury are caused
intentionally?

Twenty-five percent. More than 80% of deaths from head trauma in children younger than 2
years are caused by intentional abuse.

What signs are suspicious for nonaccidental trauma (NAT)?

m History of failure to thrive.
Delay in obtaining medical care.
Multiple previous injuries.
Absent or uninterested caregiver.
Fluctuating or conflicting histories.

m History inconsistent with the injury or developmental level of the victim.
Suspicious physical findings include bite, pinch, slap, or cord marks or bruises in various stages
of healing; multiple or bilateral skull fractures; a skull fracture in a fall <4 feet; retinal
hemorrhages (from shaking), rib fractures, and perineal burns or linear burn borders (from
“dipping” the child into scalding liquid).

List the characteristics of shaken baby syndrome.
Retinal hemorrhage.

Subdural or subarachnoid hemorrhage.

Little evidence of external trauma.

Age <2 years.
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41. What fracture patterns are suspicious for NAT?

Multiple rib fractures of different ages.

Extremity fractures such as metaphyseal “chip” or “bucket-handle” fractures.

Diaphyseal spiral fracture in children <9 months of age.

Transverse midshaft long-bone fracture.

Femur fracture in infants <2 years of age.

Fracture of the acromion process of the scapula.

Proximal humerus fracture.

42. What percentage of NAT cases involves burn injuries? What are their
characteristics?
Twenty percent of abuse cases involve burns. Scalding by hot water is the most common.
Specific patterns of injury may raise suspicion of abuse, including burns involving the buttocks
and perineum (bathing trunk distribution), back, dorsum of the hand, and stocking-glove
distribution. Cigarette burns look like circular punched-out ulcers of similar size.

43. What are the necessary steps in evaluation of children with suspected NAT?
Any child with suspected NAT should have a detailed physical examination with thorough
documentation (drawings and photographs can be quite helpful) of all injuries, head CT scan,
skeletal survey (babygram), and retinal fundoscopic examination. The appropriate child
protective services should be contacted immediately.

44. How common is postinjury multiple organ failure in children?
It is rare. With equivalent injury severity, multiple organ failure (MOF) in children is much lower
than in adults and carries a much lower mortality.

45. Does the blood glucose level in pediatric trauma patients matter?
Yes. While this intensive care unit (ICU) issue has been given great attention in the adult trauma
population, only recently have the beneficial effects of tight glycemic control been examined in
the pediatric trauma population. Euglycemia (glucose 90 to 130 mg/dl) is associated with
decreased rate of infection, decreased hospital length of stay, and increased survival.

KEY POINTS: PEDIATRIC HEMODYNAMICS v

1. Blood volume: 80 ml/kg.
2. The first sign of hypovolemia is tachycardia, which progresses to bradycardia.

3. Hypotension is not a reliable indicator of blood loss; children can lose 30% of blood volume
without detectable change in BP.

4. Preferred IV access routes in order: (1) two large-bore upper extremity IVs; (2) distal
saphenous vein or cutdown; (3) intraosseous access.

5. Resuscitation fluid is lactate Ringer’s, 20 ml/kg x 2; then packed red blood cells (10 ml/kg)
if instability continues.
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Ill. ABDOMINAL SURGERY

APPENDICITIS

Laurel R. Imhoff, MD, MPH, and Alden H. Harken, MD

What is the classic presentation of acute appendicitis?
Periumbilical pain that migrates to the right lower quadrant (RLQ) in a patient who is anorexic.
Associated symptoms include: nausea, vomiting, and bowel changes.

What is the pathophysiology of appendicitis?

The appendix is susceptible to luminal obstruction, via lymphoid hyperplasia, a retained fecalith,
tumor, foreign body, or kink. Any of these processes may result in lymphatic and venous
obstruction that increases intraluminal pressure and causes distention of the appendiceal lumen.
Consequently, an acute inflammatory response develops that leads to ischemia, bacterial
overgrowth and eventually necrosis. Unless surgically removed, the gangrenous appendix will
perforate, releasing the appendiceal contents into the peritoneal cavity. Subsequently a
phlegmon, intraperitoneal abscess, or local peritonitis develops.

What is the mechanism of the periumblical pain?

The intestines are insensitive to touch or inflammation unless the enclosing peritoneum is
involved. Epigastric pain results from a distended section of intestine. This pain is referred along
midline.

Where is McBurney’s point?
One third the distance between the anterosuperior iliac spine and the umbilicus.

What is McBurney’s point?
The point of maximal tenderness in acute appendicitis. It results from local inflammation of the
parietal peritoneum.

Was McBurney a cop from Boston?
Probably. Another McBurney was a surgeon from New York who, in collaboration with a surgeon
named Fitz, coined the term appendicitis in classic papers published in 1886 and 1889.

What are the typical laboratory findings of a patient with appendicitis?
= White blood cell (WBC) count: 12,000 to 14,000
= Negative urinalysis results (no WBCs)
m Negative pregnancy test result

What layers does the surgeon encounter on exposing the appendix through a
Rockey-Davis incision?

Skin, subcutaneous fat, aponeurosis of the external oblique muscle, internal oblique muscle,
transversalis abdominus muscle, tranvsersalis fascia, and peritoneum.

Other possible signs in appendicitis include:
Rovsings sign: pain in the RLQ with palpation of the left lower quadrant (LLQ).
Dunphy’s sign: increased pain with coughing (a cough jostles the inflamed peritoneum).
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Psoas sign: pain on passive extension of the right thigh. It is present when the inflamed
appendix is retrocecal and overlying the right psoas muscle.

Obturator sign: pain on passive internal rotation of the hip when the right knee is flexed. It is
present when the inflamed appendix is in contact with the obturator internus muscle.

Who was Rockey-Davis?
Rockey-Davis was a pair of surgeons—A.E. Rockey and G.G. Davis—who developed RLQ
transverse, muscle-splitting incisions that extend into the rectus sheath.

What is the blood supply to the appendix and right colon?
The ileocolic and right colic arteries, which come off the superior mesenteric artery.

Does surgery for appendicitis involve a risk of mortality?
No surgical procedure is devoid of risk.

Mortality rate

Nonperforated appendix <0.1%

Perforated appendix ~5.0%

What patient groups are at higher risk of death from perforated appendicitis?
1. Very young patients (younger than 2 years).
2. Elderly patients (older than 70 years) who exhibit diminished abdominal innervation and
present late.
3. Diabetic patients, who present late because of diabetic visceral neuropathy.
4. Patients taking steroids; steroids mask everything.

What is a “white worm”?
A normal appendix.

What is the differential diagnosis of right lower quadrant pain?

Meckel’s diverticulum Tubo-ovarian abscess (TOA)
Diverticulitis Pelvic inflammatory disease (PID)
Ectopic pregnancy Carcinoid tumor

Crohn’s disease Cholecystitis

Ovarian torsion Ruptured ovarian cyst

What is an acceptable negative appendectomy rate?

This is a controversial topic currently being debated in surgical literature. Traditionally up

to a 20% negative appendectomy rate was considered acceptable. Now with the adjunct of
imaging (ultrasound [US] and computed tomography [CT]) lower negative rates are expected.

What is the role of imaging in the diagnosis of acute appendicitis?

US and CT can be both negatively and positively helpful. They may eliminate alternative
diagnoses such as ectopic pregnancy or TOA when a perfectly normal right fallopian tube and
ovary is seen. They may establish the diagnosis when an inflamed, edematous appendix is
visualized. CT is particularly useful in visualizing periappendiceal tissue and may reveal that the
appendix has already perforated by showing a phlegmon or abscess.

What are sonographic and CT findings suggestive of appendicitis?
1. An appendix of 7 mm or greater in anteroposterior diameter.
2. The presence of an appendicolith.
3. Periappendiceal fluid or mass.
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19. Is laparoscopic appendectomy replacing the traditional approach?
In the hands of a skilled laparoscopic surgeon both the normal appendix and the inflamed,
perforated appendix can be removed safely with the laparoscope. Also when the diagnosis is in
question, the laparoscope can be used to help identify the correct pathology. Occasionally
conversion from laparoscopic to open appendectomy is indicated.

KEY POINTS: APPENDICEAL CARCINOID v

1. Sixty percent of carcinoid tumors occur in the appendix; 0.03% of appendectomies reveal
incidental carcinoid.

2. This malignant but slow tumor spreads to lymph nodes, liver, and right heart.

3. If tumor size is <2 cm and does not involve the base of the appendix, appendectomy alone
may suffice; however, bowel should be assessed because of 30% chance of synchronous
lesion.

4. If tumor size is >2 cm or involves the base of the appendix, right hemicolectomy is
necessary.

20. What is a Meckel’s diverticulum?
Meckel’s diverticulum is a congenital omphalomesenteric mucosa remnant that may
contain ectopic gastric mucosa. It is found in 2% of the population, 2 feet upward from the
ileocecal valve. It becomes inflamed in 2% of patients (i.e., the rule of 2’s).

21. Can chronic diverticulitis masquerade as appendicitis?
Yes. Fifty percent of patients aged 50 years and older have colonic diverticula. The appendix is
just a big cecal diverticulum. Thus, it makes sense that appendicitis and diverticulitis should
look, act, and smell alike.

22. Can a woman with a negative pregnancy test present with an ectopic pregnancy?
Yes. The fallopian tube must be inspected for a walnut-sized lump. Appropriate surgical therapy
is a longitudinal incision to “shell out” the fetus with subsequent repair of the tube. This
approach (as opposed to salpingectomy) is designed to preserve fertility. Methotrexate also may
precipitate spontaneous evacuation.

23. Can Crohn’s disease initially present as appendicitis?
Yes; this presentation is typical. Crohn’s disease is boggy, edematous, granulomatous inflammation
of the distal ileum. Traditional surgical dictum suggests that it is appropriate to remove the appendix
in patients with Crohn’s disease unless the cecum at the appendiceal base is involved.

24. Is it possible to confuse appendicitis with a TOA?
Of course. An ovarian abscess buried deep in an inflamed, edematous, matted right adnexa
can be treated successfully with intravenous (V) antibiotics alone. Do not drain pus into the free
peritoneal cavity; this will only make the patient sicker.

25. Can pelvic inflammatory disease resemble appendicitis?
PID can look exactly like appendicitis except for a positive “chandelier sign.” On pelvic
examination, manual tug on the cervix moves the inflamed, painful adnexae, and the patient hits
the chandelier. Patients with PID should be treated with antibiotics (either orally or
intravenously, depending on how sick the patient is).
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How does one deal with an appendiceal carcinoid tumor?

Carcinoid tumors may present anywhere along the gastrointestinal (Gl) tract; 60%, however,
are in the appendix. An obstructing carcinoid tumor, much like a fecalith, can lead to
appendicitis; and in 0.3% of appendectomies, carcinoid tumors are the culprit. Most carcinoid
tumors are small (<1.5 cm) and benign; 70% are located in the distal appendix. They are
effectively treated with appendectomy alone. A large carcinoid tumor (>2.0 cm) at the
appendiceal base, especially with invasion into the mesoappendix, must be considered
malignant and mandates a right hemicolectomy.

Can appendicitis be mistaken for acute cholecystitis?

Occasionally, yes. Both entities reflect acute, localized, intraperitoneal inflammation. Laboratory
studies may be identical: WBC count of 12,000 to 14,000, negative urinalysis result, and
negative pregnancy test result. Thus, if one is thinking “appendicitis,” the major difference
may be only right upper quadrant pain versus RLQ pain. Laparoscopic cholecystectomy is
possible for acute cholecystitis, but conversion to an open procedure should be more frequent.

WEBSITES &

www.websurg.com (lectures, videos, excellent photos of laparoscopic surgery)

www.pmppals.org/appendiceal_carcinoid.htm
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GALLBLADDER DISEASE

Walter L. Biffl, MD, FACS

What is the prevalence of gallstones in western society for women and
men 60 years of age?

Women, 50%; men, 15%, although there is formidable ethnic predilection with gallstones
endemic in American Indians.

What is the difference between cholelithiasis, cholecystitis, choledocholithiasis,
and cholangitis?

Cholelithiasis refers to the presence of gallbladder stones. Symptomatic cholelithiasis is the
most common indication for cholecystectomy. Cholecystitis is an inflammatory condition of the
gallbladder, usually initiated by gallstone impaction in the gallbladder neck with obstruction of
the cystic duct. Choledocholithiasis is the presence of stones in the common bile duct (CBD).
Cholangitis is an infection of the biliary tree, generally as a result of obstruction, usually
secondary to choledocholithiasis.

What percentage of asymptomatic gallstones becomes symptomatic?
Ten percent at 5 years, 15% at 10 years, and 18% by 15 years.

Should patients with asymptomatic gallstones undergo cholecystectomy?
No. The risk of observation of patients with asymptomatic gallstones is less than or equal to
the risk of operation.

In what groups of patients with asymptomatic gallstones is prophylactic
cholecystectomy beneficial?
m Patients with congenital hemolytic anemia who have gallstones at the time of splenectomy.
m (Qbese patients undergoing bariatric surgery who have already developed gallstones.

What is the optimal timing for laparoscopic cholecystectomy in acute
cholecystitis?

“Cooling the gallbladder down” and delaying surgery for 6 weeks is associated with recurrent
cholecystitis in 20% of patients. Prospective randomized studies have consistently found
that early cholecystectomy allows shorter hospital stays, with no difference in morbidity or
mortality, compared with delayed cholecystectomy. Procedures performed within the first 24
hours generally are easier because the area of dissection is not yet maximally inflamed, and
fibrosis and increased blood vessel proliferation have not yet occurred.

What is the conversion rate from laparoscopy to the open approach in acute
cholecystitis and in symptomatic cholelithiasis?
Ten percent to 15% for acute cholecystitis and <5% for symptomatic cholelithiasis.
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What is the incidence of acalculus cholecystitis?
Ten percent of all cases of cholecystitis.

What organisms require antibiotic coverage in biliary infections?
Escherichia coli, Klebsiella species, Streptococcus faecalis, Clostridium welchii, Proteus species,
Enterobacter species, and anaerobic Strepfococcus species.

What is the incidence of CBD injury in open and laparoscopic cholecystectomy?
It is 0.2% to 0.3% for open and 0.4% to 0.6% for laparoscopic cholecystectomy.

How does laparoscopic intraoperative ultrasound compare with laparoscopic
intraoperative cholangiography?

The sensitivity of laparoscopic intraoperative ultrasound (LUS) is high (90%) and comparable
to that of laparoscopic intraoperative cholangiography (LIOC). Potential advantages of LUS
include less time and less dissection than LIOC.

Does LUS or LIOC prevent CBD injuries during cholecystectomy?

In population-based studies, there are fewer CBD injuries among patients undergoing LIOC;
however, there is no level | evidence that the LIOC was preventive. LIOC does, however,
identify injuries at the time they occur. Advocates of LUS argue that identifying the anatomy
before a duct is transected (and LIOC catheter inserted) may prevent CBD injuries.

What percentage of patients undergoing cholecystectomy have unsuspected
choledocholithiasis?

About 2%. However, if the patient has no history of jaundice and a CBD <6 mm in diameter,
there is no role for routine laboratory screening. The vast majority of these stones will

pass spontaneously.

When, if ever, should laparoscopic cholecystectomy be performed during
pregnancy?

Most attacks of acute biliary colic during pregnancy resolve spontaneously. To avoid a
surgically induced abortion, cholecystectomy should be performed after delivery. If surgery is
necessary, however, the second trimester is preferred for any surgical intervention.

What is the prevalence of gallbladder carcinoma found incidentally during
cholecystectomy?
Open, 1%; laparoscopic, 0.1%.

Why is cholecystectomy increasing in the pediatric population?
Gallstone identification has increased because of the more liberal use of ultrasonography in
patients with abdominal pain.

KEY POINTS: GALLBLADDER DISEASE v

. Overall incidence in United States: women >60 years old, 50%; men >60 years old, 15%.
. Fifteen percent to 20% of patients with gallstones become symptomatic.

. Patients with acute cholecystitis should have surgery as soon as possible after the onset of

symptoms.

. Routine LUS may identify CBD stones and may help avoid CBD injuries.
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PANCREATIC CANCER

Martin D. McCarter, MD

What is the magnitude of the problem?

For the most recent year in which statistics are available, there were approximately 37,000 new
cases of pancreatic cancer in the United States, and more than 33,000 deaths, making this
arguably one of the most lethal tumors. It is the fourth most common cause of cancer death in
the United States for both men and women.

What are the histologic types of pancreatic cancer?

Adenocarcinoma is far and away the most common (and lethal) type. Neuroendocrine tumors
make up approximately 1% of cases generally have a more indolent course. Other rare
tumor types such as sarcoma, lymphoma, peusdopapillary and intraductal papillary mucinous
(IPMN) tumor can occur as well.

What are the presenting signs of pancreatic cancer?

m Painless jaundice: 40% of patients.

= Pain (epigastric, right upper quadrant, back) with jaundice: 40%.

m |Vletastatic disease (e.g., hepatomegaly, ascites, lung nodules) with or without jaundice: 20%.
Most patients also have other nonspecific gastrointestinal (GI) symptoms such as bloating,
food intolerance or pancreatic insufficiency, and weight loss.

What is the estimated survival for pancreatic cancer patients?
Overall 5-year survival for those undergoing a complete resection ranges from 5% to 20%.

Stage At Diagnosis Estimated Median Survival
Resectable 10%-20% 18 months

Locally Advanced 40%—-45% 9-12 months

Metastatic 40%—-45% 6-9 months

Why is there such a high rate of advanced disease at diagnhosis?

The pancreas is retroperitoneal, relatively insensate, and symptoms of disease do not manifest
themselves until local obstruction of duodenum, pancreatic or biliary duct forms. About 80%
arise in the head of the gland, 10% arise in the body, and 10% in the tail.

A previously healthy 73-year-old patient presents with pruritus, dark urine, and icteric
sclerae after recent overseas travel. What is a reasonable differential diagnosis?

1. Gallstones.

2. Cancer of the extrahepatic bile ducts.

3. Cancer of the pancreas.

4. Hepatitis.
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What is the first step in evaluating the patient?

The first step is liver function tests (LFTs) to determine the degree of jaundice and hepatic
dysfunction. Then ultrasound (US) is done to determine whether the cause is intrahepatic
(normal bile ducts) or extrahepatic (dilated bile ducts). US can detect stones in the gallbladder
or common duct with about 95% accuracy. Thus, if a jaundiced patient has normal bile

ducts on US, the problem is intrahepatic cholestasis, probably from hepatitis.

What if an ultrasound shows dilated extrahepatic bile ducts?

Proceed to endoscopic retrograde cholangiopancreatography (ERCP) or transhepatic
cholangiogram to determine whether the obstruction is high or low in the common bile duct
(CBD) and to determine its likely cause (stricture, stone, tumor). The biliary tract can be
decompressed with an internal stent at this time, allowing liver function to improve before major
surgery. If stones are present, endoscopic sphincterotomy should be performed, allowing

the stones to pass and simplifying future surgery.

What, if any, other imaging is indicated?

Generally the most useful study is a fine cut, multiple phase computed tomography (CT) scan of
the abdomen. This provides information about possible metastatic disease and helps assess
local vascular involvement (portal vein, superior mesenteric vein, celiac axis, hepatic artery,
superior mesenteric artery). Endoscopic ultrasound (EUS) can be helpful if the mass is not clear
and a tissue diagnosis is needed. Positron emission tomography (PET) or CT scans are

often obtained to help rule out metastatic disease but its additional benefit (some studies
suggest new findings in 20% of patients) is still being debated. Likewise, as imaging has
improved, the role of routine laparoscopy to assess resectability has diminished.

What is the significance of a “double-duct” sign?

This refers to the presence of a dilated pancreatic and biliary ductal system identified on CT scan
or ERCP. In the absence of a biliary stone, this nearly always implies the presence of an
underlying cancer as the etiology.

What in the world is CA19-9?

CA 19-9 stands for carbohydrate antigen 19-9. It is a tumor marker associated with pancreatic
and biliary tumors, which is measured in the patient’s serum. It is non-specific (may be
elevated in inflammation and other benign conditions) but may be helpful in monitoring a
patient’s progress/response to therapy.

In this case, ultrasound, ERCP, and CT scan show dilated extrahepatic bile
ducts, a mass in the head of the pancreas, and no obvious cause other than
cancer. The tumor seems separate from the portal vein, and there are no liver
metastases. What should be done next?

Make an assessment of operative risk. If the patient is a poor operative risk, one should consider
percutaneous or endoscopic US-guided fine-needle aspiration (FNA) to document cancer, if
possible, and endoscopic stenting of the bile duct; surgery probably is not a good option. If the
patient is a good operative risk, the next step is surgery. The clinical picture is accurate in

at least 90% of cases, and FNA adds no useful information at this time. If no malignant tissue is
obtained, surgery is still indicated because the needle may have missed the lesion, sampling
only the pancreatitis that surrounds all such tumors.

We are in the operating room, the abdomen is open, and the discussion
revolves around taking out the tumor. What is a Whipple procedure?
Pancreaticoduodenectomy involves the removal of the gallbladder, distal common duct,
duodenum, gastric antrum, and the portion of pancreas to the right of the portal vein; in
essence, a proximal pancreatectomy.
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What is distal pancreatectomy? A total pancreatectomy?

Distal pancreatectomy removes the portion of gland to the left of the portal vein, along with the
spleen. Total pancreatectomy combines both procedures, again, with antrectomy in some
centers.

Why remove gallbladder, duodenum, and stomach if the problem is in the
pancreas?
After the ampulla of Vater is removed, the gallbladder does not function well and forms
gallstones. The second and third portions of the duodenum share a blood supply with the head
of the pancreas and are usually devascularized when the head is removed. Historically, the
gastric antrum was removed to improve resection margins. Vagotomy was added to reduce
the incidence of marginal ulceration at the anastomosis between the gastric remnant and jejunum.
Removing the antrum adds little to the scope of the operation, however, and marginal
ulceration can be prevented by placing the gastrojejunostomy downstream from where bile and
pancreatic secretions enter the gut. Thus, many surgeons now perform a pylorus-preserving
Whipple procedure whenever possible, preserving the vagus nerve as well. A pylorus preserving
“Whipple” has the same overall survival, is associated with decreased operative time and
blood loss but it has been difficult to prove any physiologic benefit.

How does one determine whether to perform a Whipple procedure, distal
pancreatectomy, or total pancreatectomy? What is the cure rate?

Whipple procedures are used for mobile tumors in the head without signs of lymph node
metastases at the celiac axis or root of mesentery. Distal pancreatectomy is used for lesions
of the body and tail unaccompanied by signs of spread. Total pancreatectomy is generally
reserved for a few rare situations in which a diffuse cancer involves most of the gland but
nowhere else; this is a rare event. Median survival with each procedure is about 20 months, and
5-year survival is about 15%. This procedure has about 1% to 3% operative mortality and
25% to 40% morbidity in centers with extensive experience; in other settings, the operative risk
and complication rate can be much higher.

What should be done if there are nodal metastases at the celiac axis

or root of mesentery?

The patient cannot be cured with surgery, so the goal is palliation. If obstructive jaundice is
present, a biliary-enteric bypass should be performed. If a tumor obstructs the duodenum, a
gastroenterostomy should also be carried out. Some surgeons believe gastroenterostomy
should be done routinely for cancers of the pancreatic head, regardless of whether duodenal
compromise is present, because up to 20% of patients without this problem at the time of
surgery may require intervention for poor gastric emptying in the future.

Do any other signs of inoperability exist?

General contraindications to resection include metastatic disease, invasion of the inferior vena
cava (IVC), or major local arteries (celiac axis, hepatic artery, superior mesenteric artery).
Relative contraindications to resection include invasion of the portal or superior mesenteric
vein. Resection of the portal vein and reconstruction can be done with less morbidity than in the
past but this technical exercise has not led to improved survival.

A patient is found to have unsuspected spread to the celiac axis. You carry out
a biliary and gastric bypass. Is there anything else you can offer the patient,
either surgically or nonsurgically?

Some of these patients, if suffering from preoperative back pain, can be relieved of this by
intraoperative alcohol celiac ganglion block. Alternatively, such treatment can be carried

out postoperatively by an interventional radiologist. Palliative chemotherapy and radiation
therapy can also provide pain relief but generally do not improve survival.
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20. Are there any other treatments (chemotherapy, radiation therapy, pet therapy)
that improve outcomes in pancreatic cancer?
Not yet. This is not as a result of a lack of interest or effort. There is some evidence that
chemotherapy (gemcitabine) or a combination of chemotherapy, radiation therapy, and
immunotherapy may add a few months to overall survival following resection (at some cost to
quality of life) however, the vast majority of trials have failed to make a significant difference
in overall survival. Here is a genuine opportunity for bright students such as the present reader
to make a difference!

21. With high morbidity and low cure rates, why are surgeons so eager to do
Whipple procedures?
Unfortunately, this represents the only chance for cure. In addition, pancreatic resection—when carried
out safely—probably offers the best long-term palliation in those destined to die of their disease.
Finally, future advances in adjuvant therapy may provide hope for improvement in overall survival.

KEY POINTS: DIAGNOSTIC WORK-UP OF A PATIENT v
WITH JAUNDICE

1. LFTs: determine degree of jaundice (obstructive versus nonobstructive) and hepatic
dysfunction.

2. US of right upper quadrant: rules out gallstones, evaluates intrahepatic versus extrahepatic
ductal dilatation.

3. If hepatic ducts are dilated: ERCP or percutaneous transhepatic cholangiography to
delineate site of mechanical obstruction.

4. CT: evaluates size of tumor if present, degree of regional spread, or liver metastases.
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ACUTE PANCREATITIS

Adam H. Lackey, MD, and C. Clay Cothren, MD

What are the common causes and incidence of acute pancreatitis?
Gallstones (45%), alcohol (35%), and other (20%). Acute pancreatitis is estimated to be
responsible for 210,000 hospital admissions in the United States per year.

What are the uncommon causes?

Hyperlipidemia, hypercalcemia (hyperparathyroidism, multiple myeloma), iatrogenic factors (up to
15% of patients undergoing endoscopic retrograde cholangiopancreatography [ERCP] may
experience pancreatitis), drugs (didanosine, thiazide diuretics, H2 blockers, tetracycline, azathioprine,
salicylates, valproic acid), infections (mumps, coxsackievirus), pancreas divisum, and scorpion
bites, and autoimmune pancreatitis. Approximately 10% of cases are considered truly idiopathic.

What are the characteristic symptoms?
Acute onset of severe epigastric pain that is boring in nature and often radiates to the back. Pain
is frequently accompanied by nausea and vomiting.

What may be found on physical examination?

Diffuse abdominal tenderness, abdominal distention, “board-like” abdominal guarding, and
hypoactive bowel sounds. Patients may be febrile, tachycardic, and dehydrated. Evidence

of jaundice or identification of gallstones on right upper quadrant ultrasound (US) indicates a
biliary cause of pancreatitis. Severe pancreatitis may result in retroperitoneal bleeding, leading to
periumbilical or flank discoloration (called Cullen’s sign and Grey Turner sign, respectively).

What is the appropriate therapy for mild to moderate pancreatitis?

The critical component of supportive therapy is adequate fluid resuscitation to maintain

urine output (place a Foley catheter); patients may require up to 10 L of crystalloid as a result of
the extensive amount of third spacing in the abdomen. Appropriate treatment also includes

pain medications, alcohol withdrawal prophylaxis, nasogastric (NG) decompression for persistent
emesis, and avoidance of oral intake. Patients are started on a regular diet once their laboratory
markers are decreasing or normal, their abdominal pain is resolving, and they have bowel sounds.

Which is the better laboratory test, amylase or lipase?

Serum amylase levels tend to peak sooner than lipase levels, which may remain elevated for
4 to 5 days. Up to 30% of patients have normal amylase levels, most notably alcoholics
with chronic “burned-out” pancreatitis. Serum lipase has a greater sensitivity and specificity
than amylase levels, with 3 times the normal limit being diagnostic of pancreatitis.

What other disease states cause hyperamylasemia?
Perforated peptic ulcers, small bowel obstruction, parotid gland inflammation or tumor, renal
failure, and ovarian tumors are associated with elevated amylase levels.

What is the significance of hypoxemia early in the course of pancreatitis?
Patients with necrotizing pancreatitis may develop respiratory failure requiring mechanical
ventilation, which may progress to multiple organ failure (MOF). Hypoxemia is an ominous sign,
as are infiltrates on admission chest radiograph.
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What is the Ranson score?
Ranson indices are 11 measurements that are useful in indicating the severity and predicting
the outcome of pancreatitis. A score of 3 or higher is considered severe disease.

On admission After the initial 48 hours
Age >55 years Rise in blood urea nitrogen (BUN) >5 mg/dl
White blood cell count >16,000 pl Decrease in hematocrit level >10%
Glucose >350 mg/dl Calcium <8 mg/d|
Lactate dehydrogenase >350 U/L Partial pressure of oxygen (Pa0y) <60 mm Hg
Aspartate aminotransferase (AST) Base deficit >4 mmol/L

> 250 /L

Fluid sequestration >6 L

How do Ranson’s indices relate to mortality?

Number of criteria Mortality rate (%)
0-2 5

34 15

5-6 50

7-8 100

What is the limitation of using the Ranson score for predicting severity

of pancreatitis?

Atrue Ranson score cannot be calculated until after 48 hours of inpatient treatment. Other predictive
indices include the acute physiology and chronic health evaluation Il (APACHE 11) scoring

system and the Balthazar scoring system. The APACHE Il scoring system achieves positive and
negative predictive values that are comparable to the Ranson’s criteria for predicting the severity
and expected mortality of acute pancreatitis. The Balthazar score, based on findings from computed
tomography (CT) scanning (amount of inflammation, presence and extent of necrosis, and presence
of fluid collections), is also acceptable for evaluation of expected morbidity and mortality.

What is necrotizing pancreatitis?

The inflammation and edema of acute pancreatitis may progress with subsequent devitalization
of pancreatic and peripancreatic tissue. Pancreatic necrosis occurs in approximately 20% of
acute episodes.

Why is it important to differentiate acute pancreatitis from necrotizing
pancreatitis?

The presence and extent of necrosis are key determinants of the clinical course. Approximately
10% to 20% of patients with pancreatic necrosis develop infected pancreatic necrosis.
Infection accounts for 80% of all deaths from pancreatitis, and surgical debridement is the
current standard of care. Although there is interest in conservative treatment of biopsy-proven,
infected pancreatic necrosis, no studies have shown this to be a safe clinical strategy.

What is the optimal method for diagnosing pancreatic necrosis with or without
associated infection?

Dynamic CT scans with intravenous contrast allow visualization and differentiation of healthy,
perfused parenchyma from patchy, poorly perfused necrotic tissue. Sensitivity of CT

imaging increases in the days following presentation, with optimal identification of necrosis
occurring >4 days. Therefore, a CT scan should be obtained in patients that do not clinically
improve in response to fluid resuscitation and supportive treatment. CT-guided aspiration of the
necrotic tissue may be performed to determine the presence of infection.

When is surgery indicated in patients with acute pancreatitis?
Infected pancreatic necrosis is the only absolute indication for surgery. Open drainage is best
accomplished via a bilateral subcostal incision, placement of the greater omentum over the
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transverse colon to prevent enteric fistulas, and removal of necrotic material from the lesser sac.
The patient may require multiple trips to the operating room (OR) for repeated debridement;
typically, the abdomen is not formally closed until only viable tissue remains. Operative
intervention for sterile pancreatic necrosis is controversial. The only absolute indications for
surgery in sterile pancreatic necrosis are 1) abdominal compartment syndrome, 2) suspected
enteric perforation, or 3) bleeding (splenic artery pseudoaneurysms can complicate the
disease). Although there is a high incidence of infection in patients with >50% necrosis,
“preemptive” debridement is associated with a high morbidity and mortality.

When should antibiotic therapy be added?

Antibiotics do not alter the course of pancreatitis or decrease septic complications of the
disease; therefore, patients with mild cases of pancreatitis should be treated with supportive
measures. The literature is confusing regarding antibiotic use in patients with necrotizing
pancreatitis. Despite a paucity of class | evidence supporting the use of prophylactic antibiotics,
many institutions continue to administer them. In patients with signs of sepsis, treatment
with empiric antibiotics is reasonable while a source of infection is sought (i.e., CT-guided
aspiration of pancreatic necrosis).

What is the most common complication of acute pancreatitis?

Pancreatic pseudocysts. Patients with pseudocysts typically present with persistent
abdominal pain, nausea and vomiting, or an abdominal mass. CT scan imaging is diagnostic.
Intervention is indicated in symptomatic patients or those asymptomatic patients with
documented increase in pseudocyst size by serial CT scans. Operative (cyst-gastrostomy or
cyst-jejunostomy) or endoscopic transmural drainage can be performed 6 to 12 weeks after the
acute presentation, once the pseudocyst is “mature.”

What is the natural history of cholelithiasis following gallstone pancreatitis?
Cholecystectomy is curative and should be performed before patient discharge in the 80% of
patients with uncomplicated, acute edematous pancreatitis. Cholecystectomy is performed when
the patient’s pain is resolved, vital signs have normalized, and laboratory markers are
decreasing. Cholecystectomy should be accompanied by an intraoperative cholangiogram or
laparoscopic ultrasonography; if a retained stone is seen in the common bile duct (CBD),
laparoscopic common duct exploration or ERCP should be performed before discharge.

What is the natural history of alcoholic pancreatitis?
Attacks recur. Abstinence from alcohol should be encouraged because many patients develop
chronic pancreatitis.

KEY POINTS

1.
2.

Causes: gallstones (45%), alcohol (35%), other (10%), idiopathic (10%).

Symptoms: acute onset of epigastric pain that radiates to back with associated nausea or
emesis.

3. Lab tests: elevated amylase and/or lipase (more sensitive).

. Imaging: CT scan diagnoses pancreatic necrosis, peripancreatic fluid collections, and

pseudocysts.

. Treatment: crystalloid resuscitation, bowel rest, and NG decompression (if persistent

emesis); 10% of cases progress to necrotizing pancreatitis, which requires operative
debridement if infected.
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DIAGNOSIS AND THERAPY OF CHRONIC

PANCREATITIS

Adam H. Lackey, MD, and C. Clay Cothren, MD

What is chronic pancreatitis?

The classic syndrome consists of smoldering abdominal pain and evidence of
pancreatic insufficiency. Histologically, chronic inflammation results in destruction of the
functioning endocrine and exocrine pancreatic cells.

What is the most common cause?

Alcohol abuse accounts for over 70% of cases. Other known causes include posttraumatic
strictures, pancreas divisum, genetic mutations, autoimmune disorders, and metabolic
disorders (hypertriglyceridemia and hypercalcemia). The overall incidence is estimated to be 3
to 10 per 100,000 people.

Is chronic pancreatitis the result of acute pancreatitis?

Patients may not have had acute pancreatitis, although alcoholism is common to both.

One hypothesis is the inflammation from recurrent bouts of acute pancreatitis causes interstitial
acinar fibrosis with secondary dilatation of the main pancreatic duct. Paradoxically, the
average age for chronic pancreatitis is 13 years less than for acute disease.

What are the signs of pancreatic insufficiency?

Insulin-dependent diabetes mellitus (found in up to 30% of patients) and steatorrhea (in
25%). The form of diabetes associated with chronic pancreatitis is termed llic; it can

be particularly difficult to manage because of the destruction of both the insulin and glucagon
producing cells.

How much of the pancreas must be destroyed before diabetes develops?
Approximately 90%.

What is steatorrhea? How does one confirm the diagnosis?

Steatorrhea is soft, greasy, foul-smelling stools. A 72-hour fecal fat analysis may be done to
confirm the diagnosis. The p-xylose test shows normal results, and the Schilling test is

not sensitive for pancreatic insufficiency. Patients with steatorrhea are treated with a variable
combination of low-fat diets, pancreatic enzymes, antacids, and cimetidine. The presence

of steatorrhea indicates that lipase production is >10% below normal levels.

Is serum amylase elevated in patients with chronic pancreatitis?
No. The serum amylase level is usually normal in cases of “burned-out” pancreatitis.

What are the complications of chronic pancreatitis?

Pancreatic pseudocyst, abscess, or fistula may occur. Obstruction of the biliary tree with
resultant jaundice may be caused by areas of fibrosis. Malnutrition and narcotic addiction are
more likely to coexist than actual complications of pancreatic insufficiency.
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What is a possible source of upper gastrointestinal bleeding in a patient with
chronic pancreatitis?

Although gastritis and peptic ulcer disease are more common causes of upper gastrointestinal
bleeding (UGIB), splenic vein thrombosis with associated gastric varices and hypersplenism
should also be considered. (Your attending will love this answer!)

What is the “chain of lakes”?

During endoscopic retrograde cholangiopancreatography (ERCP), contrast dye is injected into
the pancreatic duct; sequential areas of narrowing followed by dilatation of the duct cause
the appearance of a “string of beads” or “chain of lakes.”

What are the treatment options for chronic pancreatitis?

Initially, medical therapy includes pain medications, a low-fat diet, abstinence from alcohol,
and pancreatic enzyme replacement or insulin therapy as indicated. Patients with evidence of
pancreatic insufficiency and persistent abdominal pain requiring repeated hospitalizations
should consider more invasive therapeutic options. For patients with a proximal pancreatic duct
stricture and upstream ductal dilation, endoscopic treatment (sphincterotomy, stricture
dilation, stone extraction, stent placement) may be successful. The remainder of patients with
refractory symptoms may undergo surgical intervention.

What are the indications for surgery?

There are no steadfast rules. Relative indications include unabating pain refractory to medical
management, a dilated main pancreatic duct, biliary or gastric outlet obstruction, pancreas
divisum, symptomatic or enlarging pseudocyst, and suspicion of malignancy.

Which operative procedures are commonly performed?

A Roux-en-Y lateral pancreaticojejunostomy (i.e., a Peustow procedure) provides pain relief
through ductal drainage while preserving pancreatic parenchyma. The entire “chain of lakes”
pancreatic duct is opened from head-to-tail, and the Roux jejunal limb is sutured to the pancreatic
capsule around the “filleted” duct to provide a drainage route. Pancreaticoduodenectomy (i.e.,

a Whipple procedure) may be performed for patients with an inflammatory mass in the head of
the pancreas. The Frey procedure entails “coring out” the pancreatic head combined with draining
both the pancreatic head ducts and the length of the pancreatic duct. Distal pancreatectomy
may be used for isolated distal disease or retrograde drainage into a pancreaticojejunostomy.

What is the result of operative intervention?

Pain relief occurs in approximately 70% of patients at the end of 1 year and in 50% of
patients at the end of 5 years. Although associated morbidity ranges from 6% to 50% based
on the type of operation, overall mortality from these procedures is 1% to 3%.

KEY POINTS

I
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. Causes: alcohol (70%), other/idiopathic (30%).

. Symptoms: smoldering abdominal pain and pancreatic insufficiency (diabetes, steatorrhea).
. Lab tests: none.

. Imaging: computed tomography (CT) scan diagnoses pancreatic masses, ductal

dilation, calcifications, and pseudocysts; ERCP evaluates the pancreatic duct including strictures.

. Treatment: pain medications, a low-fat diet, abstinence from alcohol, pancreatic enzyme

replacement and insulin therapy; unabating pain, refractory to medical management, may
be treated with endoscopic or surgical intervention.



CHAPTER 40 DIAGNOSIS AND THERAPY OF CHRONIC PANCREATITIS E

BIBLIOGRAPHY

1. American Gastroenterological Association: AGA technical review: treatment of pain in chronic pancreatitis.
Gastroenterology 115:765-776, 1998.

2. Cahen DL, Gouma DJ, Nio Y et al.: Endoscopic versus surgical drainage of the pancreatic duct in chronic
pancreatitis. N Engl J Med 356(7):676-684, 2007.

3. Fernandez-del Castillo C, Rattner DW, Warshaw AL: Standards for pancreatic resection in the 1990s. Arch Surg
130:295-300, 1995.

4. Heiko W, Apte MV, Volker K et al: Reviews in basic and clinical gastroenterology, chronic pancreatitis:
challenges and advances in pathogenesis, genetics, diagnosis, and therapy. Gastroenterology 132:1557-1573,
2007.

5. Jordan Jr PH, Pikoulis M: Operative treatment for chronic pancreatitis pain. J Am Coll Surg 192:498-509, 2001.

6. Schnelldorfer T, Lewin DN, Adams DB: Operative management of chronic pancreatitis: long term results in 372
patients, J Am Coll Surg 204:1039-1047, 2007.

7. Steer ML, Waxman |, Freedman S: Chronic pancreatitis, N Engl J Med 332:1482-1490, 1995.



PORTAL HYPERTENSION AND ESOPHAGEAL

VARICES

Ramin Jamshidi, MD, and Gregory V. Stiegmann, MD

1. Describe the blood supply to the liver.
Total hepatic blood flow is roughly 1500 ml/min or 25% of cardiac output (CO). The hepatic artery
normally supplies about 30% of blood flow, and the portal vein contributes 70%. However, the
hepatic artery and portal vein each supply 50% of the liver’s oxygen. With portal hypertension, portal
flow decreases and the relative contribution of the hepatic artery necessarily increases.

2. How is portal hypertension defined?
The portal venous pressure is normally 5 to 10 mm Hg; >20 mm Hg is defined as portal
hypertension. Direct measurement is risky, so the hepatic venous pressure gradient (HVPG) is used
instead. This is the change in hepatic vein pressure when flow is occluded by wedging a balloon
catheter into it (analogous to the estimation of left atrial pressure by wedging a pulmonary artery).
A normal HVPG is 2 to 6 mm Hg; >12 mm Hg is considered portal hypertension.

3. What is hepatopetal flow?
Physiologic portal blood flow into the liver is termed hepatopetal flow. Reversal of flow in the
portal vein can occur with greatly increased hepatic vascular resistance and is called hepatofugal
flow. In this case, the hepatic artery must provide the dominant perfusion of the liver.

4. What are the most common causes of portal hypertension?
= |n the world: schistosomiasis.
= |n the United States: chronic hepatitis C virus (HCV) infection or alcoholic cirrhosis
(Laennec’s disease).
= |n children: extrahepatic portal venous occlusion (as in portal vein thrombosis) or biliary atresia.

5. What are schistosomiasis and Katayama fever?
Infection by a freshwater blood fluke that causes an initial dermatitis (“swimmer’s itch”) and
rash followed after 1 to 2 months by fever, myalgias, abdominal pain, and bloody diarrhea
(Katayama fever). As these parasites mate and lay eggs in the venous system, the resulting
inflammation causes chronic obstructing fibrosis of organs and vessels, which is manifested
by portal hypertension. Katayama fever lasts a few weeks and is second only to malaria as
a cause of chronic tropical iliness. Treat with praziquantel.

6. How can the causes of portal hypertension be classified anatomically?
Presinusoidal:
= Extrahepatic: portal or splenic vein thrombosis, congenital biliary atresia, extrinsic
compression (e.g., tumor).
m |ntrahepatic: primary biliary cirrhosis, schistosomiasis, hepatic metastases, polycystic
disease, sarcoidosis.
Sinusoidal: hepatic cirrhosis (e.g., viral infection, alcohol, hemochromatosis).
Postsinusoidal: Budd-Chiari syndrome, inferior vena cava (IVC) obstruction, right-sided
heart failure.
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List the four major anatomic connections between the portal and systemic
venous systems.
1. Left gastric (coronary) vein to the esophageal vein (potential esophageal varices).
2. Inferior mesenteric vein through the superior hemorrhoidal veins to the hypogastric
vein (potential rectal varices).
3. Portal vein to umbilical vein to superficial veins of the abdominal wall (potential caput
medusae).
4. Mesenteric veins to perilumbar veins of Retzius into the IVC (potential retroperitoneal
hemorrhage).
Note that the reason these anastomoses can shunt blood (around the liver) is that splanchnic
veins lack one-way valves.

Define sinistral portal hypertension.

Derived from sinister (Latin for “left”) this is “left-sided” portal hypertension specifically
caused by splenic vein thrombosis or obstruction. This causes shunting from the short gastric
branches of the splenic vein to the left gastric vein, resulting in gastric varices. Splenectomy
is the definitive treatment.

What are the common complications of portal venous hypertension?
m Ascites and spontaneous bacterial peritonitis.

Hemorrhage from esophageal varices (the major cause of mortality).

Hypersplenism.

Rectal varices (hemorrhoids).

Portosystemic encephalopathy.

Portal hypertensive gastropathy and colopathy.

What impact can portal hypertension have on other organ systems?
= Hyperdynamic circulation (decreased systemic vascular resistance with increased CO and
low blood pressure).
m Hepatorenal syndrome.
= Hepatopulmonary syndrome or portopulmonary hypertension.

Liver function is classified according to what system?
The modified Child-Turcott-Pugh system defines three classes of liver disease based on
mortality; the points should be totaled from Table 41-1.

Class A (5 to 6 points): 100% 1-year survival

Class B (7 to 9 points): 80% 1-year survival

Class C (> 10 points): 45% 1-year survival

TABLE 41-1. CHILD-TURCOTT-PUGH SYSTEM OF SCORING LIVER DISEASE

Parameter 1 Point 2 Paints 3 Points
Albumin (g/dl) >3.5 2.8-35 <28
Bilirubin (mg/dl) <2 2-3 >3
International normalized ratio (INR) <17 1.7-2.2 >2.2
Ascites None Moderate Severe
Encephalopathy None Moderate Severe
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What is MELD?

The Mayo end-stage liver disease score is a completely objective measure of disease
calculated with international normalized ratio (INR), bilirubin, and creatinine. In 2002, MELD
was adopted by the United Network for Organ Sharing (UNOS) for determining liver
transplantation priority.

How is MELD calculated?

MELD = 10 x [0.957 x In (creatinine mg/dl) + 0.378
x In (bilirubin mg/dl) 4 1.120 x In (INR)]

Maximum creatinine entered is 4.0. Result is rounded to the nearest integer.

How common are esophageal varices?

At time of diagnosis of cirrhosis, approximately 30% of patients have esophageal varices,

and the incidence of new varix formation in patients with known cirrhosis is roughly 6% per
year. There is a 50% point prevalence of varices in cirrhotic patients. However, bleeding occurs
in only about one third of patients with varices.

Is upper gastrointestinal bleeding in cirrhotic patients with documented varices
always variceal?

Honed test-taking skills tell you the answer must be no. Twenty percent of these patients bleed
from another source (e.g., alcoholic gastric ulcerations, peptic ulcer disease). This includes
patients with ascites, spider angiomata, and asterixis.

Are gastric varices a common bleeding source in patients with portal
hypertension?

No. Only about 5% of variceal bleeds in cirrhotic patients are caused by gastric varices. Portal
hypertension with gastric varices and no esophageal varices is usually associated with

splenic vein thrombosis. Gastric varices bleed much less frequently—but more severely—than
their esophageal counterparts.

What factors are predictive of variceal bleeding?
m Size of varices (the most important factor), which increases vessel wall tension.
m Red wale markings on the varices (longitudinal “whip marks”) from decreased wall
thickness.
m Severity of liver disease.
= Active alcohol abuse.
All told, variceal hemorrhage occurs in 30% of patients within 2 years of varix documentation.

Does the degree of portal hypertension predict bleeding?

Surprisingly, no. Bleeding risk correlates poorly with the magnitude of portal pressure. However,
bleeding rarely occurs with HVPG <12 mm Hg; this threshold pressure is considered necessary
but not sufficient for hemorrhage.

An initial variceal bleed is associated with what mortality and rebleeding risk?
Forty percent of these patients rebleed within 6 weeks, with 40% occurring in the first 5 days. If
untreated, up to 75% of patients rebleed within the first year and roughly 50% die.

Should selective or nonselective B-blockers be used in the treatment of
esophageal varices?

Nonselective B-blockade best minimizes bleeding by lowering blood pressure and reducing
splanchnic flow. B1-adrenergic antagonism causes splanchnic vasoconstriction by reflex
activation of a-receptors and decreases myocardial contractility. B,-blockade prevents
splanchnic and peripheral vasodilation. Nadolol is the drug of choice.
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21. What are the major components of acute variceal bleed management?
Fluid or blood product resuscitation (be careful not to worsen ascites).
Pharmacologic agents to lower portal pressure and flow.

Endoscopy to confirm diagnosis and treat by banding or sclerotherapy.

Antibiotic prophylaxis.

Lactulose catharsis (gastrointestinal [GI] bleeding increases protein load—blood is
protein-rich—and may worsen encephalopathy).

Tamponade, surgery, or transjugular intrahepatic portosystemic shunting (TIPS) if
refractory or an early recurrent bleed.

22. What pharmacologic treatments are used in acute variceal bleeding?
Vasopressin (start at 0.2 U/min intravenously [IV] and increase the level while watching the
electrocardiogram [ECG]) decreases splanchnic perfusion and thus portal pressure. Be
careful; systemic vasoconstriction can cause myocardial or mesenteric ischemia and

infarction.

Terlipressin (2 mg IV every 4 hours) is a synthetic vasopressin analog with fewer side
effects and simpler dosing. It has shown clear promise in randomized controlled trials but
is not yet available in the United States outside of clinical trials.

Octreotide (50 pg IV bolus, then 25 pg/h V) is a synthetic somatostatin analog that
decreases portal blood flow by selective splanchnic vasoconstriction, so side effects are
limited. Octreotide acts through vasoactive peptides substance P and glucagon.

23. What endoscopic treatments are used in acute variceal bleeding?
= Endoscopic band ligation (EBL): direct strangulation of varices with rubber bands, similar
to hemorrhoid banding.
m Sclerotherapy: intravariceal injection of a sclerosing chemical.
Either technique typically controls acute bleeding in ~90% of variceal bleeding, but
although sclerotherapy can be easier in the face of a large bleed, EBL is safer (less chance of
perforation) and tends to require fewer retreatments (see Fig. 41-1).

Figure 41-1. Endoscopic
band ligation. A, The
endoscope is positioned
over a varix and suction is
applied to draw it into the
ligator. A rubber band is
then ejected over the base
of the lesion. B, The band
strangulates the varix,
which sloughs off and
passes through the body in
about 5 to 7 days.

24. Why should antibiotics be given to cirrhotic patients admitted for Gl bleeding?
These patients have almost twice the risk of developing bacterial infections while hospitalized
than do cirrhotic patients admitted for other reasons (nosocomial infection rates approach
50%). Spontaneous bacterial peritonitis, bacteremia, and pneumonia are the most common
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infections. Short-term antibiotic prophylaxis decreases infection incidence and

early rehemorrhage with a resultant increase in survival. Oral norfloxacin (400 mg twice daily
for 7 days), is a proven regimen; intravenous ceftriaxone (1 g once daily for 7 days) is superior
for patients with hypovolemic shock.

What is a Sengstaken-Blakemore tube?

A large nasogastric (NG) tube with two inflatable balloons that can be used to tamponade
both the esophagus and the gastric cardia. The gastric balloon is inflated in the stomach (insert
150 ml of saline plus 25 ml of Gastrografin so that you can confirm appropriate positioning by
radiograph) and pull this inflated balloon gently up against the gastroesophageal junction. Most
bleeds occur in the distal 5 cm of esophagus, so if bleeding continues, the esophageal

balloon should be inflated as well. To prevent balloon-induced esophageal ischemia or rupture,
do not inflate this balloon to >30 mm Hg (exceeds portal venous pressure) and limit use to
24 hours. Half of patients rebleed after balloon deflation, and 10% to 25% suffer aspiration
pneumonia (see Fig. 41-2).

Figure 41-2. Sengstaken-
Blakemore tube, with two
balloons and suction ports.

What are the options for preventing recurrent variceal bleeds?

Without treatment, 75% of patients rebleed within 1 year. B-blockers reduce this to 40%;
when combined with sclerotherapy, the rate is 35%, and when combined with EBL, the rate is
reduced to 25%. The lowest rebleeding rates are thus accomplished with EBL and chronic
nadolol. Interestingly, EBL with B-blockade has demonstrated no difference in 2-year survival
when compared with B-blocker and nitrate treatment alone. Shunt surgery and TIPS are slightly
better than all these options at 15% rebleeding per year, but these invasive interventions are also
more morbid.
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How should a patient with recurrent variceal bleeds be treated?

Primary treatment should be EBL combined with B-blockade. Failing this treatment, the second-
line option is to decompress the portal venous system by shunting blood away with a
portosystemic anastomosis. The decision of open versus radiologic shunting is based on the
urgency and the patient’s fitness for surgery.

What is transjugular intrahepatic portosystemic shunting?

TIPS is a percutaneous radiologic technique for diverting portal venous blood directly into the
IVC. Under fluoroscopy, a stent is placed through the hepatic parenchyma to link the hepatic and
portal veins. Although TIPS relieves ascites and is superior to EBL in lowering variceal bleed risk,
it also exacerbates encephalopathy without any decrease in mortality. New or worsened
encephalopathy occurs in at least 25% of patients after TIPS. Stent stenosis and dysfunction
occurs in 30% by 1 year and 50% by 2 years (Fig. 41-3).

A B C

Figure 41-3. TIPS placement. A, From a hepatic vein, a needle punctures through the liver to reach a
portal vein. B, The tunnel is widened with a balloon catheter. G, A permanent stent is placed.
(From McNally PR, editor: G//Liver Secrets, 2nd ed., Philadelphia, 2001, Hanley & Belfus.)

Describe the basic options for surgical shunting.

Nonselective (central) shunt: portovacal and mesocaval shunts nonselectively decompress
the portal venous system, thus risking hepatofugal flow and worsening hepatic failure.
Large amounts of portal blood (not detoxified in the liver) in the systemic circulation
worsen encephalopathy. Creating a smaller diameter conduit (partial shunt) helps preserve
some anterograde portal flow and limits this effect.

Selective splenorenal (Warren) shunt: anastomosis of the distal splenic vein to the left renal
vein with ligation of the left gastric. This does not decompress as thoroughly, and
therefore, this technique enjoys a lower risk of encephalopathy.

As a rule, the more central the shunt site, the more extensive the portal decompression, but the
tradeoff is the increased risk of encephalopathy (as demonstrated by TIPS).

How can you estimate operative mortality for elective portosystemic shunting?
Perioperative mortality correlates well with Child-Pugh class (this was the original purpose of
the classification). Classes A, B, and C demonstrate up to 5%, 10%, and 40% mortality,
respectively, at 30 days.

Is there a definitive treatment for recurrent variceal bleeding?

Liver transplantation provides portal decompression and restores hepatic function. Listing
criteria are strict, and the psychological assessment of the “reformed alcoholic” is particularly
arduous. Prior TIPS or shunting operations are not contraindications to transplant.
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How should a patient with known esophageal varices be treated to prevent an
initial variceal bleed?

The combination of B-blocker and nitrate is used for primary prophylaxis, but EBL is at least
equivalent to pharmacotherapy without the side effects (one third of patients cannot tolerate
B-blockers because of fatigue or bronchospasm, and 20% cannot tolerate nitrates secondary to
pounding headaches). These treatments reduce the incidence of an initial bleed from 30% to
<10% and the mortality of a bleed from 30% to 20%. EBL was previously suggested for
prophylaxis only in class C disease, but mounting evidence suggests that EBL is at least as
effective as pharmacotherapy in all patients.

KEY POINTS: PORTAL HYPERTENSION v

Portal venous pressure >20 mm Hg (normal = 5 to 10 mm Hg).

Most common causes in the United States are hepatitis C and alcoholism.

1.
2.
3. Anatomic causes characterized as presinusoidal, sinusoidal, or postsinusoidal.
4.

Complications include ascites, esophageal varices, encephalopathy, hypersplenism, and
hemorrhoids.

. Initial management is medical and endoscopic; surgery is reserved for refractory cases.
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GASTROESOPHAGEAL REFLUX DISEASE

Michael E. Fenoglio, MD, and Lawrence W. Norton, MD

What symptoms suggest gastroesophageal reflux disease (GERD)?

Substernal burning after meals or at night, associated occasionally with regurgitation of gastric
juices, is one symptom. Discomfort is relieved by standing or sitting. Dysphagia, a late complication of
GERD, is caused by mucosal edema or stricture of the distal esophagus. However, no symptom is
specific for GERD, and therapeutic decisions should not be made on symptoms alone.

What is the difference between heartburn and GERD?

Heartburn is a lay term for mild, intermittent reflux of gastric content into the esophagus without tissue
injury. It is relatively common among adults. GERD implies esophagitis with varying degrees of
erythema, edema, and friability of the distal esophageal mucosa. It occurs in 10% of the population.

What causes GERD?

The underlying abnormality of GERD is functional incompetence of the lower esophageal
sphincter (LES), which allows gastric acid, bile, and digestive enzymes to damage the
unprotected esophageal mucosa. Achalasia, scleroderma, and other esophageal motility
disorders are sometimes associated with GERD.

Is hiatal hernia an essential defect in patients with GERD?
No. Not all patients with GERD have a hiatal hernia, and not all patients with a hiatal hernia have
GERD. A total of 50% of patients with GERD have an associated hiatal hernia.

What studies are useful to diagnose GERD?

Endoscopy with biopsy is essential in diagnosing GERD. Barium swallow with or without
fluoroscopy can diagnose reflux but cannot identify esophagitis. Twenty-four-hour esophageal
acid-base balance (pH) testing associates reflux with symptoms and is useful in some
patients. Gastric secretory or gastric emptying tests are occasionally helpful. Manometry of the
esophagus and LES is required whenever an esophageal motility disorder is suspected and
before any surgical intervention.

What is the initial management of a patient suspected of having GERD?
= Change diet to avoid foods known to induce reflux (e.g., chocolate, alcohol, and coffee).
m Avoid large meals before bedtime.
= Stop smoking.
m Do not wear tight, binding clothes.
Elevate the head of the bed 4 to 5 inches.
Take antacids when symptomatic.
Weight loss can be quite effective in reducing GERD symptoms.

If initial treatment fails, what should be recommended?

About 50% of patients show significant healing with H2 blockers, but only 10% of these patients
remain healed 1 year later. Metoclopramide promotes gastric emptying but rarely relieves
symptoms consistently in the absence of acid reduction.
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KEY POINTS: DIAGNOSTIC WORK-UP OF

GASTROESOPHAGEAL REFLUX DISEASE
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. Underlying anatomic abnormality may cause functional incompetence of the LES.

. Endoscopy and biopsy are paramount in diagnosis.

. Swallow studies delineate possible anatomic causes.

. Twenty-four-hour pH monitoring can link reflux to patient’s symptoms.

. Manometry of the LES is required if esophageal motility disorder is suspected.

What is the role of proton pump inhibitor (PPI) in GERD?

PPIs (omeprazole and others) irreversibly inhibit the parietal cell hydrogen ion pump and

are >80% successful in healing severe erosive esophagitis. Two thirds of patients who continue
the medication remain healed. A concern in prolonged PPI therapy is hypergastrinemia
secondary to alkalinization of the antrum. Gastrin is trophic to gastrointestinal (GI) mucosa,
but the initial fear of induced neoplasia has not been borne out by follow-up studies.

When should operation for GERD be recommended?

Failure of nonoperative (medical) therapy is the primary indication for surgery. Noncompliance
with prescribed treatment is a frequent cause of failure and even stricture unresponsive

to dilation. With PPIs, most patients’ symptoms can be controlled for long periods of time.
Current recommendations for surgical intervention include: (1) failed medical therapy (e.g., intractable
disease, intolerance or allergy to medications, noncompliance, and recurrence of symptoms while

on medical therapy), (2) complications (e.g., stricture, respiratory symptoms, medicosocial changes,
and premalignant mucosal changes), (3) patient preference (e.g., cost—long-term medical
prescriptions can be expensive—or lifestyle issues).

What is the goal of surgical treatment?

Operations for GERD attempt to prevent reflux by mechanically increasing LES pressure and, in
most procedures, to restore a sufficient length of distal esophagus to the high-pressure zone
of the abdomen. Hiatal hernia, when present, is reduced simultaneously.

What procedures can accomplish this goal and how do they do it?

m |n the Nissen fundoplication, which is used in >95% of patients, the fundus of the
stomach is mobilized, wrapped around the distal esophagus posteriorly, and secured
to itself anteriorly (i.e., 360-degree wrap). The procedure alters the angle of the
gastroesophageal junction and maintains the distal esophagus within the abdomen to
prevent reflux. The operation is performed transabdominally by either laparotomy or
laparoscopy (see Fig. 42-1).

= The Belsey Mark IV operation accomplishes the same anatomic changes but is done via a
thoracotomy (see Fig. 42-2).

= The Hill gastropexy restores the esophagus to the abdominal cavity by securing the gastric
cardia to the preaortic fascia (see Fig. 42-3).

= The Toupet (partial) fundoplication is used in patients who have associated motility
disorders. Because the wrap is not circumferential, the incidence of postoperative
dysphagia is significantly reduced with this partial wrap compared with a full 360-degree
wrap (Nissen fundoplication). However, long-term durability may not be as good as
with a Nissen fundoplication. This operation can be done transabdominally by either
laparotomy or laparoscopy (see Fig. 42-4).



CHAPTER 42 GASTROESOPHAGEAL REFLUX DISEASE m

Figure 42-1. In the Nissen
fundoplication, which is
used in >95% of patients,
the fundus of the stomach
is mobilized, wrapped
around the distal
esophagus posteriorly, and
secured to itself anteriorly
(i.e., 360-degree wrap). The
procedure alters the angle
of the gastroesophageal
junction and maintains the
distal esophagus within the
abdomen to prevent reflux.
The operation is performed
transabdominally by either
laparotomy or laparoscopy.

Figure 42-2. The Belsey
Mark IV operation
accomplishes the same
anatomic changes as the
Nissen fundoplication but is
done via a thoracotomy.

Figure 42-3. The Hill gastropexy restores the esophagus to the abdominal cavity by
securing the gastric cardia to the preaortic fascia.
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Figure 42-4. The Toupet
(partial) fundoplication is
used in patients who have
associated motility
disorders. Because the
wrap is not circumferential,
the incidence of
postoperative dysphagia is
significantly reduced with
this partial wrap compared
with a full 360-degree wrap
(Nissen fundoplication).
However, long-term
durability may not be as
good as with a Nissen
fundoplication. This
operation can be done
transabdominally by either
laparotomy or laparoscopy.

What are the success rates for such procedures?

All of the procedures described in question 11 eliminate GERD in almost 90% of patients
who are followed for 10 years. But the Nissen fundoplication wins in comparison studies.
Recurrent symptoms should be thoroughly worked up because they are frequently associated
with other disorders and not recurrent GERD.

What are the long-term complications of such procedures?

The repair may fail, with recurrence of reflux, after any of these operations. Incorrect placement
or slippage of the stomach wrap can complicate Nissen fundoplication and the Belsey Mark

IV procedure. Dysphagia and the inability to belch (i.e., gas-bloat syndrome) result from too
tight a wrap.

How can stricture from GERD be managed?
Pliable (unfixed) strictures can be dilated. Fixed strictures require surgical repair. A Thal
patch expands the stricture by interposing a piece of stomach.

CONTROVERSIES

Is GERD better treated in the long term by PPI therapy or Nissen fundoplication?
PPIs really work in resolving esophagitis and eliminating symptoms of GERD, but the long-term
side effects are not fully known. Fundoplication potentially frees the patient from daily
medicine (this has been challenged recently) and may cause morbidity in ~10% of patients.
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16. Should a Nissen fundoplication be performed by laparoscopy or laparotomy?
The same procedure can be accomplished by either approach. Postoperative morbidity
and mortality is comparable. The distinct advantages of laparoscopy are less postoperative pain,
shorter hospitalization, and earlier return to work.

17. Can this disease be treated by other minimally invasive means?
Yes. Other endoscopic methods include:
= Endoluminal suturing.
m Radiofrequency treatment of the LES.
m [njection of bulk-forming agents around the LES.
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ESOPHAGEAL CANCER

Ricardo J. Gonzalez, MD

1. What are the risk factors for developing esophageal cancer?
Both alcohol and tobacco increase the risk of carcinoma of the esophagus by a factor of 10.
Additional risk factors include Barrett’s esophagus with dysplasia, carcinogen exposures (e.g.,
nitrosamines in the Eastern world), vitamin and trace element deficiencies, and Plummer-Vinson
syndrome.

2. What is the epidemiology of carcinoma of the esophagus?
Esophageal cancer accounts for 1% of all cancers and 2% of cancer-related deaths. Generally,
it is 3 times more common in men and occurs most commonly in the seventh decade of life.
Worldwide, 95% of all esophageal cancers are of squamous cell origin; however, in the Western
world, the relative incidence of adenocarcinoma has increased dramatically over the past
20 years because of the comparable increase in the incidence of Barrett’s esophagus.

3. What is Barrett’s esophagus, and how does it relate to esophageal cancer?
Chronic reflux of gastric contents into the esophagus may lead to Barrett’s esophagus,
which is characterized by replacement of the normal squamous esophageal mucosa with a
glandular columnar mucosa resembling the stomach. This is also called intestinal
metaplasia. If Barrett’s esophagus progresses to high-grade dysplasia, patients have a fortyfold
increased risk of esophageal adenocarcinoma. Patients with high-grade dysplasia are
traditionally treated by esophagectomy; however, photodynamic therapy (PDT) may eliminate
dysplastic Barrett’s mucosa, obviating surgical resection. PDT remains unapproved and
experimental.

4. What are the most common presenting symptoms of esophageal cancer?
Dysphagia occurs in 85% of patients. Others symptoms include weight loss (60%), chest or
epigastric pain (25%), regurgitation of undigested food (25%), hoarseness caused by recurrent
laryngeal nerve involvement (5%), cough or dyspnea (3%), and hematemesis (2%).

5. What is the diagnostic work-up for patients presenting with these symptoms?

1. History and physical examination.

2. Upper gastrointestinal (Gl) series (contrast study of the upper Gl tract).

3. Upper endoscopy with biopsies of all concerning luminal structures.

4. Computed tomography (CT) scan of chest and abdomen to define nodal and potential
metastatic disease.

5. Endoscopic ultrasound (EUS) to define the T stage (i.e., size) of the primary mass and
regional lymph node involvement with possible fine-needle aspiration (FNA) biopsy.

6. Positron emission tomography (PET) scan to define distant metastatic spread.

6. What is the anatomic distribution of esophageal cancer?
The esophagus is divided into three anatomic segments: upper, middle, and lower thirds. Fifteen
percent of esophageal cancers arise in the upper third, 50% in the middle third, and 35% in
the lower third.
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What is neoadjuvant chemotherapy? What are its advantages and
disadvantages?
This is chemotherapy, radiation therapy, or both to the primary lesion before surgical resection.
The advantages include:
Potential downstaging (to shrink the tumor or treat locoregional lymph node involvement).
Early treatment of micrometastatic disease.
Treatment is better tolerated before surgical stress.
Calibrates the patient’s ability to tolerate major surgery.
Verification of primary tumor’s sensitivity to the chemotherapy or radiation therapy so as to
plan for effective adjuvant therapy.
The disadvantages include:

m Delay in treatment of the primary lesion, particularly when the primary tumor progresses

despite neoadjuvant therapy.
m Selection for chemoresistant cell lines.

What are the surgical options for treatment of carcinoma of the esophagus?
Surgery alone or combined with chemoradiotherapy offers the only hope for cure. The surgical
approaches include: (1) transabdominal resection of lesions located at the gastroesophageal
junction; (2) resection with intrathoracic anastomosis by left thoracoabdominal (Sweet
procedure) or combined midline laparotomy and right thoracotomy (Ivor-Lewis procedure); and
(3) transhiatal esophagectomy with cervical anastomosis. Laser therapy, esophageal stenting
procedures, and dilatation are reserved for palliation.

What are the risks of surgery?
Anastomotic leak.
Anastomotic stricture.
Death.
Dysphagia.
Hemorrhage.
Empyema and sepsis.
Local recurrence of cancer.

What is the natural history of esophageal cancer?

In a collected series of almost 1000 untreated patients, the 1- and 2-year survival rates were
6.0% and 0.3%, respectively. Untreated patients typically succumb to progressive malnutrition
complicated by aspiration pneumonia, sepsis, and death. Formation of a fistula between the
aorta or pulmonary artery and the esophagus or pulmonary tree is a somewhat more dramatic
(or perhaps merciful) mode of exit. Treated or untreated, esophageal cancer is a bad disease.

Describe the stages of esophageal cancer and the respective 5-year survival
rate after esophagectomy.

Stage | is cancer confined to the inner layer (muscularis mucosae or submucosa), and 5-year
survival is as high as 80%. Stage Il describes tumors that are confined to the layers outside
the submucosa with local lymph node involvement, and 5-year survival can be as high as 35%.
Stage Il tumors have either invaded surrounding structures (lung, aorta, or trachea)
irrespective of regional lymph node involvement or go through the wall of the esophagus with
nodal involvement. The 5-year survival is typically <10%. Stage IV esophageal cancer has
spread to nonregional lymph nodes (supraclavicular or celiac nodes) or distant organs (lung,
liver, or bone). Essentially, all patients with stage IV disease die within 2 years of diagnosis.

What is an “R0” (or ‘R zero’’) resection, and how does it impact survival?
All gross disease is removed, and microscopically, the margins of resection are negative for
tumor. Achieving an RO resection is the surgeon’s goal and is the most robust predictor of a
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favorable outcome after surgery for esophageal cancer. An R1 resection represents removal of
all gross disease, yet resection margins are microscopically positive for tumor. The overall
5-year survival (any stage) for patients with microscopically positive margins decreases by

an order of magnitude (e.g., 30% down to 3%).

KEY POINTS: ESOPHAGEAL CARCINOMA

1. Most common in older patients with dysphagia (85% of cases) and weight loss (60% of
cases).

I

. Major causative factors are alcohol and tobacco (tenfold increase in risk).
. Diagnosis is made by upper Gl endoscopy and biopsy.

. Most common variant is adenocarcinoma; second most common is squamous cell cancer.

[S2 I = OC B ]

. Radiographic work-up is necessary to stage disease.
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ACID-PEPTIC ULCER DISEASE

Erik D. Peltz, DO, and Thomas N. Robinson, MD

DUODENAL ULCER DISEASE

What is the risk of duodenal ulcer disease?

The lifetime risk for duodenal ulcer is about 1 in 14. It usually occurs between ages 20 and
60 years, with peak incidence in the fourth decade of life. It is more common in males.
Hemorrhage is the most common cause of hospital admission. The annual number of deaths
in the United States is about 10,000 deaths caused by duodenal ulcers.

What is the role of Helicobacter pyloriin duodenal ulcer?

H. pylori, a gram-negative bacillus, is strongly associated with peptic ulcer disease. It is isolated
from antral mucosa in 80% of patients with peptic ulcer disease. Ulcers may occur in the
absence of H. pylori. These ulcers occur in the setting of hyperacid secretion, normal acid
secretion, or after acid reduction operations such as vagotomy. Recurrent or multiple
ulcerations may indicate an underlying endocrine disease. The breakdown of the duodenal
mucosal barrier probably also contributes to ulcerogenesis.

Is acid hypersecretion necessary for peptic ulcer disease?
No. Gastric hypersecretion of acid and pepsin plays an important role in ulcer formation;
however, only 40% of ulcer sufferers manifest acid hypersecretion.

What are the clinically important complications of H. pylori infection?

Peptic ulcer disease: As noted, H. pylori is present in 80% of peptic ulcers. Gonversely,
50% of the general population harbors this organism. In individuals infected with H. pylori,
the lifetime risk of developing a peptic ulcer is 10% to 20%. H. pylori may be part of the
indigenous human gastric flora; antigens were detected in pre-Columbian Central American
mummies whose last meal was 1700 years ago.

Gastric carcinoma: H. pylori is strongly linked to gastric cancer and is now classified as a
group | carcinogen. It may also cause mucosa-associated lymphoid tissue (MALT)
lymphoma.

Barrett's esophagus is a possible H. pylori-associated disease, although it is more commonly
associated with chronic gastroesophageal reflux.

H. pylori probably synergizes with nonsteroidal anti-inflammatory drug (NSAID) use.

What is the most commonly used test for H. pylori?
The CLO test detects the presence of H. pylori. H. pylori releases urease, which breaks down
urea to ammonia and bicarbonate, thus increasing the acid-base balance (pH). The CLO test can
be performed at the time of endoscopy by obtaining scrapings from the antral mucosa.
If endoscopy is not available, the enzyme-linked immunosorbent assay (ELISA) may be used
to detect anti-H. pylori immunoglobulin A (IgA) and immunoglobulin G (IgG) antibody titers.
Direct culture of the organism should be reserved for cases in which antibiotic resistance
becomes the issue.
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What other risk factors are associated with duodenal ulcer disease?
m Cigarette smoking is a major risk factor; its cessation is a key component of ulcer therapy.
= Blood group O is associated with higher incidence of duodenal ulcer, as are leukocyte
antigens HLA-B5, B12, and BW35.
= NSAIDs promote ulcer formation by suppressing systemic prostaglandin production.
m Chronic pancreatitis, cirrhosis, emphysema, and o antitrypsin deficiency are also
associated with the condition.

Which endocrine disorder is associated with severe ulcer disease?
Patients with multiple endocrine neoplasia (MEN) type | have a 75% incidence of gastrinoma
with severe ulcer diathesis.

What other endocrine disorders should be screened?
Pituitary tumor and hyperparathyroidism should be suspected when MEN type | is considered.

What are the clinical presentations of peptic ulcer disease?

m Pain is usually epigastric in origin, although radiation to the back may indicate pancreatic
involvement. It is often relieved by food or antacid ingestion. Nausea and vomiting
may occur.

= Upper gastrointestinal (GI) bleeding. (Peptic ulcers are responsible for 28% to 59% of
all upper Gl bleeding)

m (astric outlet obstruction (GOO) may result from pyloric spasm, inflammatory mass
constriction, duodenal scarring, or fibrosis.

m Perforation is a surgical emergency with a mortality rate as high as 10%. Perforation
may occur without a history of peptic ulcer disease, especially if the ulcer is situated
on the anterior surface of the duodenum.

How does the location of the ulcer affect its clinical presentation?

Anterior wall ulcers (usually first portion of duodenum) may perforate and cause peritonitis
with free air in the abdomen. Posterior ulcers may erode into the gastroduodenal artery or
pancreas.

What are the differential diagnoses of epigastric pain?

In addition to peptic ulcer disease, gastroesophageal reflux disease (GERD), gastritis, gastric
carcinoma, biliary tract disease, pancreatitis or pancreatic carcinoma, aortic aneurysm,
intestinal angina (ischemia), and myocardial ischemia should be considered.

What initial test should be performed when evaluating epigastric pain of
presumed gastrointestinal origin?

Flexible esophagogastroduodenoscopy (EGD) is preferred, although the upper GI contrast study
with barium may be acceptable. The CLO test can be performed at the time of the EGD if
indicated. Ultrasound (US) should be performed if gallbladder or vascular diseases are
suspected. A lateral-view angiogram for intestinal angina, computed tomography (CT) scan
for aneurysm, and a baseline electrocardiogram (ECG) should be obtained because ischemic
heart disease is always possible.

How are patients with duodenal ulcer treated?
m Diet: Aspirin and NSAIDs must be discontinued. Alcohol and nicotine should be
avoided.
= Antacids: Neutralizing gastric pH may alleviate symptoms, but its impact on ulcer
healing is not well defined.
= H2 receptor antagonists: The use of cimetidine or ranitidine prevents gastric acid
secretions by blocking the H2 histamine receptor.
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= Sucralfate: A protective-barrier medicine adheres to the ulcer base, providing a protective
coating. Medications that decrease acid secretion should not be used at the same time
because sucralfate requires an acidic environment to be activated.

= Proton pump inhibitors (PPIs): Omeprazole blocks the hydrogen-potassium adenosine
triphosphatase pump in the gastric parietal cells and inhibits hydrogen ion release.

It usually is reserved for failures of first-line therapy (i.e., H2 receptor antagonists).

m H. pylori eradication: If H. pylori infection is diagnosed, the combination of triple
therapy (bismuth, tetracycline, and metronidazole) with an H2 receptor antagonist regimen
appears to provide a 90% cure rate. Erythromycin, amoxicillin-omeprazole, or
erythromycin-omeprazole may be added for initial failures.

What are the recurrence rates after medical therapy?
Approximately 80% of duodenal ulcers heal in 6 weeks. The recurrence rate within 1 year of
treatment is 70%; thus, repeated treatment may be necessary.

What complications are associated with medical therapy?

H2 receptor antagonists may induce mental status changes and gynecomastia. Cimetidine, in
particular, may affect hepatic metabolism of warfarin, phenytoin, theophylline, propranolol,
and digoxin, leading to abnormal serum levels. Omeprazole may cause hypergastrinemia by
blocking gastric acid secretion. H. pylori resistance to antibiotics may develop, especially

to metronidazole; therefore, a triple combination of at least two antimicrobials with an acid
inhibitory drug is recommended as initial therapy.

How should recurrent or multiple ulcers be evaluated?

In addition to the previously mentioned work-up, serum gastrin levels should be obtained to
evaluate for possible endocrine disorder. Patients should not be taking omeprazole when
gastrin levels are measured. In Zollinger-Ellison syndrome, gastrin hypersecretion from

the pancreatic islet tumor results in multiple or intractable ulcers (normal serum gastrin,
<200 pg/ml; Zollinger-Ellison syndrome, usually >500 pg/ml).

How do you evaluate a borderline serum gastrin value (200 to 500 pg/ml)?
The secretin stimulation test may be used to diagnose Zollinger-Ellison syndrome. An
intravenous (V) bolus of secretin (2 U/kg) should result in an increase of gastrin of
150 pg/ml within 15 minutes if the patient has this syndrome.

What are the indications for operative treatment of duodenal ulcers?

Failure of medical management to control pain, bleeding (<6 units of packed red blood cell
transfusions in 24 hours or, better yet, two thirds of the patient’s calculated blood volume loss in
24 hours), and obstruction are the usual indications. Perforation of the ulcer is usually treated
surgically unless the patient presents 24 hours after the event without peritonitis and the Gastrografin
upper Gl series confirms that the perforation has been well sealed (usually with omentum).

What operations are used to treat duodenal ulcers?

Truncal vagotomy and pyloroplasty (V and P) or gastrojejunostomy.

Truncal vagotomy and antrectomy with Billroth | or Il anastomosis.

Subtotal gastrectomy with Billroth | or Il anastomosis.

Selective vagotomy (just the vagal branches to the parietal cells in the stomach).
Total gastrectomy.

What are Billroth | and Billroth Il anastomoses?

The Billroth | operation is an anastomosis between the duodenum and the gastric remnant
(gastroduodenostomy). The Billroth Il operation is constructed by sewing a loop of jejunum to
the gastric remnant (gastrojejunostomy). Either method is acceptable.
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Which procedure is preferred, Billroth | or Billroth 11?

Billroth | has the advantages of eliminating the duodenal stump and requiring only one

suture line instead of two (as in Billroth I1). Duodenal stump blowout is a critical surgical
emergency that requires immediate laparotomy. Afferent loop syndrome (i.e., sludging of stuff
in the loop that is not in the enteric stream) is also a complication of Billroth 11. Bile reflux
gastritis may occur in both procedures. Billroth | is more physiologic; thus, it results in better
protein and fat digestion. Billroth | is more susceptible to gastric outlet obstruction with

ulcer or tumor recurrence; therefore, a Billroth | hook-up is not recommended for patients with
gastric carcinoma.

What is afferent loop syndrome?

Postprandial abdominal pain often is relieved by bilious vomiting. A narrowing at the junction
of the stomach and duodenal side of a Billroth Il anastomosis leads to biliary and pancreatic

fluid buildup within the afferent limb of the intestine. Pain is relieved when the fluid content is
emptied into the stomach, which may result in bilious vomiting and severe reflux gastritis.

How is afferent loop syndrome prevented?
Prevention requires avoidance of a long or twisted afferent limb with too narrow an anastomosis
during Billroth 1l construction. A Billroth | procedure eliminates this possible problem.

Who was Billroth?

Christian Albert Theodor Billroth (1829-1894) was an Austrian surgeon credited with
performing the first successful gastric resection in 1881 and introducing innovations to
intestinal bypass surgery. The father of modern U.S. surgery, William Halsted, was once an
apprentice to Billroth in Vienna.

How does alkaline or bile reflux gastritis occur?

Reflux of bile and pancreatic secretions into the stomach after a Billroth I (sometimes Billroth I)
anastomosis may cause marked gastric irritation, leading to chronic postprandial pain.
Persistent pain should be evaluated with endoscopy, and surgical reconstruction should be
considered, usually with a Roux-en-Y gastrojejunostomy from a 40-cm efferent jejunal limb.

What is selective vagotomy?

In this limited proximal vagotomy, the gastric parietal cells are selectively denervated. Fibers to
antrum, pylorus, liver, biliary tract, and the rest of the intestinal tract are left intact, thereby
precluding the need for a gastric emptying procedure. Recurrence of ulcer disease may be
10% or greater, but its side effects, namely dumping (caused by resection of the pylorus) or
diarrhea (caused by the vagotomy), are minimized to 2%.

What is dumping syndrome?

Resection of the pylorus can lead to uncontrolled, rapid emptying of hyperosmolar gastric
contents into the proximal small bowel. The osmotic and glucose load in the intestine sucks
intravascular volume into the gut, making the patient transiently hypovolemic. The
physiologically appropriate adrenergic response to this volume shift produces tachycardia,
sweating, flushing, weakness, nausea, abdominal cramps, and even syncope. Ingesting a small,
dry, low-carbohydrate meal (to limit the available osmols) may prevent this syndrome.
Anticholinergic drugs also may help. As many as 20% of patients experience the dumping
syndrome in the early postoperative period, but only 2% develop chronic problems.

What must accompany truncal vagotomy?

Truncal vagotomy denervates the stomach, resulting in gastric hypomotility. Some gastric
emptying procedure such as a pyloroplasty or a side-to-side gastroduodenostomy should be
performed.
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29. What is a Heinecke-Mikulicz pyloroplasty?

A pyloduodenal incision along the longitudinal axis followed by a transverse closure flops the
pylorus open and promotes gastric emptying.

30. What is a Finney pyloroplasty?
A side-to-side gastroduodenal anastomosis that transects and defunctionalizes the pylorus and
promotes gastric emptying.

31. What is a Jaboulay pyloroplasty?
This gastric emptying procedure comprises a side-to-side gastroduodenal anastomosis that
does not transect the pylorus. It is ideal if severe pyloric scarring is present.

32. What are the rates of ulcer recurrence after surgical treatment?
Vagotomy and pyloroplasty: 10%.
Vagotomy and antrectomy: 2%.
Highly selective vagotomy: 10%.
Subtotal gastrectomy: 1%.
Total gastrectomy: <1%.

33. What is the mortality rate of these operations?
Vagotomy and pyloroplasty: 1%.
Vagotomy and antrectomy: 2%.
Highly selective vagotomy: 0.1%.
Subtotal gastrectomy: 2%.
Total gastrectomy: 5%.

34. How are patients with perforated duodenal ulcers treated?
The patient must be resuscitated first, following the ABCs of airway, breathing, and circulation.
The stomach contents are emptied via nasogastric (NG) tube. Surgical closure by omental
patch (Graham closure) is widely practiced. For hemodynamically stable patients, oversewing
of the ulcer followed by a selective vagotomy is appropriate. Antrectomy with vagotomy
to remove the ulcer is appropriate if the patient has an intractable peptic ulcer.

35. What (ulcer-specific question) should you always ask before you proceed to the
operating room?
Past history of ulcer disease. Choice of operation will depend on acute versus chronic ulcer disease.

36. What is the long-term result after Graham closure of a perforated ulcer?
One third of patients remain asymptomatic, one third have symptoms controlled by medical
treatment, and one third require an additional ulcer operation.

37. What are the complications of surgery for duodenal ulcers?

Duodenal stump leakage may occur within the first week after antral resection and Billroth
anastomosis. Treatment consists of prompt reoperation to drain and control the leak.
Total parenteral nutrition may be required as a “bowel rest” adjunct.

Gastric retention may occur because of edema at the anastomosis or atony of the stomach
after vagotomy. It usually resolves spontaneously in 3 to 4 weeks.

Bleeding may occur from a suture line, a missed ulcer, or other gastric mucosal lesions.
Most postgastrectomy bleeding ceases spontaneously, but endoscopy may be necessary in
some cases.

38. Where do ulcers recur after operation?
Ulcers usually recur adjacent to the gastric anastomosis on the intestinal side (i.e., jejunum,
duodenum).
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Why do they recur?

The responsible factors are inadequate gastric resection, incomplete vagotomy, inadequate
drainage of the gastric remnant (stasis of gastric contents proximal to the anastomosis), or
retained gastric antrum (gastrin-producing cells) after a Billroth Il procedure.

How do you treat pyloric stenosis?

Fluid resuscitation and NG tube decompression should be initiated. Metabolic alkalosis may
result from prolonged vomiting (loss of hydrogen ions) and should be corrected with normal
saline infusion. Either vagotomy with gastrojejunostomy or resection of the stenosis with a
Billroth Il bypass is acceptable. Partial gastrectomy is required less often.

GASTRIC ULCER DISEASE

What is the most important factor in managing gastric ulcers?
All gastric ulcers must be evaluated for malignancy. The incidence of malignancy is about 10%.

How is gastric ulcer evaluated?

Biopsy is mandatory. EGD with multiple biopsies (typically, six) of the ulcer crater is the best
method. Upper Gl series may be helpful, but biopsy is not possible. The CLO test can be
performed at the time of the EGD to detect H. pylori. Benign ulcers usually heal by 12 weeks.
Intractability should arouse suspicion for malignancy.

In patients with bleeding peptic ulcers what are the endoscopic findings
suggestive of rebleeding?

Endoscopic Finding Risk of Rebleeding (%) Forrest Classification
Active bleeding 90% IA
Active oozing 55% B
Nonbleeding visible vessel 50% IA
Adherent clot 33% IIB
Red or blue spot on surface 7% IIC
Clean base 3% 1

How are gastric ulcers classified?

Type | At the incisura or most inferior portion of the lesser curvature
Type 1l Gastric ulcer 4 duodenal ulcer

Type 1ll Prepylorus

Type IV Gastroesophageal junction or proximal cardia

Type V Any ulcer from NSAID or aspirin use.

Which is the most common type of gastric ulcer?
Type I.

How do benign gastric ulcers differ from duodenal ulcers?

Benign gastric ulcers are difficult to treat and have a higher rate of recurrence and
complications. Gastric ulcer disease and gastric carcinoma have a probable common etiologic
factor, which is atrophic gastritis induced by H. pylori. By contrast, factors associated with
duodenal ulcer may protect against gastric cancer.

How is H. pylori related to gastric ulcer disease?
H. pylori colonization induces chronic active gastritis, which is associated with ulcer
formation, although a direct cause-and-effect link has not been clearly established. Other



48.

49.

50.

51.

52.

53.

54.

55.

56.

CHAPTER 44 ACID-PEPTIC ULCER DISEASE

factors such as focal defect in acid neutralization that allows acid diffusion into the stomach
mucosa or hypersecretion of acid (in cases of type Il and IIl ulcers) may play
important roles.

What is a “trial of healing”?

A combination of H2 receptor antagonists or hydrogen pump inhibitors with anti-H. pylori
medications, if indicated, may be tried for 6 to 12 weeks. A second EGD should be performed
to evaluate the ulcer. An additional trial of 12 weeks is acceptable provided that the biopsy
results for malignancy are negative.

What is the aim of H. pylori eradication in the setting of gastric ulcer?

Therapy aimed at H. pylori eradication is associated with increased ulcer healing and decreased
ulcer relapse. Several series have shown decreases in recurrences from 50% to <10% with
H. pylori eradication. H. pylori is strongly linked to gastric cancer and is now classified as a
group | carcinogen. It also may cause MALT lymphoma.

How are patients with H. pylori infection treated?
They should be given a triple therapy of bismuth, metronidazole, and tetracycline, usually
supplemented with acid-reducing medications.

Does gastric ulcer healing guarantee a benign ulcer?
No. Gastric ulcers with foci of malignancy may heal completely on medical therapy.

What are the indications for operative therapy of benign gastric ulcers?
Hemorrhage, perforation, obstruction, and intractability (the same as duodenal ulcers).

What is the definitive procedure used for benign gastric ulcers?
Hemigastrectomy or antrectomy (including the ulcer) without vagotomy for types | and IV
ulcers is the standard procedure. Type | and IV ulcers have low or normal acid levels. For types Il
and I, vagotomy should be added.

What are the options under emergent (i.e., hemorrhage or perforation)
conditions?

Hemodynamically stable: truncal vagotomy and distal gastrectomy. Hemodynamically stable
patients with upper Gl bleed from peptic ulcers may also be treated with endoscopic
management. EGD with use of cautery, endoclips, or injection with vasoconstrictors or
sclerosing agents is effective in up to 90% of bleeding peptic ulcers. The risk of rebleeding
after endoscopic therapy is 15% to 20% and management decision making requires
surgical evaluation. Rebleeding after a second endoscopic attempt at hemostasis is an
absolute indication for surgical intervention.

Unstable: truncal vagotomy and drainage procedure with biopsy followed by excision and
oversewing of ulcer.

What is the rebleeding rate if the ulcer is left in situ?
Itis 33%.

What is giant gastric ulcer?

An ulcer >3 cm in diameter, usually located along the lesser curvature. The malignancy risk
is about 30% and increases with the diameter. Early surgical resection is indicated because
of the risk of malignancy. Vagotomy may be added.
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57. What is Cushing’s ulcer?

A stress ulcer found in patients who are critically ill with central nervous system (CNS) injury.
Typically, single, deep, and with tendency to perforate.

What is Curling’s ulcer?
A stress ulcer found in patients who are critically ill with burn injuries.

What is Dieulafoy’s ulcer?
Erosion of the gastric mucosa overlying a vascular malformation, which often leads to
hemorrhage. Chronic inflammation is not associated with this lesion.

What is a marginal ulcer?
An ulcer found near the margin of the gastroenteric anastomosis, usually on the small bowel side.

When does stress gastritis occur? Why?

Sixty percent of them occur within 24 to 48 hours after trauma, shock, or sepsis. Usually,
mucosal erosions begin proximally in the stomach and travel distally. These are eventually seen
in nearly all patients who are critically ill. The integrity of cellular barrier in the lamina propria
is compromised, probably from decreased blood supply, leading to back diffusion of acid,;
erosion of submucosa; and, finally, bleeding.

How are patients with bleeding stress gastritis treated?

Blood clots should be removed from the stomach lumen by NG tube suction and lavage.
Fibrinolysins from clots increase bleeding. Stomach pH should be kept above 4.0 with
acid-reducing medications.

KEY POINTS: HELICOBACTER PYLORI v

1.
2.
3.
4.
5.
6.

H. pylori is a gram-negative urease-producing bacillus.

It has a strong association with peptic ulcer disease (80% of ulcer patients).
It is linked to development of MALT lymphoma.

It is associated with development of gastric carcinoma.

H. pylori infection is diagnosed by EGD biopsy and CLO test.

Treatment includes triple antibiotic therapy supplemented with acid-reduction medication
(90% cure rate).
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SMALL BOWEL OBSTRUCTION

Elizabeth L. Cureton, MD, and Joyce A. Majure, MD

1. Name three mechanisms of bowel obstruction, and give examples and
incidence of each type.

1. Extrinsic compression: adhesions (60%), malignancy (20%), hernias (10%), volvulus and
others (5%).

2. Internal blockage of the lumen by abnormal materials (obturation): bezoars, gallstone,
worms, or foreign body (usually obstructs at the ileocecal valve).

3. Mural disease encroaching on the lumen (inflammatory bowel disease [5%]), fibrous
stricture secondary to trauma, ischemia, or radiation, intussusception).

2. What are the most common symptoms of small bowel obstruction (SBO)?

1. Abdominal pain: initially nonspecific, often colicky, coinciding with waves of peristalsis
trying to pass the point of obstruction.

2. Bloating: the more distal the obstruction, the more severe the abdominal distention
caused by proximal bowel dilatation.

3. Vomiting: bilious, frequent, and profuse with proximal obstruction, less frequent but
larger volume and often feculent with distal obstruction.

4. Obstipation: failure to pass gas or stool; occasionally, the patient has a few loose
stools early on, as the bowel distal to the obstruction empties.

3. What are the pertinent questions in the patient’s history?
= Any previous abdominal or pelvic surgery?
= Any previous SBO?
m Any history of cancer? What type, and how treated? Any radiation?
= Any previous abdominal infections or inflammation (include pelvic inflammatory disease [PID],
appendicitis, diverticulitis, inflammatory bowel disease, perforation, and trauma)?
Any history of gallstones?
= Current medications, particularly anticoagulants, anticholinergics, chemotherapy, or
diuretics?

4. What are the findings on physical examination?
The patient is often dehydrated and may have a low-grade fever, postural hypotension, and
abdominal distention. Bowel sounds may be hyperactive with “tinkles and rushes” or may be
totally silent if the patient has delayed seeking treatment. Percussion usually reveals diffuse
tympani, and thin, elderly patients may even have visible loops of distended small bowel.
Palpation may increase the abdominal pain, but localized tenderness or peritoneal signs indicate
likely strangulation or another diagnosis.

5. Is a rectal examination necessary?
Absolutely. The rectal examination may reveal signs of cancer, such as a rigid rectal shelf
from carcinomatosis, and blood on hemoccult examination may herald ischemia or
strangulation or may indicate inflammatory bowel disease. An obturator hernia can best be
palpated transrectally or transvaginally.
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6. Where should the examiner look for obstructing hernias?
Examine the groins near the pubic tubercle and along the inguinal floor, check the femoral
triangles for bulging or tenderness, do a rectal examination to look for obturator hernia
(see question 5), and palpate all existing incisions. Check all trocar sites from previous
laparoscopic surgeries.

7. What is the most inexpensive way to confirm the diagnosis?
The “four-way abdominal series” (flat and upright abdominal films, plus posterolateral [PA]
and lateral chest radiographs) is diagnostic about 75% of the time. Look for:
m Air-fluid levels in dilated small intestine (also known as “stair steps” or “string of pearls” sign).
= Absent or minimal air in the distal colon and rectum.
m “Ground glass” appearance and obscuring of the psoas shadows by extraperitoneal fluid.
m Sometimes a single distended loop of small bowel with a “beak” at each end, indicating
a closed loop obstruction in an otherwise gasless abdomen or a single fixed loop that
remains in the same location on both supine and upright films.
m Chest radiographs may demonstrate an infiltrate, with accompanying ileus, rather than
SBO. The lateral chest radiograph is the most sensitive for identifying free air in the
abdomen; this necessitates an urgent laparotomy for perforated viscus.

8. What other imaging studies can be used?

Oral contrast studies with water-soluble contrast (Gastrografin) help to distinguish partial
from complete obstruction, intraluminal tumor or foreign body, and inflammatory bowel
disease; they may also define the point of obstruction. Gastrografin may actually help
resolve partial obstructions by its osmotic effect.

Computed tomography (CT) and magnetic resonance imaging (MRI) can both help delineate
bowel obstructions. MRI has the advantage of speed (6 to 10 minutes using the HASTE
[half Fourier single shot turbo spin echo] technique), no need for contrast agent, and a higher
accuracy rate. A recent Mayo Clinic series also claims superior accuracy (95% versus 71%).

Ultrasound (US) has not proven useful.

9. Which laboratory studies are indicated?

1. Complete blood cell count (CBC) to check for leukocytosis or unexpected anemia

2. Urinalysis to look for urinary tract infection (which may also cause an ileus and present
with a similar picture to SBO) and to assess hydration (urine-specific gravity)

3. Chemistry panel to check for electrolyte abnormalities such as hypokalemic or
hypochloremic metabolic alkalosis (associated with vomiting of acid gastric contents),
hyponatremia, and prerenal azotemia (elevated blood urea nitrogen [BUN] and
creatinine levels).

4. Amylase and lipase to rule out pancreatitis; amylase can also be elevated, although not
as high, with SBO or ischemic bowel.

10. What are the initial steps in treatment?
Nasogastric (NG) suction and intravenous (IV) fluids should be instituted to restore electrolyte
and fluid balance, and a Foley catheter should be placed to monitor urine output. As soon as
resuscitation is complete, prompt surgical intervention is mandatory for complete obstructions
and for anyone with signs and symptoms of strangulation.

11. How can | distinguish between a complete and partial obstruction?
m Clinically: If partial, the patient may continue to pass small amounts of gas or stool. Pain
and distention decreases rapidly with nasogastric suction.
= Radiographically: Radiographs show gas moving into the colon (partial obstruction).
= With oral contrast studies: Barium or water-soluble contrast agent given via the NG tube
passes into the colon in partial obstructions.
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12. What conditions should be included in the differential diagnosis?
lleus from other causes (e.g., as urinary tract infection [UTI], pneumonia, hypokalemia), viral
gastroenteritis, appendicitis (usually with perforation), ureteral stone, diverticulitis, mesenteric
thrombosis, and obstructing colon cancer should be included.

KEY POINTS: SMALL BOWEL OBSTRUCTION v

1. Most common cause is adhesive disease, followed by hernias.
2. Malignancy must be considered as a possible cause.

3. Treatment involves NG decompression, fluid and electrolyte repletion, and expectant
management.

4. Surgical intervention is required if strangulation or closed loop obstruction is suspected.

13. What are the three types of SBO, based on bowel viability?

1. Simple obstruction: Nothing passes the point of obstruction, but the vascular
supply is not compromised. It may be partial and resolve with nonoperative
management.

2. Strangulated obstruction: The mesentery is twisted or there is so much dilation of the
bowel that arterial or venous flow is cut off and the bowel becomes ischemic. Urgent
surgery is mandatory.

3. Closed loop obstruction: The bowel is obstructed proximally and distally, usually for
a short segment, and that segment becomes massively dilated and susceptible to
strangulation and perforation. Urgent surgery is mandatory.

14. What are the “five classic signs” of strangulation? How accurate are they?
1. Continuous pain (not colicky).
2. Fever.
3. Tachycardia.
4. Peritoneal signs (localized guarding or tenderness, rebound tenderness).
5. Leukocytosis.
These signs usually indicate irreversible ischemia. Persistent pain, progressive fever, and
leukocytosis are indications for surgery.

15. What is the mortality rate of SBO?
m Simple obstruction: Mortality ~5% if operated within 24 hours.
m Strangulated obstruction: Mortality rate ~25%. The mortality depends on the
patient’s resiliency (comorbid disease); but strangulation escalates the mortality
by fivefold.

16. What operative interventions may be needed for treatment of SBO?
Open or laparoscopic lysis of adhesions at the point of obstruction.

Reduction and repair of hernia.

Resection of obstructing lesions with primary anastomosis.

Resection of strangulated segment with primary anastomosis.

Bypass of obstructing lesions (used mostly for carcinomatosis).

Placement of long tube down through the duodenum and into the small bowel
(a Baker tube is the most commonly used).
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Describe criteria for distinguishing viable from dead bowel at the time

of operation.

Pink color, peristalsis, and arterial pulsations are the most obvious way to identify viable intestine.
In questionable cases, Doppler US can detect arterial pulsations, but the most reliable is the

IV injection of fluorescein dye with use of a Wood’s lamp. Viable bowel fluoresces purple.

What is the risk of development of SBO after initial laparotomy? After previous
laparotomy for SBO? Which operations are associated with high rates of SBO?
Approximately 15% of all patients undergoing laparotomy eventually develop an SBO. About
12% of patients with a prior SBO develop another. The more recurrences, the higher the
recurrence rate. Total or subtotal colectomy has a 1-year rate of 11% and a 30% rate at

10 years. Hysterectomy also carries a high rate of SBO: about 5% for routine procedures and
up to 15% after radical hysterectomy.

What can surgeons do to decrease the risk of SBO?
= Use powderless gloves or wash off glove powder from gloves.
= Avoid suturing through the peritoneum at closure.
m Use barrier film between the incision and small intestine.

What is the role of laparoscopy in SBO?

Laparoscopic lysis of adhesions is usually reserved for patients who have not had multiple
previous laparotomies. Approximately one third of them can be treated successfully by
laparoscopy alone, one third require a minimal laparotomy (“lap-assisted”), and about one third
require a full open laparotomy. Recent series claim more than 80% success.

What should | consider if the patient has had Roux-en-Y gastric bypass (RYGB)?
The most common causes of SBO after RYGB are internal hernias (42%), adhesive disease
(22%), jejunojejunostomy stenosis (15%), and incisional hernia (9%). Internal hernias can
occur through the transverse mesocolon, small bowel mesentary at the jejunojejonostomy, and
between the jejunal mesentary and the mesocolon (Peterson’s hernia). Evaluation for SBO
should include upper Gl studies or CT scan, keeping a low threshold for operative exploration.

What can be done for patients with multiply recurrent bowel obstructions for
adhesions?

Long tube placement, either via NG, gastrostomy, or jejeunostomy with the tube advanced
through to the ileocecal valve, can be done. The long tube is left in position for approximately
7 days and reportedly allows the bowel to reform adhesions in more gentle curves. Many
other techniques have been tried and abandoned, including Noble plication (i.e., suturing the
bowel in orderly loops) and adding various irrigants (e.g., heparin, Dextran, saline) to the
peritoneal cavity before closure.

Name five complications associated with surgery for SBO.
1. Enterotomy.
2. Prolonged ileus.
3. Wound infection.
4. Abscess.
5. Recurrent obstruction.

Name products purported to decrease adhesion formation.
Oxidized cellulose (Interceed).

Sodium hyaluronate and carboxymethylcellulose (Seprafilm).
Icodextrin (Adept; investigational).

0.5% Ferric hyaluronate gel (Intergel; investigational).
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INTESTINAL ISCHEMIA

Thomas F. Rehring, MD, FACS

What is the arterial supply to the gut?

The foregut (stomach and duodenum) receives its blood supply from the celiac artery, the
midgut (jejunum to the proximal descending colon) from the superior mesenteric artery
(SMA), and the hindgut (the remainder of the intraperitoneal gut) from the inferior mesenteric
artery (IMA).

Name the potential collateral pathways between the celiac axis and SMA?
SMA and IMA? lliac and IMA?
The pancreaticoduodenal arteries form the major collaterals between the celiac artery and the
SMA. The gastroduodenal artery gives off the superior pancreaticoduodenal artery that
encircles the head of the pancreas and anastomoses with the inferior pancreaticoduodenal
artery, the first branch of the SMA.

The SMA and IMA have two main connections. The marginal artery of Drummond lies within
the mesentery of the colon and is made up of branches of the ileocolic, right, middle, and
left colic arteries. The arc of Riolan (meandering mesenteric artery) is more central and connects
the middle colic branch of the SMA and the left colic branch of the IMA.

The internal iliac artery gives rise to the middle rectal artery, which can provide flow to the
superior rectal and thus the IMA.

For extra credit, for whom is the marginal artery of Drummond named? What
about the arc of Riolan?
Hamilton Drummond, a British surgeon, proved the anastomotic connection that bears his name
by ligating the origins of the right, middle, and left colic arteries and demonstrating flow to
the sigmoidal arteries in 1913 and 1914.

Jean Riolan (1577-1657) was a well-known French anatomist who (ironically) opposed
Harvey’s theory of circulation but is acknowledged to be the first person to point out the
communication between the SMA and IMA.

Name the common causes of acute intestinal ischemia.

Acute SMA embolism (50% of all cases), acute SMA thrombosis, nonocclusive mesenteric
ischemia (NOMI), mesenteric venous thrombosis, vasculitis, and iatrogenic causes

(e.g., inotropic agents, aortic surgery).

What is the mortality rate of patients with acute mesenteric ischemia?

Although the prognosis of embolic occlusion is somewhat better because of the dramatic
presentation, the diagnosis of acute mesenteric ischemia is often made after infarction. The
result is a high mortality rate (60% to 80%), regardless of cause. Despite advances in diagnosis,
intervention and critical care, this figure has gone unchanged for more than 50 years.

What is a “paradoxical embolus”?
A paradoxical embolus occurs in the setting of a venous thrombus embolizing to the arterial
circulation via a cardiac defect (typically an atrial septal defect allowing right-to-left shunting).
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What is the diagnostic triad of acute embolic intestinal ischemia?

Sudden onset of (1) severe abdominal pain, (2) bowel evacuation (vomiting or diarrhea),
and (3) a history of cardiac disease (arterial emboli). An additional hallmark is pain out of
proportion to physical findings.

How does the presentation of patients with acute thrombotic occlusion differ?
Thrombotic occlusion typically presents in elderly patients with diffuse atherosclerotic occlusive
disease or in patients with a history consistent with chronic mesenteric ischemia (see
question 25). Particularly in the former group of patients, acute embolic occlusion may be
indistinguishable from thrombotic occlusion.

Which laboratory value is diagnostic of acute intestinal ischemia? Is acidosis?
No laboratory values are diagnostic for acute intestinal ischemia. Metabolic acidosis is a

late finding and implies advanced ischemia or infarction. Similarly, elevated lactate and elevated
phosphate levels are nonspecific and frequently late findings. Although leukocytosis is found
in the majority of patients, no laboratory studies are specific. The diagnosis is pursued

on clinical suspicion alone.

KEY POINTS: DIAGNOSTIC TRIAD OF ACUTE EMBOLIC
INTESTINAL ISCHEMIA
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1. Sudden onset of severe abdominal pain out of proportion to physical examination.
2. Sudden bowel evacuation (vomiting or diarrhea).

3,
4
5

History of cardiac disease (e.g., atrial fibrillation that accounts for embolic source).

. No laboratory findings (e.g., lactate level) are diagnostic; metabolic acidosis is a late finding.
. Emergent arteriography is indicated.

When acute intestinal ischemia is suspected, what study is diagnostic?
Emergent arteriography is diagnostic. It is important to include lateral views of the aorta to
visualize the visceral vessels. In many institutions, multidetector computed tomography
angiography (CTA) is rapidly supplanting arteriography. For this indication, it has the distinct
advantages of speed, accessibility, and evaluation for other sources in the differential diagnosis
of acute abdominal pain.

How do the operative findings differ in patients with atherosclerotic occlusion
and patients with SMA embolism?

An SMA embolus usually lodges 3 to 4 cm distal to its origin, and thus beyond the proximal
jejunal and middle colic arteries. Therefore, the proximal 6 to 10 inches of jejunum are
usually spared. Thrombotic occlusion occurs directly at the ostia, where the atherosclerotic
narrowing is most severe, causing ischemia of the entire midgut.

What is the appropriate management of an SMA embolus? Is there a role for
thrombolysis?
Immediate heparinization, urgent exploration, embolectomy, assessment of bowel viability, and
resection of any infarcted bowel. Postoperative anticoagulation is essential to avoid further
embolization.

Thrombolysis currently has little or no role in the treatment of acute mesenteric
ischemia. Revascularization of bowel must be pursued rapidly, and bowel viability must be
ascertained directly.
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How is visceral ischemia of thrombotic origin managed?

The general management follows that of an embolism; however, mesenteric ischemia from
thrombotic occlusion is the end stage of progressive atherosclerotic occlusion. Therefore,
thrombectomy alone is not sufficient; bypass or endarterectomy of the proximal diseased vessel
or vessels is necessary. Again, bowel viability is assessed after reperfusion.

Which intraoperative tests help surgeons determine bowel viability?

Both systemic intravenous (IV) infusion of fluorescein, which is evaluated using a Wood’s
lamp, and intraoperative Doppler examination of the bowel are helpful, but ultimately the
decision is based on clinical judgment.

When the extent of bowel viability is in question, what should be done?

All nonviable and necrotic bowel should be resected. The surgeon should schedule a
second-look operation 12 to 24 hours later to evaluate the bowel of marginal viability.

Some segments that were initially questionable may become clearly viable or necrotic during
this period.

How much small intestine is required to maintain adequate nutrition?

About 100 cm of small intestine is required to maintain adequate nutrition. The distal ileum
and ileocecal valve are the most important segments to retain for vital bowel absorption and
function.

Should a second-look operation be canceled because a patient improves?
Never. The decision is made in the operating room (OR) based on findings at the time of
surgery. No clinical parameters within the ensuing 12 to 24 hours accurately indicate the status
of the bowel in question.

What is NOMI?

Nonocclusive mesenteric ischemia (NOMI) accounts for approximately 20% of acute ischemic
cases. This typically occurs in patients who are critically ill with systemic hypoperfusion. In
such low-flow states, splanchnic blood flow is reduced in an attempt to preserve perfusion

to cardiac and cerebral beds. Pharmacologic agents such as ergot alkaloids, digitalis, cocaine
and vasoconstrictors may also predispose to NOMI.

How is NOMI diagnosed and managed?

Angiography documents vasospasm in the absence of an anatomic occlusion. The right colon is
most commonly affected because of its less consistent collateral blood flow. It is associated
with (and may be exacerbated by) the concomitant use of digitalis in patients with systemic
hypoperfusion. In severe cases associated with multisystem organ failure (MOF), the mortality
rate approaches 75%. Treatment consists of hemodynamic optimization, weaning of inotropes,
and selective arterial infusion of vasodilators (papaverine) through the angiogram catheter.
Surgical intervention is reserved for intestinal infarction or perforation.

If mesenteric vein thrombosis (MVT) is suspected, which test is best?

The signs and symptoms of MVT are similar to those of acute intestinal ischemia, but they
are often subtler. Delay in diagnosis is thought to contribute to the reported high mortality rate
of 50%. Contrast-enhanced computed tomography (CT) scan remains the gold standard

for diagnosis.

What are the risk factors for MVT? How is it treated?

Approximately half of patients with MVT have an underlying hypercoagulable state. Other causes
include splenectomy, portal hypertension, visceral infections, pancreatitis, malignancy, and
blunt abdominal trauma.
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Treatment of MVT includes anticoagulation, broad-spectrum antibiotics, treatment of the
underlying cause and supportive measures. Surgery is reserved for resection of nonviable
bowel. Venous thrombectomy has not proven to be of effective long-term benefit. The use of
thrombolytic agents has been explored but only in anecdotal reports. Furthermore, access to the
splanchnic venous circulation for directed lysis is difficult.

What is the primary cause of chronic mesenteric ischemia?

Atherosclerosis. As the collateral circulation to the gut is robust, symptoms generally

do not occur unless two of the three major arteries (celiac, superior mesenteric and inferior
mesenteric) are narrowed or occluded.

What is the one unique risk factor for chronic mesenteric ischemia that differs
from other atherosclerotic phenomena?
It occurs more frequently in women.

What are the clinical features of patients with chronic mesenteric ischemia?
Weight loss is the most consistent sign of chronic mesenteric ischemia. Patients gradually
and sometimes unknowingly become afraid to eat (food fear) because of postprandial

pain (intestinal angina). In the absence of weight loss, the diagnosis of chronic intestinal
ischemia is unlikely. Conversely, in patients with severe atherosclerosis and weight loss of
unknown cause, mesenteric ischemia should be strongly considered. An epigastric bruit is an
important sign suggestive of mesenteric occlusive disease.

How should patients with chronic mesenteric ischemia be evaluated?
Noninvasive ultrasound (US) duplex scanning may provide important physiologic information
about the celiac axis and SMA. However, this procedure is technician dependent and not
widely available. If unavailable or equivocal, mesenteric angiography should be performed.

If surgical intervention is considered, arteriography is essential. Although controversial,
multidetector CTA is rapidly supplanting traditional angiography as it is fast, noninvasive and
widely accessible.

What are the goals of arterial bypass in chronic mesenteric ischemia?
Resolution of symptoms, improved nutrition, and prevention of visceral infarction.

If mesenteric revascularization is entertained, what five essential decisions
must be considered?

Surgical approach (transabdominal, retroperitoneal, thoracoabdominal).

Which and how many vessels to revascularize.

Endarterectomy, reimplantation, or bypass.

If bypass, antegrade or retrograde.

If bypass, what type of conduit (vein versus prosthetic).

See also questions 31 and 32.

What is ischemic colitis?

Ischemic colitis is circulatory insufficiency of the colon that may result from occlusive,
nonocclusive, and pharmacologic (e.g., cocaine, nonsteroidal anti-inflammatory drugs [NSAIDs])
causes. Seven percent of all patients having nonemergent abdominal aortic aneurysm surgery
and as many as 60% of patients who survive a ruptured abdominal aortic aneurysm suffer from
ischemic colitis. Most cases are mild, typically involving only the mucosa and resulting in
abdominal pain and bloody diarrhea. Severe disease (15% of cases) is characterized by
transmural gangrenous infarction that presents with clear signs of peritonitis and bloody diarrhea.
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29. How is ischemic colitis diagnosed and treated? What are its prognostic
implications?
The diagnosis is made by endoscopy. In idiopathic cases, angiography demonstrates patent
large vessels because the responsible emboli or lesions are believed to involve peripheral,
end-arterial vessels. Mild disease is typically treated conservatively with bowel rest, vigorous
hydration, and broad-spectrum antibiotics. Severe disease requires surgical resection.
Overall mortality rates are about 50%, but in patients requiring colon resection, the mortality rate
may exceed 85%. The high mortality in the latter group is attributed to endotoxemic shock and MOF.

CONTROVERSIES

30. What is celiac compression syndrome (Dunbar’s syndrome)?
Celiac compression is a rare and controversial disorder most commonly described in women
(female-to-male ratio is 4:1) between the ages of 20 and 50 years. Also known as median
arcuate ligament syndrome, these patients appear to suffer from chronic mesenteric ischemia
without angiographic evidence of atherosclerotic disease. The mechanical compression is
believed to be caused by the left crus of the diaphragm (i.e., median arcuate ligament), and
diagnosis occasionally is confirmed by demonstrating transient celiac compression during
expiration. The associated pain is the result of a complicated and still heavily debated
redirection of flow (foregut steal) away from the SMA. Effective treatment has required not
only release of the compression but also bypass to improve the likelihood of pain resolution.

31. Which is the preferred treatment for chronic mesenteric ischemia, antegrade
or retrograde visceral artery bypass? Is it necessary to reconstruct more than
one mesenteric vessel?

As they apply to intestinal bypass, the terms antegrade and retrograde refer to the origin of
the graft from the aorta as either proximal to the celiac axis or distal to the SMA, respectively.
The stated advantages of antegrade bypass are less kinking of the graft and possibly better
blood flow characteristics. The disadvantages are that supraceliac exposure is technically
more difficult and clamping may result in renal or spinal cord ischemia. Retrograde bypass
grafts are more difficult to position to avoid kinking.

Recent series suggest that the results for single- or multiple-vessel reconstruction in either
antegrade or retrograde fashion are excellent, with symptom-free survival rates >90% at 5
years.

32. What is the role of percutaneous transluminal angioplasty in chronic mesenteric
ischemia?
The endovascular treatment of chronic mesenteric ischemia is a relatively new technique. The
obvious avoidance of surgery is an important advantage, but the rare complications of
dissection and embolus can be devastating in arterial beds without adequate collaterals.
Success rates approximate 70%; restenosis and recurrent symptoms are reported in 50% of
patients. No prospective trials have compared PTA with arterial bypass; however, retrospective
reviews suggest that initial results with either technique are similar with regard to morbidity,
death, and recurrent stenosis. However, symptom recurrence rates are higher with PTA.

WEBSITE &
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DIVERTICULAR DISEASE OF THE COLON

Alexander Q. Ereso, MD, Elizabeth L. Cureton, MD, and Gregory
P. Victorino, MD

What is a colonic diverticulum?

A protrusion of mucosa and submucosa through the muscular layers of the bowel wall. It has no
muscular covering. Because diverticula do not involve all layers of the bowel wall, they are
really “false” diverticula. Diverticulum formation may be related either to weakness of the bowel
wall at the sites of vessel perforation or to increased intraluminal pressure caused by low
dietary fiber and constipation.

What is the difference between diverticulosis and diverticulitis?
Diverticulosis is colonic diverticula without associated inflammation. Diverticulitis is
inflammation and infection. Only 15% of patients with diverticulosis develop diverticulitis.

How does a diverticulum cause pain?

Pain apparently results from perforation of the diverticulum The resulting leakage may

be scant and contained within pericolic fat or extensive, involving the mesentery, other
organs, or the peritoneal cavity. Sigmoid diverticulitis typically causes pain in the left lower
quadrant.

Where in the colon are diverticula usually located?

In the United States, 95% of all diverticula occur in the left colon, primarily in the sigmoid colon.
Diverticula, however, may occur anywhere in the colon. In Asia, right colonic diverticula are
more common.

At what age is diverticulitis most common?

The sixth or seventh decade of life. Patients younger than 50 with diverticulitis tend to have more
complications. Younger patients are more likely than older patients to have right colonic
diverticulitis.

What strategy may decrease diverticulitis in patients with diverticula?
A diet high in fiber. Large bulk in the colon decreases segmentation and intraluminal
pressure.

What is the best imaging test for diagnosing acute diverticulitis?
Computed tomography (CT) scan, which can also diagnose local complications of
diverticulitis.

What complications can result from perforation of a colonic diverticulum?
Inflammatory phlegmon or abscess in the bowel mesentery.

Peritonitis.

Intraabdominal abscess.

Internal fistula.

Bowel obstruction.
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Can diverticular disease cause bleeding?
Yes. Diverticulosis (not -tis) is a common cause of lower gastrointestinal (GI) bleeding.
Bleeding from diverticulitis is uncommon.

How can the site of diverticular bleeding be localized?

It is localized with angiography performed via the inferior mesenteric artery (IMA) and, if
necessary, the superior mesenteric artery (SMA). Tagged red blood cell studies are less useful.
Colonoscopy is rarely helpful.

KEY POINTS: LOCALIZATION OF LOWER v
GASTROINTESTINAL BLEEDING
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Common causes: diverticulosis, cancer, angiodysplasia.

Proctosigmoidoscopy without prep is helpful in ruling out rectal source of bleeding (more
proximal bleeding limits the use of endoscopy).

. Tagged red blood cell nuclear scans are useful for slower Gl bleeding (detects bleeding at

0.2 to 0.5 ml/min).

. Arteriography is the preferred imaging modality because it can be therapeutic and detects

bleeding at 0.5 to 2 ml/min.

. Start arteriography with the IMA, then the SMA, then the celiac axis if necessary; administer

vasopressin or embolize (85% success rate).

When should an operation be performed for a bleeding colonic diverticulum?
Replacement of 5 to 6 units of blood (two thirds of a patient’s blood volume) within

24 hours and rebleeding during hospitalization are standard indications for resection of the
segment of colon containing a bleeding diverticulum.

If bleeding is life threatening but cannot be localized within the colon, what
treatment is required?

Subtotal colectomy with ileostomy and closure of the distal sigmoid colon at the peritoneal reflection
(Hartmann’s operation) or total abdominal colectomy with ileorectal anastomosis is required.

Which three procedures may be used when perforation of the diverticulum
results in an abscess? Which has the lowest operative mortality rate?

1. Diverting colostomy and abscess drainage (first of three stages).

2. Resection of involved colon with proximal colostomy and distal mucous fistula or closure

by Hartmann’s operation (first of two stages).

3. Resection with primary anastomosis (one stage).
Operative mortality is lowest after resection and proximal colostomy for fecal diversion. Despite
reports of success with the one-stage procedure, most surgeons favor a safer two-stage
approach for perforated diverticulitis (this strategy requires a second operation after
3 months for colostomy takedown and colonic re-anastomosis).

What is the clinical evidence of a vesicocolic or ureterocolic fistula after
diverticular perforation?
Pneumaturia, fecaluria, and chronic urinary tract infections (polymicrobial).
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15. What procedure is required to repair a vesicocolic fistula?
A staged procedure was the standard until recently. Now most patients can be treated
with a single procedure that includes sigmoid resection, colonic anastomosis, and primary
repair of bladder defect with absorbable suture. A Foley catheter is usually left in place
for 10 days after surgery. Some viable tissue should be placed between the colonic and bladder
repairs to prevent a recurrent fistula.
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ACUTE LARGE BOWEL OBSTRUCTION

Erik D. Peltz, DO, and Elizabeth C. Brew, MD

1. What are the mechanical causes of large bowel obstruction?
The most common mechanical causes are carcinoma (50%), volvulus (15%), adhesions (15%),
and diverticular disease (10%). Extrinsic compression from metastatic carcinoma is another
cause of obstruction. Less frequent causes include, hernia, intussusception, benign tumor, and
fecal impaction.

2. How is the diagnosis made?

1. The patient complains of crampy abdominal pain and bloating. Nausea and vomiting occur
later in LBO and may be feculent. An acute onset of symptoms is more consistent with
volvulus compared with the gradual development of obstructive complaints from patients
with colon carcinoma.

2. Physical examination reveals abdominal distention and high-pitched bowel sounds. Rectal
examination may reveal an obstructing rectal cancer or evidence of fecal impaction.
Absence of bowel sounds and localized tenderness may be signs of peritonitis.
Progression of symptoms accompanied by a 