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Foreword

Trauma to the abdomen, both accidental and willful, has become increasingly common
in' this era of increasing violence. Large numbers of patients all over the country
are admitted to emergency rooms because of abdominal trauma of varying degrees
of severity. All too often the correct diagnosis is suspected belatedly or not at all,
so that proper treatment is not initiated in sufficient time to be lifesaving. Not infre-
quently, the injured patient is examined by an intern or an insufficiently experienced
resident physician. Even in instances where more senior internists and surgeons are
available, detailed knowledge about the necessary methodology to establish the correct
diagnosis and institute the appropriate treatment is lacking.

This monograph, representing the felicitous collaboration of a surgeon and a radiolo-
gist together with several other contributors, is timely and important. The authors
(and their contributors) have approached their subject with a wealth of clinical experi-
ence obtained in several very active acute-care municipal hospitals in the largest
city in this country. They have observed and treated a very large number -of patients
with a multitude of traumatic causes, including firearm injuries, stab wounds, vehicular
accidents, falls, and assaults.

The authors have divided this work into four main sections: General Perspectives
on Abdominal Injury, Types of Abdominal Injuries, Specific Diagnostic Techniques,
and Specific Organ or Supporting-Structure Injury.

Physical examination and history-taking are by no means ignored, but considerable
stress is placed on the appropriate radiological techniques employed and evaluation
of the findings on these radiological studies. The radiological features in the various
types of abdominal trauma affecting the abdominal organs (and structures) are de-
scribed in detail and well-illustrated. Comparison of the operative findings with the
changes observed radiologically are skillfully documented.

The emphasis on appropriate radiological studies and the need for accurate interpre-
tation are matched by a truly first-rate dissertation of the surgical principles involved
in caring for patients with abdominal trauma.

The section on Specific Diagnostic Techniques is particularly noteworthy, dealing
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xii Foreword

with a large variety of special techniques other than the radiological examination.

The section on Specific Organ or Supporting-Structure Injury again details diagnos-
tic methods as well as principles of treatment relating to injuries to such organs as
the liver and spleen and the various segments of the gastrointestinal tract.

This volume is noteworthy for the very considerable amount of information it
imparts about an important subject, much of which is seldom appreciated by the
average physician observing a patient for the first time after trauma to the abdomen.
On reading this book it is evident that the principles of diagnosis and treatment
which are stressed, if followed by the examining physician, will enhance his (her)
ability to deal with many difficult situations arising from trauma to the abdomen,
undoubtedly resulting in a significantly lowered mortality and morbidity.

A large number of case histories is incorporated, illustrating in each section the
definitive points which the authors stress. An excellent, relevant list of References
is included at the end of each section. ‘

This pragmatic work constitutes an important effort and should prove highly re-
warding to every physician, including house staff, and medical students interested
in the subject. It will be particularly valuable to those physicians who must deal
with a significant number of individuals who have experienced trauma to the abdomen.

The authors are to be congratulated for documenting their considerable experiences
at a time when patients with abdominal trauma are encountered in great numbers
throughout the country in emergency settings. Thus, a timely book has been written
on a very timely subject at an appropriate time. Since trauma to the abdomen is so
exceedingly common, a comprehensive knowledge of the various diagnostic techniques
which may be utilized (particularly radiological) in such patients, plus an intimate
knowledge of the surgical principles involved in their treatment, will clearly spell
the difference in many instances between the life and death of a given individual.

Harold G. Jacobson
Marvin L. Gliedman



Preface

This book is designed to state the currently accepted principles in the surgical and
radiologic diagnosis of abdominal trauma. Some of the material is fundamental and
will be of special value to students and residents. Some more advanced principles
are introduced for the physician who has limited exposure to the type and volume
of injuries described here.

Despite its prevalence, trauma has not gained the attention it deserves in the training
programs of our medical schools and hospitals. As a result of inadequate experience
and training, many physicians are not familiar with the variability in clinical manifesta-
tions produced by hemoperitoneum, retroperitoneal, and visceral injury. There is a
high incidence of error in the early diagnosis of both blunt and penetrating abdominal
injury, and a significant morbidity and mortality for many abdominal injuries can
be directly attributed to inaccurate or delayed diagnosis.

A physician examining a patient should be aware of the currently available tech-
niques for the diagnosis of abdominal trauma. A laparotomy is the ultimate and
final diagnostic measure and is only justified if careful assessment and the appropriate,
modern, sophisticated diagnostic tools have been carefully applied to the evaluation
of the patient. Avoiding unnecessary surgery is as important in managing trauma
as it is in the management of other medical disorders.

With the increasing incidence of urban injury, civilian emergency centers are replac-
ing the battlefields of war as the source of surgical experience in trauma. The Morrisa-
nia City Hospital in New York City was a typical urban public medical facility
that changed from a voluntary hospital serving a middle-class population to a munici-
pal facility serving a poor community. Over several years and up until its closing,
the Morrisania City Hospital rendered care to increasing numbers of urban trauma
victims. The authors of this book were members of the hospital staff and used their
accumulated experience in the management of trauma as material for the preparation
of this text.

An extrapolation from the military to the urban experience is appropriate, especially
in terms of the diagnostic assessment of penetrating injury, the transportation of
trauma victims, and the organization of medical care and resources in hospital emer-
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gency receiving areas. The techniques for expeditious transport of combat victims
developed in World War II, Korea, and Vietnam made a unique contribution to
the organization of civilian emergency services. When it was appreciated that rapid
transportation of injured patients significantly affected survival rates, it became evident
that civilian receiving facilities required reorganization. The early, postinjury arrival
of civilian trauma victims necessitated the use of organized, team-structured resuscita-
tive measures with rapid fluid-volume infusion and aggressive respiratory care. Today,
emergency room personnel throughout the United States are finally being trained
to respond quickly to the trauma emergency.

In spite of the parallel between urban trauma care and the military model, the
military principles do not universally apply to the civilian situation. The wartime
necessity for a pragmatic approach to the management of abdominal trauma derives
from limitations imposed on military surgeons by equipment and personnel shortages
and the need for speed. Thus, maximum attention was given to “emergency treatment”
and little attention to diagnosis. Since comparable material limitations do not exist
in modern civilian hospitals, the original concept of triage, with some patients discarded
as beyond salvage, does not have a place in civilian emergency care.

The current surge of interest in civilian abdominal trauma has resulted from newer
concepts and diagnostic techniques, coupled with modern technology. The selective
observation of penetrating abdominal injury, the use of preoperative antibiotics, the
exteriorization and suture repair of colonic injury, laparoscopy, peritoneal lavage,
radionuclide scanning, ultrasound, arteriography, and endovascular occlusive proce-
dures are advances that took origin from the resources and experience of physicians
in modern civilian emergency facilities.

We would like to take this opportunity to thank Mr. Lawrence Klosk of the
Michael Foundation, Dr. Harold G. Jacobson for his editorial assistance, the staff
of the department of radiology of Montefiore Hospital and Medical Center, Dr. Marvin
L. Gliedman, and members of the department of surgery of Montefiore Hospital
and Medical Center. We would like to give special acknowledgment to Audrey Tobar,
Marjory Mitchell, Nettie Morrison, and Carole Badalati for their assistance in the
preparation of the manuscript.

Harry M. Delany
Robert S. Jason



Introduction

The change in the social and economic character of the Morrisania community in
the mid- and late 1960s is demonstrated by the emergence of the colloquial name
“Fort Apache” to designate the police precinct responsible for the protection of the
community. Dramatic shifts in population, the flight of the stable middle class, coupled
with and followed by the rapid influx of the poor were associated with a dramatic
increase in violence and victims of violent acts. There are enumerable economic and
cultural factors involved in the change in the Morrisania Hospital district and similar
changes seen in most of the large cities in this country. The written teachings of
one of the schools of martial arts located in this same community aptly summarize
the local philosophy toward violence.

Approximately (4) million years ago, if one is to accept the prevailing thought
in behavior sciences, Man emerged on the plains of the African Savanna, as a
creature like none other in nature. . . . Quite uninspiring in physical appearance,
almost comical, he possessed not a single visible attribute requisite to survival in
a world forbidding and hostile beyond our comprehension. . . . Irrespective of
his unimposing size, Man developed techniques of violence unparalleled in nature;
schooled offspring in the violent ways to ensure future replication; and refined
each method as a direct function of a superior and inventive intellect. Understood
in context, violence is but one trait, a single strand among numerous which define
and characterize the behavior of the species. However, Man . . . the child of wonder
in evolution . . . when viewed in isolation from his art, science, technology; and,
most importantly, his romantic self-evaluation, often steeped in conceit and illusion
has for (4) million years ruled by a single consistent principle . . . might! For
the moment, assuming the foregoing analysis of Man’s nature is accurate, consider
the potential for destruction such a creature could possess after several million
years of practicing, refining, and manipulating violence as a function of survival,
territorial expansion, mastery, and diversion from boredom. Additionally, arm
him with a modern hunting knife, chain, tire tool, or handgun and relocate him
in a city street in 20th century America. Under these conditions it is difficult,
if not imaginary, to exaggerate the actual threat this creature represents individ-
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ually or in concert if motivated to act in opposition to your person, family, or
property.

Viewed in this light, it is not the poor, a particular race, or members of a particular
political or religious persuasion who are the enemy. It is each and every one of us.
For each and every one of us, given the appropriate circumstances, may lash out in
violence and victimize another. The art and science of medicine began as an effort
to counteract the violence inherent in nature. Until some means are found to restrain
and control both the violent acts of nature and man, the physician will be called
on to treat and promote the survival of the victims of these acts. It is hoped that
the information contained in this text will be of some benefit in achieving this goal.
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General Perspectives on Abdominal Injury



INCIDENCE OF ABDOMINAL INJURIES

Diagnosis and admission data for patients entering
any civilian hospital will depend on the community
served by the institution and its geographic location.
Allen and Curry, reporting from the Hurley Hospital
in Michigan in 1956, stated that patients with abdomi-
nal trauma of all types represented 0.2% of all patients
hospitalized and 2.2% of all patients entering the hos-
pital with injury [1]. In 1973, 19.8% of patients admit-
ted for injuries at the Morrisania Hospital in New
York City suffered from abdominal trauma as the pri-
mary diagnosis (see Table 1.1).

Nonpenetrating abdominal trauma, at least in the
American experience, is one of the clearest examples
of man as a victim of his own technology. Whereas
abdominal trauma constitutes only 7% [13] of all auto
injuries, 50% [15] to 70% [1] of blunt trauma is due
to the automobile. In children, the auto is the offending
agent in 75% of cases, whereas 10% are due to play-

TABLE 1.1. Civilian trauma, all types?

Site % patients
Head and neck 28.4
Thorax 11.2
Abdomen 19.8
Upper extremities 8.4
Lower extremities 20.0
Spine 1.6

aData from Morrisania City Hospital,
trauma-related admissions (primary diagnosis),
499 patients, 1973.

ground accidents and 15% are attributed to either
the battered-child syndrome or birth trauma [21].

Between 1960 and 1966, nonpenetrating abdominal
trauma occurred in 19.8% of reported automobile
driver injuries (Table 1.2). This incidence fell to 16.5%
between 1967 and 1969 [17] as a result of improved
auto design and safety. In a 1970 study of traffic fatali-
ties reported from Philadelphia [23], 20.2% of patients
had abdominal injuries, and 4.8% of deaths were re-
lated to these injuries (Table 1.3).

The incidence of abdominal injury resulting from
falls from heights, urban riots, and combat activity
is lower than for vehicle-related trauma. Reporting
on persons falling from heights or “sky divers,” Rey-
nolds et al. found a 5.3% incidence of abdominal in-
jury [20]. Lewis et al., in a similar study, but including
persons dead on arrival (DOAs), found a 12.2% inci-
dence of significant abdominal-organ injury [12]

TABLE 1.2. Vehicular passenger injuries

Injuries per 100 patients

1960-1966 1967-1969
Head and neck 91.0 105.5
Thorax 35.6 33.8
Abdomen 19.8 16.5
Upper extremities 28.8 35.7
Lower extremities 51.4 : 50.0
Mortality 10.4 4.0

Source: Nahum AM, Siegel AW (1971) The changing panorama
of collision injury. Surg Gynecol Obstet 133: 783
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TABLE 1.3. Philadelphia traffic fatalities, 311 cases

Fatal accidents

Primary cause of death,
victim dying within 24 h

No. of % of Incidence of No. of % of
Site2 fatalities group involvement fatalities fatalities

Head or neck 157 50.5 1of 2 87 28.0
Heart or great vessels 56 18.0 lof § 18 5.8
Chest 72 232 1of 4 14 4.5
Abdomen 63 20.2 lof 5 15 4.8
Major fractures® 80 25.8 1of 4 31 10.0
External hemorrhage® 6 1.9 1 of 50 2 0.6
Miscellaneous 13 4.2
“Multiple” injuries 131 421
311 100.0

2 Table 1.3 includes two or more sites of injury in many patients.

b Excluding skull, chest, and minor fractures.
< Of life-threatening extent.

Source: Spelman JW, Bordner KK, Howard JM (1970) Traffic fatalities in Philadelphia. J Trauma 10: 885

TABLE 1.4. Falls (jumpers): 200 patients, 360 injuries

% injuries % patients

Head and neck 15.8 28.5
Chest 5.3 9.5
Abdomen 5.3 9.5
Upper extremities 23.3 42.0
Lower extremities 29.4 53.0
Spine 11.1 20.0
Pelvis 9.7 17.5
Mortality 17

Source: Reynolds BM, Balsam NA, Reynolds FX (1971) Falls
from heights. A surgical experience of 200 consecutive cases. Ann
Surg 174: 304

TABLE 1.5. Military trauma, all types

(Table 1.4). Robb and Mathews have reported a 5.7%
incidence of abdominal injury from the urban riot ac-
tivity in Belfast [22]. The Vietnam combat experience
was described separately by Feltis [5] and Heaton [9].
They found abdominal trauma in 14.4% and 7.1%
of injuries in their respective reports (Table 1.5).

VARIABLES AFFECTING MORBIDITY
AND MORTALITY

General

The introduction of improved communication tech-
niques and the rapid transportation of the trauma vic-

A. Regional distribution
of wounds in Vietnam,

Site % injuries®

B. Evacuation hospital
in Vietnam,

Head and neck
Thorax

Abdomen

Upper extremities
Lower extremities
Othere¢

% injuries®
12.0 11.3
7.2 10.1
7.1 14.0
22.4 29.9
40.6 34.7
10.7

a Of 7869 hospital admissions, October 1965 to June 1966.

b Of 6927 patients, 1971.

< Flanks, back, buttocks, genitalia, and unidentified as to location.
Source: (A) Heaton LD (1966) Military surgical practices of the United States Army in Vietnam.
Curr Probl Surg, Year Book Publishers (November 1966) Chicago, Ill.; (B) Feltis JM (1979) Surgical

experience in a combat zone. Am J Surg 119: 275



tim, the use of antibiotics, aggressive resuscitative
techniques using blood and colloid administration, the
monitoring of functioning circulatory blood volume
by venous pressure measurements, teams of skilled
abdominal surgeons, and better coordination of operat-
ing room and paramedical emergency personnel have
all contributed to a significant reduction in the morbid-
ity and mortality of patients who sustain trauma to
the abdomen.

The mortality for abdominal injuries sustained in
military combat has declined from a reported 53.5%
during World War I to 25% for World War II, 12%
for Korea, and finally 8.5% for the Vietnam conflict.
There has been a similar reduction in mortality of
civilian abdominal injury from 50% in 1943 [1] to
14% in 1960 [27]. Although the mortality rate for
nonpenetrating abdominal injury still ranges from
10.4% to 45.7% [18,19], the mortality for penetrating
abdominal injury, particularly from stab wounds, has
shown a gradual reduction. Billings and Walkling, in
1931, reported a mortality for civilian abdominal stab
wounds of 22% [3]. Forty-seven years later, McAl-
vanah and Shaftan found the mortality to be approxi-
mately 1% [14]. Aside from the form of injury, pene-
trating vs nonpenetrating, there are other variables
that play a role in the morbidity and mortality of
the patient.

Age and Sex

Although the problem of abdominal injury affects all
age groups, approximately 67% of patients are be-
tween 10 and 39 years of age [1,28]. Of patients who
require surgical treatment or who die from their in-
jury, 75.9% are in the first to fourth decade, with
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the highest incidence (25.9%) in the third decade [25]
(Table 1.6).

Nonpenetrating trauma is the etiology in 77.5%
to 79% of patients with injury to the abdomen [24,28].
The male to female ratio ranges from 3 : 1to 22 :1
for blunt trauma [8]; however, in children, the male/
female ratio is more nearly equal at 6 : 4 [21]. Of
the patients, 60% are under the age of 30 [27], and
70% are between 20 and 50 years old [8].

With penetrating injuries, 91% of patients are be-
tween the ages of 11 and 40, with a peak incidence
in the second decade. Seventy-eight to eighty-one per-
cent of all patients are male [19,29]. Thus, trauma is
a disease of the younger population, and males are
more commonly affected than females.

Condition of the Patient prior
to the Trauma

Vulnerability to abdominal trauma may vary with the
condition of the abdominal organs. Minimal trauma
in children can result in serious injury owing to the
high incidence of preexisting visceral lesions. Richard-
son [21] found that one-half of pediatric injury-related
renal lesions occurred in abnormal organs. In addition,
Baker and Berdon [2] have found that a specific organ
injury may frequently be superimposed on or lead to
the diagnosis of a previously silent, serious abnormal-
ity.

Patient mental awareness is always significant to
the outcome of a violent or potentially violent situa-
tion. Innumerable studies have shown that many ac-
cidents could have been avoided except for some cor-
rectable aspect of mental awareness. Such a
circumstance may also increase the delay between in-

TABLE 1.6. Age distribution of abdominal trauma in Connecticut in 1971

No. of % of No. of % of
Decade patients? patients? deaths® deathsP
0-9 Iy (12.2) 0 )
10-19 67 (19.5) 9 (19.1)
20-29 89 (25.9) 9 (19.1)
30-39 63 (18.3) 6 (12.8)
40-49 31 (9.0) 4 (8.5)
50-59 28 (8.1) 6 (12.8)
60-69 15 (4.4) 7 (14.9)
70-79 8 (2.3) 4 (8.5)
80-89 1 (0.3) 1 @.1)
Total 344 (100.0) 46 (97.8)

2 One patient (0.8%) of unknown age is not listed.

® One death (2.1%) in patient of unknown age is not listed.
Source: Strauch GO (1973) Major abdominal trauma in 1971. A study of Connecticut by the Connecticut
Society of American Board Surgeons and the Yale Trauma Program. Am J Surg 125: 413418
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jury and treatment with significant increase in morbid-
ity and mortality.

Multiple-System and Multiple Abdominal
Organ Injury

Extraabdominal injuries will frequently mask or com-
plicate the diagnosis and treatment of visceral trauma.
Williams and Zollinger [28] found that 40% of patients
with abdominal trauma had complications from ex-
traabdominal-system trauma. In a series of 200 non-
penetrating abdominal trauma patients reported by
Fitzgerald et al. in 1960, a comparison was made be-
tween patients dead on arrival (DOA) at the hospital
and patients who arrived alive (Table 1.7). Abdominal
injuries alone occurred in only 15.5% of patients in
the series. Of the 167 patients with multiple-system
injuries, 97 were dead before hospital admission and
17 were dead before therapy could be initiated. Extra-
abdominal injuries were present in 97% of patients
admitted DOA and in 70% of patients admitted alive
[6].

Allen and Curry found that there was multiple vis-
ceral involvement associated with 14% of nonpenetrat-
ing and 62% of penetrating injuries [1]. The factor
of multiplicity of organ injury as a predictive index
for prognosis has been established by a number of
clinical reports. The significance of multiple visceral
involvement with blunt trauma was described in 1961
by Kleinert and Romero [11]. They found that the
mortality rate with one organ involved was 8%, with
two organs 38%, and with three or more organs 70%.
Wilson and Sherman described a similar but less dra-
matic progression of mortality rate for civilian pene-
trating injuries. Feltis confirmed the same pattern in
military penetrating injuries [5,29] (Tables 1.8 and .
1.9).

TABLE 1.8. Civilian penetrating wounds of abdomen: Mul-
tiple organs and mortality, 275 cases

No. of Total Total
organs Stab Gunshot deaths deaths, %
1 0 0 0 0

2 4 1 5 23.8

3 1 5 6 28.6

4 1 3 4 19.0

Over 4 0 6 6 28.6
Total 6 15 21 100

Source: Wilson H, Sherman R (1961) Civilian penetrating wounds
of the abdomen. Factors in mortality and differences from military
wounds in 494 cases. Ann Surg 153: 639

TABLE 1.9. Relation of number of organs injured to mortal-

ity in combat

No. of organs  No. of % of No. of %
injured patients  patients  deaths  mortality

1 419 64.3 27 6.5
2 166 25.4 23 13.6
3 45 6.9 11 24.4
4 or more 22 3.4 18 81.8
Total 652 79 12.1

Source: Feltis JM (1979) Surgical experience in a combat zone.
Am J Surg 119: 275

The collected mortality figures of Williams and Zol-
linger [28] reveal that as many as two-thirds of patients
dying with intraabdominal injury had serious extraab-
dominal trauma, and of this group at least 14.4% may
have had an altered course if an early diagnosis of
abdominal injury had been made. Van Wagoner’s 1961
analysis of 606 healthy adult males who were injured

TABLE 1.7. Associated injury in 200 patients with nonpenetrating abdominal injury

Survival
Dead on Living on (group admitted
Entire series arrival arrival alive)

Injury No. % No. % No. % No. %

Rib fractures 108 54 71 71 37 37 21 57
Long-bone fractures 74 37 45 45 29 29 17 59
Craniocerebral 62 31 44 44 18 18 5 28
Pulmonary 62 31 50 50 12 12 4 33
Pelvic fracture 40 20 21 21 19 19 13 68
Spinal fracture 29 14.5 25 25 4 4 2 50
Heart and great vessels 19 9.5 19 19 0 0 0 0
Urethra 4 2 0 0 4 4 4 100
None 33 16.5 3 3 30 30 28 93

Source: Fitzgerald JB, Crawford ES, DeBakey ME (1960) Surgical consideration of nonpenetrating abdominal injuries. An analysis of

200 cases. Am J Surg 100: 22
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TABLE 1.10. Where death occurred in 159 patients dying as a result of auto accidents

Total no.

patients Salvageable Nonsalvageable Possible salvage
Death at scene 75 64 4
Death in transit 24 14 1
Death in hospital 60 44 4

Source: Frey CF, Huelke DF, Gikas PW (1969) Resuscitation and survival in motor vehicle accidents. J

Trauma a(4): 292-301

and died within 2 weeks after their admission to the
hospital adds a more worrisome fact. He found that
one of three patients in whom the main cause of death
was abdominal trauma had the diagnosis made at post-
mortem examination [26].

Condition of the Patient
following Trauma

Rapid transport of trauma victims makes the condition
of the patient at the time of hospital arrival a better
index of survival than in earlier times. The experience,
in both military and civilian settings, indicates that
trauma mortality is high in the early hours of hospitali-
zation of the critically injured patient. A series of auto
accident fatalities was reported by Frey et al. [7] (Table
1.10).

Strauch [25] reviewed the cumulative experience
with abdominal trauma in Connecticut and noted that
in a group of 345 patients, the mortality was 13.6%.
The deaths of eleven patients, or 23.4%, occurred prior
to operation. Eight patients died during surgery and
twenty-eight patients died subsequent to surgery.
Twenty-three of the forty-two patients died of hemor-
rhage and shock.

In Fitzgerald et al.’s series of patients with blunt
trauma, 93% of patients with a blood pressure record-
ing initially of greater than 90 mmHg (systolic) sur-
vived, whereas the survival was only 47% in patients
with a systolic blood pressure of less than 90 mmHg
[6]. Faris and Dudley, in reporting a series of patients
with closed liver injury, noted a mortality of 83.3%
if the initial blood pressure was less than 50 mmHg
(systolic); 34.2% if the blood pressure was between
50 and 100 mmHg; and 4.7% if the blood pressure
was greater than 100 mmHg [4].
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Violence (is) a “Face-Dancer’ Inherently possessing the capacity to modify
expressions, as the chameleon is able to change its colors. [31]



PENETRATING INJURY

Historic View and Changing
Mortality Rate

The severity of penetrating abdominal injury varies
with the injuring agent and the organs affected. The
variety of injuries that can be produced is a challenge
to the diagnostic and therapeutic skills of the physi-
cians involved in the patient’s care. Accidents, animal
attacks, environmental upheavals, and wars (using rel-
atively low-velocity missiles such as rocks, knives,
spears, and arrows) accounted for most visceral
trauma prior to the introduction of gunpowder. How-
ever, since the introduction of gunpowder in the
fourteenth century, there has been a progressively in-
creasing incidence of injury from relatively high-veloc-
ity missiles, causing extensive soft-tissue and osseous
injury.

Eviscerating abdominal wounds are frightening and
dramatic. Prior to modern surgery, the victims of such
injury were doomed to suffer a slow, painful death.
Because of the horror of such deaths, this form of
injury was incorporated into the procedure of formal
punishment and execution for very serious crimes. In
thirteenth-century England, drawing and quartering
included opening the abdomen and evisceration. The
entrails were then burned in front of the victim’s eyes!

The traditional approach to the therapy for pene-
trating abdominal trauma was to make decisions based
solely on the initial clinical assessment of the patient.
Emergency diagnostic procedures were not considered

in the evaluation of such injuries until the last few
years.

Nonoperative management of penetrating injuries
was accepted until the late nineteenth century. During
that pre-Listerian, preanesthesia era, the mortality for
penetrating injuries to the abdomen was over 90%.
The death of President Garfield in 1881 from a pene-
trating wound to the abdomen stirred interest in the
problem of surgical treatment for penetrating abdomi-
nal injury. The newly accepted surgical excision of
pelvic tumors and the possibility of laparotomy for
gunshot wounds was discussed by J. Marion Sims in
1882 [40]. A number of other surgeons wrote on the
subject of penetrating injury. Coley, in 1891, reported
a mortality of 67% for 165 abdominal injuries [3].
Stimson reported a mortality of 81% for 4958 cases
managed nonoperatively [43]. The mortality for pene-
trating abdominal injury during World War I was
high and the civilian experience was not better. Loria
reported a 62.3% mortality from the Charity Hospital
in New Orleans for the period between 1901 and 1930
[21].

The subsequent improvement in the results of sur-
gery for penetrating injury paralleled the progress in
medical and surgical science. World War II marked
the beginning of the current era in the management
of penetrating abdominal injuries—a period character-
ized by favorable surgical results, with the aid of antibi-
otics, blood transfusions, preoperative preparation,
and appropriate diagnostic techniques. Poer has sum-
marized this progress and stated that improvement
in surgical results during World War II was initiated

11
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TABLE 2.1. Mortality for penetrating abdominal wounds,

civilian

No. of Yo

Series Date patients mortality

Sherman 1956 212 7.8
McComb 1958 307 6.4
Moore 1959 109 6.4
Shaftan 1960 180 6.4
Wilson 1960 430 5.8
Perry 1970 129 35
McAlvanah 1978 829 2.5

Source: Adapted from Wilson H, Sherman R (1961) Civilian pene-
trating wounds of the abdomen. Factors in mortality and differences
from military wounds in 494 cases. Ann Surg 153: 639-649

by the introduction of prompt surgical intervention
using field hospitals, avoidance of long-distance trans-
port of patients, and the concept of triage [32].

The declining mortality rate for civilian penetrating
injuries to the abdomen has been encouraging. The
sequentially reported overall mortality figures show
a decline from 7.8% in 1956 to 2.5% in 1978 (Table
2.1).

The pattern of penetrating injuries in civilian life
has changed in recent years. Pridgen et al. reported
a 70% incidence of stab wounds and a 30% incidence
of gunshot wounds in a series of 776 cases, but noted
an increase in gunshot wounds in the later years of
the study [34] (Table 2.2). The reports of civilian pene-
trating injuries by Wilson and Sherman [50], Netter-
ville and Hardy [30], Ryzoff et al. [37], and Steichen
et al. [42] present a significant and increasing incidence
of gunshot wounds of the abdomen.

Etiology

In 1971, Strauch reported a large series of abdominal
injuries from the state of Connecticut; 16.6% of the
injuries were knife wounds and 13.7% were gunshot
wounds [44] (Table 2.3). DeFore et al. reported 1590
liver injuries in 1976 and showed a progressive increase

TABLE 2.2. Penetrating wounds of the abdomen: Type and

location
No. of cases
1950-1956  1957-1966 Total %
Stab wound 247 297 544 70
Gunshot wound 64 168 232 30

TABLE 2.3. Abdominal trauma, 1971

Type of injury No. of cases %
Blunt 229 66.6
Knife 57 16.6
Gunshot 47 13.7
Other perforating 11 3.2

344

Source: Strauch GO (1973) Major abdominal trauma in 1971.
A study of Connecticut by the Connecticut Society of American Board
Surgeons and the Yale Trauma Program. Am J Surg 125: 413418

in the incidence of gunshot wounds to the liver over
a 35-year period [5]. Between 1971 and 1974, there
were 322 gunshot wounds to the liver as compared
with 100 stab wounds. McAlvanah and Shaftan report-
ing from New York described 221 gunshot wounds
and 590 stab wounds in a total series of 829 penetrating
injuries up to 1978 [26] (Table 2.4). The weapons used
to inflict penetrating injuries in the civilian population
are documented in several of the foregoing series (Ta-
bles 2.5, 2.6).

The penetrating abdominal injury of military com-
bat has been largely the result of fragments projected
from exploding grenades, bombs, and shells. Bullets

TABLE 2.4. Abdominal trauma: Type of injury

Penetrating Blunt
Type No. Type No.
Stab wounds 590 Pedestrian auto 63
Gunshot wounds 221 Occupant auto 65
Other penetrating 18 Major falls 30
Other 49
Total 829 Total 207

Source: McAlvanah MJ, Shaftan GW (1978) Selective conserva-
tism in penetrating abdominal wounds. A continuing appraisal. J
Trauma 18: 206

TABLE 2.5. Agent producing penetrating injury

Agent No. of cases
Bullet 83
Knife 59
Shotgun 9
Broken glass 2
Broken chain link 1
Ice pick 1

Total 155

Source: Pridgen JE, Aust JB, Fisher GW (1970) Penetrating
Wounds of the Abdomen. Charles C Thomas, Publisher, Springfield,
1.

Source: Netterville RE, Hardy JD (1967) Analysis
of 155 cases with problems in management. Ann Surg
166: 232-237



TABLE 2.6. Agent producing penetrating injury

Agent No. of cases
Shotgun 49
Pistol 101
Ice pick 14
Butcher knife 15
Rifle 26
Switchblade knife 17
Pocket knife 44

Total 206

Source: Wilson H, Sherman R (1961) Civilian pene-
trating wounds of the abdomen. Factors in mortality and
differences from military wounds in 494 cases. Ann Surg
153: 639

were responsible for approximately one-third of ab-
dominal injuries prior to the Vietnam conflict. In addi-
tion to the magnitude of the intraabdominal injury
produced by the high-velocity force of the military
missiles, multiplicity adds to the overall complexity,
morbidity, and mortality of the military penetrating
injury.

Age, Sex, and Race

The traditional involvement of ethnic minorities in
the “urban trauma” phenomenon is a reflection of
the population distribution. The ultimate effect of ur-
ban violence, alcoholism, and drug abuse on the pro-
ductivity of minority youth is nonmeasurable but
unmistakably significant. The ready availability of
drugs will ultimately foster the spread of violence and
has profound and untold effects on the potential of
minority youth to participate in the “normal” pattern
of educational and psychological development. The
series presented by Wilson and Sherman [50] in 1961
gives the age, sex, and race distribution in 452 penetrat-
ing injury cases (Table 2.7). Lowe et al. from Chicago
reported that 88.1% of the 362 patients with gunshot
wounds were black, with an average age of 27.8 years
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[22]. The Brooklyn, New York series published in 1978
by McAlvanah and Shaftan included 829 patients suf-
fering penetrating injuries. Of the patients, 65% were
black, 19% were Puerto Rican, and 16% were white
[26]. Fifty-two percent of the patients were between
18 and 29 years of age. A specific study of penetrating
abdominal injuries in children and adolescents was
reported by Tunell et al. [48]. They described a series
of 132 patients up to 16 years of age. There were 5
deaths and 35 complications.

Stab Wounds
Mortality

The abdominal stab wound has been extensively stud-
ied. Many clinical reports list organ injuries, mortality,
and principles of management. The civilian experience,
documented between 1931 and 1978, has had an over-
all decline in mortality [28] (Table 2.8).

Penetrating stab injuries produce a somewhat pre-
dictable course. When injured by a sharp penetrating
object, the abdominal organs are split or lacerated,
not perforated and blown apart as in gunshot wounds.
Surgical repair of stab wounds is easier than is surgical
repair of organs injured by explosion-released projec-
tiles.

TABLE 2.8. Abdominal stab wounds

Series Date No. of patients % mortality
Billings 1931 7 220
McGowen 1935 100 21.0
Wright 1939 184 13.5
Rippy 1942 156 10.9
McComb 1958 243 2.5
Moss 1960 550 1.1
Kazarian 1971 500 1.1
McAlvanah 1978 590 1.1

Source: Adapted from Moss LK, Schmidt FE, Creech O Jr (1962)
Analysis of 550 stab wounds of abdomen. Am Surg 28: 483

TABLE 2.7. Penetrating abdominal wounds: Age, sex, and race distribution, 1948-1959, 452 cases

Peak age
Type Male Female Negro White (extremes) Total
Stab 215 17 14 20-30 262
(4-64)
Gunshot 152 38 18 20-30 190
(3-67)
Totals 367 85 32 20-30 452
(1-67)

Source: Wilson H, Sherman R (1961) Civilian' penetrating wounds of the abdomen. Factors in mortality and
differences from military wounds in 494 cases. Ann Surg 153: 639
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Site of Injury

The site of a stab injury may vary in appearance from
a small ice-pick wound to a large defect with eviscera-
tion (see section on physical examination, p. 44). The
appearance of the external wound is considered of lim-
ited clinical value in determining the extent and sever-
ity of abdominal injury.

Abdominal stab wounds have a predictable pattern
based on the fact that the injuries are most often in-
flicted from the front and by right-handed assailants
[17,26]. Such stab wounds more commonly occur on
the left side of the body and are two to three times
more likely to involve the upper as opposed to the
lower abdominal quadrants. This pattern of injury for
civilian stab wounds is described by Hopson et al.
[17] and, more recently, by McAlvanah and Shaftan.

TABLE 2.9. Stab wounds: 297 cases

The location and incidence of penetration given by
Hopson et al. (Table 2.9) show that penetration of
the full thickness of the abdominal wall occurs in 65%
to 80% of cases [17]. However, penetration and vis-
ceral injury are obviously not synonymous and pa-
tients may sustain penetration of the abdomen without
significant organ injury.

The percentage distribution of organ injury from
stab wounds differs from that of gunshot wounds. Stab
wounds are accompanied by a lower incidence of
small-bowel and colonic injury. This difference can
be explained by the tendency of intestinal loops to
move away from a penetrating object forced through
the abdominal wall at a relatively slow speed. There
is also a lower incidence of multiple-organ injury with
stab wounds (Table 2.10).

Although evisceration of omentum or bowel and

Mid Back
RUQ? RLQ LUQ LLQ Upper Lower R L Total
No penetration 18 5 35 13 21 3 2 2 99
Penetration but
no injury 17 4 30 12 18 1 2 2 86
Penetration and
visceral injury 26 11 46 14 12 6 0 6 121
Total 61 20 111 39 51 10 4 10 306

Key: RUQ, right upper quadrant; RLQ, right lower quadrant; LUQ, left upper quadrant; LLQ, left lower quadrant.
Source: Hopson WB, Sherman RJ, Sanders JW (1966) Stab wounds of the abdomen. 5 year review of 297 cases. Am J Surg 32: 213

TABLE 2.10. Civilian penetrating wounds of the abdomen: Organ-injury distribution and mortality, 279 cases

Type
%
Injury Stab GSwa Cases Wounds Deaths Mortality

Aorta 0 2 2 2 2 100
Vena cava 1 2 3 3 1 33.3
Biliary 2 4 6 6 2 333
Duodenum 2 17 19 22 5 26.3
Pancreas 7 3 10 10 2 20
Urinary bladder 0 12 12 14 2 16.7
Kidney 6 14 20 20 3 15
Vascular 12 9 17 17 2 11.8
Colon 18 68 86 98 10 11.6
Small bowel 34 58 92 521 10 10.9
Spleen 9 10 19 19 2 10.5
Stomach 35 19 54 67 5 9.3
Liver 63 44 107 112 7 6.5
Uterus 1 2 3 3 0 0

2 Gunshot wound.

Source: Wilson H, Sherman R (1961) Civilian penetrating wounds of the abdomen. Factors in mortality and differences from military

wounds in 494 cases. Ann Surg 153: 639



leaking of small-bowel contents through an abdominal-
wall wound clearly imply full-thickness wall injury
and visceral trauma, the clinical differentiation of non-
penetrating, penetrating, and penetrating wounds with
visceral trauma is difficult without an exploratory lapa-
rotomy. In the past, radiology has played its least sig-
nificant role in this population of patients, since early
surgical exploration was frequent. In addition, Wilson
and Sherman [50] suggest that, in terms of the diagno-
sis of perforation, radiologic studies were helpful in
only 8.3% of patients, produced false-positive diag-
noses in 2.4%, and were of no diagnostic value in
89.6%. However, the identification of entry and exit
stab wounds with lead markers prior to the radiologic
evaluation of the abdomen may be helpful, not only
in suggesting peritoneal penetration, but also in sug-
gesting possible visceral injury. Entry and exit stab
wounds in close proximity to one another or flank
wounds may suggest a benign injury, but associated
hemoperitoneum or trauma to an organ must be ruled
out.

The Selective Approach to Surgery

The decision to explore all patients with stab wounds
is controversial. A clinically selective approach to the
management of these wounds has been proposed and
vigorously espoused by a number of authors. The cur-
rent emphasis on clinical judgment in deciding the
course of management of civilian stab wounds of the
abdomen is a noteworthy advance in therapy. It has
focused attention on the need to view the abdominal
trauma patient as a diagnostic challenge.

In 1960 Shaftan reported on 180 abdominal trauma
patients from the Kings County Hospital. Only 53
of these patients were explored, and there was only
1 death as a result of this selective approach [38].
Printen et al. reported on 267 patients with stab

TABLE 2.11. Management of stab wounds
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wounds from Cook County Hospital. In this series,
52.9% of patients were observed without surgical ex-
ploration with no mortalities [33]. Nance and Cohn
published a retrospective comparative series of 600
patients [29]. Between 1964 and 1967, 92% of 480
patients had exploratory laparotomy. Only one-third
of patients explored required repair of an intraabdomi-
nal injury. In a later, second series of 120 patients
treated with a selective approach, 72 patients escaped
surgery. Thus, the surgical exploration rate for stab
wounds decreased from 92% to 40%. There were no
complications in the conservatively managed group,
and the average hospital stay was 2.1 days [29] (Table
2.11).

Certain authors favor continuing a policy of man-
datory exploration of all abdominal stab wounds.
Mathewson [25] and Forde and Ganepola [12] are
representative of this group. They have emphasized
the low morbidity and mortality in laparotomies with
no significant findings, and stress the dangers of ob-
serving patients with initially negative abdominal ex-
aminations.

However, there is a mortality and morbidity associ-
ated with negative laparotomy. Lowe et al. reported
on the problem and presented a morbidity figure of
19% for patients with no visceral injury and 23%
for patients with minor visceral injury [23]. The figure
for morbidity in a no-injury group explored at the
Charity Hospital between 1964 and 1967 is given in
Table 2.12 [29].

In supporting the selective approach, Nance and
Cohn documented the low mortality from peritonitis
in a large collected review of series of stab wounds
(Table 2.13). The emphasis on adjunctive diagnostic
procedures in managing penetrating injury is stressed
by Lowe et al. [22] and McAlvanah and Shaftan [26].
The use of such techniques should reduce the incidence
of negative exploration and thereby decrease the mor-

1964-1967 1967-1969
480 cases 120 cases
No. No.
Disposition patients Yo patients %
No exploration 38 8 72 60
Exploration, no injury 250 52 12 10
Injury, no repair necessary 46 9 ¢92% 3 3 +40%
Injury, repair required 146 31 33 27
Total 480 100 120 100

Source: Nance CF, Cohn I Jr (1969) Surgical judgment in the management of stab wounds of the
abdomen. A retrospective and prospective analysis based on a study of 600 stabbed patients. Ann Surg

170(4): 569-580
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TABLE 2.12. Complications following exploration for stab
wounds, 1964-1967

Injury, Injury,

Laparotomy  no repair repair

Complication no injury required  required
Wound infection 25 4 10
Temp, 101° 21 4 20
Evisceration 5 0 5
Spleen injury 4 0 0
Intra. abd. abscess 3 0 3
Torn small bowel 3 0 0
Obstruction 2 1 4
Prolonged ileus 1 0 2
Pneumonia 2 1 4
Atelectasis 1 4 4
Fecal fistula 0 1 0
Death 1 0 1

Source: Nance CF, Cohn I Jr (1969) Surgical judgment in the
management of stab wounds of the abdomen. A retrospective and
prospective analysis based on a study of 600 stabbed patients. Ann
Surg 170(4): 569-580

bidity and mortality associated with it. Recent figures
for the operative indications, morbidity and mortality
of the selective management of penetrating injury are
presented by McAlvanah and Shaftan [26] (Tables
2.14-2.16).

Guernsey and Ganchrow have reported an experi-
ence with exploratory laparotomy in patients with

multiple-system injury during the Vietnam conflict.
Of 700 patients with multiple injury, 561 had intraab-
dominal injury [15]. The morbidity in the 139 patients
with negative findings was 2%.

The “selective” approach to abdominal stab
wounds starts with a complete initial examination of
the patient including radiologic and laboratory studies.
If the patient does not have findings indicating the
need for laparotomy at that time, the patient is admit-
ted to the hospital for close observation including the
frequent determination of vital signs and repeated
physical examination by a competent physician. If
there is any change in the patient’s condition or the
development of any of the criteria for intervention,
exploratory laparotomy is carried out. The clinical
criteria for mandatory exploration reported and listed
by Richter and Zachy [36] differ little from the criteria
used by Nance and Cohn [29] or by Shaftan [39] (see
Table 2.17).

Although the presence of free intraperitoneal air
is strong evidence for peritoneal penetration and possi-
ble visceral injury, Ryzoff et al. describe a single case
of penetrating injury with free air and no abdominal
signs that did not have visceral injury at the time of
exploration [37].

The presence of evisceration of bowel or omentum
suggests that there should be mandatory exploration.
However, 6 of 19 stab-wound patients with eviscera-
tion reported by Steichen et al. did not have a visceral
injury [42]. Of 25 cases with evisceration of the omen-

TABLE 2.13. Peritonitis, a rare cause of death: Deaths from abdominal sépsis following stab wounds of abdomen

(collected series)

Died of

Institution Policy No. cases No. died peritonitis
Charity Hospital Explore 1783 14 0
John Gaston Explore 297 4 1
John Gaston Explore 256 8 2
Robert B. Green Explore 243 6 1
Lincoln Hosp., N.Y. Explore 158 7 1
Univ. Mississippi Explore 60 0 0
Manchester, England Explore 43 3 1
Univ. Illinois Selective 127 0 0
Kings County Selective 477 10 0
Cook County " Selective 267 2 0
L. A. County Selective 369 6 2
Joint Diseases Selective 159 3 0
Kansas City Gen. Selective 326 3 0
Baragwanath Hospital Selective 3402 13 4
Baragwanath Hospital Selective _100 1 0

5005 72 (1.44%) 12 (0.24%)

@ Includes gunshot wounds.

Source: Nance CF, Cohn I Jr (1969) Surgical judgment in the management of stab wounds of the abdomen. A retrospective and prospective
analysis based on a study of 600 stabbed patients. Ann Surg 170(4): 569-580
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TABLE 2.14. Operative indications—Penetrating trauma
Stab Gunshot Other

Initial peritoneal signs 26 (14.7)2 27 (22.5) 1 (16.7)
Development of signs 41 (23.2) 17 (14.1)

Positive tap_[!ava_ge 82 (46.5) 49 (40.8) 1 (16.7)
Shock/bleeding 6 (33) 14 (11.7) 2 (33.3)
Bowel evisceration 13 (7.3) 1 (0.8) 1 (16.7)
Ancillary 6 (3.4 6 (49 1 (16.7)
Routine 2 (11 6 (50

—
2
(=)}
—
[}
o
=}

® Figures in parentheses are percentages.
Source: McAlvanah MJ, Shaftan GW (1978) Selective conservatism in penetrating
abdominal wounds. A continuing appraisal. J Trauma 18: 206

TABLE 2.15. Mortality—Penetrating trauma

Total number Total deaths %
Stab wounds 590 7 1.1
Stab nonoperated 414 3a 0.72
Stab operated 176 4 2.2
Gunshot wounds 221 12 5.4
GSW nonoperated 101 42 4.02
GSW operated 120 8 6.6
Other penetrating 18 2 11.1
Nonoperated 12 0 0
Operated 6 2 333

2 Includes moribund patients dying before treatment.
Source: McAlvanah MJ, Shaftan GW (1978) Selective conservatism in penetrating
abdominal wounds. A continuing appraisal. J Trauma 18: 206

TABLE 2.16. Morbidity—Penetrating trauma

With
Total number complications %

Stab wounds ™ = 590 69 11.7

Stab nonoperated 414 12 2.9

Stab operated 176 57 324
Gunshot wounds 221 64 29

GSW nonoperated 101 3 3.0

GSW operated 120 61 50.8
Other penetrating 18 5 27.8

Nonoperated 12 1 8.3

Operated 6 4 66.7

Source: McAlvanah MJ, Shaftan GW (1978) Selective conservatism in penetrating
abdominal wounds. A continuing appraisal. J Trauma 18: 206

17

tum reported by Ryzoff et al., 11 had surgery and
no visceral injury was present [37]. In 8 of these cases,
only ligation and reduction of the omentum was per-
formed. In the presence of omental protrusion, clinical
signs were an accurate indication of the need for lapa-
rotomy.

A large series of patients with evisceration of omen-
tum and bowel was presented by Thavendran et al.
(Table 2.18).

A relatively small number of their patients had a
negative laparotomy when omental protrusion was
present [46]. Evisceration of bowel or omentum indi-
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TABLE 2.17. Indications for laparotomy: Stab wounds of the abdomen

A

B

Mandatory laparotomy: One or more of
the following:

—

. Peritoneal signs
a. Absent bowel sounds
b. Rebound tenderness
c. Abdominal rigidity
. Shock or systolic BP below 90 mmHg
. Gastrointestinal bleeding
. Urinary-tract bleeding
. Free intraperitoneal air
. Evisceration of bowel
. Uncontrolled bleeding from the wound

NNV AW

1. If patient has evisceration, shock, or ob-
vious peritonitis, do not delay appropri-
ate treatment.

2. Exploratory laparotomy will be carried
out on the following indications:

a. Evisceration of an intraperitoneal
structure such as omentum of bowel

b. Signs of intraperitoneal injury—par-
ticularly diffuse guarding or tender-
ness, rebound, or decreased or absent
bowel sounds

c. Blood in the nasogastric tube or on
rectal examination

d. Definitely positive peritoneal aspira-
tion

e. Air under the diaphragm on X-ray

3. All other patients will be observed for
a period of 48 h.

Source: (A) Richter RM, Zachy MH (1967) Selective conservative management of penetrating abdominal
wounds. Ann Surg 166: 238-244; (B) Nance CF, Cohn I Jr (1969) Surgical judgment in the management
of stab wounds of the abdomen. A retrospective and prospective analysis based on a study of 600 stabbed

patients. Ann Surg 170(4): 569-580

TABLE 2.18. 226 abdominal stab wounds: Significance

of evisceration of bowel and omental protrusion

Omental Evisceration
protrusion of bowel
No. of patients 48 10
No. died 1 0
Operation 47 10
Operative deaths 0 0
Negative laparotomy 5 2

Source: Thavendran A, Vijaygragavan A, Rasaretnam R (1975)
Selective surgery for abdominal stab wounds. Br J Surg 62: 750~
752

cates penetration of the abdominal wall and peritoneal
cavity, and wounds of this size require operative repair
in almost all instances to avoid abdominal-wall her-
nias. The question that remains is whether abdominal-
wall repair should be accompanied by complete explor-
atory laparotomy. If general anesthesia is required for
the repair, then laparotomy adds little further insult
to the patient.

Roentgenographic Evaluation by Stab-Wound
Contrast Injection

The use of direct contrast injection under radiologic
control to study penetrating abdominal wounds was
introduced by Cornell et al. in 1965 [4]. To perform

this examination, a catheter is snugly fitted into the
penetrating abdominal wound and secured to the
wound edges by surgical suture material; 50-60 cc
of urographic water-soluble contrast material is then
injected under pressure through the catheter and into
the wound. Penetrating injury to the abdominal cavity
can be demonstrated by the intraperitoneal spread of
contrast to outline loops of bowel and other abdominal
viscera. In experienced hands the examination has an
accuracy rate of 90%. However, certain limitations
do exist. First, the procedure is quite painful. Second,
serial abdominal examinations may be precluded by
the presence of residual contrast and/or air secondary
to the infusion. Third, the examination only indicates
entrance of the peritoneal cavity which does not neces-
sarily indicate visceral injury or penetration. Fourth,
there is a significant false-positive rate of 6.7% as well
as a significant false-negative rate. False negatives are
attributed to (a) the use of peritoneal lavage prior to
this examination, (b) the presence of multiple penetrat-
ing wounds, (c) insufficient volume of contrast and
injection pressure, and (d) the unreliability of the tech-
nique when the pleura has been entered.

Steichen et al., at Lincoln Hospital in New York
City, compared clinical selective management of pa;
tients with penetrating injury to those observed with
radiologic diagnosis and management in a randomly
selected prospective group of 267 patients. In the stab-
wound group, the radiologic diagnosis resulted in a



15.9% incidence of unnecessary laparotomies. Clini-
cally selective management resulted in a 7.3% inci-
dence [42]. For gunshot wounds, Steichen et al. found
that clinical signs were manifested early, and radio-
logic diagnosis was relied on in only 6 patients. Five
patients did not have evidence of penetration of the
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peritoneal cavity and were treated without laparotomy.
The other gunshot-wound patients were treated by
selective management. Of these, 5 were treated conser-
vatively because of a lack of clinical findings, and did
not require exploratory laparotomy (Tables 2.19, 2.20).

Although the concept of using physical findings

TABLE 2.19. Stab wounds: Radiographic examination vs selective management (7/1/66-8/31/68)

Total: 155
Radiographic Selective
8|8 6|7
Peritoneal No False Clinical Clinical False
penetration penetration negative signs pos. signs neg. negative
hypaque hypaque 1 for lapa. for lapa. 0
47 40 26 41
Visceral No Visceral No
injury visceral injury visceral
33 injury 21 injury
14 5
(15.9%) (7.3%)

Source: Steichen FM, Efron G, Pearlman DM, Weil PH (1969) Radiographic diagnosis vs selective management in penetrating

wounds of the abdomen. Ann Surg 170(6): 978-983

TABLE 2.20. Gunshot wounds: Radiographic examination vs selective management

(7/1/66-8/31/68)
Total: 33
Radiographic Selective
T 27
Peritoneal No Clinical Clinical False
penetration penetration False signs pos. signs neg. negative
hypaque hypaque negative for lapa. for lapa. 1
1 5 0 21 5
(Visceral
injury)
Visceral No
injury visceral
20 injury

1

Source: Steichen FM, Efron G, Pearlman DM, Weil PH (1969) Radiographic diagnosis vs selective management in
penetrating wounds of the abdomen. Ann Surg 170(6): 978-983
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as the basis for operative intervention appears to be
current, debate over the proper approach to penetrat-
ing abdominal injuries has existed for many years.
The present debate over selectivity and the conserva-
tive management of stab wounds has been accom-
panied by rapid progress in the development of
adjunctive diagnostic techniques applicable to patients
suffering abdominal trauma. The proponents of selec-
tivity find favor in the fact that a great deal of informa-
tion about the condition of the abdominal injury can
now be obtained without a surgical procedure.

Gunshot Wounds
The Weapon

Two and one-half million handguns are sold in thé
United States each year. Firearms are five times more
deadly than knives, and of the 20,000 homicides in
the United States in 1974, 54% were the result of
handgun injuries [2]. Recently there has been a signifi-
cant change in the pattern of homicides. In the past,
the percentage of murders by strangers was relatively
low. At the present, reports from New York and Wash-
ington, D.C. describe a significant increase in such
murders, nearly reaching the 50% mark. The handgun
homicide rate in the United States is 3.5 to 10 times
that of similar homicide rates of at least 10 other major
countries.

Wounding Potential

The wounding potential of a bullet is dependent on
its caliber (diameter expressed in millimeters), weight,
construction, and velocity. Information about the
weapon used in producing a gunshot wound may help
in appreciating the extent of injury to organs and adja-
cent tissues produced by the passage of the bullet
through the patient. The variability of wounding po-
tential of a number of different bullets with similar
weight is shown in Table 2.21 [6].

The two most important features of the bullet, with
respect to wounding potential, are its velocity and con-
struction. The kinetic energy of the bullet, produced
by its forward motion and rotation, is expended in
the tissues along the wound tract. These tissues become
secondary missiles which move outward at enormous
speeds, creating a cavity. The size of the cavity is
directly proportional to the energy absorbed by the
expanding medium. This energy absorption increases
with increases in specific gravity of the tissues involved.
Thus, the lung will suffer less bullet-wound damage
than will the liver, spleen, or kidney. Bullet construc-
tion is also important in the degree of tissue damage.
An expanding bullet, which can enlarge several times

TABLE 2.21. Variability between energy (wounding poten-
tial) in bullets of similar caliber

Muzzle

velocity Energy

Weight (approx. (muzzle)

Projectile (® ft/s) (ft-Ib)
.22 Caliber runfire 40 1145 116
.220 Swift 55 4100 2000
30-30 170 2100 1660
30-06 180 2800 3130
.32 Pistol (new colt) 98 785 134
.32 Special (rifle) 170 2100 1660
.38 Colt (pistol) 150 680 154
.38 Special (pistol) 158 855 256
.375 H&H Magnum 270 2740 4500

Source: DeMuth WmE (1968) High velocity bullet wounds of
the thorax. Am J Surg 115: 616-625

its normal caliber, will allow greater energy transfer
and thus result in a far larger cavity. The wound pro-
duced will have a cone configuration from entrance
to exit. This cone of tissue injury is much greater in
volume than the injury produced by jacketed, nonex-
panding bullets which allow less energy transfer. Jack-
eted bullets, however, have greater penetrating power
than expanding ones. Fortunately, most of the hand-
guns available in the urban communities are poorly
made, have low caliber and muzzle velocity, use bullets
which do not readily expand, and are of poor accuracy.
Considerable imagination has been used in the con-
struction of weapons that are easily concealed. The
gun in the form of a fountain pen is an example (Fig.
2.1).

The general clinical effect of low-velocity versus
high-velocity wounds is evident in the difference in
mortality between military and civilian bullet-wound
injuries. A high-velocity missile will cause extensive
damage to tissue adjacent to the missile tract. The
passage of a high-velocity bullet into or through the
abdomen will cause widespread bursting injury to any
organ near the bullet. Low-velocity missiles will often
change trajectory at interfaces between tissues of dif-
ferent density. For this reason, the path of the bullet
through the abdomen in urban injury can be unpre-
dictable, and a thorough and complete abdominal ex-
ploration is necessary in surgically assessing bullet
wounds of the abdomen. A bullet-produced abdominal
injury may be characterized by a small, innocuous
entry wound, and radiologic evaluation will be re-
quired to judge the course of the bullet and to locate
the position of the missile in the abdominal cavity
or adjacent areas.

The increasing incidence of gunshot wounds has
been documented many times. The only compensation
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FIG. 2.1. Disguised weapons may be in unusual forms. A gun disguised as a fountain pen is shown in the figure. The

device holds a single 22-caliber bullet.
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FIG. 2.2. Graphic representation of mortality and incidence
of gunshot wounds of the abdomen. From Taylor FW (1973)
Ann Surg 177: 174-177

for the increasing problem of missile injury is the de-
clining mortality and morbidity from such trauma.
Surgical-trauma experience and education in the diag-
nostic aspects and medical management of the problem
have contributed to the favorable current outlook—
especially in civilian life. It is of note that the current
mortality for gunshot wounds relates more to vascular

than to bowel injury. Taylor has published a retro-
spective review of gunshot-wound mortality going
back to 1930. The changing pattern of organ injury
and its contribution to mortality is also well docu-
mented by Taylor [45] (Fig. 2.2, Table 2.22).

Shotgun Injury

Shotgun wounds can be classified into three categories
on the basis of the amount of tissue injury produced.
Aside from the multiple small missiles of the shotgun
blast, the potential for tissue injury is more determined
by the distance between the weapon and the victim
than for regular gunshot injury. Type 1 injury is pro-
duced from the shotgun 7 or more yards away from
the victim. The injury is usually one of penetration
of the subcutaneous tissues and deep fascia. Type 2
injuries result when the patient is shot within a range
of 3—7 yards and the wound shows perforation beneath
the deep fascia. Type 3 injury is sustained when the
shotgun is less than 3 yards away, resulting in massive
injury and disorganization and devitalization of tissue.
In civilian shotgun injuries, there is often close proxim-
ity between the victim and the assailant, and severely
damaging wounds are inflicted. Most accidental or

TABLE 2.22. Mortality percent resulting from various injured organs

1930-1938 1938-1946 1946-1955 1955-1962 1962-1970
Stomach-small 45 0 — 15 2.38
Colon-rectum 33 33.0 — 0 11.80
Gut + solid viscus 84 70.0 — 36 11.90
Solid viscus 70 5.3 — 13 11.10
Great vessel
Aorta, renal a.
portal v. — — — 75 62.00
Iliacs, vena cava — — — 45 20.00

Source: Taylor FW (1973) Gunshot wounds of the abdomen. Ann Surg 177: 174-177
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FIG. 2.3. Close proximity shotgun wounds produce exten-
sive soft-tissue injury. In addition to the shredding effect of
multiple missiles, injury is often inflicted by the plastic wad-
ding from the shotgun shell. This figure is a photo of plastic
wadding removed from the right lobe of the liver in a patient
who sustained a close-range shotgun injury to the right upper
quadrant with laceration of the liver, colon, diaphragm, and
lung. A right hepatic lobectomy was required.

assault shotgun injuries are sustained at 20 yards or
less, and the injured patient is struck by the full load
of the shot. Shotgun wounds produce a shredding effect
on the tissues and introduce clothing debris as well
as shell wadding or plastic caps into the substance
of the wound (see Fig. 2.3).

Fitzgerald et al. studied 1487 civilian gunshot
wounds of which 154 of the injuries were from shot-
guns. One hundred and three patients had truncal inju-
ries. Multiple-organ and multiple-system injury was
common, as were cases with thoracoabdominal or
body-wall defects. A high percentage of patients.died
from complications subsequent to the initial treatment.
Reconstructive surgery was frequently necessary and
was associated with prolonged hospitalization [11]
(Tables 2.23, 2.24).

Mandatory Surgical Intervention and
Selectivity

Abdominal gunshot wounds require surgical explora-
tion immediately after the patient’s condition is fully
evaluated and stabilized. This approach is modified
if it is proven that abdominal-wall penetration has
not occurred. The gunshot-wound victim may presént
with a tangential wound or a flank or back wound
without definite penetration of the peritoneal cavity.
The innocuous nature of such missile injuries must
be proven by the examining physician.

An important difference between abdominal stab
wounds and gunshot wounds is a low incidence of
significant injury in the former and a high incidence

TABLE 2.23. Classification of 103 truncal shotgun wounds

Total no. Survival
of No. of No. of rate
patients survivors deaths (%)
Group 1
Observation 12 12 0 100
Group II
Observation and tube thoracostomy 11 11 0 100
Group III
General anesthesia 19 16 3 84
Major procedure
Extrapleural or extraperitoneal
Group IV
General anesthesia 61 42 19 69
Major procedure
Thoracotomy or laparotomy
Total 103 81 22 79

Source: Fitzgerald JB, Quast DC, Beahl AC, DeBakey ME (1965) Surgical experience with 103 truncal

shotgun wounds. J Trauma 5: 72



TABLE 2.24. Major organs injured

(group IV)

Organ Number
Colon 32
Small intestine 32
Lung 23
Liver 19
Stomach 15
Kidney 14
Diaphragm 13
Major artery 12
Spleen 10
Major vein 8
Pancreas 7
Mesentery 7
Rectum 3
Bladder 3
Heart 2
Esophagus 2
Appendix 2
Gallbladder 1
Omentum 1
Uterus 1
Ureter 1

Total 208

Source: Fitzgerald JB, Quast DC, Beahl
AC, DeBakey ME (1965) Surgical experi-
ence with 103 truncal shotgun wounds. J
Trauma 5: 72

in the latter. Lowe et al. reviewed the problem of selec-
tivity in the management of gunshot-wound patients
[22]. Aside from a lower mortality, stab wounds had
a one-third incidence of significant abdominal injury
in their series. Abdominal gunshot wounds had an
incidence of significant organ injury in 69.9% of 362
patients, with a mortality rate of 11.8%. These figures
and a similar high incidence of severe injury from
abdominal gunshot wounds in other series justify a
more aggressive surgical approach in patients with
gunshot wounds (Table 2.25).

TABLE 2.25. Disposition of 747 patients with abdominal
gunshot and stab wounds
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TABLE 2.26. Results of explorations done
in the absence of clinical indications for surgery

Group Patients
No injury found 24 (58.5%)
Injury found 17 (41.5%)

Organs injured
Diaphragm
Liver
Spleen
Colon
Stomach
Major veins
Pancreas

NN DN WWWm

Source: Lowe RJ, Salletta JD, Read DR, Rad-
hakrishnan J, Moss GS (1977) Should laparotomy
be mandatory or selective in gunshot wounds of the
abdomen. J Trauma 17: 903-907

Lowe et al. performed exploratory surgery on 41
patients with gunshot wounds who did not have preop-
erative clinical findings of visceral injury. They found
that 17 patients had significant organ injuries found
at the time of surgery, and 24 patients did not [22]
(Table 2.26). Peritoneal signs were present in 30 of
a‘total of 54 patients with negative exploratory surgery.
Lowe et al. emphasized the value of assessment of
the bullet wound to determine whether there has been
penetration of the peritoneal cavity by the missile. In
the presence of such penetration, only 2.4% of patients
fail to show a visceral injury (Tables 2.27-2.29). Thus,
careful diagnostic study of the wound to determine
the extent of abdominal-wall and peritoneal injury
is important. Tangential abdominal-wall gunshot
wounds can produce enough local effect to cause the
typical tenderness, rigidity, and rebound of peritonitis.
The morbidity rate in trauma for simple abdominal
laparotomy, when no significant visceral injury is
found, is reported as significant [23]. These morbidity
and mortality rates are strong arguments for selectivity
and careful preoperative assessment of all penetrating
injury cases. In addition to the prevention of unwar-
ranted surgical intervention and its associated compli-

Gunshot Stab TABLE 2.27. Reliability of abdominal-cavity penetration as
Disposition wounds wounds a predictor of injury
Not explored 55 (15.2%) 207 (53.8%) Missile course No. cases % with injuries
Explored-negative 54 (14.9%) 59 (15.3%)
Explored-positive 253 (69.9%) 119 (30.9%) Intraabdominal 259 97.6
Total 362 385 Extraabdominal 48 0

Source: Lowe RJ, Salletta JD, Read DR, Radhakrishnan J, Moss
GS (1977) Sould laparotomy be mandatory or selective in gunshot
wounds of the abdomen. J Trauma 17: 903-907

Source: Lowe RJ, Salletta JD, Read DR, Radhakrishnan J, Moss
GS (1977) Should laparotomy be mandatory or selective in gunshot
wounds of the abdomen. J Trauma 17: 903-907
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TABLE 2.28. Abdominal gunshot wounds: Major indica-
tions for surgery

Injury No injury
Indication found found
Peritoneal signs 197 30
Absent bowel sounds 80 4
Shock 59 0
Positive IVP or cystogram 35 3
Blood in the GI tract 23 0
Pneumoperitoneum 15 0
Evisceration 3 0
None 17 24

Source: Lowe RJ, Salletta JD, Read DR, Radhakrishnan J, Moss
GS (1977) Should laparotomy be mandatory or selective in gunshot
wounds of the abdomen. J Trauma 17: 903-907

TABLE 2.29. Essential characteristics of patients undergo-
ing negative laparotomies for abdominal gunshot wounds

Missile path

Extraperitoneal 48 (88.9%)

Intraperitoneal 6 (11.1%)
Preoperative findings

Shock 0

Peritoneal signs 30

Absent bowel sounds 4

Positive IVP 3

None 24
Average hospital stay 7.8 days

Source: Lowe RJ, Salletta JD, Read DR, Radhakrishnan J, Moss
GS (1977) Should laparotomy be mandatory or selective in gunshot
wounds of the abdomen. J Trauma 17: 903-907

cations, a selective approach to abdominal injuries
often results in a shortened hospital stay and financial
savings.

The Military Experience

The most recent military experience with injuries to
the abdomen has been almost exclusively with pene-
trating wounds. Heaton states that penetration or per-
foration occurred in 98.2% of wounds in Vietnam.
This was the same pattern observed in World War
II and the Korean War. However, the nature of the
penetrating agent in Vietnam differed from previous
wars in that 71.8% of the injuries were the result of
bullets and 26.4% resulted from fragments [16]. The
incidence of fragment injury was higher in the previous
conflicts (Fig. 2.4). Heaton also states that in World
War II there were a total of 4893 organ injuries in
3154 patients or 1.55 injuries per patient. For Vietnam,
the organ-injury/patient ratio was 1.67. In other
words, the Vietnam conflict resulted in more multiple-

FIG. 2.4. The soldier depicted in this figure received a shrap-
nel injury to the right lower quadrant during the Vietnam
War. There was damage to the cecum and terminal ileum.
The large size of the exit wound is typical for this type of
injury. Abdominal shrapnel wounds were more common dur-
ing World War II than during the Vietnam War.

organ injuries (Table 2.30). The extensive use of light-
weight, low-caliber, high-velocity bullets probably ac-
counts for this increase in organ injury.

Feltis, in his report from Vietnam, emphasized the
high mortality during the first 24 h after military injury
[9]; 56.2% of deaths occurred in that period and 33.8%
occurred in the operating room (Table 2.31). Feltis
reviewed 769 laparotomies and found that there were
positive findings in 652 or 84.8% of patients. The inci-
dence of organ injury was 1.5 organ injuries per posi-
tive laparotomy. There were 79 deaths in the positive
laparotomy group for an overall mortality of 12.1%.
The mortality correlated directly with the number of
organs injured, and the highest mortality was in pa-
tients with major intraabdominal vascular injuries. In
the mortality group, the most common organ injury
was the colon, with the small intestine second (Tables
2:32-2.34). ‘

BLUNT, NONPENETRATING INJURIES

Incidence and Mortality

The victim of a gunshot wound or an eviscerating
stab wound of the abdomen will attract the prompt
attention of hospital staff. The blunt-trauma victim
may be handled with less concern because the abdomi-
nal wall is intact, the symptoms and findings are vague,
the initial vital signs may be satisfactory, and the sever-
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TABLE 2.30. Distribution of injured qrgans in operated casualties

World War II Vietnam (1966)
(3154 patients) (201 patients)
No. % No. Yo
Total organs injured 4893 155.0 336 167.0

Stomach 416 13.2 34 16.9
Small intestine 1286 . 40.8 111 55.2
Colon and rectum 1222 36.5 64 32.3
Liver 829 26.3 51 25.4
Spleen 341 10.8 29 14.4
Kidney 427 135 15 7.5
Bladder 155 49 16 79
Pancreas 62 2.0 9 4.5
Great vessels 75 2.4 4 2.0
Gallbladder 53 1.7 1 0.5
Ureter 27 0.9 2 0.5
Exploration, no injury 333 10.6 27 13.4
Organ injuries/patient 1.55 1.67

Source: Heaton LD (1966) Military surgical practices of the United States Army in Vietnam. Curr Probl Surg,
Year Book Publishers, Chicago, Ill.

TABLE 2.33. Mortality associated

TABLE 2.31. Time of death with single organ

Time No. % Organ No. %
Operating room 41 33.8 Liver 13 48.2
. . Colon 6 22.2

First postoperative day 27 22.3 .
. Major vessels 5 18.5

Second to fifth postoperative day 21 17.5

Beyond fifth postoperative da 32 26.4 Spleen 2 70
d postop ¥ ’ Stomach 1 3.7

Source: Feltis JM (1970) Surgical experience in a combat

zone. Am J Surg 119: 275 Source: Feltis M (1970) Surgical ex-

perience in a combat zone. Am J Surg

119: 275
TABLE 2.32. Mortality related to organ injured
No. TABLE 2.34. Causes of death after first 24 h
No. of %

Organ injured deaths mortality Cause No. %
Major vessels 16 11 68.7 Sepsis 20 37.8
Liver 125 38 30.4 Pulmonary embolus 14 26.4
Kidney 70 15 21.5 Hemorrhage 6 11.3
Colon 254 43 16.9 Upper gastrointestinal bleeding 4 7.5
Stomach 85 15 17.6 Respiratory failure 4 7.5
Bladder 50 6 12.0 Fat embolism 4 7.5
Small bowel 242 38 15.7 Renal failure 1 1.8
Spleen 101 8 79 Total 53 43.8

Source: Feltis JM (1970) Surgical experience in a combat zone. Source: Feltis JM (1970) Surgical experience in a combat

Am J Surg 119: 275 zone. Am J Surg 119: 275
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TABLE 2.35. Types of trauma pro-
ducing nonpenetrating abdominal in-

jury
No. of
Cause cases
Auto accident 259
Pedestrian accident 125
Blows to the abdomen 72
Falls 48
Other or unknown 14

Source: D’Vincenti FC, Rives JD, La-
Borde EJ, Fleming ID, Cohn I Jr (1968)
Blunt abdominal trauma. J Trauma 8(a):
1004-1010

ity of the injury is uncertain. A delay in the institution
of vigorous diagnostic and therapeutic measures for
the blunt-trauma patient can result from this deceptive
initial appearance.

The incidence of error in the diagnosis of blunt
abdominal injury is high. The reported mortality rate
varies from 6% to 45%. The wide range in mortality
is due to the fact that some authors report on patients
who die prior to arrival at a hospital. A high percent-
age (40% to 50%) of these injuries are related to the
automobile, and the balance of cases are the result
of accidents, falls, athletic injuries, etc. (Table 2.35).
The etiology, mortality, and associated injuries in a
series of 518 blunt-abdominal-trauma patients has been
presented by d’Vincenti et al. [8] (Table 2.36).

The proportion of patients admitted to a modern
urban trauma service with blunt injury is given in
the figures of the Kings County Hospital in New York
City. Between July 1, 1963 and December 1971, 207
adult patients were admitted with blunt abdominal
trauma and 829 with penetrating injuries [26]. Most
suburban and rural hospitals have a much higher per-
centage of patients with blunt trauma. The male/fe-

TABLE 2.36. Nonpenetrating abdominal injuries, admis-
sions 1951-1966

No. of cases % mortality

Total 518 23
Died before treatment 53
Salvageable patients 465
Nonoperative management 106 18
Treated surgically 359
Died during or after surgery 49 14
Treated surgically and survived 310

Source: D’Vincenti FC, Rives JD, LaBorde EJ, Fleming ID, Cohn
I Jr (1968) Blunt abdominal trauma. J Trauma 8(a): 1004-1010

male ratio was 31 or greater, and approximately 70%
of patients were between 20 and 50 years of age [14].

The extent of injury from blunt trauma is related
to the speed of the blow, the organs injured, and the
condition of the abdominal wall. Lewis and Pirruccello
[20] and Trimble and Eason [47] have made the obser-
vation that circumscribed forces are more likely to
produce injuries to the intestinal viscera and kidney,
whereas diffuse forces are more apt to cause hepatic,
splenic, pancreatic, and vascular lesions. A solid organ
is more vulnerable to contusion than is a hollow viscus,
and the elastic, mobile organs of children are more
resistant to blunt trauma than are the organs of the
adult. A tight, rigid abdominal wall is protective
against blows, whereas if it is in a relaxed state, the
abdominal organs are more readily injured [14].

Large, fixed organs with an abundant blood supply,
such as the liver and spleen, are frequently injured
in serious blunt trauma. It is this fact that accounts
for the subtle and sometimes catastrophic nature of
this injury. Blunt trauma with liver injury is more
frequently associated with mortality than is similar
trauma with splenic injury. Liver injury was present
in 70% of deaths in the Fitzgerald et al. series of
patients with nonpenetrating abdominal injuries [10]
(Table 2.37).

Multiple Injury

The presence of associated head, chest, and limb
trauma significantly increases the mortality of blunt
abdominal injury. In the Bolton et al. series of 59
blunt-abdominal-trauma cases, multiple injuries oc-
curred in 47 patients. The mortality increased with
the number of systems injured. With four involved
systems, the mortality was 45% [1] (Table 2.38). In
the Fitzgerald et al.’s series of 100 patients with blunt
trauma who died before hospital admission, 97% had
extraabdominal injuries. Death occurred in only 3 pa-
tients with injuries limited to the abdomen. In addition
to the correlation between systems injured and mortal-
ity in blunt trauma, there is also some correlation be-
tween the number of organs injured and mortality.
Of patients who died before admission, 40% had multi-
ple abdominal-organ injuries; of patients alive at the
time of admission only 20% had the same findings
[10].

The failure to properly diagnose abdominal-organ
injury and delayed organ rupture are especially char-
acteristic of the blunt-injury situation. A vigilant diag-
nostic approach is a prerequisite to the proper manage-
ment of the blunt-abdominal-trauma patient. Gertner
et al., reporting from Baltimore, reviewed 33 patient
fatalities involving drivers, pedestrians, and passengers
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TABLE 2.37. Abdominal organs injured in 200 patients with blunt abdominal trauma

Survival
Dead on Living on (group admitted
Entire series arrival arrival alive)

Organ No. % No. % No. % No. %

Liver 105 52.5 74 74 31 31 13 42
Spleen 93 46.5 42 42 51 51 35 69
Small bowel 18 9 5 5 13 13 10 77
Mesentery 16 8 2 2 14 14 10 71
Diaphragm 16 8 8 8 8 8 5 62
Colon 10 5 5 5 5 5 3 60
Kidney 9 4.5 5 5 4 4 3 75
Bladder 8 4 4 4 4 4 3 75
Abdominal wall 4 2 0 0 4 4 4 100
Stomach 2 1 1 1 1 1 0 0
Pancreas 2 1 0 0 2 2 1 50
Omentum 2 1 0 0 2 2 2 100
Renal artery 2 1 1 1 1 1 0 0
Inferior vena cava 2 1 1 1 1 1 0 0
Gallpladder 1 0.5 0 0 1 1 1 100
Torn adhesion 1 0.5 0 0 1 1 1 100

Source: Fitzgerald JB, Crawford ES, DeBakey ME (1960) Surgical consideration of nonpenetrating abdominal injuries. An analysis of

200 cases. Am J Surg 100: 22

[13] (Table 2.39). The patients had sustained only ab-
dominal-organ injury, and none of the patients died
in less than 1 h from the time of injury. Almost three-
fourths of the deaths occurred 6 h or longer after
the injury. Forty percent of the patients were not oper-

ated upon, and there were errors in diagnosis or delay
in treatment of 21 of the 33 patients. There was a
delay in diagnosis in 7 cases and failure to render
adequate volume-replacement or to perform the appro-
priate surgery in the remaining patients.

TABLE 2.38. Associated injuries and mortality

No. of No. of %
Sites of injury patients deaths mortality
Abdominal alone 12 0 0
Abdominal—orthopedic? 12 0 0
Abdominal—craniocerebral® 8 1 13
Abdominal—thoracic 3 0 0
Abdominal—orthopedic
—craniocerebral 6 1 17
Abdominal orthopedic
—thoracic 3 0 0
Abdominal—craniocerebral
—thoracic 4 1 25
Abdominal—craniocerebral
—thoracic—orthopedic 11 5 45
Total 59 8 14

a Orthopedic injury: Fracture of one or more long bones or the pelvis.
® Craniocerebral injury: Includes facial fracture and scalp and facial lacerations.

One had cerebral injury.

Source: Bolton PW, Wood CB, Quartey-Papafio JB, Blumgart LH (1973) Blunt
abdominal injury: A review of 59 consecutive cases undergoing surgery. Br J Surg

60(8): 657-663
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TABLE 2.39. Area of injury and apparent errors in management

Delay in Inadequate
diagnosis and Inadequate resuscitation Operative No major
Organs injured surgery resuscitation plus delay error error Total

Spleen 2 1 32 1 7
Kidney 1
Liver 1
Liver + other solid vis-

cera 12 1 3 5
Spleen + pancreas 1 1
Bladder 1 1 2
Intestine 1 1 2 4
Solid + hollow viscera 2 1 3 6
Major vessel 12 1 2
Major vessel + viscera 1 12 2 4

Total 7 . 5 7 2 12 33

2 One person in each of these categories would have had a poor chance of survival even with optimum care.
Source: Gertner HR, Baker SP, Rutherford RB, Spitz WV (1972) Evaluation of the management of vehicular fatalities secondary

to abdominal injury. J Trauma 12: 425

Gertner et al.’s study is important because it em-
phasizes the subtle nature of isolated blunt abdominal
injury and clearly demonstrates that the failure to eval-
uate such patients aggressively has unfortunate and
ominous consequences.

A combination of diagnostic procedures can be
quite useful in blunt-trauma patients if there is the
slightest evidence of intraabdominal injury or hemody-
namic instability. Injuries to the lower rib cage, on
either side, justify a very cautious clinical observation.
When rib or pelvic fractures are present, investigative
measures may be necessary to detect the presence of
occult or nonobvious abdominal injury.

Falls from Heights

The jumper or “sky diver” is nearly always found
in the urban setting. Patients who suffer severe trauma
from a fall from a height present very serious and
difficult clinical problems since they usually experience
complicated and dramatic multiple blunt injuries. A
significant percentage of these patients are children
because children commonly play near open, unpro-
tected windows. Abdominal injuries are reported to
occur in 10% to 40% of patients of this type. Reynolds
et al. [35] and Lewis et al. [19], in two separate reports,
have found a high instance of multiple-organ and
-system injuries associated with a high mortality (Fig.
2.5). Despite the large number of patients who suffer
death or major injury from falls from heights, rela-
tively little attention has been directed to the problem.
In 1963, 748 persons died of falls in New York City;
290 were suicides and 458 were accidental falls [19].
Lewis et al. reported 53 patients from the Harlem

Hospital Center in New York City [19]. All patients
either jumped or fell from a height of three or more
stories. More than one-third of the patients survived.
Of the 26 patients admitted alive, 22 lived and 4 died.
All patients who died expired 15 min to 3 h following
admission. Ten patients were in shock. In the Lewis
series, accident was more frequently the cause of the
fall than crime, suicide, or undetermined etiologies,
and the incidence was greatest during the summer.
Reynolds et al. in a series of 200 cases from the Miseri-
cordia and Fordham Hospitals in the Bronx, found
that the age of incidence for such falls was highest
in the first through the third decades of life [35]. There
was a direct correlation between the height of the fall
and the incidence of mortality (Fig. 2.6). The major
variables for survival in such patients are the age of
the patient (Table 2.40), the orientation of the patient’s
body, and the surface encountered. The presence of
associated pelvic and skull fractures increase the mor-
tality. Because the series consisted of patients admitted
alive between January 1965 and November 1967, the
overall mortality rate for the Reynolds et al. report
was 17% as compared to an almost 50% mortality
in the Lewis et al. series. Survival after very high falls
has been reported in rare instances. Kazarian et al.
reported the survival of a 17-year-old boy after a 17-
story fall [18]. The patient landed on a steel fence,
bushes, and mud.

Seat-Belt Injuries

The use of seat belts has reduced the mortality from
automobile accidents by approximately 35% [27].
Properly adjusted seat belts seldom cause injury except
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FIG. 2.5. This young male patient was admitted after falling from a fourth-floor apartment window. The anteroposterior,
supine view of the abdomen (A) reveals dextrorotary scoliosis of the lumbar spine secondary to a compression fracture of
the left side of 1.2. The pelvic film from his IVP (B) shows extensive fractures of the anterior right pelvis and left sacrum.
There is contrast extravasation into the retroperitoneal soft tissues of the right pelvis. The retrograde cystogram (C) confirms
the presence of contrast extravasation. At exploration, a tear of the right anterolateral wall of the urinary bladder was found

and repaired. (Continued on p. 30.)
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FIG. 2.5. (Continued from p. 29.)



50 48
45 - —T
40
35+

30 + T 28

5r 21

20 17 17
15+
10 6
5F |2 3
0

Tst 2nd  3rd 4th
floor floor floor floor

Height of fall

Number of patients

5th Undeter-
floor mined

FIG. 2.6. Relation of height of fall to survival. Clear bars,
survivors; solid bars, nonsurvivors. From Reynolds BM, Bal-
sam NA, Reynolds FX (1971) Falls from heights: A surgical
experience of 200 consecutive cases. Ann Surg 174: 304

when the applied forces exceed the stress resistance
of the musculoskeletal system [24]. Improper place-
ment, including the use of only the lap strap, is a
source of injury not only to the anterior abdominal
wall but also to intraabdominal structures. The use
of only the lap strap can result in Chance fractures
of the lumbar spine as well as tears of the posterior
spinal ligaments and separation of the zygoapophyseal
joints of the spine [27]. Small-bowel perforation and
mesentery tears frequently accompany these lumbar-
spine injuries. In general, the mechanism for injury
by seat belts is through direct violence, shearing or
torsion, entrapment, or a combination of these forces
[24].

The special problem of seat-belt injury was re-
viewed by Williams and Kirkpatrick [49] and by Sny-
der [41]. They emphasized the association of other
injuries and the dangers of delay in making the diagno-
sis. Abdominal paracentesis was thought to be unrelia-
ble. The presence of a contused band around the lower
abdomen as a diagnostic physical finding was described
by Snyder. Apparently, the best vehicular passenger
safety is provided by the three-point-fixation lap belts
and shoulder harness. However, bowel injuries have
been reported with this equipment as well [41,49] (Ta-
bles 2.41-2.45).
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TABLE 2.40. Relation of age to mortality

No. of cases
Non- %
Age Survivors survivors mortality
0-5 38 9 19
6-10 33 5 13
11-20 29 0
21-30 33 4 11
3140 17 2 11
41-50 8 0
51 & over 8 14 64
Total overall
mortality 166 34 17

Source: Reynolds BM, Balsam NA, Reynolds FX (1971) Falls
from heights: A surgical experience of 200 consecutive cases. Ann
Surg 174: 304

TABLE 2.41. Lap belt: Intestinal and mesenteric injuries

Injury Small intestine Large intestine
Contusion 3 4
Seromuscular tear 11 4
Perforation 26 4
Mesenteric tear 23 7

Subtotal 63 19
Total 82

Source: Williams JS, Kirkpatrick JR (1971) The nature of seat
belt injuries. J Trauma 11(3): 207-218

TABLE 2.42. Lap belt: Lumbar-spine injuries

Compression fracture
Subluxation
Fracture articular process
Fracture lamina and pedicles
Complete anterior subluxation
Horizontal (Chance Fx L, or L;) (10)
Transverse process fracture
Rotational fracture
Disk rupture
Posterior ligamentous tear
Unknown

Total

—
— AN DN O NN N0

W

Source: Williams JS, Kirkpatrick JR (1971) The
nature of seat belt injuries. J Trauma 11(3): 207-218
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TABLE 2.43. Lap-belt acci-
dents: Additional injuries

Soft tissue
Abdominal wall
Spleen
Omentum
Pancreas
Uterus
Urethra
Iliac artery
Rupture diaphragm -
Liver

Fractures
Extremities
Pelvis
Facial

Total

—_— e = NNN 0O

wm W e

w

Source: Williams JS, Kirkpatrick
JR (1971) The nature of seat belt in-
juries. J Trauma 11(3): 207-218

TABLE 2.44. Shoulder-restraint injuries

Fractures
Ribs
Cervical spine
Thoracic spine
Lumbar spine
Sternum
Skin and soft tissue
Contusion, hematoma, and abrasion
Ligamentous injury, cervical spine
Fat necrosis
Diaphragmatic tear
Organs
Larynx
Liver
Liver and spleen
Kidney
Major vessel
Spleen

—_— N W W — W Ao

—_N = = NN

Source: Williams JS, Kirkpatrick JR (1971) The
nature of seat belt injuries. J Trauma 11(3): 207-218

TABLE 2.45. Three-point-belt in-
juries

Fractures

Rib, single 20
Rib, multiple
Sternum
Clavicle

wn oo

Abdomen

w

Organs unknown
Jejunum, perforation
Duodenum, perforation

W -

Contusions and abrasions

Chest
Lap area
Shoulder
Neck
Back
Other

—

SRR N NG

Source: Williams JS, Kirkpatrick JR

(1971) The nature of seat belt injuries.
J Trauma 11(3): 207-218
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3

Specific Diagnostic Techniques

There are few concerted efforts that succeed in making the public aware
of the magnitude of the problem of trauma. As a result, the federal budget
for study of these diseases during the past several years has averaged $220
for each cancer patient, $74 for each cardiovascular patient, and 24¢ for

each trauma victim. [77]



HISTORY TAKING

General Considerations

History taking is considered by many to be of limited
value in patients with abdominal trauma; and yet, very
often, relevant information can be obtained by careful
questioning. Usually the circumstances surrounding
an abdominal injury are such that the patient cannot
recall exactly what happened. In the case of an assault,
the victim will frequently be frightened and intimi-
dated and unable to describe where the assailant stood
or the nature of the weapon used. Automobile acci-
dents occur so suddenly that the injured occupants
or pedestrian will recall little of the sequence of events.

In patients with small, penetrating wounds, the his-
tory may be vital to a diagnosis. Deep penetration
can occur with almost no identifiable skin defect. The
“pig-stick” needle and ice-pick wounds are examples
of this type of injury and are notoriously difficult to
identify. Because such penetrating trauma are common
among prisoners and criminals, the patient may pur-
posely deny the occurrence of the assault for fear of
retribution from others.

Information describing the direction from which
a gunshot wound was inflicted, as well as the proximity
of the patient to the assailant, is of value to the surgeon.
A statement about the number of injuries is also impor-
tant in such a situation. There is a tendency to focus
attention on obvious areas of injury and to ignore
the less dramatic secondary sites of trauma. However,
careful questioning can call attention to significant as-
sociated injuries.

Medicolegal

The medicolegal aspect of most trauma cases has bear-
ing not only on the economics of this situation but

also on the apprehension and conviction of assailants.
Members of medical emergency teams often neglect
the details of the trauma incident that are of impor-
tance to the police and the legal profession. Godley
and Smith have emphasized the value of retrieving
the relevant information at first assessment of trauma
patients. Proper description of clothing, weapons, and
missiles is essential. Obtaining the proper information
and documenting the location of penetrating or blunt
injury may play an important role in subsequent legal
action [39] (Table 3.1).

TABLE 3.1. Missile-wound checklist

1. Circumstances (accident, unknown, etc.)

2. Range

3. Time of injury

4. Weapon (type, caliber, model, brand name,

country or origin)

. Ammunition (type, caliber)

6. Missile (description, weight in grams, photo-
graph, specimen in coin envelope)

7. Clothing of victim (dried and packaged; de-
scription of holes, burns, blood, etc.)

8. External wounds (type, i.e., contact, close-up,
distant, high-velocity, low-velocity; also, loca-
tion, dimensions in millimeters, photographs)

9. Additional documentation
a. X-rays
b. Photographs of wounds, weapon, missile
c. Formalin-fixed tissue of “entrance” and

“‘exit” wounds for spectrographic and/or
microscopic study

w

Source: Godley DR, Smith TK (1977) Some medi-
colegal aspects of gunshot wounds. J Trauma 17: 866—
871

37
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Subtle Injuries

The wound from a bullet or knife can be overlooked
at the time of physical examination if a very careful
search is not made. A penetrating injury can be sus-
tained through the mouth, buttock, genitalia, rectum,
or umbilicus without obvious external signs; and a
history of pain or description of the assault may be
the only clue to the nature of the injury. Spitting or
coughing of blood can be contributory in the diagnosis
of oral, gastroesophageal, or pulmonary injury. Simi-
larly, blood passed by rectum after either penetrating
or blunt trauma indicates the need for proctoscopy
and sigmoidoscopy. Rectal injuries can obviously oc-
cur with penetrating trauma. However, their occur-
rence after blunt trauma is not generally appreciated.
Rectal bleeding after blunt injuries may indicate direct
rectal laceration or mesenteric vascular trauma [48].

Abdominal injury does not always produce abdom-
inal pain corresponding to the anatomic location of
the organ or combination of organs injured. Injury
to the liver or spleen may produce pain in the epigas-
trium or flank, but there may also be pain in the shoul-
ders from diaphragmatic irritation. If the hepatic or
splenic injury is localized to the posterior surfaces,
it may irritate the undersurfaces of the diaphragm
with very little associated peritoneal reaction; thus,
a history of shoulder pain, difficulty in breathing, or
shortness of breath in the abdominal injury case has
special significance. The referral of pain to the tip of
the shoulder was described by Kehr as an important
diagnostic sign in patients with splenic injury [S8].
Blood from a lacerated liver or spleen can track down
the lateral paracolic gutter on either or both sides
and cause lower abdominal pain. Patients have suffered
splenic or hepatic injury and subsequently presented
with lower abdominal pain suggesting primary lower-
abdominal inflammatory disorders. Patients have also
presented with signs suggesting acute appendicitis and
have subsequently been found to have had a ruptured
spleen.

Delayed Manifestations of an Old Injury

The loss of large volumes of blood from a ruptured
or lacerated spleen or the rupture of a subcapsular
splenic hematoma can be catastrophic and will pro-
duce the classic findings of acute hemoperitoneum and
hypovolemic shock. However, delayed splenic rupture
can occur at a time remote from the initial trauma
[86]. It is stated that in 50% of delayed splenic rupture
cases the symptoms manifest themselves in less than
1 week, 75% in 2 weeks or less, and 90% within 4
weeks. The balance of patients may have a rupture
up to 150 days following injury. The criterion for a
diagnosis of delayed splenic rupture consists of a pe-

riod of at least 36 to 48 h before the appearance of
signs of intraperitoneal hemorrhage. Recently, doubt
has been expressed whether time “delay” in rupture
of the spleen does occur or whether the problem is
really a delay in diagnosis [8,84].

A history of trauma is therefore quite important
in the evaluation of the patient’s condition. Despite
the fact the trauma may seem quite incidental in the
history of a patient’s previous medical problems, there
are a number of conditions that relate to previous
blunt or penetrating injuries. Splenic bleeding or
marked enlargement of the spleen can, on rare occa-
sions, result from trauma sustained many years before
the presentation to a hospital. Clark et al. reported
a case of spontaneous delayed splenic rupture occur-
ring 5 years after the initial trauma [18]. A case of
giant splenic enlargement with secondary esophageal
obstruction was reported by Garvey and Delany [34]
(Fig. 3.1). The patient was found to have an acquired
cyst of the spleen secondary to trauma 11 years prior
to the development of significant symptoms.

Intraabdominal traumatic injury can occur follow-
ing vigorous coughing and changes in body position
in patients especially vulnerable to splenic tear. This
form of splenic rupture is usually associated with
preexisting splenomegaly. Eighteen well-documented
cases of splenic rupture associated with mononucleosis
without trauma are described in the literature [100].
A history of mononucleosis, sickle cell disease, ma-
laria, or severe recent infectious disease may be rele-
vant to the patient’s presenting problem. The presence
of enlarged or cystic abdominal organs will increase
the vulnerability of the patient to blunt trauma. Patho-
logically enlarged kidneys in children are prone to
injury when subject to trauma (see pp. 176-193 on
genitourinary system).

Thoracoabdominal penetrating injuries, especially
stab wounds, can produce minimal initial findings and
clinical manifestations without requiring surgical in-
tervention. The later occurrence of diaphragmatic her-
nia though the stab-wound defect is a well-known
clinical phenomenon. A history of a thoracoabdominal
penetrating injury may be the key to the diagnosis
of intestinal obstruction and acute respiratory distress
secondary to incarcerated intraabdominal contents.
Trauma to the relaxed abdomen is more likely to pro-
duce significant intraabdominal injury than trauma
to the tense, rigid abdomen. Thus the immediate condi-
tion under which blunt injury is sustained, especially
the patient’s awareness and anticipation, may influence
the degree of injury.

A history of medication and drug ingestion will
also bear on the patient’s response to trauma, espe-
cially long-term medication with steroids or anticoagu-
lants. A tendency to excessive bleeding may change
a minor episode of trauma into a major hemorrhage.



FIG. 3.1. This 56-year-old female was admitted to the Morri-
sania Hospital in October 1971 with the chief complaint of
a4-month history of dysphagia and vomiting. Her past history
revealed a fall from a porch, 11 years prior to her present
admission, from which she sustained lower left rib contusions.

The (A) frontal and (B) lateral projections of the chest reveal

left diaphragmatic elevation with a crescentic linear calcifica-
tion beneath the diaphragm (solid arrows). A large calcified
LUQ mass is seen on the (C) AP supine view of the abdomen.

(Continued on p. 40)



FIG. 3.1. (cont.). An (D) oblique view from an upper GI
series shows partial obstruction of the distal esophagus and
irregularity but not destruction of the mucosal pattern of the
cardia and fundus of the stomach. The (E) arterial phase
from a flush aortogram reveals a large avascular LUQ mass
that is producing rightward displacement of the proximal
abdominal aorta and inferior displacement of the splenic ar-
tery (curved solid arrow), left renal artery (curved open arrow),
and left kidney. The (F) arterial and (G) venous phases from

a selective splenic angiogram reveal a large, avascular, intra-
splenic mass with inferior compression of the remaining nor-
mal splenic tissue. At exploration, a large spleen weighing
1400 g and measuring 15 X 16 X 15 cm was found. When
the spleen was opened, a huge fibrotic, partially calcified,
monolocular pseudocyst containing brown turbid fluid was
found. There was no evidence of current or previous parasitic
disease.



Careful inquiry regarding all medications will some-
times alert the physician to the patient’s unique drug-
related vulnerability. Of course, the routine inquiry
about allergy and idiosyncratic drug reactions is most
important in all medical workups and must not be
ignored in the evaluation of the trauma patient.

The examining physician can be misled by the his-
tory presented by a trauma victim. The “contracoup”
injury patient may describe the injuring object as strik-
ing one side or area of the body, but the organ injury
may be on the opposite side owing to the mobility
of some of the intrathoracic and intraabdominal or-
gans. The examiner must also consider the possibilities
of injury based on the type of accident despite symp-
toms relating to a single area. An injury “set” is some-
times seen with accidents: the “battered child” and
the “battered alcoholic” are examples [45,89]. Often
there is craniocerebral injury in addition to trauma
to other parts of the body that is not remembered
by the patient because the fracture of an extremity
or some more obvious injury produces so much pain
and deformity. Commonly, pedestrians struck by auto-
mobiles are aware of their painful lower-extremity in-
jury and are distracted from the symptoms of
abdominal trauma.

The evaluation of the battered child is a special
problem in medical history taking. The parents are
loath to give an accurate history. In fact, the parents
will frequently invent a description of the child’s in-
jury. The unfortunate battered youngsters are fright-
ened and will not admit to an injury, particularly in
the presence of their parents. Careful questioning of
the parents will sometimes elicit contradictions that
will alert the examining physician to the special cir-
cumstances involved in the battered-child case. Usu-
ally it requires evidence of two or three previously
occurring traumatic episodes to explain the multitude
of physical and roentgenologic findings discovered in
these children.

The examining physician must be very alert to the
presence of child abuse. The prevalence of this problem
is not generally appreciated. Between 2,500,000 and
4,000,000 cases of this type are estimated to occur
in the United States each year. Deaths from child abuse
number in the thousands [45].

PHYSICAL DIAGNOSIS

The physical examination of the abdomen has tradi-
tionally been the most important and sometimes the
only procedure determining the therapy of abdominal
trauma. This form of evaluation is not as precise as
other methods of diagnosis described in this work.
However, the universal availability of the physical ex-
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amination and its application to all patients makes it
the most fundamental of diagnostic procedures.

The examination of the traumatized patient is often
a hurried procedure. Under pressure to institute imme-
diate therapeutic effort involving intravenous medica-
tion, blood transfusion, and respiratory support, the
physician may perform the physical examination in
a cursory fashion. The failure to look carefully at the
patient and to go through the full sequential parts
of a proper examination may initiate a sequence of
errors that is inexcusable and catastrophic. Although
errors of omission in a physical examination are un-
common when well-trained physicians are involved,
such errors are frequent under the stress of an emer-
gency situation. The establishment of a “trauma team”
approach is a helpful way to deal with the many proce-
dures involved in the initial care of an acutely ill pa-
tient. However, the team must be organized in such
a way that the responsibility for examining the patient
is clearly and specifically delegated.

The initial determination of the vital signs should
be made by the best-trained person available. However,
the examining physician should also make his own
initial confirmatory determination.

The General Examination

The patient’s general appearance in the emergency
room may reflect the severity of an intraabdominal
injury. An unconscious or virtually lifeless patient who
presents with an isolated abdominal injury probably
has sustained massive blood loss. The possibility of
blunt head injury or drug overdose must also be con-
sidered. The level of consciousness is not usually im-
paired by an isolated abdominal injury, and the patient
usually will relate the site and character of the pain
and the source of injury.

Air hunger is a physical finding requiring immedi-
ate evaluation and rapid management. This finding
may occur subsequent to massive blood loss and may
herald an imminent respiratory arrest. Moreover, any
upper thoracic wound associated with air hunger may
indicate the presence of hemothorax or pneumothorax.
The detection of subcutaneous emphysema can be a
helpful sign in this situation. Percussion and ausculta-
tion of the thorax may disclose dullness or diminished
breath sounds compatible with an intrathoracic injury.
If aspiration of the involved thoracic cavity through
the fifth or sixth intercostal space with a 21-gauge
needle or syringe yields blood, a tube thoracostomy
should be performed prior to radiologic examination
of the chest.

The dire prognostic implications of hypotension
in the trauma patient are well known. The morbidity
and mortality related to various levels of hypotension



FIG. 3.2. This 48-year-old
male sustained a gunshot wound
through the left forearm. After
passing through the forearm, the
bullet entered the left thoracoab-
dominal area through the eighth
lateral intercostal space. The (A)
frontal and (B) lateral projections
of the chest show the bullet to
lie in the soft tissues of the lower
left chest. The final position of
the bullet in relation to the
known site of entry suggests at
least diaphragmatic injury. At ex-
ploration, a laceration of the left
diaphragm and two serosal gas-
tric lacerations were found and
repaired.



have been reported by a number of authors and are
described elsewhere in this work. Alcoholism and drug
intoxication are commonly coexisting problems in the
urban traumatized patient. Both forms of intoxication
may alter levels of consciousness and physical findings.
For example, acute alcoholism may reduce the pa-
tient’s blood pressure and thus suggest traumatic hypo-
volemia. In such a situation judging the degree of
blood loss may be difficult. If the hypotensive trauma-
tized patient has not lost a significant quantity of intra-
vascular volume, an immediate response to 1 liter of
crystalloid resuscitation fluid will be apparent.

In the evaluation of the abdomen, inspection, aus-
cultation, palpation, and percussion are recommended.
Inspection of the abdomen is the simplest and most
informative maneuver, particularly for the patient with
penetrating wounds. Most often the patient is con-
scious and directs the physician to the region of injury.
One must be meticulous in the examination of the
unconscious patient or the patient with multiple-sys-
tem injuries, which may divert attention from the ab-
dominal region. All clothing should be removed from
the patient before physical examination. It is important
to turn the patient carefully to inspect the back for
evidence of entrance or exit wounds. Any filth or blood
must be wiped away to avoid missing a wound. The
suprapubic area or the lower abdominal area in hirsute
patients may conceal a nonbleeding, small-caliber gun-
shot wound. One must also inspect the buttock and
intergluteal area for evidence of a penetrating wound.

The examining physician should be constantly
aware of the cephalad and caudad reaches of the peri-

FIG. 3.3. Although the patient sustained a gunshot entrance
wound to the left areola, surgical assessment revealed injury
to the left lung, diaphragm, liver, and spleen. This pattern
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toneal cavity. Our experience indicates that most of
the delayed diagnoses of intraabdominal injuries in-
volve patients with thoracoabdominal or pelviabdomi-
nal penetrations. The fourth intercostal space or the
area of the areola indicates the level of cephalic exten-
sion of the diaphragm at the midclavicular line. Pene-
trating injuries observed to be at or below these levels
should be considered to involve the thoracoabdominal
space until proved otherwise (Figs. 3.2-3.4). Unfortu-
nately, the abdominal physical examination may be
misleading in a patient with a presumed thoracoab-
dominal wound because of the effects of an ipsilateral
hemothorax. Moreover, a tube thoracostomy may pro-
duce upper abdominal tenderness. Ancillary diagnostic
procedures such as paracentesis with lavage can be
of help in such patients (see p. 90 on paracentesis
and lavage). If bloody fluid is obtained or if the lavage
fluid appears to exit from the chest tube, the presence
of diaphragmatic penetration and possible intraab-
dominal injury should be assumed.

The quadrant of injury and the pathway of the
wounding agent must be evaluated. It is often possible
to determine whether the wound is superficial (involv-
ing the skin and subcutaneous tissue) or whether it
involves the deeper structures of the peritoneal cavity.
The location of a penetrating injury can to some extent
predict the organ injured. However, the combination
of organs injured and the severity of the injuries are
not easy to predict since some abdominal organs have
mobility and may vary in position. A food- and air-
filled stomach may extend below the umbilicus and
return to its normal position after a puncture injury;

of injury can occur despite what may appear to be a primarily
thoracic wound. Patients with thoracic injuries must be care-
fully examined for the possibility of abdominal injuries.
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FIG. 3.4. The costal margins of this patient are marked with dye. The bullet entry wound is at the left costal margin. The
bullet caused injury to the liver, spleen, and left lung. This represents a typical thoracoabdominal penetrating injury in that
the areas of involvement cannot be predicted by the location of the entry wounds.

this is called the “stabbed stuffed stomach syndrome”
[78]. Similarly, a mobile transverse or sigmoid colon
can sustain injury and move well away from the injury
site. In addition, low-velocity gunshot wounds are no-
torious for changing direction as they pass through
the tissues of the body. It is a good idea to draw a
diagram of the abdomen and directly indicate the loca-
tion of the patient’s injuries.

The introduction of a nasogastric tube may be a
diagnostic procedure relating to injuries of the phar-
ynx, esophagus, and stomach. The return of blood
from a nasogastric aspiration can be interpreted as a
sign of visceral injury. Severe contusion or penetrating
injury involving these upper gastrointestinal tract or-
gans will be signaled by the presence of bright-red
blood. A rectal examination must be performed rou-
tinely as in a physical examination for any disorder.
The presence of blood in the rectum or the palpation
of bone spicules or a mass are all significant in the
patient with abdominal injury. Blood in the rectum
may result from injury to the small bowel or colon,
from mesenteric injury with ischemia, or from direct
rectal trauma. Similarly, pelvic examinations in
women can give valuable information. A careful in-
spection of the genitalia must be performed. The spon-
taneous passage of blood from the urethra suggests
the possibility of injury to this structure, especially

in association with penetrating injuries. Injuries to
the membraneous urethra are more common following
blunt trauma. The insertion of a Foley catheter, suc-
cessful or not, is both a therapeutic and diagnostic
procedure. A retrograde urethrogram will often con-
firm the presence of urethral injury.

Examining Stab Wounds

The size, number, or location of abdominal stab
wounds will not predict the presence of intraabdominal
visceral injury (Fig. 3.5). The size of the knife, its
width and length, will often not correlate with the
extent of injury even when the penetration is described
as deep or superficial. Penetrating injuries can be fairly
accurately assessed by physical diagnosis and observa-
tion in the majority of patients. The contrast stabo-
gram or digital exploration of the wound under local
anesthesia is a poor technique for determining the pres-
ence of abdominal penetration and visceral injury. In
general, gloved digital examination of the penetrating
injury has little to add to the standard careful palpa-
tion and auscultation of the abdomen. The finding
of penetration of the peritoneal cavity by digital ex-
amination is not a universally accepted indication for
surgical exploration. Moreover, bleeding and/or pneu-
moperitoneum may be provoked by this procedure.



The auscultation of the abdomen is an important step
in the examination of the patient. Although the pres-
ence of bowel sounds does not exclude an intraabdomi-
nal injury, absent bowel sounds imply peritoneal
inflammation and ileus. Any degree of direct abdomi-
nal tenderness and/or rebound tenderness except for
the immediate 2-3 cm area surrounding the wound
has significance. A wound penetrating the abdominal
wall but not injuring viscera will not produce referred
tenderness or referred rebound tenderness. Tenderness
or rebound elicited in the immediate wound area does
not necessarily mandate abdominal exploration.
Hourly reexamination should be performed to detect
signs of spreading peritoneal inflammation.

The value of physical findings in the assessment
of abdominal trauma was described in detail by Shaf-
tan [103]. He reviewed a series of 133 patients treated
prior to using selective conservatism to decide whether
or not to explore the abdomen and 180 patients treated
after instituting the technique. Abdominal injuries of

FIG. 3.5. The multiple stab wounds of the patient depicted
here are in a pattern expected from a right-handed assailant.
When multiple stab wounds are present, a very careful inspec-
tion must be made to locate all wounds.
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all types were included in: the series, and penetrating
wounds represented more than one-half of the cases
(Table 3.2). The absence of bowel sounds, generalized
spasm and/or rigidity, and generalized rebound were
the most reliable findings indicative of visceral trauma
(Tables 3.3, 3.4).

TABLE 3.2. Type of trauma (180 patients, 1956-1958)

Type of trauma No. ) % explored
Stab wound 103 57 31
Bullet wound 9 5 55
Auto accident, pedestrian 18 10 28
Auto accident, driver or

passenger 16 9 19
Falls 7 4 14
Other blunt 25 14 16
Miscellaneous 3 2 66

Total 1822 101 32

Source: Shaftan GW (1960) Indications for operation in abdomi-
nal trauma. Am J Surg 99: 657-664

TABLE 3.3. Percentage of patients with physical findings
(133 patients, 1952-1954)=

Group
Findings A B C

Direct tenderness®

None 16 68 29

Local 14 18 50

Regional 30 14 21

Generalized 40 0 0
Rebound tenderness®

None 39 100 86

Local ) 6 0 0

Regional | 20 0 14

Generalized 40 0 0
Spasm and/or rigidityc

None 47 92 79

Local 2 0 7

Regional 20 8 14

Generalized 31 0 0
Bowel sounds?

Normal or hyperactive 36 100 90

Hypoactive 27 0 10

Absent 38 0 0

2 Not recorded in 20%.

® Not recorded in 45%.

¢ Not recorded in 25%.

4 Not recorded in 32%. °

Key: A = Patients found to have visceral injury at operation or
autopsy. B = Patients treated but not operated upon. C = Patients
with no visceral injury found at operation.

Source: Shaftan GW (1969) Indications for operation in abdomi-
nal trauma. Am J Surg 99: 657-664
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TABLE 3.4. Percentage of patients with physical findings (180 patients, 1956-1958)

Group Group
Findings A B C Findings A B C
Direct tenderness Spasm and/or rigidity
Not recorded 0 5 0 Not recorded 10 11 8
None 0 29 25 None 13 64 67
Local 18 40 58 Local 6 11 8
Regional 29 21 0 Regional 29 9 16
Generalized 53 5 16 Generalized 42 1 0
Rebound tenderness Bowel sounds
Not recorded 18 20 8 Not recorded 0 6 0
None 18 62 58 Normal 12 69 58
Local 3 8 8 Hyperactive 0 3 8
Regional 18 8 8 Hypoactive 42 8 25
Generalized 42 1 16 Absent 47 0 8

Key: A = Patients found to have visceral injury at operation or autopsy. B = Patients treated but not operated upon. C = Patients with
no visceral injury found at operation.
Source: Shaftan GW (1960) Indications for operation in abdominal trauma. Am J Surg 99: 657-664

FIG. 3.6. This patient was stabbed in the midline just above the umbilicus. Evisceration of the ileum occurred. The bowel
is completely viable and the small-bowel mesentery is intact. Surgical exploration of the abdomen and repair of the abdominal
wall were performed.
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FIG. 3.7. This photograph demonstrates the appearance of a lower abdominal stab wound with evisceration of a greater
length of small bowel than was seen in the patient in Figure 3.6. The small intestine is edematous, and there is mesenteric
venous occlusion at the evisceration site. A portion of the bowel is gangrenous. Small-bowel resection was required.

In the patient with an eviscerating abdominal in-
jury, the physical examination should proceed as pre-
viously described. It is important that the protruding
bowel omentum or mesentery should be carefully in-
spected for abnormal color and bleeding. If fecal mate-
rial, bile, or large amounts of blood are present,
preliminary conclusions can be made as to the extent
of injury. The patient’s anxiety or abdominal pain may
provoke abdominal-wall rigidity and contraction of
the stab-wound site. The mesentery of eviscerating
bowel will be constricted, and the viability of the evis-
cerated bowel may be comprised. Bowel strangulation
must be avoided in these patients, and prompt surgical
intervention is necessary to reduce the bowel and its
mesentery (Figs. 3.6-3.8). Once reduction of the evis-
cerated bowel has been accomplished, the decision for
complete abdominal exploration must be made. De-
spite the presence of evisceration, apparently the pres-
ence of signs suggesting peritoneal irritation is still
an accurate index of visceral damage. Fear of bowel
strangulation is not a concern when a portion of
greater omentum is eviscerated. If the results of the
remainder of the abdominal examination are normal,
ligation and excision of the protruding greater omen-
tum may be considered. Further therapy and explora-
tion would depend on the patient’s course and initial
physical findings (see p. 15 on selective management
of stab wounds).

FIG. 3.8. This patient was stabbed in the left upper abdo-
men. There is evisceration of the transverse colon. The appear-
ance of the colon evisceration differs from small-bowel
evisceration in that the colon will often have omental protru-
sions as well.
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Examining Gunshot Wounds

The presence of a gunshot wound in the vicinity of
the patient’s abdomen will prompt the surgeon to pre-
pare the patient for an exploratory surgical procedure.
This approach usually minimizes the value of physical
examination and diagnosis. However, gunshot
wounds, as do stab wounds, require careful assessment.
The entry and exit wounds should be identified if possi-
ble. The presence of powder burns and shreds of cloth-
ing, bleeding, and local vs generalized abdominal
findings should be determined. The location of the
gunshot wound is most important, and if an exit wound
is present the course of the bullet can be appreciated.
The concept of structural damage produced by bullet-
blast effect is most applicable to military injuries. In
the civilian setting, the low-caliber weapons that are
used rarely produce extensive tissue destruction. With
low-velocity handgun injuries, the criteria for interven-
tion that apply to stab wounds may be used in the
assessment of gunshot wounds. When there is doubt
as to course of the bullet and its involvement of the
peritoneal cavity, clinical observation, tap and lavage,
or a direct exploration of the abdomen can be carried
out. The interpretation of the lavage procedure in this
situation is discussed in the section on paracentesis
and lavage (see p. 91).

Examining the Patient Subjected to Blunt
Trauma

The victim of blunt trauma is the most difficult trauma
patient to evaluate. Not only are physical signs and
symptoms frequently inaccurate as a measure of intra-
abdominal injury, but also the common involvement
of other body systems compounds the problem. The
high incidence of error in the abdominal examination
of the patient suffering blunt injury is attributable not
just to physician inexperience but also to the unpre-
dictable nature of blunt organ injury and its manifesta-
tions. False-positive diagnoses may be a consequence
of direct abdominal-wall contusion only. False-nega-
tive physical findings are not uncommonly observed
in patients with gross hemoperitoneum, primarily be-
cause blood alone in the peritoneal cavity may not
elicit a dramatic peritoneal reaction. The widespread
clinical application of paracentesis and lavage to assess
intraabdominal injuries developed because of the well-
known pitfalls inherent in the physical examination
of the blunt-injury patient.

The presence of shoulder pain (Kehr’s sign) can
result from subdiaphragmatic irritation secondary to
splenic trauma. When shoulder pain is not described
by the patient, the Kehr sign can be elicited by deep
left-upper-quadrant palpation with the patient in a

Trendelenburg position. Ballance’s sign can also help
in detecting the presence of a ruptured spleen. A posi-
tive sign consists of dullness to percussion in the flanks.
The dullness is constant on the left regardless of the
patient’s position. The dullness on the right changes
with position, since it is due to intraperitoneal blood.
A search should be made for other signs of intraperito-
neal or retroperitoneal blood; ecchymosis in the flanks
can occur from retroperitoneal hemorrhage. Similarly,
periumbilical discoloration can be secondary to in-
traperitoneal bleeding (Cullen’s sign). Ecchymosis
and discoloration commonly occur around the pubis,
inguinal areas, and genitalia after fracture of an in-
nominate bone. Continuing intraperitoneal or retro-
peritoneal hemorrhage from trauma is often manifest
by progressive abdominal distension. Any significant
increase in abdominal girth while the patient is under
observation is cause for alarm and necessitates aggres-
sive diagnostic and therapeutic measures. Abdominal
distension resulting from blunt trauma in the hypoten-
sive, hypovolemic patient is considered a strong indica-
tion for laparotomy. Abdominal-wall abrasions or
contusions may be associated with regional areas of
tenderness, and it may be difficult to differentiate local
regional involvement from significant intraabdominal
abnormalities. At the time of abdominal palpation one
can clinically check for the possible presence of pelvic
fractures by the application of bilateral medial pressure
with the palms of the hands on the iliac crests. If
this maneuver fails to elicit pain, serious pelvic frac-
tures are excluded. In a similar manner one can ex-
clude rib fractures by gentle simultaneous medial
compression of both lower lateral thoracic areas. Dur-
ing this evaluation one may detect subcutaneous em-
physema, which can be a consequence of rib fracture.
Rib fractures are often accompanied by splenic or he-
patic injury. Of course, one should examine carefully
to detect the presence of intraabdominal masses. Since,
on occasion, a subcapsular hematoma of the spleen
or a perihepatic or perisplenic hematoma may be mani-
fest as a palpable abdominal mass (Fig. 3.9), this fea-
ture should be considered in the physical examination.

The physical examination is still most important
despite its lack of precision. When the question arises
whether to rely on physical findings or other diagnostic
techniques, one must carefully weigh the accuracy of
the diagnostic procedures contemplated. Specific diag-
nostic tests give information about individual struc-
tures or areas and do not cover the multitude of
possibilities presented by the traumatized victim. Un-
less one is confident that all possibilities have been
covered by the tests available, physical findings consis-
tent with a serious abdominal injury mandate an ag-
gressive therapeutic effort and ultimately, exploratory
laparotomy.
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FIG. 3.9. This 33-year-old female was ad-
mitted through the emergency room with
a 5-day history of pain in the back and
left flank. She stated that 6 days prior to
admission she had fallen at home, striking
her left back against the side of a doorway.
Since then she had had pain in the left-
costovertebral-angle area that radiated
down the left flank and around it into the
left epigastrium. Deep inspiration worsened
the pain and caused radiation of it into the
left shoulder. For several days prior to ad-
_mission, she had felt weak and had noticed
ringing in the ears. Both findings were ag-
gravated by her constantly assuming an
erect position. The (A) chest examination
reveals a fracture of the posterior left eighth
rib and suggests the presence of a left-lower-
lobe retrocardiac infiltration. The (B) AP
supine view of the abdomen demonstrates
hepatomegaly and the presence of a large,
soft-tissue mass in the LUQ. Linear soft-
tissue densities (not clearly seen on this re-
production) are present in the bilateral para-
colic gutters. There is a soft-tissue density
in the pelvis with a scalloped upper border
that is elevating bowel loops from the pel-
vis. These findings are consistent with a
splenic laceration and intraperitoneal bleed-
ing. At exploration, large amounts of intra-
peritoneal blood and a lacerated spleen
were found.
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LABORATORY EVALUATION

The traditional emergency room evaluation of the
acutely injured patient includes a rapid clinical exami-
nation by a physician and a minimal number of labora-
tory studies. The extent of further efforts to establish
a definitive diagnosis will depend on the condition of
the patient and the threat to the patient’s life that
will result from a delay in initiating surgical therapy.
In the acutely traumatized patient laboratory testing
has generally been limited to hematocrits, blood
counts, stools for blood, amylase determination, and
typing and cross-matching of blood. The decision
whether or not a surgical procedure should be per-
formed does not usually depend on laboratory studies
except when there is a falling hematocrit or an elevated
serum amylase. The diagnostic studies used in a large
state-wide study of abdominal trauma reported by
Strauch are shown in Table 3.5 [106]. The increasing
use and appreciation of peritoneal lavage, peritoneal
fluid and serum enzymes will introduce more indices
for definitive diagnosis of visceral injury. The combina-
tion of paracentesis and lavage with careful micro-
scopic and chemical .analysis of peritoneal-cavity
contents may give information that is of considerable
clinical value.

Hematocrits

The initial evaluation of the hematocrit in acute ab-
dominal injury is of very limited aid in determining
the hemodynamic status of a patient or in determining
the severity of the patient’s injury. Significant changes
in the hematocrit are primarily a reflection of the he-
modilution process. The acutely injured patient may
be in a state of profound hypovolemia due to sudden
massive arterial or venous blood loss without manifest-
ing significant changes in the peripheral concentration
of red blood cells. Measurable and significant changes
in the hematocrit in response to hemorrhage occur
in response to major body-fluid shifts. This fact is
not always appreciated, so that serious errors can be
made in the assessment of the injured patient shortly
after hospital admission. The lack of diagnostic speci-
ficity of serum hemoglobin determinations is described
by Perry in 74 abdominal trauma cases. More than
one-half of the patients had hemoglobin levels above
12.1 g, and only three patients had less than 10 g
[92].

Sequential hematocrit determinations are quite
helpful. The negative value of this test in the immediate
evaluation of the victim of abdominal trauma is bal-

TABLE 3.5. Preoperative diagnostic studies

Studies No. %
Hemoglobin-hematocrit 331 96.5
White blood cell count 322 93.9
Type, cross match 311 90.7
Plain roentgenograms 281 61.9
Urinalysis 270 78.7
Bladder catheterization 148 43.1
Diagnostic paracentesis 122 35.6
Blood urea nitrogen 86 25.1
Amylase 79 23.0
Electrolytes 78 22.7
Contrast roentgenograms 59 17.2
Central venous pressure 55 16.0
Electrocardiogram 51 149
Blood gases 27 79
Other 24 7.0
Thoracentesis 16 4.7
Angiography 8 2.3

Source: Strauch GO (1973) Major abdominal trauma in 1971:
A study of Connecticut by the Connecticut Society of American Board
Surgeons and the Yale Trauma Program. Am J Surg 125: 413418

anced by the help gained in its use over a period of
observation. A regularly repeated hematocrit that is
falling is diagnostic of blood loss in the traumatized
patient and represents an important clue when the
clinical findings and history are equivocal. Hepatic,
splenic, retroperitoneal, and intraperitoneal bleeding
that is progressive over several hours or days will be
directly reflected in the hematocrit changes. Many au-
thors have documented the value of the changing he-
matocrit in the diagnosis of delayed splenic rupture
and hepatic bleeding. A falling hematocrit was noted
in 83.3% of children with a delayed diagnosis of
splenic rupture as reported by Miller and Kelly in a
retrospective study of 56 patients (Tables 3.6, 3.7).
The intrasplenic or intrahepatic hematoma and retro-
peritoneal bleeding from the splenic injury may pro-
duce a relatively benign clinical pattern, but a fall in
the hematocrit or hemoglobin will provide an impor-
tant clue in establishing the diagnosis.

In the fluid replacement of the hypotensive acutely
injured and bleeding patient, the “taking up” phenom-
enon occurs. This refers to the requirement for the
transfusion of volumes of blood in excess of losses
to maintain a functional blood volume related to the
measured vital signs and venous pressure. The hypo-
tensive, hypovolemic patient after abdominal trauma
with associated intraperitoneal-organ fluid leakage and
acute peritonitis should be assessed by using the vital
signs and venous pressure to determine the clinical
hemodynamic status.
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TABLE 3.6. Diagnostic factors (56 cases): Splenic trauma in children

Immediate diagnosis

Delayed diagnosis

(38 cases) (18 cases)

Diagnostic factors No. % No. %
Abdominal pain 35 92.1 14 71.7
Shoulder pain 22 57.8 9 50
Mild or absent abdominal tenderness 6 15.8 333
Initial het <35% 15 39.5 5.5
Falling hct on observation — — 15 83.3
WBC >15.000 28 73.7 10 55.5
Abdominal x-ray film 7 18.4 22.2
Hematuria 12 31.6 7 38.8

Source: Miller DW Jr, Kelley DL (1972) Splenic trauma in children. Arch Surg 105: 561-563

TABLE 3.7. Change in hct observed; delayed diagnosis in
16 cases (8 to 48 h)2

Initial No. Hct change No.

het (%) cases at diagnosis cases
Above 38 3 No change 3
35.38 12 Dropped 3-5 6
31.34 1 Dropped 6-11 o7

2 Two additional patients had no hct reading done on initial evalu-
ation, although both had hct values <30% 24 h after injury.

Source: Miller DW Jr., Kelley DL (1972) Splenic trauma in chil-
dren. Arch Surg 105: 561-563

Leukocyte Count

The value of the leukocyte count in the diagnosis of
primary inflammatory and vascular disorders of the
intestine does not extend to management of the acute
traumatic abdominal injury. In the assessment of pa-
tients with blunt or penetrating abdominal trauma,
the initial leukocyte count is of value only in splenic
and hepatic injuries. In a series of patients with abdom-
inal injuries and visceral rupture reported by Perry,
the leukocyte count varied from normal to greater
than 20,000 WBC/mm?. Of 93 patients, 22 had fewer
than 10,000 WBC/mm?, 22 had between 10,000 and
15,000, and 21 had between 15,000 and 20,000.
Twenty-eight patients had white blood cell counts over
20,000 [92].

The leukocyte count is specific for hepatic and
splenic injury. Ninety-five percent of the patients with
hepatic injury had an initial white blood cell count
higher than 15,000. Seventy-nine percent of patients
with splenic injury had white blood cell counts higher
than 15,000. Although this level of correlation does
not apply to other abdominal-organ injury, some leu-

kocyte response may occur with intestinal, colonic,
or renal injury. Only two of eight cases of intestinal
injury had leukocytosis over 10,000 in the series re-
ported by Berman et al. [10]. The severity of hepatic
and splenic rupture does influence the degree of leuko-
cyte response. Massive rupture secondary to a blunt
injury will give a higher white blood cell count than
will a simple knife wound [10].

The presence of leukocytosis is therefore helpful
in the diagnosis of splenic and hepatic injury only
when injury to these organs is strongly suspected. Al-
though the results reported by Berman et al. are quite
convincing, other authors are less certain of the value
of the leukocyte count, reporting less correlation with
hepatic and splenic injury.

Serum Enzymes

With the exception of the amylase content of serum
and peritoneal fluid, amylase enzyme levels have not
been clinically utilized as a routine in the evaluation
of the acutely injured patient either for diagnosis or
for prognosis. The time necessary to obtain the tests
and their frequent unavailability have mitigated
against the widespread use of these indices other than
to assess the postoperative condition of the patient’s
hepatic, myocardial, and pulmonary function. Reports
in the literature indicate that changes do occur in the
glutamic oxaloacetic transaminase (GOT), lactic de-
hydrogenase (LDH), alkaline phosphatase (AP), crea-
tine phosphokinase (CPK), and amylase with varying
degrees of clinical and experimental trauma. However,
the preoperative use of these tests has not reached
the level of a practical working tool. Their potential
as a means of predicting organ injury, severity of in-
jury, and prognosis needs extensive study.
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Serum Amylase

The serum amylase is a most valuable test in the evalu-
ation of abdominal disorders. Its elevation usually re-
flects inflammation or injury to the pancreas.
However, nonpancreatic abdominal disorders can pro-
duce dramatic amylase elevation by the release of amy-
lase into the peritoneal cavity or by the secondary
involvement of the pancreas (Table 3.8).

The significance of serum amylase elevation in the
patient with abdominal trauma must be appreciated
primarily because of the complicated and subtle nature
of injury to the pancreas. Retroperitoneal injury can
produce a deceptive clinical picture on initial physical
examination. The combination of a retroperitoneal
duodenal injury and a pancreatic injury may exist
without impressive initial physical findings or a posi-
tive peritoneal lavage. Careful routine clinical evalua-
tion and contrast studies are an aid in the assessment
of the traumatized patient for retroperitoneal injury.
In addition, repeated studies of peritoneal-fluid cell
count and amylase as well as serum amylase should
be performed. The serum amylase is one of the few
enzymes which will specifically reflect injury to an
intraabdominal organ. Its specificity is in question,
however, and its value must be thoroughly understood.

The serum amylase has been used in evaluation
of abdominal trauma for many years. Elman et al.
described its value as early as 1929 [24]. Interest in
the serum amylase as a reflection of pancreatic injury
has continued and increased with the incidence of ab-
dominal trauma. Although some authors favor surgi-
cal intervention for blunt abdominal trauma based on
amylase elevation alone and in the absence of clinical
signs of organ injury, others feel the clinical evidence
of intraabdominal injury should be present as well.

An elevation of the serum amylase is known to occur
with injury to organs other than the pancreas. Serum
amylase elevation can also occur in the absence of a
significant organ injury and the serum amylase level
can be normal in the presence of severe pancreatic
and intestinal injury. A review of the findings from
a clinical report by Olsen is of interest [85]. In 179
patients with blunt trauma, 3 of the 4 patients with
pancreatic injuries had elevated serum amylase values.
However, 12 of 92 patients with no signs of pancreatic
injury also had amylase elevation (Tables 3.9-3.11).
The test is more consistent for pancreatic injury result-
ing from blunt trauma than in patients with penetrat-
ing trauma. Trauma to the head and body of the
pancreas was more prone to produce amylase elevation
than injury to the tail.

The persistent or late elevation of serum amylase
value has greater accuracy than initial determinations
in predicting pancreatic injury according to Olsen [85].

TABLE 3.9. Incidence of hyperamylasemia with specific in-
traabdominal injuries

No. of Patients with
patients  hyperamylasemia
Pancreatic injuries 4 3 (75%)
Small-bowel injuries 7 2 (29%)
Patients with other signifi-
cant abdominal injuries 76 19 (25%)
Patients with no significant
abdominal injuries 92 12 (13%)
Total 179 36 (20%)

Source: Olsen WR (1973) The serum amylase in blunt abdominal
trauma. J Trauma 13: 200-204

TABLE 3.8. Correlation of highest amylase with diagnosis

Highest serum amylase
(Somogyi units)

Diagnosis No. patients Over 1000 500-1000 200-500

Biliary disease 86 60 17 9
Idiopathic pancreatitis 38 1 6 31
Traumatic pancreatitis 14 9 4 1
Pseudocyst of pancreas 7 2 3 2
Perforated duodenal ulcer 4 1 1 2
Mesenteric thrombosis 3 0 1 2
Acute hepatitis 2 0 0 2

Totals 154 73 32 49

Source: Adams JT, Libertino JA, Schwartz SI (1968) Significance of an elevated serum amylase. Surgery

63: 877-884



TABLE 3.10. Patients with hyperamylasemia but no significant intraabdominal injuries
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Selective
Abdominal  visceral Peri- Follow-
Mechanism signs of angiog- toneal Celio- up
Patient Age Sex of injury injury raphy lavage WBC Amylase SGOT Hematuria tomy (months)
1 10 F  Auto-pedestrian Equivocal No Negative 10,800 131 175 No No 145
2 22 M Auto-pedestrian  Uncon- No Negative 9,900 130 243 No No 9.0
scious
3 10 F  Auto accident Equivocal Yes Weakly 18,400 150 —— No No 0.5
positive
4 21 M  Auto accident Equivocal Yes Weakly 12,700 130 128 No No 14.0
positive
5 19 F  Auto accident Uncon- Yes Weakly 16,100 173 804 Yes No 15.0
scious positive
6 25 M Auto accident Equivocal No Negative 6,000 174 273 No No 1.5
7 15 M Fall Equivocal No Negative 7,900 127 205 Gross No 12.0
8 36 M Auto accident “Obvious” Yes Strongly 8,900 272 303 Gross Yes 7.0
positive
9 40 M Auto accident Uncon- No Negative 6,700 167 167 No No 12.0
scious
10 30 M  Auto-pedestrian  Absent No Negative 6,110 132 50 No No 7.0
11 16 M  Auto accident Equivocal No Negative 8,000 132 28 No No 7.0
12 32 M  Auto accident Equivocal No Weakly 9,700 180 — No Yes 25
positive
Source: Olsen WR (1973) The serum amylase in blunt abdominal trauma. J Trauma 13: 200-204
TABLE 3.11. Amylase levels correlated with intraabdominal injuries
Admission serum amylase levels (Somogyi units)
Significant intraabdominal Not 40-120
injuries determined 040 (normal) 120-150 150-200 >200 Total
Spleen 9 8 16 4 3 40
Spleen + kidney 2 2 4
Spleen + mesentery 1 1 2
Spleen + bladder 1 1 2
Spleen + diaphragm 1 1
Spleen + stomach 1 1
Spleen + liver + mesentery 1 1
Spleen + liver 2 1 3 1 7
Liver 2 1 16 1 1 21
Liver + mesentery 1 1 2
Liver + kidney 1 1
Liver + bladder 1 1
Pancreas + liver 1 1 2
Pancreas 1 1 2
Small bowel 2 4 1 1 1 9
Mesentery 1 1 2 1 5
Bladder 3 3
Hepatic artery 1 1
Massive pelvic injury 1 1
Diaphragm + bladder 1 1
None 26 11 69 7 4 1 118
Total 46 28 115 19 12 5 225

Source: Olsen WR (1973) The serum amylase in blunt abdominal trauma. J Trauma 13: 200-204
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A similar statement is made by Bach and Frey in a
review of 44 patients suffering pancreatic injury [4].
They emphasize the importance of repeated serum
amylase determinations. Seven of nineteen patients in
their series had amylase values which were normal
within 5 h of injury. Cleveland et al. described three
cases with initially normal amylase levels that subse-
quently became elevated [19]. Although early surgical
intervention is strongly advocated by White and Ben-
field and others based primarily on serum amylase
level in the traumatized patient, other authors feel
that the amylase level is too nonspecific to rely on
in any absolute way [112]. It seems reasonable to com-
bine sequential serum amylase determinations with
peritoneal-fluid or lavage analysis and radiologic eval-
uation. A combination of diagnostic studies will
probably establish the diagnosis prior to any irrevers-
ible progression of the effects of the injury. The number
of missed retroperitoneal injuries involving the pan-
creas and duodenum will be small using this combina-
tion of modalities.

Amylase determination of peritoneal fluid is impor-
tant in the assessment of abdominal trauma. Several
authors have shown that the amylase values in perito-
neal fluid will rise more quickly than the serum amy-
lase. Clearly the determination of amylase values in
peritoneal fluid is important among the several tests
performed to evaluate the nature and extent of intraab-
dominal trauma. The peritoneal amylase level has been
used with considerably more frequency than the eryth-
rocyte count or other peritoneal-fluid enzyme levels.
Peritoneal lavage fluid levels that are greater than 100
Somogyi units/100 cc strongly suggest the presence
of pancreatic or intestinal injury [26]. The leakage
of bowel content into the peritoneal cavity will contam-
inate the peritoneal fluid with amylase; thus a nonpan-
creatic visceral injury will often produce a high
peritoneal-fluid amylase. The urinary amylase
secretion is also of value in the assessment of the trau-
matized patient. Gambill and Mason report that a
2-h urine amylase is more reliable and sensitive than
serum amylase in pancreatic injury [33]. Unfortu-
nately, a delay is necessary to make a time collection
of urine for amylase determination.

Creatine Phosphokinase

The enzyme creatine phosphokinase (CPK) is a very
sensitive indicator of changes in skeletal muscle tissue.
The serum CPK enzyme response is so sensitive that
subcutaneous intramuscular injections and minor
trauma elicit an elevation. Nevins et al. described ele-
vation of the serum CPK in response to simple exertion
and intramuscular injection [82]. Indeed, this high
degree of sensitivity of CPK lends value to its use in
establishing the diagnosis of myocardial infarction.

Unfortunately, the CPK response is nonspecific for
abdominal trauma. Operative procedures and the
trauma of amputation will produce a rise in serum
CPK [47, 83]. Experimental ballistic injury to animal
extremities produces a trauma preparation that gives
some index of the CPK enzyme response. The CPK
in such instances rises consistently [54]. Matsumoto
et al. reviewed the enzyme changes in combat victims,
and the wide range and sensitivity of the CPK was
observed in this setting as well [61].

In view of the sensitivity of the test, the CPK could
indicate only whether or not trauma occurred—infor-
mation already obtained. If severity of trauma corre-
lated with this enzyme change, then the CPK could
be used as an index to prognosis or for trauma classifi-
cation. However, the sensitivity and wide variability
of the CPK changes after trauma do not correlate
with any single variable.

Glutamic Oxaloacetic Transaminase

Glutamic oxaloacetic transaminase (GOT) has become
an important enzyme in the diagnosis of parenchymal
hepatic disorders. It is also of value in the diagnosis
of myocardial infarction. There is elevation of the se-
rum GOT in response to trauma of various types.
Lawson et al. described GOT elevation as a result
of experimental ballistic injury to an extremity [54].
Nickell and Albritten [83] and Rudolph et al. [99]
have reported GOT elevation after routine surgical
procedures and trauma. This nonspecific pattern of
response to trauma by the serum GOT is similar to
that of CPK. The degree of elevation of GOT, how-
ever, is not so variable as that of CPK. In the Morrisa-
nia studies of abdominal trauma, the serum GOT had
an appreciably high mean level in cases of isolated
hepatic injury [20].

Lactic Dehydrogenase

Peripheral blood lactic dehydrogenase (LDH) eleva-
tion has not correlated with injury to a specific abdom-
inal organ. In a clinical study, Calman et al. reported
four cases of hemoperitoneum with slight peripheral
serum LDH elevation [11]. A significant postoperative
LDH elevation occurred in patients with fractures and
intestinal strangulation. The experimental study re-
ported by Lawson et al. describes the serum-CPK-
level elevation in experimental ballistic injury to ex-
tremities and a minimal response of the serum LDH
and alkaline phosphatase despite the presence of mas-
sive skeletal muscle trauma [54].

Alkaline Phosphatase

Although the serum alkaline phosphatase (AP) blood
levels have been demonstrated to rise in the course
of management of severely injured patients, it is not



an enzyme that rises as an immediate response to non-
specific surgical trauma. The elevations of the periph-
eral blood alkaline phosphatase observed several days
after trauma may occur as a result of healing of a
long-bone fracture. However, this late posttrauma rise
needs further study.

Peritoneal-Fluid Enzymes

Although it is possible that each organ leaves its unique
imprint in the form of a peritoneal-fluid chemical iden-
tity, the peripheral blood response to trauma noted
with some enzymes complicates the interpretation of
peritoneal values. The simultaneous evaluation of fluid
from the peritoneal cavity and of blood from the pe-
ripheral circulation will assess differential changes and
establish relative diagnostic criteria of value. The clini-
cal value of peritoneal-fluid analysis in the trauma
patient would potentially allow the determination of
whether or not laparotomy was indicated and the kind
of surgery to be performed.

Peritoneal-fluid analysis could serve as an adjunct
to such diagnostic procedures as laparoscopy, arteriog-
raphy, and endoscopy. Patients with minor liver lacer-
ation and contusions, mesenteric lacerations, serosal
bowel injuries, and small, controlled retroperitoneal
hematomas may manifest significant hemoperitoneum
with minimal or no abdominal physical findings. Not
all patients of this type require laparotomy, and the
analysis of peritoneal blood specimens via paracentesis
might help in rendering judgment for or against surgi-
cal intervention.

In 1975 our group reported a clinical study of peri-
toneal and peripheral blood determination in abdomi-
nal trauma cases [20]. The study was designed to
evaluate the peritoneal blood changes and enzyme lev-
els relative to peripheral blood for various organ inju-
ries.

Seventy-five patients with abdominal injuries and
gross hemoperitoneum admitted to the Morrisania
City Hospital were studied for peritoneal-blood en-
zyme content. All of the patients required emergency
laparotomy, usually within 1-4 h after hospital admis-
sion. There were 28 stab wounds, 29 gunshot wounds,
and 13 blunt abdominal injuries. Blood samples were
obtained from the peritoneal cavity at the time of the
surgical procedure prior to irrigation or manipulation
of the injured abdomilnal viscera. Peripheral blood
specimens were also obtained during the operation and
as close to the time of peritoneal blood sampling as
possible. Enzyme analysis was performed using the
12-channel sequential multiple-analysis system. The
values of peritoneal and peripheral blood GOT, AP,
CPK, and LDH were studied. Mean values, standard
deviation, and standard error of the mean were deter-
mined for each group.

The findings were categorized according to the type
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of organ injuries and five extravisceral injuries. The
patients with multiple injuries were analyzed with re-
gard to the presence or absence of intestinal injury.
The extravisceral category of injury included two pa-
tients with simple abdominal-wall and peritoneal lacer-
ation, two patients with isolated mesenteric tears, and
one patient with a retroperitoneal hematoma without
an organ injury.

The findings in the study indicated that isolated
liver injuries were associated with significant elevation
of peritoneal blood LDH and peritoneal and peripheral
blood GOT levels. A multiplicity of abdominal organ
injuries results in elevation of peritoneal blood LDH
and GOT level. The occurrence of isolated small-intes-
tinal injury and small-intestinal injury combined with
other organ injuries produces a significant elevation
of peritoneal-blood enzyme levels of GOT, LDH, and
AP. Peritoneal-blood alkaline phosphatase elevation
is associated with normal mean peripheral blood levels.
Therefore, combined peritoneal- and peripheral-blood
AP analysis is of potential use in identification of small-
intestinal injury in patients with hemoperitoneum of
traumatic origin (Table 3.12, Figs. 3.10, 3.11).

In patients with small-intestinal trauma, three of
the four enzymes studied had elevations of their mean
values in the peritoneal blood relative to peripheral
blood. This finding may reflect a release of enzyme-
containing fluid into the peritoneal cavity in very high
concentration in comparison to simultaneously drawn
peripheral blood. The occurrence of peritoneal-blood
alkaline phosphatase elevation with injuries of the
small intestine represents the only enzyme change that
identifies a specific intraabdominal organ injury. There
is spillage of alkaline-phosphatase—containing intesti-
nal content and the release of intestinal alkaline phos-
phatase and other enzymes from the traumatically
injured intestinal wall. The findings of elevated perito-
neal-blood alkaline phosphatase level with normal pe-
ripheral-serum alkaline phosphatase suggest that the
peritoneal-fluid levels can be used as a diagnostic test
of small-bowel injury. Further studies will be required
to establish whether or not the peritoneal-fluid alkaline
phosphatase determination is a useful clinical test.

In a subsequent experimental study, Moss et al.
produced a visceral-trauma preparation in dogs and
studied the isoenzyme profile of the peritoneal-fluid
alkaline phosphatase [76]. The results demonstrated
a preponderance of intestinal alkaline phosphatase in
the blood shed by the injured viscera into the perito-
neal cavity. A clinical study of enzyme patterns includ-
ing amylase and isoenzymes of LDH and alkaline
phosphatase in abdominal trauma, both for peripheral
blood and peritoneal blood, is needed to ascertain
whether differential enzyme and isoenzyme analysis
has diagnostic or prognostic value in the management
of the traumatized patient.



TABLE 3.12. Mean difference between peritoneal blood and peripheral blood

Glutamic oxaloacetic Creatinine
Alkaline phosphatase Lactic dehydrogenase transaminase phosphokinase
Mean Mean Mean Mean
Organ injury No. difference p value difference p value difference p value difference p value
All small intestine 22 216.09 = 46.2 <0.001 312,13 £31.7 <0.001 178.90 = 53.6 <0.005 659.54 + 363.6 NS
Small intestine only 10 257.70 = 50.9 <0.001 325.10 = 41.9 <0.001 21340+ 1165 <0.001 280.70 +=48.6 NS
Multiple with small intestine 12 181.41 =74.0 <0.05 301.33 £47.7 <0.001 154.72 £22.7 <0.001 1021.58 = 561.2 NS
Multiple without small intestine 9 39.00+20.3 NS 240.66 = 71.9 <0.01 136.28 += 56.7 <0.05 710.77 = 339.6 NS
Liver 18 —0.72 %+ 6.0 NS 158.58 = 54.2 <0.01 225.50 +122.9 NS —140.88 £ 172.3 NS
Colon 5 14.60 = 10.77 NS 981.00 + 469.8 NS 81.20 £23.4 <0.025 1026.00 = 736.5 NS
Spleen 5 11.40 = 8.6 NS 136.00 + 37.8 <0.025 117.60 = 125.9 NS —384.16 £ 277.3 NS
Extravisceral 5 —14.40+ 14.8 NS 633.40 = 468.3 NS 106.20 + 56.6 NS 1555.80 =911.7 NS
Stomach 2 2.50 — 952.50 —— 53.50 — 15.00 —
Pancreas 2 —12.50 e 981.40 — 482.00 — 1772.50 e
Kidney 1 —1.50 — —30.00 — 4.00 — 250.00 —
a+] SEM.

Source: Delany HM, Moss CM, Carnevale N (1976) The use of enzyme analysis of peritoneal blood in the clinical assessment of abdominal organ injury. Surg Gynecol Obstet 142:
162-167
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FIG. 3.10. The mean values (=1 SEM) of the peritoneal-
blood enzymes and peripheral-blood enzymes are shown for
all small-intestinal injuries, ASI; small-intestinal injury only,
SI; and multiple injuries including small intestine, MSI. The
mean levels of alkaline phosphatase in the peripheral blood
were in the normal range. There was significant elevation
of peritoneal-blood enzyme levels relative to peripheral-blood

levels for alkaline phosphatase, lactic dehydrogenase, and
glutamic oxaloacetic acid. All enzyme levels are expressed
in international units, milliunits per milliliter. From Delany
HM, Moss CM, Camevale N (1976) The use of enzyme
analysis of peritoneal blood in the clinical assessment of ab-
dominal organ injury. Surg Gynecol Obstet 142: 161-167
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FIG. 3.11. The mean values (1 SEM) of the peritoneal
blood and peripheral blood are shown for multiple injuries
excluding small intestine, Mw/SI; liver, LIV.; colon, COL,
spleen, SPL.; and extravisceral injury, EXTR. A wide range
of values are seen both in the peritoneal blood and peripheral
blood. The elevations of alkaline phosphatase levels were
minimal relative to the values shown in Figure 3.10. Mean
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RADIOLOGIC EVALUATION

The high morbidity and mortality of the abdominally
traumatized patient has led some to feel that, “due
to the definite limitation of roentgenographic examina-
tions, it may be wiser to omit routine studies in order
to gain promptness in treatment” [43]. This viewpoint
is certainly justified for the patient in severe shock
who does not respond to therapy, or who is deteriorat-
ing rapidly; but it is not a reasonable approach for
those patients whose more stable condition allows a
stepwise diagnostic workup. )
Radiologic examination is one of the important di-
agnostic tools in the armamentarium of the physician.
The appropriate utilization of this tool can provide
pertinent information leading to a speedy and accurate
diagnosis, followed by the appropriate therapy. Al-
though the radiologist brings a statistical approach
to his analysis of a radiologic study, it must always
be kept in mind that each patient, and his response
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values for injuries to the stomach, pancreas, and kidneys are
not shown because of the small numbers—2, 2, and 1, respec-
tively—involved. From Delany HM, Moss CM, Carnevale N
(1976) The use of enzyme analysis of peritoneal blood in
the clinical assessment of abdominal organ injury. Surg Gyne-
col Obstet 142: 161-167

to injury, are unique. In order to gain the most infor-
mation from any diagnostic tool, that tool must be
tailored to fit the needs of the patient. This can only
be accomplished through knowledge and experience,
coupled with the information derived from a thorough
history and physical examination.

Technique of the Radiographic
Examination

The patient with abdominal trauma presents a techni-
cal as well as a diagnostic problem. Although speed
and thoroughness are essential, extreme care must be
taken so that additional injury is not produced by
the technique of the examination. There is probably
no other setting which tests so thoroughly the effi-
ciency and efficacy of the radiologic team as does the
examination of the traumatized patient. Strauch [106]
found that while 64.2% of traumatized patients arrived
in the emergency room in a conscious and alert condi-
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tion, 26.9% demonstrated some alteration of con-
sciousness and 8.9% were unconscious. In addition,
44.0% were in shock, and 64.6% had associated extra-
abdominal injury, of which 51% were of a major na-
ture. Certainly, these are not the best conditions in
which to examine any patient, but these are the condi-
tions that represent the reality with which we must
deal.

Two essential evaluations of the patient must be
performed: plain-film examinations of the chest and
abdomen [30,43,73].

Chest Examination

Ideally, the most information is derived from postero-
anterior (PA) and lateral projections of the chest, in
the erect position, with the X-ray tube 6 ft away from
the patient. However, a chest examination, whether
posteroanterior (PA) or anteroposterior (AP), supine

or erect, is essential since it is not uncommon to find
abdominal injuries associated with chest injuries or
the reverse. This initial evaluation will establish a base-
line appearance of the diaphragm, which may show
significant change at a later time as a reflection of
either intrathoracic or intraabdominal abnormality.
Radiologic examination of the chest will rule out pri-
mary chest disease, which presents as abdominal dis-
ease; demonstrate sympathetic response within the
chest to abdominal disease; and/or reveal concomitant
chest and abdominal abnormalities [31] (Fig. 3.12).

Abdominal Examination

The abdomen contains all four degrees of radiographic
density: bone, water, fat, and air. The best radiographic
technique to bring out the contrast between these den-
sities is to use 55-70 kVp, 300 or higher mA, the
shortest time possible, a 12:1 or higher grid ratio, par-

FIG. 3.12. This male was admitted with multiple gunshot wounds. Although multiple views of the abdomen were obtained,
they failed to suggest any chest abnormality. A single AP view of the chest reveals opacification of the left hemithorax. A
chest tube was inserted and free blood, which eventually cleared, was drained from the left hemithorax.
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FIG. 3.13. This male patient sustained an abdominal gunshot wound which entered just to the right of the umbilicus; no
exit wound was found. The intravenous pyelogram with (A) frontal and (B) lateral projections reveals a large right retroperitoneal
mass displacing the right ureter anteriorly and laterally. The course of the bullet (entrance to final position) suggests inferior
vena cava (IVC) injury. Exploration revealed penetration of IVC, duodenum, antrum of stomach, and head of pancreas.

speed screens, and high-speed film [65]. If possible,
at least three views of the abdomen should be obtained:
AP supine, AP erect, and a left lateral decubitus view
[56,65,73,103]. The field size, particularly on the AP
views, should be wide enough to include the properito-
neal fat lines and the soft-tissue plains of the abdominal
boundaries. If the patient’s condition is so unstable
that this type of evaluation cannot be performed, then
AP and transtable lateral supine views of the abdomen
may be sufficient.

Whatever the technique of chest and abdominal
evaluation, it is important to maintain the patient in
the position of examination for at least 5-10 min prior
to taking the film. This is particularly important for

erect and horizontal films in the detection of free air
in the peritoneal cavity.

Love [56] and others advocate the intravenous infu-
sion of 300 ml of 25% urographic contrast medium
in order to produce a “bodygram” effect of the abdomi-
nal organs. This examination has been found to be
beneficial in demonstrating the overall integrity of the
liver, spleen, and kidneys; in demonstrating free intra-
abdominal fluid; and in giving an indication of the
integrity and function of the urinary system. This tech-
nique not only increases the diagnostic accuracy of
the intraabdominal evaluation, but also helps in the
evaluation of the retroperitoneal area (Fig. 3.13).

The placement of lead markers at the sites of en-
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trance and exit wounds can suggest the course of the
penetrating missile and, thereby, suggest possible or-
gan injury. This technique is far more reliable with
stab wounds than with gunshot wounds (bullets may
change their trajectories at the interface of tissues of
varying densities).

Additional radiologic studies, including contrast
examinations, should be performed on the basis of
(a) the patient’s condition and (b) radiologic, clinical,
and other diagnostic indicators of selected organ in-
jury. Although diagnostic pneumoperitoneum had its
advocates in the past, Frimann-Dahl [31] feels that
it has no particular value in the study of patients with
_acute abdominal disorders.

Plain-Film Evaluation

Diagnostic radiologic evaluation of the patient with
abdominal trauma begins with interpretation of chest
and abdominal plain-film examination. According to
Cantor [13], 11% of survey films of the abdomen will
permit accurate assessment of abdominal injury and
40% of survey films will arouse suspicion that intraab-
dominal injury has occurred. Williams and Zollinger

FIG. 3.14. This female patient was seen
in the emergency room following blunt ab-
dominal trauma sustained in an automobile
accident. The abdominal examination is
normal; the abdominal gas pattern is non-
specific; the soft tissue and osseous support-
ing structures are intact; the paracolic
gutters and pelvis are free of fluid; there
is no evidence of intraperitoneal or retroper-
itoneal gas; the inferior hepatic and splenic
angles are sharp and distinct; and the psoas
and renal silhouettes are unremarkable.

[113] have reported that films of the chest and abdo-
men were a diagnostic aid in 34% of patients with
abdominal injury, being most helpful in evaluating
urinary-tract injuries and least helpful in splenic, pan-
creatic, and hepatic injuries. Wilson and Sherman
[114] reported that survey evaluations of the abdomen
were of no diagnostic value in 89.6% of patients with
perforating abdominal injuries. These figures clearly
demonstrate the difficulty in plain-film diagnosis and
suggest that in the patient with abdominal trauma,
plain-film examination should be used primarily to
direct the attention of the clinician and radiologist
to additional areas of investigation.

A systematic approach should be used in the evalu-
ation of all surve<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>