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Four a.m.—things are just starting to calm down in the ED. Suddenly, a
worried mom arrives with her 14-year-old son. It seems he was doing tricks on
his scooter, and during a flip he rammed the handlebar into his upper abdomen.
He wouldn’t eat dinner and started vomiting around midnight. His belly is
fairly benign except for a bruise just below his xiphoid. Oh, well—it’s probably
just another case of gastroenteritis.
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HE belly is benign” takes its place among other cringe-causing

statements in the emergency medicine lexicon (such as “Remember
that older gentleman you sent home last night?”). What should accom-
pany such abominable proclamations is the trailing caveat “but he’s
intoxicated...is head injured...has a fractured femur...has a seat-belt
mark...has a cervical cord injury...” and so forth. Worse, though, is the
failure even to suspect that abdominal trauma is a possibility in the
well-appearing victim.

The diagnostic approach to blunt abdominal injury has shifted in
the past four decades. Prior to the advent of diagnostic peritoneal lavage
(DPL) in 1964, clinical examination was the primary modality. However,
its limited accuracy led to a considerable number of unneeded laparoto-
mies and, more disturbingly, failure to operate in a timely manner on
those in need. DPL was the mainstay from its inception until the 1980s,
when computed tomography (CT) became routinely available. Over the
past decade, ultrasound (US) has found its way into the mix, mostly as a
noninvasive replacement for DPL to search for intraperitoneal blood.
Today, these four tools are used in various combinations for differing
clinical scenarios in EDs across the country.

Current practice emphasizes cost-effective and efficient approaches.

Alan E. Jones, MD
Chief Resident, Carolinas Medical Center,
Charlotte, NC.

CME Objectives

Upon completing this article, you should be able to:

1. name typical mechanisms of injury for solid and
hollow visceral trauma;

2. explain the appropriate diagnostic approach based
upon the clinical scenario;

3. describe which clinical and laboratory features
are useful for patients with blunt abdominal
trauma; and

4.adapt the management approach in the context of
special patient and clinical circumstances.

Date of original release: May 4,2001.
Date of most recent review: May 2,2001.
See “Physician CME Information” on back page.

Editor-in-Chief Medicine, The University of
New Mexico Health Sciences

Center School of Medicine,

Stephen A. Colucciello, MD, FACEP,

Center, Atlantic Health System;
Vice-Chairman, Department of
Emergency Medicine, Morristown

School of Medicine; Attending
Physician, UCLA Emergency
Medicine Center; Co-Director,

Assistant Chair, Director of
Clinical Services, Department of
Emergency Medicine, Carolinas
Medical Center, Charlotte, NC;
Associate Clinical Professor,
Department of Emergency
Medicine, University of North
Carolina at Chapel Hill, Chapel
Hill, NC.

Albuquerque, NM.

W.Richard Bukata, MD, Assistant
Clinical Professor, Emergency
Medicine, Los Angeles County/
USC Medical Center, Los Angeles,
CA; Medical Director, Emergency
Department, San Gabriel Valley
Medical Center, San Gabriel, CA.

Francis M. Fesmire, MD, FACEP,

Memorial Hospital.

Michael A. Gibbs, MD, FACEP,
Residency Program Director;
Medical Director, MedCenter Air,

The Doctoring Program,
UCLA School of Medicine,
Los Angeles, CA.

John A. Marx, MD, Chair and Chief,

Department of Emergency
Medicine, Carolinas Medical
Center; Associate Professor of
Emergency Medicine, University
of North Carolina at Chapel Hill,
Chapel Hill, NC.

Department of Emergency
Medicine, Carolinas Medical
Center, Charlotte, NC; Clinical
Professor, Department of
Emergency Medicine, University
of North Carolina at Chapel Hill,

University of Florida; Orlando
Regional Medical Center; Medical
Director of Orange County
Emergency Medical Service,
Orlando, FL.

Alfred Sacchetti, MD, FACEP,

Research Director, Our Lady of
Lourdes Medical Center,Camden,
NJ; Assistant Clinical Professor

of Emergency Medicine,

Thomas Jefferson University,
Philadelphia, PA.

Director, Chest Pain—Stroke
Center, Erlanger Medical Center;
Assistant Professor of Medicine,
UT College of Medicine,

Corey M. Slovis, MD, FACP, FACEP,
Department of Emergency
Medicine, Vanderbilt University

Associate Editor Chapel Hill,NC.

Michael S.Radeos, MD, MPH, FACEP,
Attending Physician in

Gregory L.Henry, MD, FACEP,
CEO, Medical Practice Risk
Assessment, Inc., Ann Arbor,

Andy Jagoda, MD, FACEP, Professor

of Emergency Medicine; Director,
International Studies Program,
Mount Sinai School of Medicine,
New York, NY.

Editorial Board

Judith C. Brillman, MD, Residency

Director, Associate Professor,
Department of Emergency

Chattanooga, TN.

Valerio Gai, MD, Professor and Chair,
Department of Emergency
Medicine, University of Turin, Italy.

Michael J. Gerardi, MD, FACEP,
Clinical Assistant Professor,
Medicine, University of Medicine
and Dentistry of New Jersey;
Director, Pediatric Emergency
Medicine, Children’s Medical

MI; Clinical Professor, Department
of Emergency Medicine, University
of Michigan Medical School, Ann
Arbor, MI; President, American
Physicians Assurance Society, Ltd.,
Bridgetown, Barbados, West Indies;
Past President, ACEP

Jerome R. Hoffman, MA, MD, FACEP,

Professor of Medicine/
Emergency Medicine, UCLA

Emergency Medicine, Lincoln
Hospital, Bronx, NY; Research
Fellow in Emergency Medicine,
Massachusetts General Hospital,
Boston, MA; Research Fellow in
Respiratory Epidemiology,
Channing Lab, Boston, MA.

Steven G. Rothrock, MD, FACEP,

FAAP, Associate Professor
of Emergency Medicine,

Hospital, Nashville, TN.

Mark Smith, MD, Chairman,

Department of Emergency
Medicine, Washington Hospital
Center, Washington, DC.

Thomas E. Terndrup, MD, Professor

and Chair, Department of
Emergency Medicine, University
of Alabama at Birmingham,
Birmingham, AL.



This may include a strategy of simply observing
patients with reliable and negative examinations
unless and until they develop indications for specific
diagnostic studies.! Decision trees vary widely among
institutions according to the reliability and availability
of the various technologies as well as the experience
and preference of emergency physicians, trauma
surgeons, and radiologists at the respective sites.”?
What is clear is that pragmatic thinking, attention to
detail, and effective clinical algorithms will help the
emergency physician detect occult injury and manage
the traumatized victim. This issue of Emergency
Medicine Practice outlines just such an approach.

Epidemiology

Blunt abdominal trauma is responsible for 10% of all
trauma deaths. Motor-vehicle crashes and auto/
pedestrian accidents are responsible for half to three-
quarters of blunt abdominal injury, while assaults and
falls make up the majority of the remainder.* Impor-
tantly, the bulk of abdominal trauma cases present
within the context of multi-system trauma. These are
often patients involved in a high-speed crash who
present with simultaneous closed-head injury, hemop-
neumothorax, multiple extremity fractures, and
numerous lacerations.

Non-accidental trauma in children can be an
especially elusive diagnosis. A history of child abuse is
often difficult to secure based on the child’s fear
coupled with the parents” misdirection.” These small
victims may also suffer less common injuries, such as
duodenal hematoma or pancreatic injury. Likewise,
domestic violence may result in occult abdominal
trauma, especially in females and, more particularly, in
pregnant women.

Iatrogenic injury can be induced by
bag-mask ventilations, inadvertent esophageal
intubation, external cardiac compressions, and
the Heimlich maneuver.®”

Pathophysiology

Three basic mechanisms cause intraabdominal injury.?
First, an external force applied to the anterior wall and
the posterior thoracic cage or vertebral column can
crush those organs caught between. This is more likely
to occur to solid organs (particularly the liver and
spleen) and in those with lax abdominal walls (typical
of the elderly as well as alcoholic patients). Second,
abrupt and powerful external forces can suddenly
increase intraabdominal pressure, and burst a hollow
viscus. This is exemplified by lap-belt injuries.® Third,
extreme acceleration-deceleration can shear the solid
viscera as well as vascular pedicles.

The spleen is the most frequently damaged
intraperitoneal organ, followed by the liver. The
intestine is the most likely hollow viscus to
sustain injury.

Differential Diagnosis

Sure, it’s possible that a patient presenting with ab-
dominal pain and tenderness following a major car
crash is simply doubled over from pre-existent pelvic
inflammatory disease, appendicitis, lead poisoning, or
even acute intermittent porphyria.

Guess again. The traditional differential formula
doesn’t adapt well to abdominal trauma. With that in
mind, though, there are three considerations that
warrant mention:

1. Single vs. Multi-System Trauma: Major forces
inflicted by vehicles at high speeds tend to pro-
duce multi-system trauma. It is ill-considered to
suppose that a patient thrown 50 feet from the
train that hit him has an isolated leg fracture.
Suspect the abdomen in this scenario.

2.Single- vs. Multiple-Organ Injury: There has been
considerable emphasis in the past 15 years on
avoiding laparotomy when there is known or
strongly suspected isolated solid organ (i.e.,
spleen, liver) injury. This is especially true in
children." Unfortunately, coincident hollow viscus
rupture is not rare in these circumstances and can
be very difficult to identify by clinical examination
or certain diagnostic studies, such as CT."

3. Trauma vs. Medical: Medical problems can
precipitate or coexist with trauma, especially in the
elderly. Metabolic, anaphylactic, cardiac, or
neurologic emergencies may cause the fall or
motor vehicle crash. What appears to be closed-
head injury may simply be hypoglycemia.

Patients with enlarged or abnormal intraperi-
toneal organs (e.g., the enlarged spleen of infec-
tious mononucleosis) or coagulation disorders can
have profound pathology subsequent to what
seems to be the most trivial trauma.

Prehospital Care

Paramedics are the physicians’ eyes and ears at the
scene. They can transmit invaluable information on
the mechanism of injury and can determine seat-belt
use, starred windshields, bent steering wheels, and
vehicular intrusion. They provide clues to severity of
injury by reporting prehospital vital signs and neuro-
logic status.

From a management perspective, the “scoop and
run” strategy prevails. Procedures such as intravenous
insertion and intubation can usually be carried out in
the rig. Wherever possible, paramedics should notify
receiving hospitals regarding high-acuity patients to
allow preparation.’? The appropriate receiving hospital
is determined by a combination of triage scoring
systems and paramedic judgment.’

Nearly all studies show that the pneumatic
antishock garment (PASG), a device prematurely
popularized in the 1970s, is ineffective in most patients
who suffer blunt trauma.* However, in one retrospec-
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tive, non-randomized study, severely hypotensive
trauma victims (BP < 50) seemed to benefit from the
application of the PASG."

However, it or an alternative pelvic stabilizing
device is indicated to mitigate the massive retroperito-
neal hemorrhage that can occur in patients with pelvic
fracture.'® While it appears reasonable that the PASG
would assist hemorrhage control in unstable pelvic
fractures, no large, randomized, controlled trials have
evaluated this.

Finally, recent studies have elaborated potential
risks of aggressive crystalloid resuscitation, especially
in the victim of penetrating torso trauma.'”'® This issue
remains unresolved at this time, specifically for the
blunt trauma patient. It is reasonable, then, to place
lines in the field but to avoid overzealous fluid
administration, particularly in those patients injured
shortly before transport who have brief transport
times. While the definition of “overzealous” remains a
moving target, high-volume infusions are not indicated
in those with relatively stable vital signs.

Emergency Department Evaluation

“I had...come to an entirely erroneous conclusion
which shows, my dear Watson, how dangerous it
always is to reason from insufficient data.”
—Arthur Conan Doyle,

The Adventures of the Speckled Band, 1892.

History

Although not always available, the patient’s history
can be extremely valuable. The patient interview may
be compromised or impossible due to severe head
injury, alcohol or drug intoxication, or the unavailabil-
ity of key and credible witnesses. Remote history of
trauma may be forgotten or considered trivial.

The pre-hospital events can provide key insight
and should include assessment of vital signs, physical
assessment, and response to therapy. Consider asking
the paramedics, “What was the highest pulse and
lowest blood pressure?” Outside records, including
x-rays, must be reviewed carefully.

Ask the scene personnel about the extent of
damage to the vehicle, amount of passenger compart-
ment intrusion, the condition of the steering wheel and
windshield, whether seat belts were used, whether
front or side airbags were deployed, and the speed and
size of the striking vehicle.

Certain mechanisms portend particular pathology.
Compressive forces, especially to the rib cage, are
associated with liver and spleen fractures. Sudden
high-energy forces over a small impact zone are known
as “spearing” mechanisms (e.g., nose of a football, bike
handlebars, and lap-belt-only restraint). These fre-
quently result in hollow viscus injury. The organ
“speared” can be predicted somewhat based on
whether the trauma was centered in the epigastrium

(duodenal hematoma or rupture, pancreatic contusion),
mid-abdomen (jejunum, ileum), or lower abdomen
(ilium, bladder). Finally, high-speed deceleration (e.g.,
a fall from four stories or 80 mph into a tree) can shear
solid viscera from their vascular pedicles, most notably
the kidney.

The condition of the patient at the scene may
suggest that a medical concern precipitated the
crash or fall. These underlying conditions may
contribute to or be wholly responsible for the patient’s
status. Seizures, arrhythmias, and hypoglycemia
are notable culprits.

Ask about loss of consciousness (LOC) in victims
of blunt trauma. In one study, transient LOC in the
field was significantly associated not only with head
injuries but with extracranial injuries as well. In this
series, nearly 20% of patients suffering loss of con-
sciousness required surgery for life-threatening
injuries; many needed laparotomies."

The patient with abdominal trauma may have a
variety of complaints. There are two main presenta-
tions. First is volume loss, which, depending on the
rate and severity of bleeding, can produce thirst,
orthostatic dizziness, lightheadedness, confusion, or
obtundation. Second, irritation of the peritoneum
incites pain and will result directly from hematic (e.g.,
bleeding from the liver, spleen, or great vessels),
infectious (e.g., leaking bowel or colon), or enzymatic
(e.g., pancreas, bowel, gallbladder) irritation. Pain may
be present at the outset or lag by hours to days,
particularly in the case of hollow viscus or pancreatic
injury. Remember that the sensation of pain may be
diminished or rendered absent by the presence of
competing pain at another body site, altered senso-
rium, possible intoxication, or spinal cord injury.

Abdominal pain may be diffuse, as when it follows
gross hemoperitoneum and septic peritonitis. Local
pain can also occur; for instance, splenic injury can
produce pain in the left upper quadrant or referred
pain in either shoulder tip or the neck. This referred
pain is probably due to intraperitoneal irritation of the
diaphragm and can sometimes be elicited by placing
the patient in the Trendelenburg position (Kehr’s
sign).?® Shortness of breath may occur with diaphrag-
matic irritation or the herniation of intraabdominal
structures into the chest through a diaphragmatic tear.
Nausea and vomiting may accompany hypovolemia or
peritoneal irritation. Persistent vomiting may be
secondary to obstruction and is frequent with duode-
nal hematoma.?!

Past Medical History

An understanding of the patient’s co-morbid medical
conditions such as cardiovascular disease and coagula-
tion disorders or coagulopathic medications (e.g.,
warfarin) can be critical to the management schema,
particularly fluid and blood component therapy.
Patients on warfarin may develop life-threatening
hemorrhage after relatively minor trauma.*
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Physical Findings

Examine everything; then do it again...and again. The
physician who fails to perform complete primary,
secondary, and tertiary surveys will miss clues to
shock and serious injury. This admonition certainly
applies to the peritoneal cavity. While the abdomen
should never be ignored, it cannot be the sole focus of
the emergency physician.

It may not be easy to perform a careful
abdominal examination in the midst of a critical
resuscitation—both the patient and the physician
may be distracted from the abdomen. However,
abdominal tenderness, peritoneal irritation, gas-
trointestinal hemorrhage, and hypovolemia not
attributable to extraabdominal causes should always
suggest intraperitoneal injury. That’s the good news.
The bad news is that even in the alert and conscious
patient, reliance on the abdominal examination can
lead to false-positive and false-negative errors.?* In
some patients, the examination may be unremarkable
despite intraperitoneal injury, while in others it
suggests pathology when none exists. This situation is
made worse by compromising factors—altered senso-
rium, distracting injury, and the like. Overall, the
accuracy of a single physical examination in blunt
abdominal trauma is 55%-65%.%%

Vital Signs
Blood pressure and pulse should be considered in
context. Frank hypotension, tachycardia, or both
strongly suggest hemorrhage. However, these findings
are not specific for abdominal injury. In addition,
premorbid circumstances such as hypertension and the
presence of various drugs and medications can alter or
mask the response to blood loss. An elderly patient
with preexisting hypertension who's taking a beta-
blocker can be in profound shock despite a “perfect”
blood pressure of 120/80 mmHg and a pulse of 80.
Even healthy adults may not develop tachycardia
despite profound shock. In a study of over 10,000
major trauma patients, relative bradycardia (defined as
a systolic pressure < 90 mmHg and a pulse rate < 90
beats per minute) occurred in nearly 30% of all hy-
potensive patients.?

Abdominal Examination
Inspection of the abdomen may reveal distension or
ecchymoses. In the case of distension, likely culprits

include pneumoperitoneum, gastric dilatation, or ileus.

Distension produced by hemoperitoneum alone is
extraordinarily ominous and is an extremely late
finding. Since two liters of free blood in the abdominal
cavity will distend the belly almost imperceptibly,*
never wait for this sign to prompt laparotomy. Inspec-
tion of the bare trunk may also reveal telltale ecchymo-
sis. Bruising of the flanks (Grey Turner’s sign) or
umbilicus (Cullen’s sign)® represents hemorrhage in
the retroperitoneal or peritoneal spaces, respectively.
However, these signs are typically delayed by six

hours to several days.

More valuable is the presence of a lap-belt sign.
This finding suggests worrisome intraabdominal
injury—notably, perforation of the small bowel. As
many as one-third of patients with a lap-belt sign will
have injury to the bowel or mesentary.” In one pro-
spective study, 36% of patients with a seat-belt sign
required operative intervention.*

Auscultation of the injured abdomen provides
little information. Many experienced practitioners
believe that the presence of bowel sounds does not rule
out ileus or serious injury, and their absence in no way
proves that injury exists. However, this premise has
not been subjected to in-depth study.

Perhaps the most valuable physical finding in
abdominal trauma comes from palpation. Local or
generalized tenderness is found in approximately 90%
of alert patients with intraabdominal visceral injury.?!
However, not all abdominal tenderness represents
intraabdominal pathology. The presence of
thoracoabdominal wall trauma (e.g., lower chest rib
fractures) can make the patient wince in reaction to
abdominal palpation that too closely approaches the
injured chest. Likewise, severe contusions of the
abdominal wall can cause tenderness and guarding.
Carnett’s sign is tenderness of the abdominal wall
elicited by palpating the abdomen during contraction
of the rectus muscles (as when the supine patient lifts
his or her head or legs off the gurney).??* If the
abdomen is more tender with the rectus muscle tense
and less tender with the muscles relaxed, this implies
muscle as opposed to visceral injury. However, no
prospective studies have validated this finding in the
trauma patient.

Extraabdominal Examination

In addition to auscultation and inspection of the chest,
palpate the lower chest for rib fractures. As many as
20% of patients with left lower rib fractures have
plenic injury, while slightly fewer with right lower rib
fractures suffer liver damage.* Assess the pelvis for
tenderness and stability.

The rectal examination is rarely of value in acute
blunt trauma. It may be valuable in the male with
pelvic fracture who is at risk for urethral injury but
who has no blood at the meatus. In such a patient, the
discovery of a high-riding prostate will prompt the
need for urologic studies. In addition, a sacral fracture
resulting in sensory loss in the posteromedial thigh
and buttocks (52-54) demands assessment of rectal
tone. Finally, certain intrahepatic hematomas can
“liquefy” and empty through the hepatobiliary tree
into the duodenum and ultimately the colon. However,
this takes place 2-3 weeks or more after the original
trauma—a long time to wait with a hemoccult card
in hand.

Pay special attention to palpating the lumbar spine
in the patient with abdominal wall ecchymosis.
Patients with a lap-belt sign may have sustained a
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coincident burst fracture of the upper lumbar vertebrae
(Chance fracture).”® The combination of a lap-belt sign
and lumbar fracture places the patient at very high risk
for hollow viscus injury.*”

Serial Examinations

Repeated examinations by the same examiner are
helpful in alert patients—especially so in patients with
an altered sensorium. Appropriate documentation
should accompany these examinations.

Diagnostic Studies

Patients in whom the physical examination is reliable
and normal often require nothing but serial examina-
tions. In those with clinical evidence of hemodynamic
compromise or clear thoracoabdominal injury, immedi-
ate testing is needed, including baseline hematocrit,
type and hold/cross, and one or more of the big three:
DPL, US, or CT. Likewise, patients with blunt multi-
system trauma who cannot be adequately observed in
the ED should undergo sufficient diagnostic evaluation
to preclude life-threatening intraabdominal injury
before a non-abdominal operation (e.g., craniotomy,
thoracotomy) or diagnostic study (e.g., aortogram).
Occasionally, the patient with overwhelming clinical
indications for laparotomy may be taken to the operat-
ing room with no additional testing. Such patients
might include those with isolated abdominal trauma
who have a rigid abdomen, refractory hypotension,
and no other possible sources of blood loss.

Laboratory Studies

“l have become deeply impressed with the general
reliance on laboratory methods shown by practitioners
recently out of college, and at the same time with
their inability accurately to observe or appreciate
the significance and value of symptoms as compared
with the finding of the microscope or test tube.”
—Robert Hall Babcock, The Lancet Clinic, 191138

Overall, hematologic and chemical tests provide little
assistance to the acute blunt trauma patient.* Instead
of routine testing, laboratory investigation is best
tailored to the clinical circumstances. In one prospec-
tive study, researchers divided trauma patients into
two categories: Trauma Blue—severe injury likely
(Glasgow Coma Score < 13; systolic blood pressure

< 100 mmHg at any time; significant head, chest,
abdominal, or proximal long bone injury; or clinical
suspicion of need for operative or intensive care unit
management) and Trauma Yellow—severe injury
unlikely. The tests ordered for Trauma Blue included
an arterial blood gas (including pH, PO,, PCO,, HCO,,
base deficit, hemoglobin, sodium, potassium, and
ionized calcium), blood alcohol, type and screen or
crossmatch, and urine dipstick. Tests for the Trauma
Yellow group were limited to a venous blood gas and
blood alcohol. In this study, no patient suffered delay

in care due to lack of laboratory testing—and cost
savings were $29.82 per patient (or $20,000 a year) at
this institution.** However, this study did not examine
the equally appealing hypothesis that no tests may be
required in the patient in whom the physician does not
suspect serious injury. Other studies have shown
similar results.*!

Hematology

The hematocrit is most useful as a baseline study or
when significantly low when the patient arrives

(< 30%). Remember that the hematocrit reflects some
combination of a pre-trauma value, the lag from
hemorrhage, as well as dilutional effects of exogenous
fluid administration and endogenous plasma refill.* In
patients with a 10%-20% blood loss, the endogenous
plasma refill proceeds at a modest rate of 40 mL/h for
the first 10 hours, continuing for 30-40 hours. How-
ever, in a very remarkable study of volunteer patients
with blood loss of at least 40% of total blood volume
(how much were these volunteers paid?), this rate
could be as high as 1500 mL in the first 90 minutes
following injury.*

While a low hemoglobin level observed after
injury usually indicates serious hemorrhage (and
occasionally underlying anemia), most trauma victims
have an initial hemoglobin in the normal range, even
despite significant blood loss.* Serial levels are often
more informative. Recall, however, that one liter of
intravenous fluids alone (without blood loss) may
decrease the hemoglobin level by a point or more.*

Part of medical mythology holds that an elevated
white count on the CBC suggests splenic injury.
However, leukocytosis with a count of 12,000-20,000
and moderate left shift is a common occurrence within
several hours of any major injury. It is entirely nonspe-
cific and has no diagnostic significance.

Blood Type

Some suggest that the single most important labora-
tory test in the seriously injured patient is the type and
crossmatch. A number of decision rules have been
suggested to determine the need for blood typing in
the trauma patient, none of which has been prospec-
tively validated. A type and screen is probably ad-
equate for most patients who are hemodynamically
stable but who remain at risk for intraabdominal injury
as determined by the initial evaluation.

Chemical

While often helpful, no chemical analysis needs to be
routine. An increased base deficit or elevated serum
lactate can be an early harbinger of hemorrhagic shock.
Substantive abnormalities such as a base deficit of -6 or
greater are strongly associated with the need for early
transfusion, increased ICU and hospital stays, and
shock-related complications.***” However, measures of
acidosis are superfluous in those in obvious shock.
Conversely, the emergency physician should never be
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reassured by a normal base deficit in the presence of
deteriorating vital signs.

While it would be helpful to have laboratory tests
that could identify specific organ injury, this is simply
wishful thinking. While elevated serum transaminases
may reflect hepatic injury, they can be falsely positive
in cases of alcohol-induced liver damage. Additionally,
because liver function tests are frequently negative
despite hepatic trauma, they are as likely to mislead as
assist in management.* The situation is no better when
it comes to pancreatic trauma. Serum amylase, lipase,
and amylase isoenzymes all lack sensitivity and
specificity.* Elevated or rising levels may indicate
damage, but in and of themselves are not conclusive.>

Urinalysis

A visual examination of the urine can be extremely
helpful in cases of significant blunt trauma. The most
consistent sign of serious renal injury is gross hema-
turia. All patients with gross hematuria require
investigation of the genitourinary system, either before
laparotomy in the stable patient, or after or during
laparotomy for the patient with intractable shock. For
the stable patient, if the urine is clear yellow on visual
inspection, significant renal injury is exceedingly
unlikely. While a visual appraisal alone is adequate for
the hemodynamically stable patient, a dipstick or
microscopic evaluation is indicated in adults with
shock.’%? At least one study showed that a dipstick
examination is adequate to exclude traumatic hema-
turia.®® Children who suffer significant trauma should
undergo dipstick or microscopic analysis of the urine,
as visual examination alone is inadequate.>*

A dipstick urinalysis or microscopic urinalysis
may tip the diagnostic scales in the patient with
abdominal tenderness, especially when the physician is
not sure that the patient requires an abdominal CT. In
one prospective study in adult victims of blunt trauma,
the combination of a tender abdomen and microscopic
hematuria was very specific for intraabdominal injury
on CT (94%).% This combination, however, was only
64% sensitive.

Radiology

Studies should be obtained only if they are likely to
assist management, and their benefits outweigh the
risks. Chief among those risks is leaving the resuscita-
tion area to languish in the dark and unfriendly
confines of radiology. These dangers have earned the
CT scanner the grim nickname, “the circle of death.”

Plain Films

The most common films ordered for the multi-trauma
patient consist of the chest x-ray, the anteroposterior
pelvis film, and the three-view cervical spine series.
The chest film can help distinguish pneumothorax,
hemothorax, diaphragmatic rupture, and rib fractures
as well as an abnormal mediastinal contour and other

signs of potential aortic disruption.

A pelvic fracture can be a significant source of
blood loss. While this study is often routine in the
multi-trauma victim, certain clinical criteria can safely
determine its need. These clinical criteria are:*!

¢ Unstable vital signs

e Significantly altered mental status

¢ Ecchymosis, swelling, laceration to the pelvis and
surrounding structures

¢ Blood at urethral meatus, gross hematuria

¢ Tender pelvis, sacrum, or lower lumbar spine

* Neurologic deficit in lower extremities

e Abnormal rectal exam (lax tone, bloody stools,
abnormal prostate)

¢ Pain upon hip movement

Abdominal plain films have essentially no
role in acute blunt trauma. Suggestion of significant
hemoperitoneum can be seen on a supine AP of the
abdomen, but the sensitivity pales in comparison with
DPL, US, or CT. Small quantities of readily detectable
free intraperitoneal air are present in most patients
with gastric, duodenal bulb, and colonic perforations
but in a minority of patients with jejunal and ileal
perforation. These are more readily seen on CT than
plain films.>”

Computed Tomography

CT is supremely capable of defining injured organs. It
is most accurate for solid visceral pathology. It is often
able to distinguish the presence, source, and approxi-
mate quantity of intraperitoneal hemorrhage.>®

FindingsOn CT

The major findings on CT relate to detection of organ
injury and free intraperitoneal fluid. Free fluid alone
(absent signs of organ injury) in the adult patient can
be suggestive of serious disease. One retrospective
study showed that exploratory laparotomy was
therapeutic in 94% of patients with isolated intraperi-
toneal fluid on CT scan.” Other studies support

this conclusion.®

The presence of intraabdominal free air on CT is
not an indication for laparotomy. This is due to the fact
that free intraperitoneal air can be generated by
mediastinal or pulmonary injury as well as
barotrauma, and thus is not pathognomonic of hollow
viscus perforation.”

In contradistinction to DPL and US, CT scanning
coincidentally evaluates the retroperitoneum and
therefore can be helpful in the evaluation of hema-
turia.®! If a hemodynamically stable patient has a
hemoperitoneum demonstrated by DPL or ultrasound,
a subsequent CT can evaluate organ injury and assist
in the decision of whether nonoperative, expectant
management is appropriate.® If CT is performed after
DPL, inform the radiologist of this fact to avoid
confusing residual lavage fluid with hemoperitoneum
or succus.

Emergency Medicine Practice

May 2001



Issues In Using CT
The value of the CT in trauma management depends
on a number of variables. Patient factors include
hemodynamic stability and cooperation (either volun-
tary or pharmacologic). Scanner issues relate to the
distance the scanner is located from the ED and the
generation of the machine. Helical (spiral) scanners
provide faster examinations, with improved visualiza-
tion of solid organs, and reduced CT artifacts.® Spiral
CT may even demonstrate areas of active hemorrhage
and can help predict the success (or failure) of non-
operative management.®** An important caveat is that
the accuracy of abdominal CTs in trauma is very
reader-dependent.®®

The use of intravenous contrast allows better
visualization of solid organs and sharpens the distinc-
tion between normal and injured tissue. However, oral
contrast does not provide any significant benefit.
Several studies prove that oral contrast rarely adds to
diagnostic accuracy and causes considerable lengthen-
ing of the time required for study completion.®¢” One
retrospective study showed that 60% of patients given
oral contrast had inadequate opacification of the gut.®

Disadvantages
The greatest hazard of CT follows from ill-advised or
poorly supervised studies wherein the dynamics of
illness cause stable patients to crash and unstable
patients to die. In one large review of blunt trauma, the
authors described two preventable deaths, both
secondary to operative delay associated with obtaining
an abdominal CT.®

Other disadvantages of CT include its modest
sensitivity for injury of the pancreas, small bowel, and
mesentery.”””! The latter two are of particular concern,
as hollow viscus injury may occur in approximately 5%
of patients with significant blunt abdominal trauma.”

Complications, albeit uncommon, can stem from
reactions to intravenous or oral contrast.” In addition,
oral contrast is associated with an increased likelihood
of emesis, early aspiration, and pneumonia.®®

The cost of CT scanning can be substantial,
particularly when employed in an overly liberal
fashion. In one prospective study, intraabdominal
injuries were identified in only 11% of patients under-
going CT scans of the abdomen.>

Ultrasound

In the past decade, US has come to the forefront as a
cornerstone study in the initial evaluation of the blunt
trauma patient. Its primary role is in the detection of
free intraperitoneal blood via scan of Morison’s pouch
(RUQ), the splenorenal recess (LUQ), and the pouch of
Douglas (pelvis), all dependent portions of the intrap-
eritoneal cavity where blood is likely to accumulate.
(See the April 2001 issue of Emergency Medicine Practice,
“Emergency Imaging For The 21st Century: Where
Does Ultrasound Fit In?”) The Focused Assessment
with Sonography in Trauma (FAST) includes these

three views plus a subxiphoid cardiac view for the
purpose of determining hemopericardium.™

Novel positioning may increase the sensitivity of
the FAST exam. One prospective observational study
used increasing aliquots of lavage fluid in hemody-
namically stable patients undergoing DPL.
Trendelenburg positioning allowed recognition of only
400 cc of intraperitoneal fluid, compared to 700 cc in
the supine position.”

Advantages

Ultrasound has many advantages. First of all, it’s
accurate. A recent study examined 2576 patients who
underwent US for blunt abdominal trauma. Fewer than
2% had a false-negative examination. Overall, US had a
sensitivity of 86%, a specificity of 98%, and an accuracy
of 97% for detection of intraabdominal injuries.” One
study showed that in the hypotensive patient with
blunt abdominal trauma, ultrasound is 100% sensitive
and specific.”

The instrument is portable, routinely housed in the
trauma resuscitation room, and can accomplish the
FAST exam in fewer than five minutes. Sensitivity for
detection of as little as 100 mL, but more typically 500
mL, of intraperitoneal fluid ranges from 60%-95% with
excellent specificity.”

US can replace DPL in rapidly answering the key
question of whether hemoperitoneum is present. In
contrast to DPL, US can also evaluate the mediastinum,
is not invasive, and can be performed repeatedly by
multiple individuals. In contrast to CT, it poses no
radiation or contrast hazard, and usage is not restricted
to radiologists. Accuracy of performance is correlated
with length of training and experience, but competence
can readily be acquired. In one study, physicians were
able to detect hemoperitoneum more than 90% of the
time after only two hours of training (one hour, theory;
one hour, practical).” All in all, US provides a rela-
tively accurate, rapid, safe, and less expensive diagnos-
tic screening tool.”

Limitations
It’s important to understand that, in the United
States at least, US is not used to image solid parenchy-
mal damage, the retroperitoneum, or the diaphragm.
Technical difficulties can occur in obese patients,
as well as those with a great deal of bowel gas or
subcutaneous emphysema. In general, US is less
sensitive than DPL for the presence of hemoperito-
neum. Like DPL, US is insensitive when there is organ
injury but no free intraperitoneal blood, as in subcap-
sular hematoma of the spleen. In one retrospective
review, surgical or angiographic intervention (or both)
was required in 26 patients (17%) without hemoperito-
neum; such patients would be expected to have a
negative FAST examination.®

As is often true for CT, US often fails to recognize
bowel injury directly but relies instead on the visual-
ization of small amounts of intraperitoneal fluid.
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Studies show that the majority of patients with isolated
bowel and mesenteric injury have a negative US of
the abdomen.?!

Miscellaneous

Angiography is an invasive and time-consuming
procedure. Its use is generally restricted to two
instances. Most often, it is employed as a diagnostic
and therapeutic agent for bleeding pelvic vessels.
Occasionally, in selected centers, it is used to detect
and embolize actively bleeding intraparenchymal
vessels (usually in the spleen).®® In patients suspected
of pancreatic injury, endoscopic retrograde
cholangiopancreaticoduodenography (ERCP) is
utilized to evaluate the ductal system.®

Special Procedures

Diagnostic Peritoneal Lavage

After nearly 40 years, DPL remains a valued tool in
abdominal trauma. It entails two steps. First is the
attempted aspiration of free intraperitoneal blood
(known as peritoneal aspiration or peritoneal tap);
second is the lavage portion, in which fluid is used to
wash the peritoneal cavity, then is recovered by gravity
drainage and subsequently analyzed.

Advantages
The signal virtue of DPL is in the multiple trauma

patient with hemodynamic instability. DPL, like US,
can promptly discover or refute the presence of
intraperitoneal hemorrhage. It is sensitive to bowel
perforations, where other diagnostic tests (CT, US)
often fail. It’s especially valuable in patients who are
poor candidates for ongoing clinical evaluation, due to
severe head injury, for example. (See Table 1.)

DPL And Pelvic Fractures

The incidence of false-positive peritoneal lavage in
pelvic fracture is as high as 29%.% Therefore, authori-
ties recommend an open supraumbilical approach in
order to avoid transgressing a preperitoneal hematoma
that has dissected out of the pelvis to the anterior
abdominal wall. It is estimated that a lag of at least two
hours is required before this dissection can occur, but
the accuracy of this in humans is unknown. In the
hemodynamically stable patient with a pelvic fracture,
a positive DPL by red cell criteria should ordinarily
prompt CT to better define the need for laparotomy.*

Techniques

DPL can be conducted by closed (Seldinger

technique), semi-open, or open technique.* Relative
contraindications to DPL include prior midline surgery,
history of significant intraperitoneal infection,
coagulopathy, obesity, or second- or third-trimester
pregnancy. However, any of these can be overcome
when necessary.

Table 1. Clinical Purpose Of Diagnostic Peritoneal Lavage Following Blunt Mechanism.

Purpose Circumstance Alternate or Complementary Study
Rapidly determine presence of Multiple blunt trauma, Ultrasound

intraperitoneal hemorrhage hemodynamically unstable

Determine presence of intraperitoneal Suspected or known blunt trauma with CT

organ injury

Determine presence of intraperitoneal
hemorrhage or injury

unreliable examination

Multiple trauma patients who require
general anesthesia or lengthy diagnostic

CT, ultrasound

studies for other injuries

Adapted from: Marx JA. Peritoneal procedures. In: Roberts JR, Hedges JR, eds. Clinical Procedures in Emergency Medicine, 3rd ed. Philadelphia: W.B.

Saunders; 1997.

Table 2. Preferred Site Of Diagnostic Peritoneal Lavage.

Clinical Circumstance Site
Standard adult

Standard pediatric

Second- and third-trimester pregnancy
Midline scarring

Pelvic fracture

Supra-uterine

*Empirical data to support these recommendations are limited.

Infraumbilical midline
Infraumbilical midline

Left lower quadrant*
Supra-umbilical*

Method

Closed or semi-open
Closed or semi-open
Fully open

Fully open*

Fully open*

Adapted from: Marx JA. Peritoneal procedures. In: Roberts JR, Hedges JR, eds. Clinical Procedures in Emergency Medicine, 3rd ed. Philadelphia: W.B.

Saunders; 1997.
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The open method is the most arduous and is
reserved for circumstances in which the other tech-
niques have failed or are deemed unsafe, as in the
presence of pelvic fracture, pregnancy, obesity, and
prior abdominal surgery. (See Table 2 on page 8.)
However, the reputed advantages of the open tech-
nique for some of these conditions may be overstated.
In a retrospective review, the authors found that “the
complication rate and accuracy of closed DPL in
patients with previous abdominal surgery were similar
to those for DPL performed in patients without
previous abdominal surgery.”*” In a prospective study
comparing the closed vs. open technique, the authors
found that the closed peritoneal lavage was superior to
open lavage in abdominal trauma; it was faster, easier
to use, less expensive, and as safe as open lavage.®® A
recent meta-analysis examined all of the prospective,
randomized, controlled trials comparing the closed
and open technique of DPL. In this analysis, the closed
DPL technique was as accurate and safe as the stan-
dard open DPL technique.®

Interpretation

The aspiration of at least 10 cc of blood has a positive
predictive value of greater than 90% for intraperitoneal
injury, typically solid visceral or vascular. This finding
is responsible for approximately 80% of true positive
DPLs in blunt trauma.*”® The RBC count threshold for
lavage effluent is set at 100,000/ cc.

Other laboratory parameters of DPL are less
useful. A WBC count exceeding 500/ cc can herald
hollow viscus injury but tends to lag this by 3-6 hours
and is often nonspecific.”! Elevated lavage amylase and
alkaline phosphatase, particularly the former, have
been demonstrated in the immediate post-injury
period following small intestinal injury.” Bile staining
and Gram’s staining of lavage fluid lack accuracy such
that their routine use is proscribed.

The volume of returned lavage fluid may be
important. One study showed that in patients suffering
blunt abdominal trauma, the RBC count of DPL fluid
regularly increases as more fluid is recovered. The
authors suggest collecting at least 600 cc of effluent to
avoid a false-negative lavage.”

Limitations
On the one hand, thanks to the exquisite sensitivity of

DPL for blood, the threshold of 100,000 RBC/cc can
produce unnecessary laparotomy for trivial injury,
typically to the spleen or liver. On the other hand,
injury to certain structures—notably the bowel and the
diaphragm—produces limited hemorrhage, such that
RBC counts of 20,000-100,000 RBC/cc should be
considered carefully in clinical context and for an
observation period of 12-24 hours.”

Laparoscopy

Laparoscopy has been most useful in assessing pen-
etrating trauma;” however, very little experience has
been acquired in the setting of blunt trauma.

Nasogastric Tube

Penetrating trauma to the epigastrium, left upper
quadrant, or low chest may result in gastroduodenal
hemorrhage and result in positive aspiration by
nasogastric tube placement. In acute blunt trauma,
gastric perforation from sudden and severe forces can
occur but is very uncommon. This will result in free
intraperitoneal air and possibly intragastric bleeding.*
Otherwise, nasogastric tube placement may be useful
for the evacuation of gastric air and contents in the
supine patient, particularly one about to be intubated
(although Sellick’s maneuver should suffice).

Management

General

The real crux of abdominal trauma management lies
first in the suspicion of injury, and then in the utiliza-
tion of the best diagnostic tools. Appropriate and
timely consultation of a surgeon, when necessary, is a
vitally important ED intervention.

Unlike penetrating trauma, laparotomy for blunt
mechanism is rarely mandated solely by clinical
parameters. Relative clinical indications for laparo-
tomy are found in Table 3. Blunt trauma patients
typically have numerous potential sources of blood
loss—both intra- and extraabdominal. This can compli-
cate the decision to operate on the abdomen. Further-
more, reliance on physical examination alone can be
precarious for many reasons, including altered mental
status, paralysis, and altered sensation.

This conundrum is profound. Rushing a patient to
what proves to be a nontherapeutic laparotomy leads

Table 3. Clinical Indications For Laparotomy Following Blunt Trauma.

Manifestation

Unstable vital signs with strongly suspected abdominal injury
Unequivocal peritoneal irritation

Pneumoperitoneum

Evidence of diaphragmatic injury
Significant gastrointestinal bleeding

Pitfall
Alternate sources shock
Unreliable

Insensitive and non-specific; may be due to cardiopulmonary
source or invasive procedures (DPL, laparoscopy)

Nonspecific
Uncommon, unknown accuracy
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to delay in more vital diagnostic and therapeutic
undertakings. Alternatively, failure to determine the
need for exigent laparotomy has even more grave
consequences. Thus, in multi-system blunt abdominal
trauma, diagnostic studies (DPL, US, CT) are fre-
quently indicated. (See Table 4.)
Traditional indications for diagnostic
tests include:””
® Suspected intraabdominal injury
* Equivocal abdominal examination
® Altered sensorium due to drugs, alcohol, or
head trauma
¢ Distracting injury
® Spinal cord injury with abdominal anesthesia
® Unexplained hypotension.
® Multiple trauma patients who must undergo
general anesthesia for orthopedic, neurosurgical,
or other injuries

These criteria have not been subjected to rigorous
prospective examination. Several retrospective studies
suggest that repeated physical examination in the
intoxicated patient with a relatively normal mental
status is generally reliable. For instance, one study
retrospectively examined a cohort of intoxicated but
hemodynamically stable and alert patients to deter-
mine the need for abdominal testing (CT, US, or DPL)
prior to emergent extraabdominal surgery. All patients
had a Glasgow Coma Score (GCS) of 14 or greater and
a negative abdominal physical examination. Only three

intraperitoneal injuries (1.4%) were diagnosed in the
study population; two were stable grade I liver
injuries, and one was a missed diaphragmatic injury
diagnosed the day after admission.”

Another retrospective investigation examined the
utility of physical examination in detecting
intraabdominal injury in intoxicated blunt trauma
victims. All study patients had a blood alcohol level of
80 mg/dL or greater, a GCS score of 15, and an unre-
markable abdominal examination. In only two patients
(0.6%) did physical examination miss an injury requir-
ing abdominal exploration. The authors found a
significant association between major chest injury and
abdominal injury and concluded that physical exami-
nation and attention to clinical risk factors allow
accurate abdominal evaluation without CT.”

As both of the above-mentioned studies were
retrospective, further evaluation of who needs abdomi-
nal evaluation is required.

Management Schemata

A small minority of patients undergo laparotomy
based on clinical indicators alone. For the remainder,
abdominal trauma can be categorized at the primary
level by whether the patient is hemodynamically stable
or unstable. (See Table 4.) Within these two possibili-
ties is a second level of staging based on other urgent
concerns or “special circumstances” that co-exist with
the possibility of intraperitoneal pathology. (See
“Clinical Pathway: Management Of Blunt Abdominal

Table 4. Diagnostic Studies In Blunt Abdominal Trauma.

Scenario Study Purpose

Hemodynamically unstable

General Intraperitoneal hemorrhage

Pelvic fracture Intraperitoneal hemorrhage
Hemodynamically stable
General

Organ injury’
Nonoperative management®
Closed-head injury

Blunt aortic disruption

Organ injury

Intraperitoneal hemorrhage

Organ injury, hollow viscus injury

Primary Study Alternate/Compensatory

DPL, US —_
DPL,*US —_

CT DPL, US*
cT# DPL,** US*
DPL,** CT* ust

DPL, US CT#

* Positive peritoneal aspirate mandates laparotomy; positive RBC count only warrants attention to pelvic fracture.

t Specific organ damage or fluid/blood suggesting injury.

1 US for organ injury much less reliable than for intraperitoneal hemorrhage.

§ Institutional capability should be carefully considered.
# CT less reliable for hollow viscus than for solid visceral injury.
** Complementary to CT if hollow viscus suspected.

11 May be more appropriate if can be rapidly acquired or if CT primary study for blunt aortic disruption.

DPL: Diagnostic peritoneal lavage
us: Ultrasound
CT: Computed tomography
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Trauma” on page 13.)

Hemodynamically Unstable

In the multiple blunt trauma patient in shock, three
cavities—the thoracic, abdominal, and retroperito-
neal—warrant immediate attention. Clinical examina-
tion and chest x-ray will identify blood in the thoracic
space or suggest the presence of blunt aortic disrup-
tion. The pelvis film, if positive for significant disrup-
tion, can predict a retroperitoneal hemorrhage.

The third space, the peritoneal cavity, should be
targeted by peritoneal aspiration or ultrasound in
order to reveal or exclude the presence of blood. A
positive study in a clinically unstable patient mandates
laparotomy. The unstable patient is not a candidate for
CT scanning.

The unstable patient with a hemoperitoneum
needs to be moving—moving to the operating room or
to another hospital for laparotomy (if local facilities are
unavailable). While the patient is being “packaged for
transport” to either of these locations, the emergency
physician may treat the patient with fluids and blood.

Predictors of need for transfusion include:#100.101
e Shock
e Hematocrit less than 30%
® Observed blood loss of at least 500 cc or grossly
visible GI bleeding
* Emergency operation with anticipated blood loss
® Prehospital SBP less than 100 mmHg
* Abase deficit more negative than -6

Hemodynamically Stable

In this circumstance, CT scanning is widely preferred
as it can specify organ pathology, assess hemoperito-
neum, and evaluate non-abdominal body regions. In a
stable patient, positive findings on CT do not necessar-
ily mandate laparotomy. Rather, expectant manage-
ment can be accomplished in select patients with low-
to-moderate grades of liver or spleen trauma. In such
cases the host should be otherwise normal (e.g., absent
coagulopathy), and the center should be able to
provide adequate monitoring and support. The ideal
candidate for CT would have normal sensorium and
minor-to-intermediate severity of mechanism.

Cost-Effective Strategies For Managing Patients

With Blunt Abdominal Trauma

1. Use your physical examination.

While this article has pointed out the weaknesses of

physical examination, it is certainly not without value.

Patients with low-to-moderate trauma mechanism can

often be managed with clinical examination alone.
Risk-Management Caveat: Patients with distracting

injuries, altered sensorium, and spinal cord injuries are

likely to have unreliable examinations.

2. Avoid unnecessary laboratory studies.
Mandatory testing of any kind for blunt abdominal
trauma is an obsolete notion, and deservedly so. Beyond
that, certain tests have very limited value (e.g., serum
amylase). Others add nothing to the equation. For
example, in a patient with a blood pressure of 60 and a
positive abdominal ultrasound, serum lactate and
hepatic enzymes couldn’t be more irrelevant.
Risk-Management Caveat: Certain tests in the severely
injured patient are very important. These may include a
type and screen or crossmatch, as well as serial
hemoglobin levels. A visual examination of the urine is
important in adults, as is a dipstick or microscopic
examination in children.

3. Avoid unnecessary abdominal imaging.
CT is overutilized in many institutions, and a
thoughtful clinical pathway, based on the

respective center’s resources, can curb some of the
unnecessary enthusiasm.

Risk-Management Caveat: CT is a powerful tool in the
right circumstances. It can grade organ injury and is an
important modality in those with altered sensorium and
suspicious abdominal examinations.

4.Employ ED ultrasound.
This wonderful tool can serve as an exceptional
screening measure. From a strict cost (vs. charges)
standpoint, abdominal ultrasounds are extremely
cost-effective.

Risk-Management Caveat: Recognize the limitations
of ED ultrasound. While it can detect 400 cc or more
of intraperitoneal blood, it is insensitive to bowel
and retroperitoneal injury and cannot reliably
grade organ injury or routinely detect isolated
subcapsular hematomas.

5. Document, document, document!
As with every aspect of medicine, adequate
documentation keeps the plaintiff's lawyer away. Make it
clear that you considered the possibility of abdominal
trauma, and then clarify your thought processes,
diagnostic pursuit, and disposition. A thorough initial
evaluation, serial examinations, and a final comparison
prior to disposition are essential. a
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Treating pain is an important part of caring for the
trauma victim. Some authorities suggest special
caution when administering analgesics and sedative-
hypnotics to patients being observed for intraperito-
neal pathology. As there are no prospective data on the
matter, these medications should be titrated to permit
recognition of symptoms by the patient and signs by
the care provider.

Caution should be exercised in the administration
of analgesics and sedative-hypnotics to patients
being observed for intraperitoneal pathology. As
there are no prospective data on the matter, usage of
these medications must be judicious to optimize
recognition of symptoms by the patient and signs by
the care provider.

There are pitfalls in expectant management. First,
coincident hollow visceral injury that’s not detected by
CT can lead to disastrous consequences (see subsequent
section)." Second, expectant management tends to lead to
increased use of blood products. Finally, should this
approach fail, the lag from injury to operation lengthens,
with a resultant increase in morbidity, mortality, and the
likelihood of organ resection.

The role of ultrasound in the hemodynamically
stable patient is less clear. If the patient has a relatively
benign abdominal examination, a normal initial
ultrasound is likewise reassuring. Such a patient may
be followed with serial physical examinations and
possibly serial ultrasounds without the use of CT. This
strategy is best suited to those who have suffered a

mild-to-moderate mechanism of injury, have a normal
sensorium, and who have no significant distracting
injuries. The question then becomes, “Which stable
patient deserves ED ultrasound?” (as opposed to
simply undergoing serial physical examinations).

Suspected Bowel Injury
The patient with suspected bowel injury provides a
significant diagnostic challenge. Delayed or missed
diagnosis can result in considerable morbidity or mortal-
ity. In one series of patients with hollow viscus injury,
delays in the diagnosis were directly responsible for
almost half of the deaths. Even delays as little as eight
hours result in significant morbidity and mortality.'*

There is also great debate as to the study of choice
in patients likely to have hollow viscus injury, espe-
cially those with a seat-belt sign. In one prospective
study, 36% of patients with a seat-belt sign required
operative intervention, most of whom had small bowel
perforation. In this series, DPL was 100% sensitive for
the diagnosis of intestinal perforation (5 of 5 patients),
while the initial CT scan was only 33% sensitive.** In
another study examining the prospective CT diagnosis
of bowel injury, CT had a sensitivity of 64%, an
accuracy of 82%, and a specificity of 97%.!® These and
other articles have led some to suggest that patients
with a seat-belt sign need a study other than CT to rule
out intestinal injury.

However, a recent review regarding the use of CT in

Continued on page 17

Key Concepts In Blunt Abdominal Trauma

1. Physical Examination
The accuracy of the physical examination is not
perfect and is rendered less so by distracting injury,
head trauma, alcohol or drug intoxication, and spinal
cord injury.

2. Diagnostic Tests
The selection of major diagnostic studies for abdominal
trauma should be based upon the clinical setting, the
timely availability of the study, and the trustworthiness
of that study in the respective center.

3. Clinical Indications for Laparotomy
These are quite helpful in penetrating trauma. However,
in blunt multi-system trauma, these are less dependable
and are very uncommonly the sole reason a patient
proceeds to laparotomy.

4.The Unstable Patient
The critical determinant in this patient is the rapid
determination of the presence or absence of hemoperi-
toneum. DPL is a very sensitive but invasive method of

accomplishing this. Ultrasound is noninvasive and
slightly less sensitive, but it can simultaneously evaluate
for blood in the pericardial space.

5. Pelvic Fracture
In the unstable, blunt, multi-system trauma patient with
pelvic fracture,immediate ultrasound or peritoneal
aspiration can determine the need for urgent laparo-
tomy. If these studies are unequivocally negative,
attention can be turned to other sources of hemorrhage,
notably the pelvic vessels.

6. Special Circumstances
The preferred human qualities in managing critical blunt
trauma patients are common sense and quick reflexes.
An algorithm can’t cover all of the permutations in the
patient with some complex combination of head, chest,
mediastinal, intraperitoneal, and pelvic trauma.The
organ system that takes precedence is the one that is
most immediately life-threatening. Then, simply do your
best contending with the others until the most immi-
nent disaster is managed. A
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Clinical Pathway: Management Of Blunt Abdominal Trauma

Blunt abdominal trauma mechanism

|
Clinical mandate for laparotomy?

\
Yes| ! No

Hemodynamically unstable?

Laparotomy (Class Il)

Yes| | No
Intraperitoneal hemorrhage? Unreliable examination?*
! |
Yes% | No
DPL,US' (Class II) .
Abdominal
- \ —n tenderness?
o]
Ye — = ‘
i l Yes| No
Laparotomy (Class II) Intraperitoneal injury?*
+ CT (Class II)
* DPL (Class Il)
« Serial physical examinations; with
or without ED US (Class 1)
\
[ No
YesEI %
!
Injury requires
laparotomy?s
|
[ ] LINo
YesEI -
! !
Laparotomy (Class II) Observe (Class II)
77777 _
]
] O
! 1
Laparotomy (Class II) Discharge (Class II)

* Can be unreliable because of closed-head injury, intoxicants, distracting injury, or spinal cord injury.

t Determined by unequivocal free intraperitoneal fluid on ultrasound or positive peritoneal aspiration on DPL.
1 One or more studies may be indicated.

§ Need for laparotomy is based on clinical scenario, diagnostic studies, and institutional resources.

The evidence for recommenda tions is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support.Class lll: May be acceptable,
possibly useful. Fair-to-good evidence provides support. Indeterminate: Continuing area of research.

This clinical pathway is intended to supplement, rather than substitute, professional judgment and may be changed depending upon a
patient’s individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright O 2001 Pinnacle Publishing, Inc. Pinnacle Publishing (1-800-788-1900) grants each subscriber
limited copying privileges for educational distribution within your facility or program. Commercial distri-
bution to promote any product or service is strictly prohibited.
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Clinical Pathway: Management Of Combined
Pelvic Fracture And Abdominal Trauma

Pelvic fracture

!
Hemodynamically unstable?
|
Yes| %No
Ol
Intraperitoneal hemorrhage?* %
+ Ultrasound (Class Il) 0O
+ Diagnostic peritoneal aspiration (Class I1) E
[ Ol
Yes)| | No %
]
Laparotomy (Class I1) + Angiography (Class Il) %
+ Pelvic fracture stabilization (Class Il) 0O
]
| !
Intraperitoneal injury?*
+ Computed tomography (Class I1)
+ Diagnostic peritoneal lavage (Class II)
|
Yes| %No
]
Injury requires laparotomy?* E
T 0 n
No
YesEI - 5
! ! !

Laparotomy (Class II)

Observe (Class II)

Laparotomy (Class II) Discharge (Class II)

* Determined by unequivocal free intraperitoneal fluid on ultrasound or positive peritoneal aspiration on DPL.
t One or more studies may be indicated.
T Need for laparotomy is based on clinical scenario, diagnostic studies, and institutional resources.

The evidence for recommenda tions is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support. Class lll: May be acceptable,

possibly useful. Fair-to-good evidence provides support. Indeterminate: Continuing area of research.

This clinical pathway is intended to supplement, rather than substitute, professional judgment and may be changed depending upon a
patient’s individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright O 2001 Pinnacle Publishing, Inc. Pinnacle Publishing (1-800-788-1900) grants each subscriber
limited copying privileges for educational distribution within your facility or program. Commercial distri-
bution to promote any product or service is strictly prohibited.
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Clinical Pathway: Management Of Combined
Head And Abdominal Trauma

Head injury
|
Management of airway and intracranial pressure (Class Il)
l
Hemodynamically unstable?
|
YesH] = No
l |
H i 7 =
emoperitoneum? 0O
\ |
O ==
Positive[] Negative ] !
! Lo
Lateralizing signs? Lateralizing signs?
| |
[ ] CINo [ CINo
YesIj = Yesl:I =
l ! ! !
Laparotomy" (Class II) Laparotomy (Class II) Head CT or craniotomy?* + Head and abdominal
Consider head CT! O (Class 1) CT (Class Il)
(Class 1) U = + Continue resuscitation
!
L] (Class II)
Head CT (Class Il) 1 * Manage intracranial
Abdominal CT, DPLS pressure (Class 11
(Class 1)

* Based on ultrasound, diagnostic peritoneal aspiration or both.

t Consider pre-LAP head CT based on clinical picture and availability of CT.
1 Burr holes or craniotomy based on clinical picture and availability of CT.
8 DPL can be complementary to CT in determining hollow viscus injury.

1 Consider burr holes or craniotomy simultaneous with laparotomy.

The evidence for recommenda tions is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support.Class lll: May be acceptable,
possibly useful. Fair-to-good evidence provides support. Indeterminate: Continuing area of research.

This clinical pathway is intended to supplement, rather than substitute, professional judgment and may be changed depending upon a
patient’s individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright O 2001 Pinnacle Publishing, Inc. Pinnacle Publishing (1-800-788-1900) grants each subscriber
limited copying privileges for educational distribution within your facility or program. Commercial distri-
bution to promote any product or service is strictly prohibited.
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Clinical Pathway: Management Of Combined
Wide Mediastinum And Abdominal Trauma

Wide mediastinum*

l

Initial resuscitation (Class I1)
|

Hemodynamically unstable?

Yes% No

!

—d

Hemoperitoneum?* .
P Helical CT of chest and abdomen (Class II)

Positive% ENegative
I !
Laparotomy (Class II) Helical CT of chest and
+ Left lateral thorac- abdomen (Class II)

otomy if rupture
suspected*(Class I)

+ Consider intraopera-
tive transesophageal
echocardiogram or
aortogram (Class 1)

* Preferably based on upright PA film and mechanism of injury.
t Based on ultrasound, diagnostic peritoneal aspirate or both.
T Allows surgical access to majority of disruption sites.

The evidence for recommenda tions is graded using the following scale. For complete definitions, see back page. Class I: Definitely recommended.
Definitive, excellent evidence provides support. Class II: Acceptable and useful. Good evidence provides support. Class lll: May be acceptable,
possibly useful. Fair-to-good evidence provides support. Indeterminate: Continuing area of research.

This clinical pathway is intended to supplement, rather than substitute, professional judgment and may be changed depending upon a
patient’s individual needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright 0 2001 Pinnacle Publishing, Inc. Pinnacle Publishing (1-800-788-1900) grants each subscriber
limited copying privileges for educational distribution within your facility or program. Commercial distri-
bution to promote any product or service is strictly prohibited.
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Continued from page 12

this situation is more sanguine. In this review, the authors
searched MEDLINE between 1980 and 1998 to evaluate
the performance of DPL and CT in detecting blunt
gastrointestinal tract injuries. They state that when expert
interpretation is available, CT is accurate in detecting
hollow viscus injury—as long as unexplained free fluid,
bowel wall thickening or enhancement, mesenteric fat streak-
ing, and bowel dilatation are assumed to represent injury. If
the scan quality is suboptimal or expert interpretation is
unavailable, the authors recommend DPL.!%*

Special Circumstances

Missed Injuries

Missed injury is common in trauma management.
As many as 25% of seriously injured trauma patients
have at least one injury that is overlooked during
the initial evaluation.’®'% Missed injuries are most
common in patients who have altered mental status,
those who are intubated, and those who need an
immediate operation.'”” 1%

While the most frequently missed injuries are orthope-
dic,'®!"! missed abdominal injury is far more lethal. In
fact, missed intraabdominal injury is the most common
preventable cause of trauma deaths.!?

Distracting injury is so called as the patient, the
physician, or both are...well...distracted. Distracting
injury is one of those concepts all of us understand but
none of us can quantify. However, it must be appreci-
ated, as it is well known to cause missed abdominal as
well as cervical spine pathology. In a recent prospec-
tive study, 7% of patients with no abdominal pain or
tenderness but with distracting extraabdominal injury
were found to have intraabdominal injury.*®

Patients with altered mental status are also at high
risk for undetected /unsuspected abdominal injury.
Nearly 10% of patients suspected of “isolated” head
injury may have intraabdominal pathology.’* In a
different retrospective study of comatose but normo-
tensive trauma victims, the use of clinical signs alone
resulted in more missed injuries than did using an
objective test (in this study, DPL).” The authors
suggested that all unconscious blunt trauma patients
undergo objective testing of the abdomen to avoid
missing life-threatening injuries.

Multi-System Injury

In patients with more than one critically injured bodily
system, a rigid management algorithm does not and
should not exist. In these situations, the decision-
making needs to be fluid and responsive to the minute-
to-minute changes of the patient.

It is correct that active and substantive intraperito-
neal hemorrhage in an unstable patient demands
immediate attention—specifically, life-saving laparo-
tomy. However, a patient can have a minor splenic
injury with evidence of hemorrhage on US, DPL, CT, or
some combination of tests, yet other demands (such as

an unstable pelvic fracture) will be greater at that point
in time. Likewise, certain intraperitoneal injuries such
as a perforated jejunum require operation, but a delay
of at least eight hours is acceptable while more press-
ing concerns are addressed.

In summary, the key point is that an unstable
patient with a significant hemoperitoneum must
undergo laparotomy or face imminent exsanguination.

Pelvic Fracture

An unstable patient with a significant pelvic fracture
and bloody peritoneal aspirate or positive US finding
must proceed to emergency laparotomy. (See “Clinical
Pathway: Management Of Combined Pelvic Fracture
And Abdominal Trauma” on page 14.) This is due to
the fact that approximately 85% of such patients will
have active intraperitoneal hemorrhage at laparotomy:.
Some unstable patients with severe pelvic fracture will
demonstrate a negative US, a negative peritoneal
aspirate, or both. Barring other non-abdominal sources,
the presumed origin of shock is the retroperitoneum.
Therefore, the patient would then proceed to angiogra-
phy for possible embolization to staunch hemorrhage.

Before proceeding to angiography, a pelvic
stabilizing device is indicated to reduce pelvic volume,
stabilize displaced fracture segments, and tamponade
venous bleed. The PASG, vacuum splint, or even a
tightly wrapped sheet about the pelvis when necessary
can serve in this capacity.’ The placement of an
external fixator, typically by an orthopedist, is advised
by some."> However, this requires a much more
laborious application, and there are no prospective,
randomized trials to support its use.

In a patient with pelvic fracture and apparent
hemodynamic stability, a CT of the abdomen is usually
warranted. If an ultrasound was performed and
demonstrated some measure of fluid, CT can help
decipher the need for laparotomy. If DPL effluent
returns with a positive RBC count only (but a negative
aspirate), CT should again be used to establish whether
significant intraperitoneal injury exists, as the RBC
count alone in this circumstance can be falsely positive.

Closed-Head Injury

Patients with surgically correctable injuries of both
the head and the abdomen are rare, although the
literature is divided regarding which injury is more
common in the comatose hypotensive patient."'*'” The
presence or absence of lateralizing findings (such as a
unilateral blown pupil or asymetric posturing) is key.
Generally speaking, patients with severe closed-head
injury but without lateralizing findings do not require
craniotomy."” Should lateralizing features and blunt
abdominal injury coexist, the clinician is faced with
the choice of rapid pre-laparotomy CT scan of the
head vs. preemptive burr holes in the ED or during
laparotomy. (See “Clinical Pathway: Management

Of Combined Head And Abdominal Trauma” on page
15.) Neurosurgeons prefer the former approach
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whenever possible, but hemodynamic instability may
compel the latter. The emergency physician sorting this
out must measure the timeliness of CT availability,
when the neurosurgeon is expected to arrive, and,
most importantly, the severity and direction of hemo-
dynamic changes.

One study suggests that patients with hemoperito-
neum and lateralizing signs are candidates for emergent
head CT only if their blood pressure stabilizes with fluids or
blood."®* However, immediate laparotomy is indicated in
patients who remain hemodynamically unstable.™®

Blunt Aortic Disruption

Potential blunt aortic disruption (BAD) presents

even more controversies. (See “Clinical Pathway:
Management Of Combined Wide Mediastinum And
Abdominal Trauma” on page 16.) The injury itself is
frequently lethal, and its time course is highly unpre-
dictable. The delay to rupture may entail hours to days
(and, rarely, weeks). The time-bomb metaphor is
supremely apropos.

The usual indication for diagnostic evaluation is
an abnormal chest x-ray. The chest film shows charac-
teristic or suggestive findings in at least 93% of all
patients with aortic injury.”® Unfortunately, many chest
x-rays in acute trauma are necessarily acquired in
supine anteroposterior fashion, and a significant
number of patients without aortic injury may have a
wide mediastinum on the supine view.'”® An upright or
reverse Trendelenburg inspiratory film is helpful if the
patient can tolerate this position.

Even the pristine, upright, inspiratory PA film
is imperfect in predicting presence or absence of
this lesion. More accurate means of determination
include helical chest CT, transesophageal
echocardiography, and angiography. However,
these tests take precious time.

In the relatively stable patient, there is good evidence
to show that a normal helical (not standard) contrast-
enhanced CT of the chest reliably excludes aortic injury.'*!
The unstable patient with hemoperitoneum must proceed
immediately to laparotomy. The patient can undergo

Ten Excuses That Don't Work In Court

1.“We thought the hypotension was caused by head

injury, not abdominal trauma.”
Not so—with few exceptions. First, the infant with
cephalohematoma, intracranial hemorrhage, or both, can
house sufficient blood in those spaces to cause
hemorrhagic shock. Second, patients in the agonal phase
of severe closed-head injury may demonstrate
hypotension. This is simply a pre-terminal event.

2.“Hey, the abdomen was definitely soft and nontender

on my exam, and even the bowel sounds were normal.”
Many factors can confound the patient’s ability to sense
pain and the physician’s skill in determining tenderness.
These include distracting injury, altered sensorium, and
spinal cord injury. Even in the alert patient without
confounders, false-positive and false-negative
examinations can still occur. When the mechanism is
worrisome and the patient cannot be reliably examined
and re-examined, abdominal diagnostic studies are in
order. As far as the bowel sounds are concerned, that's a
definite “so what.”

3.“You can’t perform DPL in pregnant women.”
Yes, you can, but the technique may have to be modified. In
the first trimester, no alteration is necessary. In the second
and third trimesters, as the uterus has risen out of the
protective confines of the pelvis,an open and supra-uterine
technique should be utilized. The interpretation of
peritoneal aspiration and DPL fluid is unchanged.
Ultrasound, of course, is an acceptable alternative.

4.“The patient had a horrible pelvic fracture, and we

knew external fixation and angiography were the only

steps that could save him.”
In some cases, that may well be true. However, when
pelvic fracture is present, intraperitoneal hemorrhage is
frequently present as well. The abdomen should be
assessed in all cases of pelvic fracture. In the unstable
patient, ultrasound or DPL is indicated to rapidly
determine whether there is intraperitoneal hemorrhage.
If there is significant hemoperitoneum on ultrasound or
a positive aspirate on DPL (not simply a positive lavage),
urgent laparotomy is indicated prior to angiography.

5.“We screened our patient with our standard measures:
hematocrit, urinalysis, and chest and abdominal films.
They were all normal.”
Unfortnately, you did the wrong tests. The hematocrit is
not used as a marker for the presence of intraperitoneal
trauma. Serum amylase and lipase, and amylase
isoenzymes, have very low positive predictive value for
pancreaticoduodenal injury.

Plain films of the abdomen are practically of historical
interest only. The discovery of free intraperitoneal injury
by these can be useful, but sensitivity and specificity are
so incredibly low in comparison with US, DPL,and CT
that this film is not routinely obtained.

6.“Sure, the radiology department is one floor above our
ED. But CT is a much better test than US.”

Continued on page 19
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mediastinal evaluation with transesophageal
echocardiography during the operation.'”
Angiography, once the sovereign diagnostic
modality in aortic injuries, is now relegated to a
subordinate role in many trauma centers.'?'?

Special Populations

Pediatrics
As with adults, motor vehicle crashes cause most of the
morbidity and mortality in cases of pediatric trauma;
auto/pedestrian accidents and falls out of cars repre-
sent a large subset of these. Handle-bar injuries and
lap-belt-only restraints are much more likely to be seen
in children and can lead to pancreaticoduodenal and
small bowel injury.* Child abuse is both common and
terribly harmful. Abdominal injuries are second only to
head injuries as a cause of death in abused children.

A child’s abdomen has poorly developed muscula-
ture and a relatively small anteroposterior diameter.
These facts amplify the vulnerability of intraperitoneal

organs to compressive forces. The rib cage is very
compliant in children, and while less prone to frac-
tures, it provides limited protection against upper
quadrant solid visceral injury. Solid organ injuries
predominate in children and are responsible for two-
thirds to 90% of intraperitoneal pathology.

As in adults, most hematologic and serum chemi-
cal studies do not have adequate positive or negative
predictive value to warrant their routine use.'*> Perhaps
the most valuable lab test for intraabdominal injury in
children is the urinalysis. In one retrospective study of
285 injured children, the physical examination com-
bined with urinalysis showing more than 5 RBC/hpf
had a sensitivity of 100%, and a specificity of 64% in
detecting intraabdominal injury.'*

Microscopic hematuria portends a reasonable
likelihood of injury to the liver, spleen, or kidneys. It
may also be a reflection of a previously unknown
coagulopathy or intraabdominal anomaly (e.g., Wilms’
tumor). The threshold at which consideration should
be given to further diagnostics, notably CT, varies from

Ten Excuses That Don't Work In Court continuea

The statement that CT is superior to US for definition of
intraperitoneal organ injury is absolutely correct.
Unfortunately, the patient in this case was
hemodynamically unstable, a direct result of a grade IV
splenic injury. When patients present to the ED in shock,
a test that can quickly visualize peritoneal blood allows
timely triage to the operating room. DPL or US serves
this function well; CT does not. Unstable patients should
rarely be removed from the safety of the ED.

7.“The patient had a bad head injury, and we needed a

head CT right away.”
Sure, there is a natural compulsion to get head-injured
patients to CT. But first, the abdominal cavity must be
considered. If the patient is hemodynamically unstable,
DPL or US should be undertaken immediately in order to
determine the likelihood of intraperitoneal bleeding. The
patient in this case had no localized findings on
neurologic examination; therefore, the chance of an
operative lesion was extremely low. Besides, you can’t
save a patient from a head injury if she dies from
intraperitoneal hemorrhage first.

8.“Okay, there was a seat-belt mark, but the examination
was otherwise just fine.”
A low-lying transverse abdominal ecchymosis has a strong
association with hollow viscus injury. In turn, hollow viscus
injury often does not produce any pain or tenderness until
6-8 hours following the traumatic event. At a bare
minimum, patients with lap-belt contusions should

undergo serial abdominal examinations over this time
course. Findings of abdominal tenderness should prompt
diagnostic study (e.g.,abdominal CT) or laparotomy.

9.“lt was just an isolated head injury. His pulse

and blood pressure were fine, and his abdomen was

not distended.”
Physical examination (including vital signs) cannot rule
out abdominal injury in the comatose patient. If you wait
for the abdomen to distend from blood loss, it’s time to
call the coroner, not the surgeon.

10.“The orthopedist had a full schedule in the morning,

and it was getting close to 2 a.m.”
Consequently, the orthopedist absconded with this multi-
system injured and profoundly intoxicated patient to the
OR for a washout of a matching pair of open tib-fib
fractures. No abdominal studies were undertaken, and the
small pneumothorax was unknown to the ortho operating
team. In the OR, the combination of tension pneumothorax
induced by intubation and positive-pressure ventilation
plus the grade Ill liver injury led to a patient who was hard
to bag and a pulse that was impossible to palpate.

Practically any consultant, including the orthopedist

in this scenario, will have blinders on.They typically see a
general trauma patient from the perspective of their
single discipline—in this case, a large bone. The
emergency physician, together with the trauma or
general surgeon, should orchestrate the resuscitation
and determine the disposition. A
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20-50 RBC/hpf.12¢

The important diagnostic tests used in adults with
abdominal trauma (CT, US, and DPL) have somewhat
different roles in children. Ultrasound has been found
to have comparable ability to screen for intraperitoneal
hemorrhage as in adults.'”'%

However, DPL is used differently in the injured
child. It has an important role in the hypotensive child
with multi-system blunt trauma in whom US is
unavailable or equivocal. However, children with
stable hemodynamics and hemoglobin who have blood
discovered in their abdomen are much more likely to
be managed without laparotomy than adults. There-
fore, DPL is generally not indicated if the child can be
stabilized with blood and fluids.

CT, with its ability to discern specific organ
pathology both in the peritoneal and retroperitoneal
spaces, remains a mainstay diagnostic test. The
important caveat that applies to CT in adults applies to
children as well; false-negative rates for hollow
visceral and pancreatic injury are substantial, at 26%
and 15%, respectively.'®1?

Some authors believe that serial physical examina-
tions are more important than CT in the diagnosis of
pediatric bowel injury. In one retrospective study, all
children with major intestinal injury had suggestive
signs on presentation or shortly thereafter.’®! These
signs included seat-belt ecchymoses or diffuse abdomi-
nal tenderness. The abdominal CT was insensitive in
making the diagnosis and detected only one in 13
bowel injuries. Another study confirmed that the
initial and serial physical examinations are more
reliable than diagnostic testing in children with
small bowel injuries.'

Geriatrics

The diagnostic approach to the elderly patient is
unchanged. However, it is critical to bear two facts
in mind. These patients are far more likely to have
significant comorbid disease and to be on medications
that alter their presentation, including vital signs,

as well as their ability to tolerate these injuries. In
addition, this group has increased morbidity and
mortality for virtually any injury sustained when
compared with younger cohorts.” As such, manage-
ment and disposition decisions should lean well
toward the conservative end of the spectrum. At
least one study suggests that an elevated base deficit
(more negative than -6) during the first hour of care
can help predict severe injury or death in the elderly
trauma victim.!3

Pregnancy
Trauma is frequent during pregnancy. Women are more
subject to falls after 20 weeks of gestation compared
with nonpregnant patients, and the incidence of
physical abuse is 4%-17% during pregnancy.'®

Certain physiologic changes affect the approach to
abdominal trauma. The systolic and diastolic blood

pressures decline 2-4 mmHg and 5-15 mmHg, respec-
tively, in the first and second trimester and then
normalize in the third trimester; in addition, an
increase in pulse of 10-15 bpm can be anticipated
throughout. The clinical diagnosis of shock is impaired
during pregnancy due to the significant cardiovascular
changes. A pregnant woman may lose 30%-35% of her
blood volume—1.5 liters—prior to demonstrating any
physiologic signs of shock." In addition, stretching of
the peritoneum decreases the ability of the physician to
detect hemoperitoneum. In an early series, 50% of
pregnant women with massive hemoperitoneum had
no peritoneal signs.'”

The management of shock also changes in preg-
nancy. The “supine hypotensive syndrome” may occur
after 20 weeks” gestation. This syndrome is caused by
uterine pressure on the inferior vena cava, resulting in
a drop in cardiac output of up to 28% and systolic
blood pressure of 30 mmHg."*® One of the first inter-
ventions by prehospital care providers and ED person-
nel alike is to “unload” the vena cava by pushing the
uterus to the left. Alternatively, towels placed under
the right side of a backboard will cause the uterus to
fall to the side, accomplishing the same purpose.

The three primary diagnostic agents can be
utilized throughout pregnancy, with certain precau-
tions. Ultrasound is presumed safe and accurate in this
setting, but a large, prospective trial has not yet been
conducted. With regard to CT, the fetus is most
vulnerable to radiation while it is from 2-7 weeks’
gestational age. A modified abdominal CT limited to
the areas above the uterus (basically the liver and
spleen) incurs a safe dosage of less than 3 rads to the
fetus. Including the pelvis in the scan generates an
undesirable 3-9 rads. However, spiral CT reduces fetal
radiation exposure 14%-30%."° DPL is known to be
accurate in pregnancy''* but should be performed by
the open supraumbilical technique after the first
trimester.® Cut-off values for DPL effluent are identical
to those of nonpregnant patients.

Maternal resuscitation is the prevailing tenet, and
indications for abdominal laparotomy are unchanged.
One disposition matter is key. Patients beyond 20 weeks’
gestation (i.e., in whom the fetus is viable) who sustain
torso trauma of any magnitude and who appear other-
wise well should undergo at least four hours of fetal
monitoring. This allows early detection of placental
abruption, a complication of even trivial trauma.'*

Alcoholic Patients

“Bacchus has drowned more men than Neptune.”
—Thomas Fuller®

Both acute and chronic alcohol usage increase the

risk of abdominal trauma. From a physiologic perspec-
tive, alcoholics tend to have a lax abdominal wall

and therefore incur greater morbidity from anterior-
posterior compressive and burst forces.*? Alcoholic
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hepatitis and cirrhotic liver disease lead to an enlarged
liver and congested spleen, respectively. As such,
these are afforded less protection by the rib cage,

and their increased intracapsular pressure decreases
their resistance to blunt forces. Pancreatic pseudocysts
are also subject to rupture from blunt trauma.'
Finally, chronic alcoholism may result in coagulopathy
with resultant exacerbated hemorrhage and compli-
cated management.

The clinical examination and major diagnostic
procedures can all be affected by acute and chronic
intoxication. In a recent series, intoxicated patients
were nearly five times more likely to have an unsus-
pected injury than patients who had a negative blood
alcohol level."** If the patient’s mental status is im-
paired by acute intoxication or hepatic encephalopathy,
the ability of the patient and the examiner to appreci-
ate intraperitoneal and retroperitoneal manifestation is
impaired. Ascites can create difficulties in the interpre-
tation of DPL, CT, and US. If coagulopathy is present
or suspected, some authorities suggest that DPL
should be performed by the semi-open or fully open
technique with careful attention to hemostasis. Portal
hypertension in the chronic alcoholic can lead to
engorgement of umbilical veins that pose additional
hazard to the performance of DPL, particularly if
percutaneous. Combativeness obviously is problematic
for any of the procedures, but appropriate administra-
tion of butyrophenones should place the patient (and
thus the treating physician) in a much better mood.

Acutely intoxicated patients with suspected
minimal trauma can be observed or committed to one
or more of the diagnostic tests. This is a clinical
decision that rests with the understanding of the
mechanism, the clinical circumstances of the patient,
and the institutional resources. For example, a very
busy ED with limited personnel should move more
quickly toward definitive diagnostics rather than serial
observations. Finally, in patients with known intraperi-
toneal injury as determined particularly by CT,
expectant management (i.e., the deliberate observation
of a patient in whom laparotomy may be unnecessary)
is more hazardous than in the nonalcoholic patient.'*

Disposition

Three central issues face the emergency physician:
consultation, transfer, and discharge home.

Consultation

Consultation should be made as soon as the need is
apparent. This can be based on the paramedic report
from the scene or one glance at the patient being
wheeled by stretcher through the doors of the ED. The
purpose of consultation is, in turn, twofold.

Need For Operation
This is the easy one. Consultation is made as soon as
there is strong suspicion or knowledge that laparotomy

is necessary. The tricky part is knowing whom to call.
In a trauma center, there is rarely debate, as a trauma
surgeon is on call and usually in-house. At the other
end of the spectrum is the community hospital that has
no trauma designation and limited commitment to
trauma. Here, the call should go to the general sur-
geon, who should respond in a timely manner. Unfor-
tunately, the willingness and expertise (or lack thereof)
of this consultant can vary. Obviously, hospital and
inter-related departments need to acknowledge these
scenarios and be proactive instead of simply reactive.

Need For Evaluation

For the obviously and seriously injured trauma
patient, an immediate consult to the trauma or general
surgeon allows the team to evaluate, then expedite
care. It’s right for the emergency physician, the
surgeon, and the patient.

The approach to the relatively stable patient varies
among and within hospitals. Optimally, the emergency
medicine, surgical, sub-surgical, and radiology groups
will have convened and agreed upon diagnostic and
management algorithms. Otherwise, the number of
permutations in management is enormous.

Admission practices vary widely among
hospitals. Many authorities favor admitting multiple
trauma patients with, for example, orthopedic
concerns to the trauma or general surgeon with
consultation by the orthopedist and not vice versa—
at least for the first 24-48 hours of care. This basic
principle applies to the pregnant, pediatric, and
geriatric patients as well. However, no prospective
studies have evaluated this approach.

Transfer

The patient must be transferred if the base hospital is
incapable of providing adequate care. The missing
ingredient(s) may include a diagnostic test, operating
room, surgical staff, surgeon, monitored bed, or
specialist. Once it becomes clear that transfer is
needed, delay in transfer should be strictly avoided. In
general, diagnostic studies—particularly those that are
time-consuming—should be undertaken at the receiv-
ing hospital, unless that test is integral to determining
the need for transfer in the first place.

The transfer itself should abide by EMTALA
regulations. The mode of transfer and the type of
personnel involved rest with the patient’s clinical
status, available resources, weather conditions, traffic
patterns, and the like.

One thorny issue that may arise in smaller hospi-
tals relates to the hypotensive patient with probable
intraabdominal bleeding. Such patients may not
survive the transfer to a higher level of care. In such
cases, it is useful to consult the local surgeon regarding
the possibility of “damage-control” laparotomy. In
such a case, the local surgeon would perform an
emergent laparotomy with the sole purpose of
staunching life-threatening hemorrhage. When the
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bleeding is controlled, the patient may then be trans-
ferred (even with an open abdomen with packs in
place) to the trauma center.'¢!*

If damage-control surgery is an option, then the
emergency physician may elect to perform a DPL or US
on such unstable blunt trauma patients early in the
course of evaluation.

Discharge Home

Certain patients—notably, those with single-system
trauma and stable vital signs—can be discharged home
after a period of observation with or without US, DPL,
CT, or some combination thereof. These patients can be
sent home only if their mental status, vital signs, and
host status (immune, coagulation) are at or close to
baseline and their social support systems competent.
The emergency physician must be very cautious for
those at increased risk for delayed presentation or
worsening, such as the patient with mechanism (e.g.,
spearing, as in our young friend with the handlebar
injury) or clinical features (e.g., seat-belt mark) consis-
tent with hollow viscus injury. In these situations or for
patients with persistent abdominal tenderness follow-
ing serial observation, it is far wiser to consult the
trauma surgeon and proceed with further observation
or studies.

For patients with a negative CT, conservative
pundits argue that 12-24 hours of in-hospital observa-
tion is mandatory. This is to enable discovery of late
presenting injury, particularly bowel disruption missed
by CT, as well as allow the opportunity for CT over-
read by the institution’s expert the following morning.
However, one recent observational study of 2299 blunt
trauma patients demonstrated that a normal abdomi-
nal CT scan ruled out significant injury in 99.63% of
patients. In this series, there were only six therapeutic
laparotomies in patients with an initially normal CT
scan (intestine in three, bladder in one, kidney in one,
and diaphragm in one). The authors concluded that
most patients with a negative CT scan after suspected
blunt abdominal trauma do not require either hospital
admission or prolonged observation.*

The approach to discharging a patient with a
normal abdominal CT and no other significant injuries
is best individualized according to the center and the
patient. Consider the resources available to the patient
and his or her ability to recognize clinical worsening
and then return should it occur.

Summary

The recipe for successful abdominal trauma manage-
ment calls for just a few main ingredients. First, the
prospect of the existence of abdominal pathology must
be considered. When that suspicion has arisen, appro-
priate diagnostic studies, clinical observation, or both
should identify those with abdominal injury in reason-
ably short order. For injuries that may be missed
because of insensitivity of the physical examination

and inaccuracy of the diagnostic study, further obser-
vation or testing is warranted. Patients whose medical
needs can’t be met should be delivered to regional
centers for care as quickly as possibly. Finally, close
cooperation with trauma-related services and adminis-
trators encourages good outcomes and efficient
resource utilization. A

References

Evidence-based medicine requires a critical appraisal
of the literature based upon study methodology and
number of subjects. Not all references are equally
robust. The findings of a large, prospective, random-
ized, and blinded trial should carry more weight than a
case report.

To help the reader judge the strength of each
reference, pertinent information about the study, such
as the type of study and the number of patients in the
study, will be included in bold type following the
reference, where available. In addition, the most
informative references cited in the paper, as deter-
mined by the authors, will be noted by an asterisk (*)
next to the number of the reference.

1. Jacobs DG, Sarafin JL, Marx JA. Abdominal CT scanning
for trauma: how low can we go? Injury 2000;31(5):337-
343. (Retrospective CT utilization review; 1147 patients)

2. Brown CK, Dunn K, Wilson K. Diagnostic evaluation of
patients with blunt abdominal trauma: A decision
analysis. Acad Emerg Med 2000;7:385-396. (Decision tree
construction based on retrospective data)

3.* Mele TS, Stewart K, Marokus B, et al. Evaluation of a
diagnostic protocol using screening diagnostic peritoneal
lavage with selective use of abdominal computed
tomography in blunt abdominal trauma. J Trauma 1999;
46(5):847-852. (Prospective, cohort; 167 patients)

4. Davis JJ, Cohn I, Nance FC. Diagnosis and management
of blunt abdominal trauma. Ann Surg 1976;183:672-678.
(Retrospective; 437 patients)

5. Cooper A, Barlow B, DiScala C, et al. Mortality and
thoracoabdominal injury: the pediatric perspective. J
Pediatr Surg 1994;29(1):33-38. (Prospective; 1553 (6%)
thoracic injuries, 2047 (8%) abdominal injuries)

6. Reiger ], Eritscher C, Laubreiter K, et al. Gastric
rupture—an uncommon complication after successful
cardiopulmonary resuscitation: report of two cases.
Resuscitation 1997;35(2):175-178. (Case report, 2
patients; review)

7. Olshaker JS, Deckleman C. Delayed presentation of
splenic rupture after colonoscopy. J Emerg Med
1999;17(3):455-457. (Case report)

8. Marx JA. Abdominal trauma. In: Rosen P, Barkin R,
Danzl DF, et al, eds. Emergency Medicine: Concepts and
Clinical Practice, 4th ed. St. Louis: Mosby-Year Book, Inc.;
1998:555-582. (Textbook chapter)

9. Rivara FP, Koepsell TD, Grossman DC, et al. Effective-
ness of automatic shoulder belt systems in motor vehicle
crashes. JAMA 2000,;283:2826-2828. (Data analysis of
25,811 MVCs)

10. Keller MS, Sartorelli KH, Vane DW. Associated head
injury should not prevent nonoperative management of
spleen or liver injury in children. J Trauma
1996;41:471-475. (Retrospective National Pediatric

Emergency Medicine Practice

22

May 2001



11.

12.

13.

14.*

15.

16.

17.*

18.

19.

20.

21.

22.

23.

24.*

25.

26.

27.

Trauma Registry data review; 107 patients)

Sartorelli KH, Frumiento C, Rogers FB, et al.
Nonoperative management of hepatic, splenic, and renal
injuries in adults with multiple injuries. J Trauma
2000;49(1):56-62. (Retrospective; 126 patients)

Tinkoff GH, O’Connor RE, Fulda GJ. Impact of a two-
tiered trauma response in the emergency department:
promoting efficient resource utilization. J Trauma
1996;41:735-740. (Prospective, cohort; 532 in the pre-
protocol period and 512 in the post-protocol period)
Fries GR, McCalla G, Levitt MA, et al. A prospective
comparison of paramedic judgment and trauma triage in
the prehospital setting. Ann Emerg Med 1994;24:885-889.
(Prospective, observational; 653 patients)

Chang FC, Harrison PB, Beech RR, et al. PASG: does it
help in the management of traumatic shock? J Trauma
1995;39:453-456. (Prospective, randomized; 291 patients)
Cayten CG, Berendt BM, Byrne DW, et al. A study of
pneumatic antishock garments in severely hypotensive
trauma patients. J Trauma 1993;34(5):728-733; discussion
733-735. (Data analysis; 142 patients)

Clarke G, Mardel S. Use of MAST to control massive
bleeding from pelvic injuries. Injury 1993;24:628-629.
(Case report)

Bickell WH, Wall M] Jr, Pepe PE, et al. Immediate versus
delayed fluid resuscitation for hypotensive patients with
penetrating torso injuries. N Engl J Med 1994;331:1105-
1109. (Prospective, randomized; 598 patients)

Sampalis JS, Tamim H, Denis R, et al. Ineffectiveness of
on-site intravenous lines: is prehospital time the culprit?
J Trauma 1997;43:608-615. (Observational,
nonrandomized; 217 patients)

Owings JT, Wisner DH, Battistella FD, et al. Isolated
transient loss of consciousness is an indicator of
significant injury. Arch Surg 1998;133:941-946. (Phase |
retrospective case series, Phase 2 prospective case
series; 307 patients)

Lowenfels AB. Kehr’s sign—a neglected aid in rupture of
the spleen. N Engl J Med 1966;274(18):1019. (Case report)
Shilyansky J, Pearl RH, Kreller M, et al. Diagnosis and
management of duodenal injuries in children. J Pediatr
Surg 1997;32(6):880-886. (Retrospective; 27 patients)
Ferrera PC, Bartfield JM. Outcomes of anticoagulated
trauma patients. Am J Emerg Med 1999;17:154-156.
(Retrospective; 35 patients)

Rodriguez A, DuPriest RW, Shatney CH. Recognition of
intra-abdominal injury in blunt trauma victims: a prospec-
tive study comparing physical examination with peritoneal
lavage. Am Surg 1982;48:457-459. (Nonrandomized,
prospective, consecutive; 221 patients)

Livingston DH, Lavery RF, Passannante MR, et al.
Admission or observation is not necessary after a
negative abdominal computed tomographic scan in
patients with suspected blunt abdominal trauma: Results
of a prospective, multi-institutional trial. J Trauma
1998;44:273-280. (Prospective, multi-center,
nonrandomized; 3822 patients)

Grieshop NA, Jacobson LE, Gomez GA, et al. Selective
use of computed tomography and diagnostic peritoneal
lavage in blunt abdominal trauma. J Trauma
1995;38:727-731. (Retrospective; 1096 patients)
Demetriades D, Chan LS, Bhasin P, et al. Relative
bradycardia in patients with traumatic hypotension. ]
Trauma 1998;45(3):534-539. (Retrospective; 1450 patients)
Prall JA, Nichols JS, Brennan R, et al. Early definitive
abdominal evaluation in the triage of unconscious
normotensive blunt trauma patients. J Trauma

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

1994;37:792-797. (Retrospective; 290 patients)

Chung MA, Oung C, Szilagyi A. Cullen’s sign: it doesn’t
always mean hemorrhagic pancreatitis. AmJ
Gastroenterol 1992;87(8):1026-1028. (Case report)
Velmahos GD, Tatevossian R, Demetriades D. The use

of seat belts is shown to cause a specific pattern

of internal injuries. Am Surg 1999;65:181-185.
(Prospective, observational)

Chandler CF, Lane JS, Waxman KS. Seatbelt sign
following blunt trauma is associated with increased
incidence of abdominal injury. Am Surg 1997;63(10):885-
888. (Evaluation; 117 patients)

Fischer RP, Beverlin BC, Engrav LH, et al. Diagnostic
peritoneal lavage: fourteen years and 2,586 patients later.
Am J Surg 1978;136:701-704. (Retrospective; 2586 patients)
Thomson WH, Dawes RF, Carter SS. Abdominal wall
tenderness: a useful sign in chronic abdominal pain. BrJ
Surg 1991;78(2):223-225. (Follow-up; 72 patients)

No authors listed. Abdominal wall tenderness test: could
Carnett cut costs? Lancet 1991;337(8750):1134. (Editorial)
Hill AC, Schecter WP, Trunkey DD. Abdominal trauma
and indications for laparotomy. In: Mattox KL, Moore
EE, Feliciano DV, eds. Trauma. Norwalk, CT: Appleton &
Lange; 1988:401. (Textbook chapter)

Chance GQ. Note on a type of flexion fracture of the
spine. Br J Radiol 1948;21:452-453.

Reid AB, Letts RM, Black GB. Pediatric Chance fractures:
Association with intraabdominal injuries and seatbelt
use. J Trauma 1990;30:384-391. (Case report; 7 patients)
Anderson PA, Rivara FP, Maier RV, et al. The epidemiol-
ogy of seatbelt-associated injuries. J Trauma 1991;31:60-
67. (Retrospective; 303 patients)

Huth EJ, Murray TJ, eds. Medicine in Quotations. Philadel-
phia: American College of Physicians; 2000.

Asimos AW, Gibbs MA, Marx JA, et al. Value of point-of-
care blood testing in emergent trauma management. J
Trauma 2000;48(6):1101-1108. (Prospective,
interventional; 200 patients)

Jacobs IA, Kelly K, Valenziano C, et al. Cost savings
associated with changes in routine laboratory tests
ordered for victims of trauma. Am Surg 2000;66(6):579-
584. (148 patients)

Asimos A. Cost-effective trauma care. In: Ferrera P,
Colucciello SA, Verdile V, et al, eds. Trauma Management:
An Emergency Medicine Approach. St. Louis: Mosby; 2000.
(Textbook chapter)

Moore FD. The effects of hemorrhage on body composi-
tion. N Engl J Med 1965;273:567. (Prospective “volun-
teer” study)

Carey L, Lowery B, Cloutier C. Hemorrhagic shock. Curr
Prob Surg 1971;8:3-48. (Review)

Knottenbelt JD. Low initial hemoglobin levels in trauma
patients: An important indicator of ongoing hemorrhage.
J Trauma 1991;31:1396-1399. (1000 patients)

Kass LE, Tien 1Y, Ushkow BS, et al. Prospective crossover
study of the effect of phlebotomy and intravenous
crystalloid on hematocrit. Acad Emerg Med 1997;4:198-
201. (Prospective, crossover, volunteer; 20 patients)
Davis JW, Parks SN, Kaups KL, et al. Admission base
deficit predicts transfusion requirements and risk of
complications. J Trauma 1996;41:769-774. (Retrospective;
2954 patients)

Davis JW. The relationship of base deficit to lactate in
porcine hemorrhagic shock and resuscitation. J Trauma
1994;36:168-172. (Prospective, controlled, animal model)
Sahdev P, Garramone RR, Schwartz R], et al. Evaluation
of liver function tests in screening for intraabdominal

May 2001

Emergency Medicine Practice



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

injuries. Ann Emerg Med 1991;20:838. (Retrospective;

309 patients)

Craig MH, Talton DS, Hauser CJ, et al. Pancreatic injuries
from blunt trauma. Am Surg 1995;61:125-128. (Retrospec-
tive; 13 patients)

Takishima T, Sugimoto K, Hirata M, et al. Serum amylase
level on admission in the diagnosis of blunt injury to the
pancreas: its significance and limitations. Ann Surg
1997;226(1):70-76. (Retrospective; 73 patients)

Knudson MM, McAninch JW, Gomez R, et al.

Hematuria as a predictor of abdominal injury after
blunt trauma. Am J Surg 1992;164:482-485. (Retrospec-
tive; 1484 patients)

Mee SL, McAninch JW. Indications for radiographic
assessment in suspected renal trauma. Urol Clin North
Am 1989;16(2):187-192. (Review; 12 references)

Daum GS, Krolikowski FJ, Reuter KL, et al. Dipstick
evaluation of hematuria in abdominal trauma. Am J Clin
Pathol 1988;89(4):538-542. (178 patients)

Stein JP, Kaji DM, Eastham J, et al. Blunt renal trauma in
the pediatric population: indications for radiographic
evaluation. Urology 1994;44(3):406-410. (Retrospective;
412 patients)

Moller CM, Mommsen S, Dyreborg U. The role of
haematuria in the diagnosis of blunt renal trauma.

Scand J Urol Nephrol Suppl 1995;172:99-101. (Retrospec-
tive; 114 patients)

Richards JR, Derlet RW. Computed tomography for
blunt abdominal trauma in the ED: a prospective study.
Am J Emerg Med 1998;16(4):338-342. (Prospective;

196 patients)

Hamilton P, Rizoli S, McLellan B, et al. Significance of
intra-abdominal extraluminal air detected by CT scan in
blunt abdominal trauma. J Trauma 1995;39:331-333.
(Retrospective; 118 patients)

Shanmuganathan K, Mirvis SE, Sover ER. Value of
contrast-enhanced CT in detecting active hemorrhage in
patients with blunt abdominal or pelvic trauma. AJR Am
J Roentgenol 1993;161:65-69. (Retrospective; 26 scans)
Cunningham MA, Tyroch AH, Kaups KL, et al. Does free
fluid on abdominal computed tomographic scan after
blunt trauma require laparotomy? J Trauma
1998;44(4):599-602. (Retrospective; 126 patients)

Brasel KJ, Olson CJ, Stafford RE, et al. Incidence and
significance of free fluid on abdominal computed
tomographic scan in blunt trauma. J Trauma
1998;44(5):889-892. (Retrospective; 1159 patients)

Peng MY, Parisky YR, Cornwell EE 3rd, et al. CT cystogra-
phy versus conventional cystography in evaluation of
bladder injury. AJR Am J Roentgenol 1999;173(5):1269-1272.
(Prospective comparison; 55 patients)

Novelline RA, Rhea JT, Bell T. Helical CT of abdominal
trauma. Radiol Clin North Am 1999;37(3):591-612, vi-vii.
(Review; 30 references)

Sitoh YY, Sitoh MP. Spiral computed tomography
demonstration of active haemorrhage in blunt abdominal
trauma. Singapore Med J 1998;39(1):32-33. (Case report)
Cox CS Jr, Geiger ]JD, Liu DC, et al. Pediatric blunt
abdominal trauma: role of computed tomography
vascular blush. J Pediatr Surg 1997;32(8):1196-1200. (Case
report; 5 patients)

Peitzman AB, Makaroun MS, Slasky BS, et al. Prospective
study of computed tomography in initial management of
blunt abdominal trauma. J Trauma 1986;26:585-592.
(Prospective; 120 patients)

Tsang BD, Panacek EA, Brant WE, et al. Effect of oral
contrast administration for abdominal computed

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

tomography in the evaluation of acute blunt trauma. Ann
Emerg Med 1997;30(1):7-13. (Re-evaluation of 70 CTs)
Stafford RE, McGonigal MD, Weigelt JA, et al. Oral
contrast solution and computed tomography for blunt
abdominal trauma: a randomized study. Arch Surg
1999;134(6):622-626; discussion 626-627. (Randomized,
controlled; 500 patients)

Shreve WS, Knotts FB, Siders RW, et al. Retrospective
analysis of the adequacy of oral contrast material for
computed tomography scans in trauma patients. AmJ
Surg 1999;178(1):14-17. (Retrospective; 129 patients)
Davis JW, Hoyt DB, Mackersie RC, et al. Complications
in evaluating abdominal trauma: diagnostic peritoneal
lavage versus computerized axial tomography. J

Trauma 1990;30(12):1506-1509.(Retrospective; 2809
DPLs, 1331 CTs)

Malhotra AK, Fabian TC, Katsis SB, et al. Blunt bowel
and mesenteric injuries: The role of screening computed
tomography. J Trauma 2000;48(6):998-1000. (Retrospec-
tive; 100 of 8112 scans suspicious of BBMI)

Marx JA. So what’s a little free fluid? Acad Emerg Med
2000;7(4):383-384. (Editorial review)

Kemmeter PR, Hoedema RE, Foote JA, et al. Concomitant
blunt enteric injuries with injuries of the liver and
spleen: a dilemma for trauma surgeons. Am Surg
2001;67(3):221-225. (Retrospective; 1648 patients)
Lim-Dunham JE, Narra ], Benya ED, et al. Aspiration
after administration of oral contrast material in children
undergoing abdominal CT for trauma. AJR Am J
Roentgenol 1997;169(4):1015-1018. (Retrospective;

50 patients)

Salen PN, Melanson SW, Heller MB. The focused
abdominal sonography for trauma (FAST) examination:
Consideration and recommendations for training
physicians in the use of a new clinical tool. Acad Emerg
Med 2000;7:162-168. (Review)

Abrams BJ, Sukumvanich P, Seibel R, et al. Ultrasound
for the detection of intraperitoneal fluid: the role of
Trendelenburg positioning. Am J Emerg Med
1999;17(2):117-120. (Prospective, observational,

19 patients)

Dolich MO, McKenney MG, Varela JE, et al. 2,576
ultrasounds for blunt abdominal trauma. J Trauma
2001,50(1):108-112. (Retrospective; 8197 patients)
Rozycki GS, Ballard RB, Feliciano DV, et al. Surgeon-
performed ultrasound for the assessment of truncal
injuries: lessons learned from 1540 patients. Ann Surg
1998;228(4):557-567. (1540 patients)

Tso P, Rodriguez A, Cooper C, et al. Sonography in blunt
abdominal trauma: A preliminary progress report. J
Trauma 1992;33:39-43. (Prospective; 163 patients)
Boulanger BR, McLellan BA, Brenneman FD, et al.
Prospective evidence of the superiority of a sonography-
based algorithm in the assessment of blunt abdominal
injury. J Trauma 1999;47(4):632-637. (Prospective,
randomized; 176 patients)

Shanmuganathan K, Mirvis SE, Sherbourne CD, et al.
Hemoperitoneum as the sole indicator of abdominal
visceral injuries: a potential limitation of screening
abdominal US for trauma. Radiology 1999;212(2):423-430.
(Retrospective; 466 patients)

Richards JR, McGahan JP, Simpson JL, et al. Bowel

and mesenteric injury: evaluation with emergency
abdominal US. Radiology 1999;211(2):399-403. (Prospec-
tive; 1686 patients)

Velmahos GC, Demetriades D, Chahwan S, et al.
Angiographic embolization for arrest of bleeding after

Emergency Medicine Practice

24

May 2001



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

penetrating trauma to the abdomen. Am J Surg
1999;178(5):367-373. (Retrospective; 40 patients)
Harrell DJ, Vitale GC, Larson GM. Selective role for
endoscopic retrograde cholangiopancreatography in
abdominal trauma. Surg Endosc 1998;12(5):387-389.
(Collective series; 12 patients)

Hubbard SG, Bivins BA, Sachatello CR, et al. Diagnostic
errors with peritoneal lavage in patients with pelvic
fractures. Arch Surg 1979;114(7):844-846. (Retrospective;
222 patients)

Mendez C, Gubler KD, Maier RV. Diagnostic accuracy
of peritoneal lavage in patients with pelvic fractures.
Arch Surg 1994;129:477-482. (Retrospective cohort;

497 patients)

Marx JA. Peritoneal procedures. In: Hedges JR, Roberts
JR, eds. Clinical Procedures in Emergency Medicine, 3rd ed.
Philadelphia: W.B. Saunders; 1997. (Textbook chapter)
Moore GP, Alden AW, Rodman GH. Is closed diagnostic
peritoneal lavage contraindicated in patients with
previous abdominal surgery? Acad Emerg Med
1997;4(4):287-290. (Retrospective; 372 patients)

Troop B, Fabian T, Alsup B, et al. Randomized, prospec-
tive comparison of open and closed peritoneal lavage
for abdominal trauma [see comments]. Ann Emerg

Med 1991;20(12):1290-1292. (Prospective, randomized;
220 patients)

Hodgson NF, Stewart TC, Girotti MJ. Open or closed
diagnostic peritoneal lavage for abdominal trauma? A
meta-analysis. J Trauma 2000;48(6):1091-1095. (Meta-
analysis; 7 trials, 1126 patients)

Henneman PL, Marx JA, Moore EE, et al. Diagnostic
peritoneal lavage: accuracy in predicting necessary
laparotomy following blunt and penetrating trauma. J
Trauma 1990;30:1345-1355. (Retrospective; 944 patients)
Otomo Y, Henmi H, Mashiko K, et al. New diagnostic
peritoneal lavage criteria for diagnosis of intestinal
injury. J Trauma 1998;44(6):991-997. (Retrospective;

250 patients)

Marx JA, Bar-Or D, Moore EE, et al. Utility of

lavage alkaline phosphatase in detection of isolated
small intestinal injury. Ann Emerg Med 1985;14:10-14.
(Retrospective)

Sullivan KR, Nelson M]J, Tandberg D. Incremental
analysis of diagnostic peritoneal lavage fluid in adult
abdominal trauma. Am J Emerg Med 1997;15(3):277-279.
(Prospective, blinded; 11 patients)

DeMaria EJ. Management of patients with indeterminate
diagnostic peritoneal lavage results following blunt
trauma. J Trauma 1991;31:1627-1631. (Retrospective;

31 patients)

Ortega AE, Tang E, Froes ET, et al. Laparoscopic
evaluation of penetrating thoracoabdominal traumatic
injuries. Surg Endosc 1996;10:19-22. (Semi-prospective,
nonrandomized comparison; 24 patients)

Yajko RD, Seyel F, Trimble C. Rupture of the stomach
from blunt abdominal trauma. J Trauma 1975;15:177-183.
(Case report)

Meek CA, Colucciello SA, Marx JA. What test for blunt
abdominal trauma—CT, DPL, or ultrasound? In:
Schwartz GR, ed. Principles and Practice of Emergency
Medicine, 4th ed. Philadelphia: Williams & Wilkins; 1999.
(Textbook chapter)

Gonzalez RP, Dziurzynski K, Maunu M. Emergent
extraabdominal trauma surgery: is abdominal screening
necessary? J Trauma 2000;49(2):195-198; discussion 198-
199. (Retrospective; 210 patients)

Mavridis SP, Firilas AM. Blunt trauma in intoxicated

patients: is computed tomography of the abdomen
always necessary? South Med J 2000;93(4):403-405.
(Retrospective; 324 patients)

100. Clarke JR, Davidson SJ, Bergman GE, et al. Optimal
blood ordering for emergency department patients. Ann
Emerg Med 1980;9:2-6. (Retrospective; 378 patients)

101. Hooker EA, Miller FB, Hollander JL, et al. Do all trauma
patients need early crossmatching for blood? J Emerg
Med 1994;12:447-451. (Retrospective; 180 patients)

102. Fakhry SM, Brownstein M, Watts DD, et al. Relatively
short diagnostic delays (< 8 hours) produce morbidity
and mortality in blunt small bowel injury: an analysis of
time to operative intervention in 198 patients from a
multicenter experience. J Trauma 2000;48(3):408-414.
(Multicenter; 198 patients)

103. Butela ST, Federle MP, Chang PJ, et al. Performance
of CT in detection of bowel injury. AJR Am J Roentgenol
2001;176(1):129-135. (Prospective, retrospective;

112 patients)

104. Hughes TM. The diagnosis of gastrointestinal tract
injuries resulting from blunt trauma. Aust N Z J Surg
1999;69(11):770-777. (Review; 16 references)

105. Chan RN, Ainscow D, Sikorski JM. Diagnostic failures in
the multiple injured. J Trauma 1980;20:684-687. (Retro-
spective; 327 patients)

106. Dove DB, Stahl WM, DelGuercio LR. A five-year review
of deaths following urban trauma. J Trauma 1980;20:760-
766. (Retrospective; 108 patients)

107. Aaland MO, Smith K. Delayed diagnosis in a rural
trauma center. Surgery 1996;120(4):774-778. (Prospective;
68 delayed diagnoses in 1876 patients evaluated)

108. Rizoli SB, Boulanger BR, McLellan BA, et al. Injuries
missed during initial assessment of blunt trauma
patients. Accid Anal Prev 1994;26(5):681-686. (Retrospec-
tive; 432 patients)

109. Enderson BL, Maull KI. Missed injuries. The trauma
surgeon’s nemesis. Surg Clin North Am 1991;71:399-418.
(Review)

110. Hirshberg A, Wall M] Jr, Allen MK, et al. Causes and
patterns of missed injuries in trauma. Am J Surg
1994;168:299-303. (Follow-up; 123 missed injuries in
117 patients)

111. Laasonen EM, Kivioja A. Delayed diagnosis of extremity
injuries in patients with multiple injuries. J Trauma
1991;31:257-260. (340 patients)

112. Davis JW, Hoyt DB, McArdle MS, et al. An analysis of
errors causing morbidity and mortality in a trauma
system: a guide for quality improvement. J Trauma
1992;32(5):660-665; discussion 665-666. (Retrospective)

113.*Ferrera PC, Verdile VP, Bartfield JM, et al. Injuries
distracting from intraabdominal injuries after blunt
trauma. Am J Emerg Med 1998;16:145-148. (Prospective,
nonrandomized; 350 patients)

114. Schurink GW, Bode PJ, van Luijt PA, et al. The value of
physical examination in the diagnosis of patients with
blunt abdominal trauma: a retrospective study. Injury
1997;28(4):261-265. (Retrospective)

115. Riemer BL, Butterfield SL, Diamond DL, et al. Acute
mortality associated with injuries of the pelvic ring: the
role of early patient mobilization and external fixation. J
Trauma 1993;35:671-675; discussion 676-677. (Retrospec-
tive with historical cohort)

116. Wisner DH, Victor NS, Holcroft JW. Priorities in the
management of multiple trauma: Intracranial versus
intraabdominal injury. J Trauma 1993;35:271-276.
(Retrospective; 800 patients)

117 *Thomason M, Messick J, Rutledge R, et al. Head CT

May 2001

Emergency Medicine Practice



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

scanning versus urgent exploration in the hypotensive
blunt trauma patient. ] Trauma 1993;34:40-45. (Retrospec-
tive; 734 patients)

Winchell R], Hoyt DB, Simons RK. Use of computed
tomography of the head in the hypotensive blunt-trauma
patient. Ann Emerg Med 1995;25:737-742. (Retrospective;
212 patients)

Fabian TC, Richardson JD, Croce MA, et al. Prospective
study of blunt aortic injury: Multicenter Trial of the
American Association for the Surgery of Trauma. J
Trauma 1997;42(3):374-380. (Prospective; 274 patients)
Schwab CW, Lawson RB, Lind JF, et al. Aortic injury:
Comparison of supine and upright portable chest films
to evaluate the widened mediastinum. Ann Emerg Med
1984;13:896-899. (Comparative; 55 patients)

Dyer DS, Moore EE, Ilke DN, et al. Thoracic aortic injury:
how predictive is mechanism and is chest computed
tomography a reliable screening tool? A prospective
study of 1,561 patients. J Trauma 2000;48:673-682.
(Prospective; 1561 patients)

Brathwaite CE, Cilley JM, O’Connor WH, et al. The
pivotal role of transesophageal echocardiography in the
management of traumatic thoracic aortic rupture with
associated intraabdominal hemorrhage. Chest
1994;105(6):1899-1901. (Case report)

Fabian TC, Davis KA, Gavant ML, et al. Prospective
study of blunt aortic injury: helical CT is diagnostic and
antihypertensive therapy reduces rupture. Ann Surg
1998;213:666-667. (Prospective; 494 patients)

Mirvis SE, Shanmuganathan K, Buell ], et al. Use of
spiral CT for the assessment of blunt trauma patients
with potential aortic injury. J Trauma 1998;45:922-930.
(Prospective; 1104 patients)

Isaacman DJ, Scarfone R], Kost SI, et al. Utility of routine
laboratory testing for detecting intraabdominal injury in
the pediatric trauma patient. Pediatrics 1993;92(5):691-
694. (Biphasic [retrospective and model application];
285 patients)

Abou-Jaoude WA, Sugarman JM, Fallat ME, et al.
Indicators of genitourinary tract injury or anomaly in
cases of pediatric blunt trauma. J Pediatr Surg 1996;31:86-
89. (Retrospective; 100 patients)

Katz S, Lazar L, Rathaus V, et al. Can ultrasonography
replace computed tomography in the initial assessment
of children with blunt abdominal trauma? J Pediatr Surg
1996;31:649-651. (Retrospective; 124 patients)

Akgur FM, Aktug T, Olguner M, et al. Prospective study
investigating routine usage of ultrasonography as the
initial diagnostic modality for the evaluation of children
sustaining blunt abdominal trauma. J Trauma
1997,;42:626-628. (Prospective, observational,
nonrandomized; 217 patients)

Arkovitz MS, Johnson N, Garcia VF. Pancreatic trauma in
children: mechanisms of injury. J Trauma 1997;42:49-53.
(Case series)

Taylor GA. Imaging of pediatric blunt abdominal
trauma: What have we learned in the past decade?
Radiology 1995;195:600-601. (Editorial)

Jerby BL, Attorri RJ, Morton D. Blunt intestinal injury in
children: the role of the physical examination. J Pediatr
Surg 1997;32(4):580-584. (Retrospective; 32 patients)
Moss RL, Musemeche CA. Clinical judgment is superior
to diagnostic tests in the management of pediatric small
bowel injury. J Pediatr Surg 1996;31(8):1178-1181;
discussion 1181-1182. (Retrospective; 48 patients)
Tornetta P 3rd, Mostafavi H, Riina ], et al. Morbidity and
mortality in elderly trauma patients. ] Trauma

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

1999;46:702-706. (Retrospective; 326 patients).

Davis JW, Kaups KL. Base deficit in the elderly: A marker
of severe injury and death. ] Trauma 1998;45:873-877.
(Comparative; 274 patients)

Stewart DE, Cecutti A. Physical abuse in pregnancy.
Can Med Assoc J 1993;149:1257. (Survey)

Neufeld JD, Moore EE, Marx JA, et al. Trauma

in pregnancy. Emerg Med Clin North Am 1987;5:

623-640. (Review)

Rothenberger DA, Quattlebaum FW, Zabel J, et al.
Diagnostic peritoneal lavage for blunt trauma in
pregnant women. Am J Obstet Gynecol 1977;129:479-481.
(Case report; 12 patients)

Walters WA, MacGregor WG, Hills M. Cardiac output at
rest during pregnancy and the puerperium. Clin Sci
1966;30:1-11. (Nonrandomized, observational)

Hidajat N, Maurer J, Schroder RJ, et al. Radiation
exposure in spiral computed tomography. Dose distribu-
tion and dose reduction. Invest Radiol 1999;34:51-57.
(Straight physics)

Esposito TJ], Gens DR, Smith LG, et al. Evaluation of
blunt abdominal trauma occurring during pregnancy. J
Trauma 1989;29:1628-1632. (Retrospective; 40 patients)
Dahmus MA, Sibai BM. Blunt abdominal trauma: are
there any predictive factors for abruptio placentae or
maternal-fetal distress? Am J Obstet Gynecol
1993;169:1054-1059. (Retrospective; 233 patients)
Mosher JF, Jernigan DH. Public action and awareness to
reduce alcohol-related problems: A plan of action. J
Public Health Policy 1988;9(1):17-41. (Policy description)
Marx JA. Alcohol and trauma. Emerg Med Clin North Am
1990;8:929-938. (Review)

Fabbri A, Marchesini G, Morselli-Labate AM, et al. Blood
alcohol concentration and management of road trauma
patients in the emergency department. J Trauma
2001,50(3):521-528. (Prospective cohort)

Pories SE, Gamelli RL, Vacek P, et al. Intoxication

and injury. J Trauma 1992;32:60-64. (Retrospective;

427 patients)

Moore EE, Burch JM, Franciose R], et al. Staged physi-
ologic restoration and damage control surgery. World J
Surg 1998;22(12):1184-1190. (Review)

Bowley DM, Barker P, Boffard KD. Damage control
surgery—concepts and practice. J R Army Med Corps
2000;146(3):176-182. (Review)

Physician CME Questions

65.

66.

In patients with known pelvic fracture, DPL should
be performed by which one of the following?

a. Seldinger technique infraumbilically

b. Seldinger technique supraumbilically

c.  Fully open technique infraumbilically

d. Fully open technique supraumbilically

A multiple blunt trauma patient has blood pressure
of 70, severe closed-head injury (GCS 6, non-
localizing neurologic examination), a negative AP
pelvis film, and greater than 10 cc gross blood by
DPL. He is most likely to have:

a. an epidural hematoma.

b. anintraventricular bleed.

c. agrade III liver laceration.

d. significant retroperitoneal hemorrhage.
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67.

68.

69.

70.

71.

72.

“Spearing” mechanism to the mid-abdomen is
likely to result in:

a. splenic fracture.

b. retroperitoneal hematoma.

c. perforated ileum.

d. myocardial contusion.

The pneumatic antishock garment (PASG)

has been proven to:

a. diminish mortality in penetrating
trauma patients.

b. diminish mortality in blunt trauma patients.

c. decrease systemic vascular resistance.

d. decrease retroperitoneal hemorrhage in certain
pelvic fractures.

A motor vehicle crash victim presents to the ED
with a blood pressure of 118/70, pulse of 92, upper

chest abrasions, and bilateral open tib-fib fractures.

He smells of alcohol but is clinically sober. Under
what circumstances should the patient undergo
ultrasound prior to going to the OR for washout of
the fractures?
a. No matter what
b. If the abdomen is tender to examination
c.  Only if the hemoglobin is less than 12 gm/dL
d. Only if the serum ETOH is greater than

100 mg/dL

CT has less sensitivity for the detection of which
pair of the following?

a. Large bowel, liver

b. Small bowel, pancreas

c. Kidney, pancreas

d. Kidney, liver

A pedestrian struck by a car presents with a blood
pressure of 60, pulse of 124, 400 cc in a right chest
tube, and a right femur fracture. Because of
hypotension, he should next undergo which one of
the following?

a. Abdominal laparotomy

b. Abdominal CT

c. DPL

d. Serial abdominal examinations

A patient falls out of a two-story window, lands
on his buttocks, and sustains a pelvic fracture.
His blood pressure at the scene is 100 mmHg,
and in the ED after 500 cc normal saline it is
120 with a pulse of 100. The aspiration portion
of DPL is negative, but the RBC count of the
recovered effluent is 100,000 RBC/hpf. He
should now undergo:

a. abdominal laparotomy.

b. abdominal ultrasound.

¢c. abdominal CT.

d. pelvic angiography.

73.

74.

75.

76.

77.

78.

A pedestrian struck by a car presents with a blood
pressure of 80, pulse of 110, a moderately wide
mediastinum without hemothorax on an anteropos-
terior film, and a positive FAST for intraperitoneal
fluid. The next step for this patient should be:

a. PAupright chest film.
b. abdominal CT.

c. thoracotomy.

d. laparotomy.

Regarding diagnostic studies in pediatric blunt

abdominal trauma patients, which one of the

following is false?

a. Ultrasound has excellent ability to determine
the presence of hemoperitoneum.

b. CTis the procedure of choice for nonoperative
management.

c. DPL is useful in hemodynamically
unstable patients.

d. Serum amylase and liver function tests are
effective screens for intraabdominal injury.

Which of the following should be absolutely
avoided in the third-trimester blunt

trauma patient?

a. Abdominal ultrasound

b. Infraumbilical Seldinger technique DPL
c. Upper abdominal CT

d. Abdominal helical CT

A 26-week-pregnant 21-year-old presents after
falling down three steps. Her examination is
entirely normal, including ultrasound that demon-
strates a fetal heart rate of 130 and no intraperito-
neal fluid. The correct disposition for her is:

a. helical abdominal CT.

b. fetal monitoring for four hours.

c. fetal monitoring every 24 hours.

d. discharge home.

Which of the following is true regarding isolated
small bowel injury?
a. Clinical signs are often delayed by
more than six hours.
b. DPL red cell threshold of 100,000 is
usually exceeded.
c. Ultrasound is usually grossly positive.
d. Plain film always demonstrates free air.

A 10-year-old child presents with abdominal pain
after being tackled in a football game. His examina-
tion, including vital signs, is unremarkable. His
hemoglobin is 13.4 and UA reveals 50 RBC/hpf. He
should now receive:

a. IVP

b. abdominal CT.

¢. abdominal ultrasound.

d. follow-up with his pediatrician.
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79. What measure of pulse change (bpm) can be
expected throughout pregnancy?

a. Increase of 10-15
b. Increase of 20-30
c. Decrease of 10-15
d. Decrease of 20-30

80. When compared with the normal patient, which of
the following regarding the chronic alcoholic blunt
abdominal patient is true?

a. Intraperitoneal solid organ injury is less likely
following compressive forces.

b. Intraperitoneal hollow viscus injury is less likely
following “spearing” mechanism.

c. Expectant management of known intraperito-
neal injury is more successful.

d. Mortality is greater for comparable levels of
intraperitoneal injury.

Class Of Evidence Definitions

Each action in the clinical pathways section of Emergency
Medicine Practice receives an alpha-numerical score based on

the following definitions.

Class |

+ Always acceptable, safe

+ Definitely useful

+ Proven in both efficacy and
effectiveness

Level of Evidence:

+ One or more large prospective
studies are present (with
rare exceptions)

+ High-quality meta-analyses

+ Study results consistently
positive and compelling

Class I
+ Safe, acceptable
+ Probably useful

Level of Evidence:

+ Generally higher levels
of evidence

+ Non-randomized or retrospec-
tive studies: historic, cohort, or
case-control studies

+ Lessrobust RCTs

+ Results consistently positive

Class Il

+ May be acceptable

+ Possibly useful

+ Considered optional or
alternative treatments

Level of Evidence:
+ Generally lower or intermedi-
ate levels of evidence

+ Case series, animal studies,
consensus panels
+ Occasionally positive results

Indeterminate

+ Continuing area of research

* No recommendations until
further research

Level of Evidence:

+ Evidence not available

+ Higher studies in progress

* Resultsinconsistent,
contradictory

+ Results not compelling

Significantly modified from:The
Emergency Cardiovascular Care
Committees of the American Heart
Association and representatives
from the resuscitation councils of
ILCOR: How to Develop Evidence-
Based Guidelines for Emergency
Cardiac Care: Quality of Evidence
and Classes of Recommendations;
also: Anonymous. Guidelines for
cardiopulmonary resuscitation and
emergency cardiac care. Emer-
gency Cardiac Care Committee and
Subcommittees, American Heart
Association. Part IX.Ensuring
effectiveness of community-wide
emergency cardiac care. JAMA
1992,268(16):2289-2295.
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