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CASE #1

28-year-old man wearing a helmet was in a high speed motorcycle accident and was thrown 50 feet. He was
unresponsive at the scene. He has multiple facial lacerations, and the paramedics are unable to intubate him. Upon
arrival his vital signs are: BP 140/74, HR 148, RR 6. His pupils are 4 mm on the right and 3 mm on the left. He has
a mandibular symphysis deformity, equal breath sounds, a soft abdomen, a stable pelvis, normal rectal tone, and is
unresponsive.

Course to be discussed.

BLUNT ABDOMINAL TRAUMA

Physical exam

* > 40% of patients with significant abdominal injuries have no initial complaints or external evidence of abdominal
pathology.

» The accuracy of the physical exam is at best 65%.

» Abdominal tenderness/peritoneal irritation may be masked in up to 90% of head injured or intoxicated patients

Diagnostic Peritoneal Lavage (DPL)

Advantages
e 94%-96% sensitive, 96%-99% specific
» Rapid, sensitive (> 95%), inexpensive
» In combination with hypotension, positive predictive value for a surgically correctable injury changes
from 87% to 98%
» Best test for diaphragmatic injuries
» Is there hemoperitoneum?

Disadvantages
» Invasive (but complication rate <1%)
» Too sensitive (nontherapeutic laparotomy rate of 6% - 25%)
»  Detects small amounts of intraperitoneal blood
» Not specific for organ injury
» Does not evaluate retroperitoneum
» Does not determine the extent of hemoperitoneum, the severity of organ injury, or need for operation
» May miss pancreatic, bladder, colon, small bowel, and diaphragmatic injuries
» False positive results with pelvic fractures

Indication:
Unstable blunt trauma patient

Relative Contraindications

Morbid obesity. However, there is a weight limit on CT table.
Previous abdominal surgery
Pregnancy:
In the first trimester the radiation exposure from abdominal CT is significant

Use supraumbilical, open technique

No evidence that open, supraumbilical DPL increases complications or has decreased accuracy
Pelvic fractures:

DPL is accurate if supraumbilical, open technique is used

Dissection of retroperitoneal hematoma limited by rectus fascia at this point

Absolute Contraindication: Clear need for emergent laparotomy
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Criteria for Positive Lavage:

Grossly positive:  aspiration of 10 cc of blood

90% positive predictive value for intraperitoneal injury

Infuse 15 cc/kg of warm NS. Allow gravity return of at least 70%

Positive by cell count:

Blunt trauma: > 100,000 RBCs/mm3 (> 95% sensitivity)

WBC (> 500/mm3)
Amylase (>10-20 IU is sensitive for small bowel injury)
Alkaline Phosphatase (> 3 IU/L: suggestive of small bowel injury)

Abdominal CT Scan

Advantages:

*  Non-invasive

»  Sensitive for retroperitoneal injury
»  Defines the organ injured and the degree of injury
»  Greater specificity than DPL: decreases the incidence of unnecessary laparotomy with DPL.

Disadvantages:

» Time consuming, expensive

 Difficult to resuscitate/monitor patient

» May have a nontherapeutic laparotomy rate of .8% to 19%

» May miss hollow viscus, pancreatic, small diaphragmatic injuries, and mesenteric injuries
» Complication rate of 3% (aspiration, contrast reaction)

Contraindication: Unstable patient

Technique:

»  Double contrast (oral/IV) for routine trauma patients.

Is Oral Contrast Necessary for Abdominal CT?

»  Small bowel and pancreatic injuries may be missed if oral contrast is not used
*  Recent studies question the need for oral contrast

e  Tsang, 1997

Retrospective with prospective validation

Oral contrast was not considered essential for the diagnosis of solid organ injury, mesenteric or bowel injury
oral contrast was considered essential to the diagnosis (this included one false positive pancreatic injury) in
only 2/124 patients,

Average additional time in the ED was 144 minutes

The authors conclude that oral contrast is rarely essential for CT diagnosis

Oral contrast may improve sensitivity for pancreatic injury

. Stafford, 1999

Randomized controlled trial, 394 patients

Sensitivity for bowel injury: 86% for oral contrast (OC), 100% for the no OC group
Sensitivity for solid organ injury: 84.2% (OC) vs. 88.9% for no OC

Specificity for solid organ injury: 94% (OC) vs. 57% in the no OC group

Time to CT was longer in the OC group and the addition of OC was unnecessary

Ultrasound

Goals:

Determine the need for further diagnostic studies and for laparotomy
Decrease the time to laparotomy

Is there hemoperitoneum?

Part of the secondary survey
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Advantages:
 Rapid (30 seconds - 2 min.)
* Performed at the bedside
« Serial examinations: to detect ongoing hemorrhage
* Triage tool: laparotomy, DPL, CT scan
Confirm placement of DPL fluid
Noninvasive, inexpensive, no harmful effects, rapid initial screening, easily repeated
Can replace DPL
Can be used in a clinical pathway to decrease CT utilization and hospital admissions.

Disadvantages:
* User-dependent

* Training required

* Does not define injury

* Not sensitive for solid organ, retroperitoneal, diaphragm, or hollow viscus injuries
 Not useful in identifying the source of bleeding or quantifying specific injuries

Accuracy:
Overall: sensitivity: 84%-99%, specificity: 85% - 98%

Intraperitoneal Fluid:  79% - 98% sensitivity; specificity 88-100%
e The accuracy depends on which views are used.
»  Morison’s pouch: 36-82% sensitivity, 94-100% specificity
»  Spenorenal space: 58% sensitivity
*  Cul-de-sac: 56% sensitivity
»  Multiple views (Morison’s pouch, paracolic gutters, splenorenal space, cul-de-sac): 87% sensitivity,

100% specificity [Ma, Ingeman]

Solid organ disruption
e 41%-44% sensitivity
e Splenic injury: 33-94% sensitivity
*  (Rosen, 1998; Bennett, 1997; Nordenholz, 1997; Rothlin, 1993)

Fluid in Morison’s Pouch:
*  Overall sensitivity for 1 liter was 97%
*  Only 10% of ultrasonographers able to detect fluid volumes of < 400 cc
»  85% of sonographers detected fluid volume of 850 cc (Branney, 1995)

Limitations
* < 1% of patients with a negative US required laparotomy (Boulanger, 1996; prospective)
*  Up to 29% of patients with intraperitoneal injury will not have hemoperitoneum by US (Chiu, 1997)
»  26% of patients with abdominal injury had a negative ultrasound (no hemoperitoneum)
»  Missed injuries were spleen, liver, kidney, mesentery (Sherbourne)
*  Anegative ultrasound does not rule out surgically correctable injury

Rozycki, Ann Surg 1998

»  Prospective

e 1,227 blunt trauma patients and 313 penetrating trauma patients

*  Blunt abdominal trauma: 75.7% sensitivity, 99.8% specificity (normotensive)

»  Pericardial exams (penetrating chest wounds): 100% sensitivity, 99.3% specificity

Management Implications: (for blunt trauma)

*  May determine the need for laparotomy
*  Porter, 1997
*  93% sensitivity, 90% specificity
»  There may be a correlation between the amount of hemoperitoneum and the likelihood that
surgery is required (Akgur, 1993; Huang, 1994)
* Inunstable patients:
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*  Wherrett, 1996
. 3 views

»  100% sensitivity, 94% specificity, NPV 100%, PPV 86%
»  Consider other bleeding sources if negative (retroperitoneal)

e IfUS s positive, laparotomy is indicated
*  Rozycki, Ann Surg 1998
e 1,227 patients with blunt trauma
» 30 hypotensive patients
»  100% sensitivity and specificity

Other Uses of Ultrasound in Trauma
. Hemothorax

*  Pericardial effusion

*  Renal trauma (low sensitivity)

Evaluation of Blunt Multiple Trauma

/ o \
Positive
10cc Blood By Cell Negative
Aspirated/ Count
Fluid in MP +
Unstable Stable Head/ABD
Head/ABD Head/ABD CT CT
CT
Surgery Evaluation
Of Aorta

CASE #2

A 22-year-old woman who was the unrestrained driver of a car that ran into a wall. The patient hit the steering wheel.
There was no LOC. In the field: BP 130/p, HR 100, A&O x3, appropriate. She complains of a headache. In the ED
her vital signs are BP 120/70, HR 70, RR 20. Her examination is notable for moderate frontal scalp tenderness,

minimal midepigastric tenderness, and no ecchymosis. She is neurologically intact.

Course to be discussed.

Abdominal CT Scan

* Anegative CT may be used to discharge patients from the ED.

* Inone recent study of 2,299 patients, CT missed 3 intestinal injuries. The negative predictive value was

99.6%. (Livingston)

» In aretrospective study of 238 patients who were discharged from the ED based on a normal CT vs.
admission for observation, $32,874 would have been saved yearly. There were no missed abdominal injuries.

(Brasel, 1996)
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Accuracy

e Splenic injury: > 95%

»  Diaphragm: 61% sensitivity, 87% specificity (Murray, 1996)

»  Less sensitive for bowel injury (84% sensitivity, 89% specificity, 89% negative predictive value) [Janzen, 1998]
*  Improved with helical CT.

Key Clinical Pathway Utilizing Ultrasound

 US performed initially, then at 30 minutes and 4 hours.

* Observation for > 8 hours.

* Decreased utilization of CT from 56% to 26% and DPL from 17% to 4%.
» US was used exclusively in 65% of patients.

« Also decreased hospital admission rate. (Branney)

Duodenal Injuries

*  Rare but extremely difficult injury to detect

»  Delayed diagnosis in up to 20%

»  Duodenal hematoma: Vague, insidious presentation-several days after trauma with vomiting, abdominal pain
e Blunt trauma: usually 2nd, 3rd portions

* Incidence of rupture after blunt trauma is .2% (Ballard)

Pathology:
»  Contusion vs. perforation

* In duodenal perforation, signs are similar to duodenal ulcer perforation.
»  Contusion requires only NG tube suction and observation.

Diagnosis:

»  DPL sensitivity 50% - 85%

«  CT may miss injury: may see retroperitoneal air, extravasation of contrast
Case #3
A 24-year-old man presents after a 25-feet fall. He did not have a loss of consciousness, and his only complaint is left
flank pain. In the field: BP 90/60, HR 110, RR 20. He received 500 cc NS. Upon arrival to the ED his vital signs are
BP 102/80, HR 70, RR 16. His physical examination is unremarkable.

Course to be discussed.

TRAUMATIC AORTIC INJURY

Introduction

e The most common cause of sudden death after MVC or fall from a height.

*  Mechanism of injury: MVA 81% (72% head-on, 24% side impact, 4% rear impact)

»  Can also occur after a broadside motor vehicle impact.

e 12.7% of auto-pedestrian accident fatalities (Brundage, 1998)

*  80% to 90% die at the scene. 10% to 20% survive initially due to tamponade by the aortic adventitia; 30% of the
initial survivors will die within 6 hours; 40-50% will die within 24 hours if not promptly treated

e Suspect in patients with a deceleration mechanism, high speed side impact, fall from a height (> 30 ft), or steering
wheel damage.

Clinical Findings

»  Retrosternal or intrascapular pain (most common; 25-50% of patients)

»  Dyspnea, hoarseness, dysphagia, hypertension

»  Pseudocoarctation syndrome — hypertension in the upper extremities and weak pulses or hypotension in the
lower extremities. (up to 1/3rd of patients)

»  Hypotension (50%)

»  Harsh systolic murmur over the precordium or posterior interscapular area (aortic insufficiency; 30% of patients)
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»  Lower extremity pulse deficit; lower extremity paralysis
. Multiple rib fractures, sternal fracture, scapula fracture
»  Up to 50% of patients will have no external signs of chest trauma.

Chest x-ray

Initial screening test. May be normal in up to 15-28% of patients.
Findings:

*  Widened mediastinum (the most sensitive sign)
e > 6cm (erect PA film) or > 8 cm in the supine AP film
»  Sensitivity 54% to 92%; specificity 10%,; positive predictive value 10-20%
» Differential diagnosis: AP film, spinal fractures, venous bleeding from clavicle or sternal
fractures; pulmonary contusions
* Normal mediastinum in 5-7.3%.
»  Widened mediastinum and an obscured aortic knob are the most reliable signs of aortic rupture.
» Fractures of 1st and 2nd ribs (18%; not associated with an increased risk of aortic injury)
» Obliteration of aortic knob (24%)
» Tracheal deviation to the right (12%)
» Leftapical pleural cap (19-54%)
» Elevation and rightward shift of the right mainstem bronchus
» Depression of the left mainstem bronchus (5%)
» Obliteration of the space between the pulmonary artery and the aorta
» Deviation of the NG tube to the right (11-25%)
» Left hemothorax (19-25%)
*  Widened paratracheal stripe

Chest Computed Tomography
»  Can reduce the need for aortography by 50%.

Disadvantages:
»  Dye load, time loss, difficult in uncooperative/unstable patient, only circumstantial evidence of aortic tear.

Findings:

» Mediastinal hematoma (25-30% will have aortic injury by aortography)
« Direct evidence of vascular injury: intimal flap or vessel contour abnormalities
« False positives: atherosclerotic disease or prominent ductus diverticulum

Helical CT

» The most sensitive method for detecting mediastinal hematoma as an indication of aortic injury.
* Recommended for patients with high-speed deceleration mechanism
* Demetriades, 1998
* Prospective study of 112 patients
e 42 patients (37.5%) had a widened mediastinum; of these, 5 had an aortic injury (11.9%), 9 (21.4%) had spinal
fractures
o 4 of the 9 patients (44.4%) with an aortic injury had a normal mediastinum on the initial CXR

Recent CT Studies:

Study Number of | Accuracy Comments

patients
Mirvis, 1998 1,104 100% sensitive, 99.7% specific, 89% positive and | 10.7% of all CTs performed had
(prospective) 100% negative predictive value, 99.7% accuracy mediastinal hemorrhage. Direct

evidence of injury was detected in
20.3% of patients with mediastinal
hemorrhage and 2.2% of all
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patients undergoing CT.

Fabian, 494 100% sensitivity; 83% specificity; 100% NPV Helical CT was more sensitive, less
Ann Surg 1998 specific than aortography
(prospective)

Biquet, 1996 28 sensitivity: 92%; specificity: 100% 1 false negative: left subclavian
injury; 67% decrease in
aortography use.

Mirvis, 1996 677 Aortic injury: sens 90%; spec 99% Meta-analysis:

Mediastinal hematoma: sens 100%; spec 87% Aortic injury: sens 97%; spec
100%
Mediastinal hematoma:

sens 100%; spec 87%

Cost Analysis:

Reliance on CT versus plain radiography to determine the need for angiography would have saved > $365,000 in one
study (Mirvis, 1996)

In another study of dynamic chest CT versus CXR + immediate angiography for deciding when angio should be

performed:

« For patients undergoing CT for other injuries, triage to angio based on CT yielded equivalent survival
chances and cost less ($1468 versus $2508 per patient).

« For patients not undergoing CT for other injuries, immediate angio yielded highest survival chances but
cost $2 million per life saved versus triage based on CT.

» Immediate angio has a high incremental cost-effectiveness ratio compared with triage by CT and is
warranted only in patients not undergoing CT for evaluation of other injuries who have a prior probability
of aortic rupture > 5%.

Conclusions:

A

In stable patients in whom there is a low clinical suspicion, CT can exclude the diagnosis if it is negative.

If the CT of the aorta and mediastinum are normal and clinical suspicion is low, then no further testing is required.
If the CT reveals mediastinal hematoma or is indeterminate, then aortography is required.

If positive, aortography is usually indicated to further define the extent of the injury prior to surgery.

If there is strong clinical suspicion of an aortic injury, the patient should proceed directly to aortography.

Transesophageal Echocardiography (TEE)

Provides detailed images of transverse and descending aorta, and aortic isthmus.

Advantages:
Non-invasive, rapid, can be performed at the bedside, does not require contrast administration

Limitations:

Requires operator expertise

Contraindicated if there is esophageal injury or unstable c-spine injury

Mid-ascending aorta poorly visualized (but this is a rare site of injury)

Distal ascending aorta (1% of ruptures) and aortic arch branches (may occur in up to 19% of patients
with aortic injury)

17% of studies were equivocal (Fabian)

Accuracy: Sensitivity 91-100%; specificity 98-100%
Findings: Aortic wall flap and periaortic hematoma
TEE Studies:
Study # of Type of Study Sensitivity Specificity Gold Standard Comments
patients
Chirillo, 1996 134 prospective 93% 98% Aortography in 25 Time to surgery was

patients

shorter (30 v. 71
minutes)
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Vignon, 1996 40 prospective 100% 88% Aortography, clinical
follow-up
Vignon, 1995 32 prospective 91% 100% Aortography, autopsy, One 2 mm medial
surgery tear was missed
Saletta, 1995 114 retrospective 63% 84% Aortography or surgery 17 patients had
97% NPV 23% PPV indeterminate
studies
Smith, 1995 93 prospective 100% 98% Aortography, surgery, TEE took 29
autopsy minutes
Buckmaster, 126 prospective 100% 100% 3 studies (2.5%)
1994 were equivocal
Conclusions:
1. TEE may have higher sensitivity than aortography, and it can significantly decrease the time to surgery.
2. Operative repair may be performed without additional studies.
3. TEE will also detect other injuries such as pericardial effusions, pleural effusions, blunt myocardial injury, and
valvular disruption.
4. Patients with negative TEE but high clinical suspicion, evidence of periaortic hematoma, or indeterminate findings
should undergo aortography.
Aortography

The “gold standard.” Only 10-20% of aortograms ordered will be positive.
Multiple tears occur in 15-20%; precise localization is possible with aortography. This avoids missing tears
intraoperatively.

Accuracy:

» Sensitivity 94%); specificity 96%
* Inrecent studies of TEE v. aortography: sensitivity 67-100%, specificity 98-99% (Kearney, Buckmaster,
Strum)

Indications:

*  Widened mediastinum or other abnormalities on CXR in a patient with significant blunt chest trauma.

» High speed deceleration mechanism with suggestive clinical findings or abnormal radiographic findings
» CT scan that shows mediastinal hematoma but no aortic tear

» Equivocal TEE results

Findings:

» Pseudoaneurysm of the isthmus (most common finding)

» Lateral bulging of the aorta

» Linear filling defect caused by torn intima and media

» Detection of injuries to the great vessels that arise from the aortic arch (1-2% of patients; may be missed
by CT)

» Detects distal ascending aortic injury (1% of patients); aortic arch branch injuries (19%). May be missed
by TEE [Kamran]

» False Positives: atherosclerotic plague or prominent ductus diverticulum

Summary

» Defines the anatomy for the surgeon

» Prevents unnecessary manipulation of a false aneurysm during surgery if the rupture site is difficult to
determine intraoperatively

» Allows visualization of the coronary arteries in the case of rupture of the ascending aorta with
involvement of the coronary ostia

» Determines the need for cardiopulmonary bypass for ascending aortic injuries.
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» Aortography should be delayed in patients with intracranial hemorrhage, abdominal trauma, or major
orthopedic injuries, so that these other injuries can be addressed first. In these patients, beta-blockers and
nitroprusside should be considered for decreasing blood pressure.

Magnetic Resonance Imaging
e 100% accuracy
»  Can be used to monitor and follow the aortic injury prior to delayed surgical repair

CASE #4

A 25-year-old male was the unrestrained driver of a car that ran into a pole, sustaining moderate damage to the front
end. The steering wheel was bent. There was no LOC. In the field, he was awake and intoxicated. Field VS: 140/80,
HR 90, RR 18. In the ED his vital signs are BP 190/90, HR 100, RR 22. He has a right forehead contusion, equal
breath sounds, sternal tenderness, and a seatbelt abrasion. He has mild right upper quadrant tenderness.

Course to be discussed.

BLUNT MYOCARDIAL INJURY

»  Seen at autopsy with immediate trauma deaths.
e 3-75% of patients with severe blunt chest trauma
*  Morbidity and mortality in the immediate survivors is related to other injuries.

Diagnosis:

e Suspect in patients sustaining chest trauma with chest wall contusions, external evidence of trauma, or steering
wheel damage.

»  The importance of making the diagnosis lies in the recognition of potentially life-threatening complications.

»  Controversy exists as to the importance of making this diagnosis in the hemodynamically stable patient since the
vast majority of contusions do not cause clinically significant complications.

*  No gold standard.

» Itisdifficult to predict the need for admission and the risk of lethal complications.

*  The goal of diagnostic studies is to identify low risk patients who can be discharged from the ED.

Clinical Findings:

* Angina-like chest pain

»  Tachycardia (most common sign; 70% of patients); arrhythmias; shock; CHF

»  Associated injuries include pulmonary contusions, pneumothorax, hemothorax, sternal fractures, rib fractures, and
aortic injury.

*  25% will not have external evidence of trauma.

ECG

»  The best screening test

»  Neither specific nor sensitive (nondiagnostic)

»  False negatives may be due to the fact that right heart is usually injured (EKG is insensitive to right heart damage).

. Sinus tachycardia, PVCs, and PACs are the most common findings

»  Nonspecific ST and T wave changes are also common.

*  Right bundle branch (or left bundle branch block) may occur.

e Other dysrhythmias (atrial fibrillation, atrial flutter, ventricular tachycardia or fibrillation) are less common.

»  Life-threatening dysrhythmias may occur up to 12 hours after injury, and dysrhythmias have been reported up to
72 hours after injury.

e The onset of ECG changes may be delayed up to 48 hours. ECG changes do not necessarily predict subsequent
complications.

»  Arrhythmias may result from other causes such as hypoxia, hypovolemia, electrolyte abnormalities, or intracranial
hemorrhage.

ECG Studies

| Reference | Type of Study | # of Patients | Results




Case Studies in Trauma 10

Dowd, J retrospective 184 No complications for patients with normal ECG in ED; all

Trauma, 1996 (<18y.0) with complications had arrhythmia or shock in ED.

Maenza meta-analysis 2,210 (prospective) Abnormal ECG correlated with complications: odds ratios =

AJEM, 1996 2,471 3.2 and 26.0 (prospective and retrospective data). Normal
(retrospective) ECG correlated with the lack of complications.

Fildes prospective 93 No complications for hemodynamically stable patients with a

Am Surg 1995 normal ECG, no history of cardiac disease, and without

major associated injuries.
Biffl retrospective 359 17 (5%) had complications; 2/17 had a normal ECG; 3/17
1994 had sinus tachycardia (occurred at 6-22 hrs).

Other earlier studies conclude that:

1. ECG findings do not correlate well with abnormal nuclear medicine studies or echo results.
2. Abnormal initial ECG predicts cardiac complications requiring treatment.
3. Complications are extremely rare in patients with a normal initial ED ECG.

(Gunnar, Illig, Wisner, Helling)

CXR

»  May show associated sternal fractures.
»  The presence of sternal fractures does not predict myocardial injury.

CPK-MB

e >5% used as a cutoff

»  Most of the studies document that it is an unreliable test and does not correlate with outcome or other diagnostic
tests such as ECG or Echo, and does not predict complications.

» Insensitive: the sensitivity may be as low as 70% in patients with documented contusion.

*  Nonspecific. Elevated after major skeletal muscle injury.

CK-MB Studies

Reference Type of Study # of Patients Results

Maenza meta-analysis of 41 1,210 Abnormal ECG & CK-MB correlated with complications;

AJEM articles (prospective) normal ECG and CK-MB correlated with the lack of

1996 2,471 complications. Complication rates: 4.5% (retrospective),

(retrospective) 2.6% (prospective).

Biffl retrospective 359 16% of admitted patients developed complications

Am J Surg requiring treatment (dysrhythmia or cardiogenic shock);

1994 all of these patients had an abnormal ECG, but only 41%
had elevated CK-MB. Elevated CK-MB was never the
sole predictor of a complication.

Troponinland T

»  Cardiac regulatory protein (found only in cardiac tissue, not in skeletal muscle)

»  More specific than CK-MB for myocardial injury. Will not be elevated after skeletal muscle injury.

*  Remains elevated for 4-7 days.

* Inasmall study of 44 patients, all six patients with myocardial injury diagnosed by echo had elevated CK-MB and
troponin . However, 26/37 patients without cardiac injury had elevated CK-MB; none had elevated troponin I.
This is preliminary data. Available data does not suggest good correlation with complications. This study used
Echo as the gold standard, and did not look at the ability of troponins to predict complications. (Adams, 1996)

Troponin Studies

Reference Marker Studied # of Patients Results

Ognibene troponin | 28 100% sensitivity and specificity for TEE-
Clin Chem, 1998 demonstrated contusion
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Adams troponin | 44 100% sensitivity and specificity for echo-

Amer Heart J, 1996 demonstrated injury

Ferjani troponin T 29 Sensitivity of troponin T better than CK-MB (31%

Chest, 1997 vs. 9%)

Fulda troponin T 71 Sensitivity = 27% and specificity = 91% for

J Trauma, 1997 predicting significant ECG abnormalities

Mair troponin T 32 ST elevation and dysrhythmia did not occur more

Injury, 1995 frequently in patients with troponin or CK-MB
elevation.

e Thus far, there does not appear to be a predictive value for determining which patients require monitoring or
further evaluation, or which patients will develop complications.

«  Troponin | may be helpful in predicting echocardiographic abnormalities.

»  No association between troponin T elevation and ECG changes or dysrhythmia.

Echocardiography:

*  Most common abnormality is right ventricular free wall dyskinesia or other wall motion abnormalities.

«  Uninterpretable in 1/3 of patients due to technical limitations of bedside studies.

* ldentifies wall motion abnormalities and acute valvular dysfunction.

»  Echocardiographic abnormalities do not predict complications, and Echo results do not correlate with ECG or
enzyme abnormalities.

»  The routine use of echocardiography as a screening test for cardiac contusion is not supported. Only useful in the
management of patients with myocardial decompensation to detect pericardial tamponade and cardiac rupture.

»  Transesophageal Echo (TEE) is more sensitive, yet the clinical significance of pericardial effusions detected by
TEE remains to be determined.

Technetium 99m, Gated radionuclide angiography (MUGA), Thallium myocardial scintigraphy, Single photon-
emission CT Scan (SPECT):

»  Findings do not correlate with ECG abnormalities or CK-MB elevations.
» Do not predict life-threatening dysrhythmias.
*  Not useful in the ED

Summary: No single test is accurate. Most myocardial contusions are of no clinical significance.
Conclusions and Recommendations Based on the Literature:

1. Young patients (< 55-60) who are stable and asymptomatic without major injuries and with a normal EKG (or no
new changes) can be discharged from the ED.

2. Young patients who are stable without major trauma, with an abnormal EKG are unlikely to develop
complications, and at most need 24 hours of non-1CU monitoring.

3. Patients who are unstable and have major chest trauma require ICU admission and may benefit from additional
studies (echo, RNA) to answer specific clinical questions.

4. The routine use of echocardiography and other studies such as radionuclide angiography is not warranted for
young patients who are stable and do not have major thoracic or extrathoracic trauma.

5. Cardiac enzyme determinations have no role in the evaluation of these patients. None of these diagnostic studies
predict morbidity or mortality.

6. Patients without life-threatening dysrhythmias or complications after 12 hours of cardiac monitoring do not
require further observation.

7. Pediatric patients who are hemodynamically stable in the ED with a normal EKG are at low risk for developing
cardiac arrhythmias, shock, or dying during hospitalization and therefore do not require ICU admission. Pediatric
patients who present in shock or with serious arrhythmias or PVVCs should be monitored in an ICU. There is not
agreement among the different diagnostic modalities (echocardiography, CK-MB, and ECG) used to evaluate
these patients. Patients with suspected cardiac injury should undergo echocardiography to evaluate chamber
function and wall motion.

Admission Criteria:

. Based on mechanism alone is not reliable or cost effective
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e Cardiogenic shock

»  Persistent chest pain

e Abnormal EKG

»  Patients with minimal chest tenderness and sinus tachycardia can be observed for 4 to 6 hours until the
tachycardia resolves, then discharged.

CASE #5

50-year-old male who states he fell and hit his forehead. He denies HA. He admits to drinking alcohol, is unsure if he
lost consciousness, and complains of jaw pain. In the ED his vital signs are BP 176/98, HR 76, RR 16. He is awake,
vomiting, and he has a right forehead laceration (3 cm) with hematoma, and blood coming from his right ear. He has
tenderness of the RT parasymphyseal area of jaw. His neck is nontender. He has slurred speech and a nonfocal
neurologic exam.

Course to be discussed.

MINOR HEAD INJURY

+ GCS>13

e 3-41% have positive CT scan

»  0-4% require neurosurgery

» 17% of patients who undergo craniotomy have an initial GCS of 15

Skull Radiographs

» Accurate for detecting skull fractures but not intracranial pathology

* Replaced by head CT

»  Fracture by x-ray increases the risk of intracranial injury
» Risk of intracranial pathology 3X higher in patients with a skull fracture by x-ray. (Shackford, 1992)
»  45% of patients with skull fractures had intracranial lesions (Stein, 1992)

Indications:
* Penetrating trauma for tracking bullets
» Documentation of child abuse
» Negative skull x-ray should not be used to discharge patients
* In one study, 40% of patients who needed an operation for IC hemorrhage after minor head
trauma had no skull fracture (Stein, 1992)

Computed Tomography
e Study of choice
» ldentifies intracranial pathology and skull fractures

Indications for CT

High Risk Criteria Low Risk Criteria

»  Depressed/compound skull fracture e Asymptomatic

+ GCS<15 * Mild headache

* Focal neurologic findings e Injury > 24 hours ago

e Age<2or>60 e Dizziness

» Coagulopathy e Scalp hematoma, abrasion, laceration, contusion
» Seizure

» Altered or deteriorating mental status

« LOC

» Progressive headache

» Evidence of basal skull fracture
* Profound amnesia

* Penetrating skull injury

» (Alcohol/drug intoxication)

e CT recommended «  Discharge with head injury instruction sheet

(Masters, 1987)
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In Stein’s study of 1538 patients (GCS > 13, +LOC):
e 17% (265 patients) had abnormal CT, 4% required neurosurgery.
»  Patients with a normal CT did not have neurologic deterioration.
»  Based on this, the authors recommend CT for minor head injury and LOC/amnesia.
« Anormal CT can be used to discharge a patient. (Stein, 1992)

Jeret, 1993
»  Prospective, 712 patients, GCS of 15, 9.4% positive CT rate, 2 [.3% required neurosurgery]
»  Predictors were signs of basal skull fracture, mechanism (pedestrian struck, assault), age.

Borczuk, 1995

*  Patients with GCS > 13.

e Abnormal CT scan in 8% (6% for GCS of 15)

»  Neurosurgical intervention required in .8% (.08% for GCS of 15) (Borczuk)
High-risk Clinical Variables
 Presence of cranial soft-tissue injury
 Focal neurologic deficits
* Signs of basilar skull fracture

Age > 60 years
Sensitivity of 92%, NPV of 98%

The rate of abnormal CT scans in patients with LOC depends on the GCS
e 27.2%-40.3% (GCS of 13)
e 10.5%-24.2% (GCS of 14) [Cheung, 1999]
e GCSof15:
e Abnormal CT rate: 2.5%-17.1% [Cheung, 1999]
. Shackford, 1992
e 14.8% abnormal CT rate for 2,166 patients
e 3.2% required neurosurgery
»  Ifthe results of studies are combined then the incidence of abnormal CT is approximately 6% and the
incidence of injury requiring neurosurgery is less than 1%

Recent prospective studies have looked at patients with LOC, GCS of 15:
e If patients underwent CT for severe HA, nausea, vomiting, or skull depression (The Miller Criteria) on
PE:
»  Sensitivity for abnormal head CT was 65% (specificity of 63%)
»  100% sensitivity for patients requiring neurosurgical intervention
*  61% reduction in the number of head CTs
e Overall incidence of neurosurgical intervention was .2% (5 of 2,143 patients) [Miller, 1997]

e Inan earlier study of 1,382 patients by Miller, et al:

»  Overall incidence of 6.1% of abnormal CT and .2% of injury requiring neurosurgery

* 3% incidence of abnormal head CT (2/789) in patients with LOC or amnesia but no
signs/symptoms of a depressed skull fracture.

»  No patient in this group required surgery.

e The authors conclude that CT in patients with LOC/amnesia but no signs/symptoms of
depressed skull fracture is not warranted.

e (Miller, 1996)

Does the length of LOC make a difference?

»  Length of LOC increases the likelihood of intracranial lesions

* Incidence of intracranial lesion for children was 3% vs. 13% for LOC < 1 min vs. > 1 min (Davis)
» Incidence of intracranial lesion was 5.9% vs. 8.5% for LOC < 5 min vs. > 5 min (Miller, 1996)

Are there clinical criteria that are useful?
*  Lowrrisk criteria:
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«  Normal mental status, nonfocal exam, not intoxicated, no coagulopathy, no more than one episode of
vomiting, no severe or progressive headache, no assault with blunt object, no history of repetitive head
injury

* Intoxicated patients:
»  Prospective study, 107 intoxicated patients
*  8.4% positive CT rate
e 1.9% required neurosurgery
*  No clinical variables were predictive (GCS scores at presentation and 1 hour)
*  (Cook, 1994)

Summary:
e The literature suggests that patients with an LOC should be considered for CT. However, there are limitations to
this approach:
»  The incidence of intracranial injury in patients without an LOC is not known
» Itis often unclear whether or not there was an LOC or how long the LOC was
»  There are limitations to using the GCS to identify patients with intracranial pathology
»  More prospective studies are needed

Magnetic Resonance Imaging

» Better for detecting contusions, diffuse axonal injury, isodense subdurals

» Not useful for acute bleeds or fractures

» May detect small hemorrhages missed by CT, but the clinical significance is unclear (Cheung, 1999)

e Takes longer than CT and less readily available

* Inone study, MRI and CT had similar sensitivities for hemorrhagic lesions (CT=90%, MRI=87%); MRI was more
sensitive for nonhemorrhagic lesions (CT=17%, MRI=93%); MRI was more sensitive for brain stem lesions
(CT=9%, MRI=81%). [Gentry, 1988]

Cost Analysis

»  Dacey prospectively studied 610 patients with a transient LOC or neurologic dysfunction, GCS > 13: Only 11%
underwent CT. Admitting all patients for observation-$1.48 million in charges; discharging patients with a GCS
of 15 and a normal CT-$686,000 in charges. (Dacey, 1991)

e Obtaining a CT, and discharging if negative is more cost effective than admitting for observation. In one recent
study, this strategy would have resulted in a 58% decrease in charges. (Shackford, 1992)

Admission Criteria
»  Persistent vomiting or abnormal mental status
e Suspicion of non-accidental trauma
e (Linear skull fracture over the middle meningeal artery)
»  Linear skull fractures without intracranial injury by CT may not require admission:
* In Dietrich’s study of 322 pediatric patients with head injury:
*  35(11%) had isolated skull fracture without intracranial lesion
*  None of the patients developed a delayed presentation of an intracranial lesion. (Dietrich,
1993)
e Of 101 infants with isolated skull fractures:
*  None demonstrated clinical decline during hospitalization
»  The authors conclude that isolated skull fracture does not necessitate admission. (Greenes,
1997)
* In children, some recommend admission for < 1 y.o. or if the fracture crosses the middle meningeal
artery

e Basal skull fracture
e Of 114 patients < 18 years with basal skull fracture and a normal neurologic examination, (GCS of 15)
and normal head CT:
*  No cases of delayed intracranial bleed
*  One case of meningitis in a patient with a CSF leak
* Inthese low risk patients, admission might not be necessary. (Kadish, 1995)
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The Use of Antibiotics in Patients with Basilar Skull Fractures

CSF leak can form a path for bacteria to enter into the CSF resulting in meningitis

Antibiotics may select out resistant organisms

Antibiotics do not appear to be beneficial in preventing meningitis

Patients with isolated basal skull fracture without CSF leak may not require admission or antibiotics as an

outpatient

Rathore, 1991

e Literature review

» 519 received antibiotics (4% developed meningitis), 329 did not receive antibiotics (3% developed
meningitis)

Villalobos, 1998

*  Meta-analysis

e 12 studies, 1,241 patients (719 patients received antibiotics, 522 did not)

» Antibiotic prophylaxis did not decrease the risk of meningitis (odds ratio: 1.15)

»  Odds ratio was 1.34 for patients with CSF leak

Discharge Criteria

GCS 15

Normal mental status
Normal head CT
Low risk patients
(Stein, 1990)

CASE #6

A 30-year-old man is stabbed in the left flank with a knife. In the field: BP 120/70, HR 100, RR of 20. Upon arrival
his vital signs are BP 100/p, HR 70, RR 26. He has no JVD and normal carotid pulses. He has equal breath sounds
and a 2 cm SW in the left posterior axillary line just below the scapula tip. His abdomen is benign, and he has a
nonfocal neurologic examination.

Course to be discussed.

PENETRATING ABDOMINAL AND FLANK TRAUMA

Stab Wounds: Risk of Intraperitoneal Injury

Location:

Anterior:
70% Intraperitoneal
30% Require laparotomy

Flank:
44% Intraperitoneal
14% Require laparotomy
Low Chest:

15% Intraperitoneal
15% Require operative intervention (diaphragm)

Indications For Laparotomy

Unstable, peritoneal signs

Upper abdomen/epigastrium (consider intrathoracic injury or pericardial tamponade)
Blood from NG tube (stomach/duodenal injury)

Evisceration (intraperitoneal injury in 2/3rds)

Suspected diaphragm injury

Free air

Impaled object
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Local wound exploration

» Is there violation of the peritoneal cavity?

» Determine if stab wound tract is anterior to the rectus fascia (anterior abdomen) or extends through the fascia or
muscle (flank or back)

» Consider an inconclusive exploration to be positive

» Discharge patients with a negative wound exploration

» If exploration is positive then DPL, CT scan, laparoscopy, or observation (serial abdominal examinations)

Diagnostic Peritoneal Lavage
For detecting intraperitoneal and diaphragmatic injury

Criteria for Positive Lavage:

+ SW to the abdomen: in a recent study, RBC of 50,000/mm? discriminated best those who required surgery
from those who did not (Zappa, 1992)

« SW lower chest: > 5,000 (maximizes the sensitivity for isolated diaphragm injury)

« For diaphragm injury: falsely negative in 25% to 34%. Lavage fluid may drain through chest tube.

« GSW: > 5,000 RBCs/mm?. One recent study used 10,000 RBCs/mm? as a cutoff to determine peritoneal
penetration in patients with abdominal GSWs (sensitivity 99%, specificity 98%, accuracy 98%) [Nagy].

Abdominal CT Scan

» Triple contrast (oral/l1V/rectal) for suspected colorectal injury
» CT scan with oral and IV contrast for retroperitoneal injury

* May miss diaphragmatic injuries

Laparoscopy

Advantages:
» Direct visualization of abdominal viscera (small bowel, diaphragm)

» Grading of spleen and liver injuries (difficult to visualize entire bowel)
»  Useful for determining the need for laparotomy
» Low sensitivity for hollow viscus injuries
» Detects diaphragmatic injuries:
» Can be used to detect occult injury to the diaphragm.
» In one recent study, laparoscopy detected diaphragm injury in 26% of patients with penetrating trauma to
the left thoracoabdominal region. (Murray)
»  Useful for SWs to the back, flank, low chest or to determine if GSW is intraperitoneal
» Similar sensitivity to DPL for significant intraabdominal injury, and higher specificity

Nonoperative or Selective Management
» Negative laparotomy rate of 14-28% for patients with physical findings.
»  36% with intraperitoneal injuries have no physical findings.
»  Stab wounds to the back can be assessed in the same way as anterior abdominal injuries
» Decision to operate based on clinical criteria
» Based on this strategy, 85% of patients in one study did not require an operation. The diagnosis was delayed in
5/230 patients (2.2%) with no serious complications. The initial physical examination was accurate in 95% of
patients. (Demetriades, 1988)
» In a more recent prospective, randomized study of selective nonoperative management vs. mandatory laparotomy
for 51 patients with abdominal stab wounds:
» morbidity rates: 19% for laparotomy, 8% for observation (p=.26)
» hospital stays were shorter in the observation group: median of 2 vs. 5 (p=.002)
» $2800 saved per patient who underwent successful nonoperative management (Leppaniemi, 1996)
»  One approach for stab wounds to the back or flank is DPL then triple contrast CT if the DPL is negative

Cost Analysis

» Inarecent retrospective study of stable patients with penetrating abdominal trauma laparoscopy was compared
with laparotomy. The negative laparotomy rate was 19%. 14 patients underwent negative laparoscopy, 19
patients underwent negative laparotomy, and 4 underwent conversion from laparoscopy to laparotomy. The mean
length of stay was shorter for the laparoscopy group versus the other two (1.43 v. 4.26 [laparotomy] v. 5.0). The
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overall total costs were lower in the laparotomy group. There was an overall savings of $1,059.44 per patient
when laparoscopy was performed instead of laparotomy. (Marks, 1997)

» Inanother recent study of 106 stable patients with penetrating abdominal trauma, the charges were $82 75 + 4692
vs. $3,762 + 3786 for patients who had a negative laparotomy vs. laparoscopy only. For patients who did not
require tube thoracostomy, the length of stay was 2.6 + 1.7 days vs. 4.7 + 1.6 days for laparoscopy only vs.
negative laparotomy. Utilizing laparoscopy first yielded a therapeutic laparotomy rate of 50% vs. 18% had all
patients underwent laparotomy. (Ditmars, 1996)

Diagnosis of Diaphragmatic Injury

»  10-80% incidence after penetrating trauma

»  Delayed diagnosis in up to 31% of patients

e Murray’s study of 119 patients: 32% incidence after stab wound to the left thoracoabdominal area. 15 patients
undergoing laparoscopy (26%) had occult diaphragm injuries.

e Of 45 patients with diaphragm injury: 31% had abdominal tenderness, 40% had normal CXR, 49% had
a hemopneumothorax (Murray, 1997)

* Inone recent study of 41 patients with lower left chest wounds, 21 patients underwent selective laparotomy: 2
patients (10%) had isolated diaphragm injuries. 18% of the patients not explored returned within 18 months with
an incarcerated diaphragmatic hernia. 20 patients underwent routine laparotomy: 50% had isolated diaphragm
injuries. Thus, routine laparotomy resulted in recognition of a five-fold greater number of isolated diaphragm
injuries. (Stylianos, 1992)

Other Diagnostic Studies

CXR: low yield after penetrating trauma

Fiberoptic Thoracoscopy

Magnetic Resonance Imaging

Contrast Studies:
Upper Gl series for stomach and small bowel. Displacement of viscera into chest.
Barium enema for colon herniation.

PENETRATING GENITOURINARY TRAUMA

Ureteral Injury

» 95% of injuries are iatrogenic

» Clinical findings may be subtle or nonexistent: abdominal pain/tenderness, flank mass/tenderness, fever
» 85% have associated abdominal injuries

» Diagnosis is delayed in 40%

» Nephroureterectomy rate rises to over 50% if the diagnosis is delayed

«  Urinalysis is normal in 1/3" of patients

Renal Trauma

» 5-15% of patients with penetrating abdominal trauma will have renal injuries
» 80-90% have associated injuries (liver, small bowel)

* > 60% have gross hematuria

* 20% have microscopic hematuria

Diagnosis

» Urinalysis is not helpful.

» There is no correlation between the degree of hematuria and the presence of significant renal trauma.
»  Work-up should be performed based on proximity to the GU tract

IVP

» Abnormal in 96% of patients with ureteral injury

» Ureteral injury: extravasation with dilatation proximal to the injury site
»  More sensitive for small areas of upper tract extravasation

One-shot Preoperative VP

» Rarely helpful

* Inarecent study, preoperative I\VP influenced operative decisions in only 8% of patients with suspected renal
injury (flank wound or gross hematuria) [Nagy, 1997]
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Abdominal CT

Diagnostic test of choice
Increase sensitivity with delayed scans to detect contrast extravasation
Initial screening test for wounds in close proximity to urinary tract

REFERENCES

1. Adams JE, Davila-Roman VG, Bessey PQ, et. al. Improved detection of cardiac contusion with cardiac troponin
1. Amer Heart J, 1996;131:308-312.

2. Ahrar K, Smith DC, Bansal RC, et. al. Angiography in blunt thoracic aortic injury. J Trauma, 1997;42:665-669.

3. Amoroso TA. Evaluation of the patient with blunt abdominal trauma: an evidence based approach. Emerg Med
Clin North Am 1999;17:63-75.

4. Andrade-Alegre R and Mon L. Subxiphoid pericardial window in the diagnosis of penetrating cardiac trauma.
Ann Thorac Surg, 1994;58:1139-1141.

5. Arkovitz MS, Johnson N, Garcia VF. Pancreatic trauma in children: mechanism of injury. J Trauma, 1997;42:49-
53.

6. Asensio JA, Stewart BM, Murray J, et. al. Penetrating Cardiac Injuries. Surg Clin NA, 1996;76:685-724.

7. Attar S, Suter CM Hankins JR, et. al. Penetrating cardiac injuries. Ann Thorac Surg, 1991;51:711-715.

8. Ballard RB, Badellino MM, Eynon CA, et al. Blunt duodenal rupture: a 6-year statewide experience. J Trauma
1997 Aug;43(2):229-32.

9. Beggs CW, Helling TS, Evans LL, et al: Early evaluation of cardiac injury by two-dimensional echocardiography
in patients suffering blunt chest trauma. Ann Emerg Med 16:542, 1987.

10. Ben-Menachem Y. Rupture of the thoracic aorta by broadside impacts in road traffic and other collisions: Further
angiographic observations and preliminary autopsy findings. J Trauma, 1993;35:363-367.

11. Bennett MK, Jehle D. Ultrasonography in blunt abdominal trauma. Emerg Med Clin North Am, 1997;15:763-
787.

12. Biffl WL, Moore FA, Moore EE, et. al. Cardiac enzymes are irrelevant in the patient with suspected myocardial
contusion. Am J Surg, 1994;168:523-528.

13. Biquet JF, Dondelinger RF, Roland D. Computed tomography of thoracic aortic trauma. European Rad,
1996;6:25-29.

14. Borczuk P: Predictors of intracranial injury in patients with mild head trauma. Ann Emerg Med. June 1995; 25:
731-736.

15. Borczuk P: Mild Head Trauma. Emerg Med Clin NA, 1997;15(3):563-579.

16. Boulanger BR, McLellan BA, Brenneman FD, et al: Emergent Abdominal Sonography as a screening test in a new
diagnostic algorithm for blunt trauma. J Trauma. 1996; 40; 867-874.

17. Branney SW, Moore EE, Cantrill SV, et. al. Ultrasound based key clinical pathway reduces the use of hospital
resources for the evaluation of blunt abdominal trauma. J Trauma, 1997;42:1086-1090.

18. Branney SW, Wolfe RE, Moore EE, et. al. Quantitative sensitivity of ultrasound in detecting free intraperitoneal
fluid. J Trauma, 1995;39:325-330.

19. Brasel KJ, Borgstrom DC, Kolewe KA, et. al.: Abdominal computed tomography scan as a screening tool in blunt
abdominal trauma. Surgery. 1996;1220:7804.

20. Brasel KJ, DeLisle CM, Olson CJ, et. al. Trends in the management of hepatic injury. AmJ Surg, 1997;174:674-
677.

21. Brooks SW, Young JC, Cmolik B, et. al. The use of transesophageal echocardiography in the evaluation of chest
trauma. J Trauma, 1992;32:761-767.

22. Brundage SI, Harruff R, Jurkovich GJ, et al. The epidemiology of thoracic aortic injuries in pedestrians. J
Trauma 1998;45:1010-4.

23. Buckmaster MJ, Kearney PA, Johnson SB, et. al. Further experience with transesophageal echocardiography in
the evaluation of thoracic aortic injury. J Trauma 37:989, 1994.

24. Cachecho R, Grindlinger GA, Lee VW. The clinical significance of myocardial contusion. J Trauma,
1992;33:68-73.

25. Catoire P, Orliaguet G, Liu N, et. al. Systematic transesophageal echocardiography for detection of mediastinal
lesions in patients with multiple injuries. J Trauma, 1995;38:96-102.

26. Chan D: Echocardiography in thoracic trauma. EM Clin NA. 1998;16(1):191-207.

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

28. Cheung DS, Kharasch M. Evaluation of the patient with closed head trauma: an evidence based approach. Emerg

Med Clin North Am 1999;17:9-23,



Case Studies in Trauma

29.
30.
31.
32.
33.
34.

35.
36.

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

49.
50.

51.
52.
53.

54.

55.
56.

57.
58.

59.

19

Chirillo F, Totis O, Cavarzerani A, et. al. Usefulness of transthoracic and transesophageal echocardiography in
recognition and management of cardiovascular injuries after blunt chest trauma. Heart, 1996;75:301-306.

Chiu WC, Cushing BM, Rodgriguez A, et al: Abdominal Injuries without hemoperitoneum: a potential limitation
of focused abdominal sonography for trauma (FAST). J Trauma. 1997; 42: 617-625.

Chiu WC, D’Amelio LF, Hammond JS: Sternal fractures in blunt chest trauma: a practical algorithm for
management. Am J of Emerg Med 1997;15:252-255.

Christensen MA, Sutton KR. Myocardial contusion: New concepts in diagnosis and management. Am J Crit
Care, 1993;2:28-34.

Cohen AM, Crass JR. Traumatic aortic injuries: Current concepts. Seminars in Ultrasound, CT, and MR,
1993;4(2):71-84.

Colucciello SA and Marx JA. Blunt abdominal trauma in The Clinical Practice of Emergency Medicine, 2nd ed.,
Harwood-Nuss, Lippincott-Raven, Philadelphia, 1996:458-462.

Colucciello SA. Blunt abdominal trauma. Emerg Med Clin North Am 1993;11:107-123.

Cook, et al. ldentification of ethanol-intoxicated patients with minor head trauma requiring computed
tomography scans. Acad Emerg Med. 1994;1(3):227-34.

Crumpton KL, Shockley LW. Emergency department thoracotomy: rationale, indication, technique, and pitfalls.
Emergency Medicine Reports, 1996;17:245-252.

Dacey RG, Alves WM, Rimel RW, et. al.: Neurosurgical complications after apparently minor head injury. Ann
Emerg Med, 1991;20:1281.

Davis RL, Mullen N, Makela M, et al. Cranial computed tomography scans in children after minimal head injury
with loss of consciousness. Ann Emerg Med 1994;24:640-645.

Demetriades D, Raninowitz B, Sofianos C, et.al.: The management of penetrating injuries of the back. A
prospective study of 230 patients. Ann Surg 1988;207(1):72-74.

Demetriades D, Gomez H, Velmahos GC, et al. Routine helical computed tomographic evaluation of the
mediastinum in high-risk blunt trauma patients. Arch Surg 1998 Oct;133(10):1084-8.

Dietrich AM, Bowman MJ, Ginn-Pease ME et al. Pediatric head injuries: can clinical factors reliably predict an
abnormality on computed tomography? Ann of Emerg Med 1993;22:1535-1540.

Ditmars ML, Bongard F: Laparoscopy for triage of penetrating trauma: the decision to explore. J Laparoendosc
Surg 1996;1996;6(5):285-291.

Dowd MD and Krug S. Pediatric blunt cardiac injury: Epidemiology, clinical features, and diagnosis. J Trauma,
1996;40:61-67.

Fabian TC, Croce MA, Stewart RM, et. al. A prospective analysis of diagnostic laparoscopy in trauma. Annals
Surg, 1993;217:557-565.

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;42:374-383.

Fattori R, Celletti F, Bertaccini P, et. al. Delayed surgery of traumatic aortic rupture. Role of magnetic resonance
imaging. Circulation 1996;94(11):2865-2870.

Federle MP, Courcoulas AP, Powell M, et. al. Blunt splenic injury in adults: clinical and CT criteria for
management, with emphasis on active extravasation. Radiology, 1998;206:137-142.

Ferjani M, Droc G, Dreux S, et al: Circulating cardiac troponin T in myocardial contusion. Chest 111:427, 1997.
Fildes JJ, et. al. Limiting cardiac evaluation in patients with suspected myocardial contusion. Am Surg,
1995;9:832-835.

Fisher RG, Chasen MH, Lamki N. Diagnosis of injuries of the aorta and brachiocephalic arteries caused by blunt
chest trauma: CT vs aortography. Amer J Roent, 1994;162:1047-1052.

Frazee RC, Mucha P Jr, Farnell MB, et al: Objective evaluation of blunt cardiac trauma. J Trauma 26(6):510,
1986.

Fulda G, et. al. Blunt traumatic rupture of the heart and pericardium: A ten-year experience (1979-1989). J
Trauma, 1991;31:167-173.

Fulda GJ, Gilberson F, Hailstone D, et al: An evaluation of serum troponin T and signal-averaged
electrocardiography in predicting electrocardiographic abnormalities after blunt chest trauma. J Trauma 43:304,
1997.

Gavant ML, Flick P, Menke P, Gold RE. CT aortography of thoracic aortic rupture. Amer J Roent,
1996;166:955-961.

Gavant ML, Menke PG, Fabian T, et. al. Blunt traumatic aortic rupture: Detection with helical CT of the chest.
Radiology, 1995;197:125-133.

Gentry LR: Imaging of closed head injury. Radiology 1994: 191: 1- 17.

Gentry LR, Godersky JC, Thompson B, et. al.: Prospective comparative study of intermediate-field MR and CT in
the evaluation of closed head trauma. AJR Am J Roentgenol, 1988;150:673.

Goins WA and Ford DH. The lethality of penetrating cardiac wounds. Amer Surg, 1996;62:987-993.



Case Studies in Trauma 20

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.
81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Gomez PA, Lobato RD, Ortega JM et al: Mild head injury: differences in prognosis among patients with a
glasgow coma scale score of 13 to 15 and analysis of factors associated with abnormal CT findings. British J of
Neurosurgery. 1996;10:453-460.

Greenberg M, Rosen CL. Evaluation of the patient with blunt chest trauma: an evidence based approach. Emerg
Med Clin North Am. 1999;17:41-62.

Greenes DS, Schutzman SA: Infants with isolated skull fractures: what are their clinical characteristics, and do
they require hospitalization? Ann Emerg Med. 1997;30(3):235-259.

Gundry SR, Williams S, Burney RE, et. al. Indications for aortography in blunt thoracic trauma: A reassessment.
J Trauma, 1982;22:664-671.

Gunnar WP, Martin M, Smith RF, et. al. The utility of cardiac evaluation in the hemodynamically stable patient
with suspected myocardial contusion. Amer Surg, 1991;57:373-377.

Hals GD, Carleton SC. Pericardial disease and tamponade. Emergency Medicine Reports, 1996;17:161-172.
Healey MA, Brown R, Fleiszer D. Blunt cardiac injury: Is this diagnosis necessary? J Trauma, 1990;30:137-146.
Heiken JP, Brink JA, Vannier MW: Spiral (Helical) CT. Radiology 1993; 189:647-656.

Helling TS, Duke P, Beggs CW, et al: A prospective evaluation of 68 patients suffering blunt chest trauma for
evidence of cardiac injury. J Trauma 29: 961, 1989.

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.

Hiatt JR, Yeatman LA Jr., Child JS: The value of echocardiography in blunt chest trauma. J Trauma 28:914,
1988.

Hills MW, Delprado AM, Deans SA, et al: Sternal fractures: Associated injuries and management. J Trauma 35:
55, 1993.

Hunink MGM, Bos JJ: Triage of patients to angiography for detection of aortic rupture after blunt chest trauma:
cost-effectiveness analysis of using CT. AJR 1995; 165: 27-36.

Illig KA, Swierzewski MJ, Feliciano DV, et al: A rational screening and treatment strategy based on
electrocardiogram alone for suspected cardiac contusion. Am J Surg 162:537, 1991.

Ingeman JE, Plewa MC, Okasinski RE, et. al. Emergency physician use of ultrasonography in blunt abdominal
trauma. Acad Emerg Med, 1996;3:931-937.

Ivatury RR, Simon RJ, Stahl WM. A critical evaluation of laparoscopy in penetrating abdominal trauma. J
Trauma, 1993;34:822-828.

Jackimczyk K. Blunt chest trauma. Emerg Med Clin NA, 1993;11:81-96.

Janzen DL, Zwirewich CV, Breen DJ, et al. Diagnostic accuracy of helical CT for detection of blunt bowel and
mesenteric injuries. Clin Radiol 1998 Mar;53(3):193-7.

Jehle D, Guarino J, Karamanoukian H, et. al. Emergency department ultrasound in the evaluation of blunt
abdominal trauma. Am J Emerg Med, 1993;11:342-346.

Jeret JS, Mandell M, Anziska B, et al: Clinical predictors of abnormality disclosed by computed tomography after
mild head trauma. Neurosurgery. 1993 32:9 -16.

Jordan RC. Penetrating chest trauma. Emerg Med Clin NA, 1993;11:97-106.

Kadish HA, Schunk JE: Pediatric basilar skull fracture: do children with normal neurologic findings and no
intracranial injury require hospitalization? Ann Emerg Med 1995;26:37-41.

Kamran A, Smith D, Bansal RC, et a:, Angiography in blunt thoracic aortic injury. J Trauma 42: 665, 1997.
Kaplan AJ, Norcross ED, Crawford FA. Predictors of mortality in penetrating cardiac injury. Amer Surg,
1993;59:338-341.

Kaufman BA, Dacey RG: Acute care management of closed head injury in childhood. Pediatric Annals.
1994;23:18-28.

Kavolius J, Golocovsky M, Champion HR. Predictors of outcome in patients who have sustained trauma and who
undergo emergency thoracotomy. Arch Surg, 1993;128:1158-1162.

Kearney PA, Smith DW, Johnson SB, et. al. Use of transesophageal echocardiography in the evaluation of
traumatic aortic injury. J Trauma, 1993;34:696-703.

King, et. al. Cardiac contusions: a new diagnostic approach utilizing two dimensional echocardiography. J
Trauma, 1983;23:610-614.

Kohn JS, Clark DE, Isler RJ, Pope CF. Is computed tomographic grading of splenic injury useful in the
nonsurgical management of blunt trauma? J Trauma, 1994;36:385-389.

Kram, et al. Increased incidence of cardiac contusion in patients with traumatic thoracic aortic rupture. Ann Surg,
1988; 208:687-697.

Lee J, Harris JH, Duke JH, et al: Noncorrelation between thoracic skeletal injuries and acute traumatic aortic tear.
J Trauma 43: 400, 1997.

Lee RB, Stahlman GC, Sharp KW. Treatment priorities in patients with traumatic rupture of the thoracic aorta.
Amer Surg, 1992;58:37-43.

Leppaniemi AK, Haapiainen RK: Selective nonoperative management of abdominal stab wounds: prospective,
randomized study. World J Surg, 1996;20(8):1101-1105.



Case Studies in Trauma 21

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105

106.

107.
108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Liedtke AG, et. al. Nonpenetrating cardiac injuries: Collective review. Am Heart J, 1973;86:687-697
Livingston DH, Lavery RF, Passannante MR, et. al. Admission or observation is not necessary after a negative
abdominal computed tomography scan in patients with suspected blunt abdominal trauma: Results of a
prospective, multi-institutional trial. J Trauma, 1998;44:273-282.

Ma OJ, Mateer JR, Ogata M, et al: Prospective analysis of a rapid trauma ultrasound examination performed by
emergency physicians. J Trauma. 38; 6:879-885, 1995.

Ma OJ, Kefer MP, Mateer JR, et. al. Evaluation of hemoperitoneum using single vs. multiple view
ultrasonographic examination. Acad Emerg Med, 1995;2:581-586.

Maenza RL, Seaberg D, D'Amico F. A meta-analysis of blunt cardiac trauma: ending myocardial confusion.
Amer J Emerg Med, 1996;14:237-241.

Mair P, Mair J, Koller JM, et al: Cardiac troponin T release in multiply injured patients. Injury, 1995;26( 7):439-
443.

Marks JM, Youngelman DF, Berk T: Cost analysis of diagnostic laparoscopy vs laparotomy in the evaluation of
penetrating abdominal trauma. Surg Endosc, 1997;11(3):272-276.

Maron BJ, Poliac LC, Kaplan JA, et. al. Blunt impact to the chest leading to sudden death from cardiac arrest
during sports activities. New Engl J Med, 1995;333:337-342.

Marx JA, Colucciello SA. "Penetrating Abdominal Trauma," in the Clinical Practice of Emergency Medicine, 2nd
ed., Harwood-Nuss, Lippincott-Raven, Philadelphia, 1996:463-466.

Marx JA, Moore EE, Jorden RC, Euele J. Limitations of computed tomography in the evaluation of acute
abdominal trauma: A prospective comparison with diagnostic peritoneal lavage. J Trauma, 1985;25:933-937.
Marx JA. Abdominal trauma. In Emergency Medicine: Concepts and Clinical Practice, 1998, 4th ed., Mosby -
Year Book Inc., St. Louis.

Marx JA. Penetrating abdominal trauma. Emerg Med Clin North Amer, 1993;11:125-135.

. Masters SJ, McLean PM, Arcarese JS, et al. Skull x-ray examinations after head trauma. Recommendations by a

multidisciplinary panel and validation study. N Engl J Med 1987;316:84-91.

Mateer J, Plummer D, Heller M, et. al. Model curriculum for physician training in emergency ultrasonography.
Ann Emerg Med, 1994;23:95-102.

Mattox KL: Red River Anthology. J Trauma. 1997;42(3):353-368.

McAnena OJ, Marx JA, Moore EE. Peritoneal lavage enzyme determinations following blunt and penetrating
trauma. J Trauma 1991;31:1161-1164.

McKenney MG, Martin L, Lentz K, et al: 1,000 consecutive ultrasounds for blunt abdominal trauma. J of Trauma,
Injury, Infections and Critical Care. 1996; 40: 607-612.

McLean TR, Gordon NO, Thorsen MK. Computed tomography in the evaluation of the aorta in patients
sustaining blunt chest trauma. J Trauma, 1991;31:254-256.

Meredith JW, Young JS, Bowling J, Roboussin D. Nonoperative management of blunt hepatic trauma: The
exception or the rule? J Trauma, 1994;36:529-533.

Meyer DM, Jessen E, Grayburn PA. Use of echocardiography to detect occult cardiac injury after penetrating
thoracic trauma: A prospective study. J Trauma, 1995;39:902-909.

Miller EC, Derlet RW, Kinser D: Minor head trauma: is computed tomography always necessary? Ann Emerg
Med. 1996; 27: 290-294.

Miller EC, Holmes JF, Derlet RW: Utilizing clinical factors to reduce head CT scan ordering for minor head
trauma patients. J Emerg Med, 1997;15(4):453-457.

Miller FB, Shumate CR, Richardson JD: Myocardial contusion: when can the diagnosis be eliminated?. Arch Surg
124:805, 1989.

Mirvis SE, Shanmuganathan K, Miller BH, et al: Traumatic Aortic Injury: Diagnosis with Contrast-enhanced
Thoracic CT -- Five year Experience at a Major Trauma Center. Radiology 1996; 200:413-422.

Mirvis SE, Shanmuganathan K, Buell J, et al. Use of spiral computed tomography for the assessment of blunt
trauma patients with potential aortic injury. J Trauma 1998;45:922-30.

Morales CH, Salinas CM, Henao CA, et. al. Thoracoscopic pericardial window and penetrating cardiac trauma. J
Trauma, 1997;42:273-275.

Moran SG, McCarthy MC, Uddine DE, Poelstra RJ: Predictors of positive CT scans in the trauma: Patients with
minor head injury. Amer Surgeon. 1994; 60: 533-535.

Murray JG, Caoili E, Gruden JF, et. al.: Acute rupture of the diaphragm due to blunt trauma: diagnostic sensitivity
and specificity of CT. AJR. 1996;166:1035-1039.

Murray JA, Demetriades D, Asensio JA, et. al.: Penetrating left thoracoabdominal trauma: The incidence and
clinical presentation of diaphragmatic injuries. J Trauma, 1997;43:624-626.

Murray JA, Berne J, Asensio JA: Penetrating thoracoabdominal trauma. Emerg Med Clin NA, 1998;16(1):107-
128.

Nagy KK, Brenneman FD, Krosner SM, et.al. Routine preoperative “one-shot” intravenous pyelography is not
indicated in all patients with penetrating abdominal trauma. J Am Coll Surg 1997;185:530-533.



Case Studies in Trauma 22

124.

125.

126.

127.

128.
129.

130.
131.

132.

133.

134.
135.

136.

137.

138.
139.

140.

141.

142.

143.

144.

145.

146.

147.

148.
149.

150.

151.

152.

153.
154.

155.

156.

157.

Nagy KK, Gilkey SH, Roberts RR, et. al. Computed tomography screens stable patients at risk for penetrating
cardiac injury. Acad Emerg Med, 1996;3:1024-1027.

Nagy KK, Krosner SM, Joseph KT, et. al. A method of determining peritoneal penetration in gunshot wounds to
the abdomen. J Trauma, 1997;43:242-245.

Nagy KK, Lohmann C, Kim DO, et. al. Role of echocardiography in the diagnosis of occult penetrating cardiac
injury. J Trauma, 1995;38:859-862.

Nordenholz KE, Rubin MA, Gularte GG, Liang HK. Ultrasound in the evaluation and management of blunt
abdominal trauma. Ann Emerg Med, 1997;29:357-366.

Ognibene A, Mori F, Santoni R, et al: Cardiac troponin | in myocardial contusion. Clin Chem 44:889, 1998.
Orrison WW, Gentry LR, Stimac GK, et al: Blinded comparison of cranial CT and MR in closed head injury
evaluation. AJNR Am J Neuroradiol 15: 351-356, 1994.

Pevec WC, et. al. Blunt rupture of the myocardium. Ann Thorac Surg, 1989;48:139-142.

Plummer D, Brunette D, Asinger R, et. al. Emergency department echocardiography improves outcome in
penetrating cardiac injury. Ann Emerg Med, 1992;21:709-712.

Plummer D. The sensitivity, specificity, and accuracy of ED echocardiography. Acad Emerg Med, (abstract)
1995;2:339.

Porter RS, Nester BA, Dalsey WC, et. al. Use of ultrasound to determine need for laparotomy in trauma patients.
Ann Emerg Med, 1997;29:323-330.

Pretre R, Chilcott M: Blunt Trauma to the Heart and Great VVessels. NEJM. 1997;336(9):624 - 632.

Rathore MH. So prophylactic antibiotics prevent meningitis after basilar skull fracture? Ped Infect Dis J
1991;10:87-8.

Rehm CG, Sherman R, Hinz TW. The role of CT scan in evaluation for laparotomy in patients with stab wounds
of the abdomen. J Trauma, 1989;29:446-450.

Richardson P, Mirvis, Scorpio R, Dunham CM. Value of CT in determining the need for angiography when
findings of mediastinal hemorrhage on chest radiographs are equivocal. Amer J Roent, 1991;158:273-279.
Romner IT: Routine early CT scan is cost saving after minor head injury. Acta Neurol Scand. 1996: 93: 207-210.
Ros SP, Ros MA: Should patients with normal cranial CT scans following minor head injury be hospitalized for
observation? Ped Emerg Care. 1989; 5: 216- 218.

Rosen CL, Branney SW, Wolfe RE. Emergency Ultrasound. In Emergency Medicine Concepts and Clinical
Practice, 4" ed., eds Rosen P, Barkin R, et. al.. Mosby, St. Louis, 1998:188-196.

Rosenthal MA, Ellis JI: Cardiac and Mediastinal Trauma. Emergency Medicine Clinics of NA. 1995;13(4):887-
901.

Rothlin MA, Naf R, Amgwerd M, et al. Ultrasound in blunt abdominal and thoracic trauma. J Trauma
1993;34:488-495.

Rozycki GS, Feliciano DV, Davis TP: Ultrasound as used in thoracoabdominal trauma. Surg Clin NA.
1998;78(2):295-310.

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;228:557-67.

Rozycki GS, Feliciano DV, Schmidt JA, et. al. The role of surgeon-performed ultrasound in patients with
possible cardiac wounds. Ann Surg, 1996;223:737-744.

Rozycki GS, Ochsner MG, Jaffin JH, et. al. Prospective evaluation of surgeons’ use of ultrasound in the
evaluation of trauma patients. J Trauma, 1993;34:516-527.

Saletta S, Lederman E, Fein S, et. al. Transesophageal echocardiography for the initial evaluation of the widened
mediastinum in trauma patients. J Trauma, 1995;39:137-142.

Schneider RE. Genitourinary trauma. Emerg Med Clin NA, 1993;11:137-147.

Schnyder P, Chapuis L, Mayor B, et. al. Helical CT angiography for traumatic aortic rupture: Correlation with
aortography and surgery in five cases. J Thorac Imaging, 1996;11:39-45.

Schynoll W, Overton D, Krome R, et al: A prospective study to identify high yield criteria associated with acute
intracranial computed tomography findings in head-injured patients. Am J Emerg Med 1993; 11:321-326.
Shackford SR, Wald SL, Ross SE, et al: The clinical utility of computed tomographic scanning and neurologic
examination in the management of patients with minor head injuries. J Trauma. 1992; 33: 385-394.

Shapiro MJ, Yanofsky SD, Trapp J, et. al: Cardiovascular evaluation in blunt thoracic trauma using
transesophageal echocardiography. J Trauma 31:835, 1991.

Sherck JP and Oaks DD. Intestinal injuries missed by computed tomography. J Trauma, 1990;30:1-7.

Smith JS, Wengrovitz MA, DeLong BS. Prospective validation of criteria, including age, for safe, nonsurgical
management of the ruptured spleen. J Trauma, 1992;33:363-369.

Smith MD, Cassidy JM, Souther S, et. al. Transesophageal echocardiography in the diagnosis of traumatic
rupture of the aorta. New Engl J Med, 1995;332:356-362.

Stafford RE, McGonigal MD, Weigelt JA, et al.. Oral contrast solution and computed tomography for blunt
abdominal trauma: a randomized study. Arch Surg 1999 Jun;134(6):622-6

Stein SC, Ross SE: Mild head injury: A plea for routine early CT Scanning. J Trauma. 1992; 30: 11 -13.




Case Studies in Trauma 23

158.

159.
160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.
178.

Stein SC, Ross SE: The value of computed tomographic scans in patients with low-risk head injuries.
Neurosurgery 26:638-640, 1990.

Stevens SJ, McClean PM, Arcarese JS et al. Skull x-ray examinations after head trauma. NEJM, 1987;316:84-91.
Stewart C. Chest injuries: emergency management of cardiovascular and other manifestations. Emergency
Medicine Reports, 1996;17:191-198.

Stiell IG, Wells GA, Vandemheen K, et. al.: Variation in ED use of computed tomography for patients with minor
head injury. Ann Emerg Med, 1997;30(1):14-22.

Sturm JT, Hankins DG, Young G: Thoracic aortography following blunt chest trauma. Am J Emerg Med 8:92,
1990.

Stylianos S, King TC. Occult diaphragm injuries at celiotomy for left chest stab wounds. Am Surg
1992;58(6):364- 368.

Thomas B, Falcone RE, Vasquexz D: Ultrasound evaluation of blunt abdominal trauma: program implementation,
initial experience, and learning curve. J Trauma. 1997; 42: 384-390.

Tsang BD, Panacek EA, Brant WE, et al. Effect of oral contrast administration for abdominal computed
tomography in the evaluation of acute blunt trauma. Ann Emerg Med 1997 Jul;30(1):7-13.

Van Etten EP, Van Popta T, Van Luyt PA, et. al. Changes in the diagnosis and treatment of traumatic splenic
rupture: a retrospective analysis of 99 cases. Eur J Emerg Med, 1995;2:196-200.

Vignon P, Guéret P, Vedrinne JM, et. al. Role of transesophageal echocardiography in the diagnosis and
management of traumatic aortic disruption. Circ, 92:2959-2968.

Vignon P, Lagrange P, Boncoeur MP, et. al. Routine transesophageal echocardiography for the diagnosis of
aortic disruption in trauma patients without enlarged mediastinum. J Trauma, 1996;40:422-427.

Villalobos T, Arango C, Kubilis P, et al. Antibiotic prophylaxis after basilar skull fractures: a meta-analysis. Clin
Infect Dis 1998;27:364-9.

Warren RL, Akins CW, Conn AKT, et. al. Acute traumatic disruption of the thoracic aorta: Emergency
department management. Ann Emerg Med, 1992;21:62-67.

Wherrett LJ, Boulanger BR, McLellan BA, et. al. Hypotension after blunt abdominal trauma: The role of
emergent abdominal sonography in surgical triage. J Trauma, 1996;41:815-820.

Winchell RJ, Hoyt DB, Simons RK: Use of computed tomography of the head in the hypotensive blunt-trauma
patient. Ann Emerg Med. 1995;25:737-742.

Wisner DH, Reed WH, Riddick RS: Suspected myocardial contusion: triage and indications for monitoring. Ann
Surg 212:82, 1990.

Wisner DH, Victor NS, Holcroft JW: Priorities in the management of multiple trauma: intracranial versus intra-
abdominal injury. J Trauma 1993;35(2):271-276.

Woodring JH, Fried AM, Hatfield DR, et al: Fractures of first and second ribs: Predictive value for arterial and
bronchial injury. Am J Radiol 138:211, 1982.

Woodring JH. The normal mediastinum in blunt traumatic rupture of the thoracic aorta and brachiocephalic
arteries. J Emerg Med, 1990;8:467-476.

Yealy DM, Hogan DE: Imaging after head trauma. Emerg Med Clin NA. 1991; 9: 707-717.

Zappa MJ, Harwood-Nuss AL, Wears RL, et. al.: Objective determination of the optimal red blood cell count in
diagnostic peritoneal lavage done for abdominal stab wounds. J Emerg Med 1992;10(5):553-558.



	MAIN MENU
	TOPICS MENU.
	Case Studies in Trauma Care: State of the Art
	BLUNT ABDOMINAL TRAUMA
	TRAUMATIC AORTIC INJURY
	BLUNT MYOCARDIAL INJURY
	MINOR HEAD INJURY
	PENETRATING ABDOMINAL AND FLANK TRAUMA
	PENETRATING GENITOURINARY TRAUMA
	REFERENCES


