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Blunt abdominal trauma treated in an intensive care ward

G. W. ARTHUR*
M.A., M.B., B.Ch., F.R.C.S.(Eng.)

Senior Registrar,
Leicester Royal Infirmary

Summary
Seventy-two cases of major abdominal trauma with
an overall mortality of 29% are reviewed. Only
cases of sufficient severity to require nursing in an
intensive care unit are included.
The incidence of injury to the various viscera is

shown.
Methods of diagnosis and treatment are discussed.
The causes of death in this series are analysed and

ways of lowering the mortality figures outlined.

Introduction
A little over 3 years ago an intensive care unit was

established at Leicester Royal Infirmary for use by
all departments of the hospital for critically ill
patients.
The purpose of this paper is to review cases of

major abdominal trauma treated in this unit in the
3-year period since its inception. The major chest
injuries are separately reviewed.
During this time there were 1134 admissions to

the unit, of which 468 (or 40%) were trauma cases.
It must, however, be emphasized that most of the

trauma admitted to the hospital is treated in the
ordinary wards, only the grossly shocked, uncon-
scious, or critically ill being admitted to this unit.
It is for this reason that renal injuries feature in a

very minor way in this review.
The series is composed of seventy-two patients, of

whom fifty-one survived and twenty-one died as a
result of their injuries, an overall mortality of 29 %.
This was felt to be a disturbingly high figure and it
was decided to review our cases with particular
reference to those who died, to determine our
mistakes and to see how they may be avoided in the
future.
The above overall mortality figure does not take

into account the fact that many of those cases
suffered injuries to other parts of the body in addi-
tion to the abdomen, and as is shown in Table 1,
the extent and type of this associated injury was a
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vital factor in the mortality. It will be seen that the
presence of a major head injury has a very marked
effect on the mortality. This may in part be a direct
result of the head injury, but as will be shown later,
more often reflects the difficulties in diagnosis of the
abdominal injury in unconscious patients. The 60%
mortality of injuries involving the abdomen, chest
and bones was largely due to the occurrence of
irreversible shock engendered by massive injury.
TABLE 1. Extent and type of injury related to mortality

Injury Total Alive Dead % mortality
Abdomen alone 23 21 2 9
Abdomen + chest injury 5 4 1 20
Abdomen + bony injury 26 19 7 28
Abdomen + major head 4 1 3 75

injury
Abdomen + head + bony 3 2 1 33

injury
Abdomen + chest + bony 10 4 6 60

injury
Abdomen + head + chest I 0 1 100

injury

There are in the series fifty-six males and fifteen
females. The age-range related to mortality is shown
in Table 2. Eighty-five per cent of patients were under
30 years of age. In the age group 1-10 years, there
was a 60% mortality and above the age of 30 years
mortality as would be expected increased steadily,
there being no survivors over the age of 70 years.

Injuries were almost all due to road-traffic acci-
dents, two were industrial injuries, and one an
attempted suicide.

Thirty-nine patients in addition to an abdominal
injury also suffered fracture of one or more bones.
In twenty-three of these the bony pelvis was frac-
tured. Classically the bladder and the urethra are
the structures most at risk with fracture of the pelvis,
and were in fact injured in twelve of our cases, two
cases having additional injury to the rectum. Sur-
prisingly, however, in eleven cases fracture of the
pelvis was associated with damage to viscera in the
abdomen other than the bladder or urethra.

Injury to more than one intra-abdominal viscus
by blunt trauma is well recognized as a relatively
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TABLE 2. Incidence and mortality of injury
related to age

Age (years) Total Alive Dead

1-10 8 5 3
11-20 25 24 1
21-30 15 11 4
31-40 8 5 3
41-50 5 2 3
51-60 4 2 2
61-70 2 1 1
70+ 4 0 4

common occurrence. In this series two viscera were
damaged in ten cases, and three in one case, multiple
visceral injuries thus occurring in 16%.
The incidence of injury to the various viscera is

shown in Table 3.
The details of the injuries, necropsy findings and

causes of death of the twenty-one patients who died
are set out in Table 4.
These deaths for the purpose of critical survey are

alternatively classified in Table 5. It will be seen that
given perfect judgement and therapy our mortality
figures could possibly have been reduced by as much
as 50%.

Discussion
Diagnosis

Precise diagnosis in blunt abdominal trauma is
usually only achieved by laparotomy. Suspicion of

TABLE 3. Incidence of injury to the various
viscera

Viscus Number

Spleen 32
Liver 16
Small bowel 10
Bladder 7
Urethra 7
Kidney 6
Duodenum 1
Pancreas 1
Inferior vena cava 1
Large bowel 3

an abdominal injury until recently has rested almost
entirely on the physical examination and on the
persistence of pain, tenderness and rigidity, and on a
general decline in the patient's condition. The
presence or absence of bowel sounds shortly after
injury has proved unreliable. Shoulder-tip pain, par-
ticularly after elevation of the foot of the bed, has
proved a useful sign in intra-abdominal bleeding.
A slight increasing fullness of the abdomen on
repeated inspection has also proved to be of diag-
nostic value.
The patient with a concomitant head injury is

always a great problem. Wilson (Wilson, Vidrine
& Rives, 1965) in a large series shows a very high
mortality especially in comatose cases, largely
blaming the difficulties in assessment for this. It will
be noted that in our small series three unnecessary

TABLE 4. Analysis and necropsy findings of deaths
Alternative

No. Age Injuries diagnosed Necropsy findings Cause of death classification
1 75 Ruptured heart, diaphragm, spleen and fractured No addition Haemorrhage A

ribs
2 31 Ruptured urethra, laceration of perineum and No addition Haemorrhage C

fractured femur
3 84 Ruptured urethra Bronchopneumonia Bronchopneumonia A
4 51 Fractured ribs and ruptured liver No addition Haemorrhage C
5 50 Fractured femur and pelvis, ruptured ileum Fat embolism Fat embolism B

and diaphragm
6 49 Ruptured liver, fractured ribs, fractured skull Oedema of brain Haemorrhage C
7 27 Moribund Ruptured aorta and bladder Haemorrhage A

Fractured pelvis
8 24 Fractured skull, bilateral pneumothoraces Ruptured spleen and liver Haemorrhage D
9 41 Head injury, fractured pelvis, ruptured urethra Brain damage Brain damage A
10 53 Ruptured spleen Bronchopneumonia Bronchopneumonia E
11 23 Ruptured liver, bilateral fractured femora Fat embolism Fat embolism B
12 20 Head injury Ruptured spleen Haemorrhage D
13 76 Fractured pelvis, ruptured bladder Pulmonary oedema Cardiac failure A
14 6 Head injury Fracture dislocation of CI-2 Spinal cord damage A

Ruptured liver
15 38 Ruptured liver and spleen, fractured pelvis No addition Haemorrhage C
16 68 Fractured pelvis, ruptured urethra Bronchopneumonia and fat Fat embolism B

embolism
17 25 Ruptured spleen, bilateral fractured tibiae Fat embolism Fat embolism B
18 73 Fractured pelvis, ruptured kidney and ruptured No addition Haemorrhage A

bladder
19 33 Ruptured spleen, kidney, diaphragm and aorta Air embolism Air embolism F
20 5 Ruptured spleen No addition Haemorrhage D
21 4 Head injury Ruptured spleen Haemorrhage D
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Blunt abdominal trauma

TABLE 5. Alternative classification of deaths for the purpose
of critical review

Abbreviation
Alternative classification in Table 4 Number

Inevitable A 7
Probably inevitable (fat embolism) B 4
Possibly saved by more massive

transfusion C 4
Inaccurate diagnosis or assessment D4
More vigorous treatment may have

helped E 1
Technical error F 1

deaths occurred due to inaccurate diagnosis from
this cause. Wilson (Wilson et al., 1965), however,
further states that a rising pulse, a falling blood
pressure and rigidity of the abdomen do not occur
in uncomplicated head injuries. He also places con-
siderable reliance on the absence of bowel sounds;
this has not been our experience.
Though abdominal paracentesis was first intro-

duced in the late Nineteenth Century, it was not
until 1956 when Byrne developed the technique of
using a small needle and puncturing in the four
quadrants that the test was recognized to be of
value. In fact it has only been over the last few years,
since the complete safety of the puncture has been
demonstrated, that wide use has been made of it.
We have used diagnostic paracentesis in only a

small number of cases; twelve positive taps have
been obtained while a false negative result has
occurred on only one occasion. Williams & Yurko
(1966), great advocates of this method, claim an
accuracy of 90% in seventy-eight punctures, and
estimated that their patients underwent surgery 3 hr
earlier than in the period before this test was used.
It must, however, be pointed out that tapping may
need to be repeated after an interval and also that a
positive tap yields only a modest drop of fluid or
blood in the neck of the syringe.
The value of radiological investigation in urologi-

cal injuries is well known. The methods used and
their indications were recently very well reviewed by
Holland, Hurwitz & Nice (1966). For other injuries,
it may be that we have used radiology insufficiently,
usually taking only straight radiographs of chest and
abdomen. In isolated instances, such as the recogni-
tion of a completely unsuspected rupture of the
diaphragm, and the presence of free intraperitoneal
air with rupture of the large bowel, it has proved
invaluable. In most cases, however, little help has
been derived. We would agree with Perelman (1961)
that free air is rarely seen in damage to the small
bowel, none of our cases exhibiting it. Nelson (1966)
reviews very fully the radiology of abdominal
trauma, giving details of his findings using both
plain radiographs and contrast techniques. We would,
however, point out that in the majority of cases the

scope of radiological investigation must be greatly
limited by the grave clinical condition of the patient.

Prior to the use of peritoneal tap our policy in
cases of doubt was to infuse plasma and blood and
then reassess. In cases of internal haemorrhage the
blood pressure will temporarily rise, but fall off again
rapidly in the face of continued bleeding. In cases
with bowel damage the general improvement in
condition will be maintained longer in most instances,
but the signs of peritonitis will persist or become
more obvious. After 4-6 hr if doubt still existed
laparotomy was carried out. As a result of this
rather aggressive approach six negative laparotomies
have been done, but no ill-effects ensued. Fitzgerald,
Crawford & deBakey (1960) in a large series
included a number of negative laparotomies in
similar circumstances, again with no ill effects in any
case. It would thus appear that with the negligible
risk, diagnostic laparotomy is fully justified. Had
the above policy been followed in all cases three of
the deaths in this series might not have occurred.
With increasing confidence in abdominal para-

centesis this policy has been somewhat modified, but
it must be emphasized that no diagnostic significance
must be attached to a negative tap in the presence of
suspicious physical signs.
Treatment
The treatment of cases in this series has followed

standard lines and is therefore not considered in
detail. Several interesting points emerge, however, in
studying our cases in conjunction with other recent
published reports.

Delayed rupture of the spleen has been seen only
once; this occurred 2 weeks after injury and was
successfully treated by prompt splenectomy. Sizer,
Wayne & Frederick (1966) find an incidence of
delayed rupture of 10% in their series and calculate
a mortality of 10% for all reported cases.

Liver injuries have been treated by either simple
drainage, suture and drainage, or packing and
drainage. Simple drainage is permissible if, by the
time of operation, the bleeding has ceased and the
tears are not of great magnitude. Suture using large
deep sutures of heavy catgut is ideal if the injury can
be made accessible through an abdominal incision.
We have preferred to use packing for injuries
involving the dome of the liver rather than carry out
an extensive thoraco-abdominal approach necessary
for suturing. Gauze packs have been used and re-
moved under anaesthetic after 5 days. No renewed
haemorrhage has occurred in our cases. Drainage
tubes are left in for 7-10 days in order that a reliable
track may develop. Biliary leakage has persisted in
some cases for up to 2 weeks.

McClelland & Shires (1965) recorded a very large
series of 259 liver injuries. They do not recommend
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gauze packing, favouring suture in all possible cases
even if this involves an extensive approach pro-
cedure. In twenty-five of their cases hepatic resection
was carried out for extensive liver damage with a

20% mortality. We have no experience of this latter
procedure.
The duodenal injury was an intramural haematoma

and was treated by simple evacuation of the blood
to relieve obstruction. Subsequent uneventful re-

covery occurred. In the past there have been reports
including those of Liverud (1948) and Caird & Ellis
(1958) of the use of bypass procedures such as

gastro-enterostomy for this condition. This would
appear to be unjustified.

Injuries to the small bowel and mesentery have
been treated by suture or resection as demanded by
the state of the bowel.
Rupture of the splenic flexure of the large bowel

was treated successfully by resection and primary
anastomosis. Formerly exteriorization of the injured
area was considered essential, but antibiotics render
primary union feasible. Williams & Yurko (1966)
advise additional proximal colostomy when anasto-
mosis is done, which would appear a sensible safe-
guard. Rectal injuries were treated by proximal
colostomy. In one case a vesico-rectal fistula needed
subsequent plastic repair.
Our policy with renal injuries, in common with

that of most centres as exemplified by reports from
de Weerd (1957) and Scott et al. (1963) has been to
avoid surgical interference if at all possible. In the
vast majority this conservative policy is quite success-

ful, only occasional drainage of a haematoma or
extravasated urine being necessary after the acute
stage. Emergency exploration and subsequent
nephrectomy have only proved necessary on two
occasions during the collection of this series. In one
the renal pedicle was completely severed, and in the
other the renal substance was totally pulped. Intra-
venous pyelography as an interval procedure is
essential after injury as it is well known that patho-
logical kidneys are particularly susceptible to
trauma. We have seen no instances of post-traumatic
renal hypertension, but Reiser (1959) quotes an
incidence of 3 % for this.

All but one of the bladder injuries have been of the
extraperitoneal type. Most have been treated by
urethral drainage only, suprapubic drainage now

being considered unnecessary.
Urethral injuries on the other hand have been

provided with both urethral and suprapubic cathe-
ters. No attempt has been made in our cases to
anchor the prostate by sutures through to the
perineum. The follow-up results by present standards
are acceptable, though by no means good. Virtually
all have some degree of stricture formation but are

being managed quite satisfactorily by intermittent
dilatation.

In some American centres urethral injuries are
treated by primary suture via a perineal approach as
introduced by Young in 1929. A recent report by
Seitzman (1963) records very good results from this
method of treatment.
Our case of pancreatic injury involved the tail of

the pancreas in conjunction with rupture of the
spleen. Splenectomy and simple drainage of the
pancreas were carried out. A pancreatic fistula per-
sisted for 3 weeks and then closed spontaneously.
There is still considerable controversy over the
treatment of pancreatic injuries, the frequent
occurrence of persistent fistulae and pseudocyst
formation having been noted by Stone, Stowers &
Shippey (1962). A recent paper by Jones & Shires
(1965) recommends internal drainage into the
jejunum with the formation of a Roux loop for the
treatment of crush or transection injuries.
The injury to the inferior vena cava occurred in

conjunction with trauma to the liver, and was suc-
cessfully sutured.

Analysis of deaths
Inevitable. Seven cases are thus classified. One was

moribund on admission and was found at necropsy
to have a ruptured aorta; one had extensive frac-
tures of the skull with irreversible brain damage; a
third also had a severe head injury and in addition
a fracture dislocation of C1-2. The other four had
major injuries, but the main indication for placing
them in this category was their advanced age: all
were over 70 years and one over 80 years old.

Fat embolism. It was a rather surprising finding
that four out of a total of twenty-one deaths were
due to fat embolism, an incidence of approximately
20 %. Two of these had fracture of the pelvis and the
other two multiple limb fractures. In none of these
four cases was the diagnosis suspected in life.

Classically, fat embolism produces a petechial
haemorrhagic rash over the chest and upper extremi-
ties, but this is by no means always present. In the
absence of petechiae the diagnosis rests on the
finding of fat globules in the urine or sputum, or
their observation in the retinal vessels on ophthalmo-
scopic examination. The chest radiograph, as des-
cribed by Jirka & Scuderi (1936) often shows a
generalized mistiness which when present is charac-
teristic. Sevitt (1960) suggests renal biopsy to clinch
the diagnosis in suspicious cases. The most important
systemic effects of fat emboli are due to involvement
of lungs or brain. It was suggested by Carreau &
Higgins (1951) that terminal embolism to the
coronary vessels is in many cases the ultimate cause
of death.
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No specific treatment has as yet been discovered,
and as spontaneous recovery occurs in many cases,
the efficacy of reported forms of treatment is dif-
ficult to assess. Successes have however been re-
ported with the use of intravenous heparin (Evarts,
1965) and corticosteroids (Ashbaugh & Petty, 1966).
Corn (1964) advocates intravenous alcohol, and
Adler & Peltier (1964) discuss the use of sublingual
heparin. Aladjemoff, Weinberg & Alkaloy (1963)
treated pulmonary complications successfully by
tracheostomy and positive pressure ventilation,
while Hamilton (1964) reports success in the manage-
ment of resulting cerebral oedema by dehydration
and hypothermia.

It is suggested that fat embolism, though recog-
nized as a relatively frequent complication of major
trauma, may in fact be far more common than
previously realized. Manymore cases would probably
be diagnosed if it were looked for routinely in all
cases showing unexpected and non-specific deterior-
ation of cerebral or pulmonary function, and the
mortality lowered if general measures were taken at
an early stage.

Inadequate blood replacement. It is felt that in four
cases, had a greater volume of blood been given and
given more quickly, and surgical treatment instituted
to try and stop the massive haemorrhage even before
adequate resuscitation had been accomplished, these
lives might have been saved. Two died under
anaesthesia, the first having a ruptured spleen, liver,
fractured pelvis and gross bleeding from the vagina,
the second bilateral fractures of lower limbs and
almost total loss of the perineum. Two were found
at necropsy to have extensive liver damage, not
having been rendered fit enough for surgery even
though the diagnosis ofintra-abdominal haemorrhage
had been made.

Inaccurate diagnosis or assessment. Four deaths
are included in this group. In three of these there was
a concomitant head injury: two were unconscious,
the third conscious but totally unco-operative. Both
unconscious patients had large quantities of blood
in the peritoneal cavity, and a correct diagnosis
would almost certainly have been made had abdom-
inal paracentesis been carried out. In the third case
bilateral pneumothoraces were found and treated,
but it was erroneously thought that these in addition
to the head injury fully accounted for the poor
condition of the patient. Again, had abdominal
paracentesis been carried out the true state of affairs
might have been recognized and successfully
remedied.
The fourth case was a particularly sad one, a

child of 5 years whose parents were Jehovah's Wit-
nesses. Blood loss was seriously miscalculated. In a

mistaken attempt to concur with the parents' wishes
no blood or plasma was infused and death from
blood loss occurred shortly after splenectomy.
This was a gross error in judgement, but underlines
how badly children, with their small normal circu-
lating volume, tolerate blood loss.

It must be noted that of the three deaths occurring
in children under 10 years of age in this series, two
are included in this group of inaccurate diagnosis.

More vigorous treatment. In this category only one
patient is included, an uncomplicated splenic rupture
who died of bronchopneumonia. He was not of
advanced age and it is felt that had more active
prophylactic measures been taken at an early stage,
death could have been avoided.
A second patient died of bronchopneumonia

following repair of a ruptured urethra; he was,
however, the oldest patient in the series and it is
felt that even with the best therapy his death was
inevitable.

Technical misfortune. This occurred while a
patient was on cardiac bypass during repair of a
ruptured aorta. An air leak developed in the venous
line at the left atrium and cerebral air embolism
took place before the leak was recognized.

Conclusion
The fact that seventy-two major abdominal

injuries can now be collected in the short period of
3 years shows the increasing magnitude of the
problem. Though this is only a small series we feel
some useful points are demonstrated.

There is no substitute for sound clinicaljudgement
in the management of these injuries. Considerable
assistance may undoubtedly be obtained from peri-
toneal tap but radiological investigation, with the
notable exception of the case with urological trauma,
is of limited value.
The high incidence of multiple visceral injuries is

demonstrated. A very thorough search of the
abdomen in all cases submitted to surgery is there-
fore essential.
On occasions very large volumes of blood, rapidly

infused, are necessary to maintain the patient long
enough for reparative surgery to be carried out.
The particular sensitivity of children to blood-loss
is demonstrated.
The complicating features of a concomitant head

injury are illustrated. The presence of the head
injury should in no way be considered a contra-
indication to diagnostic laparotomy in the doubtful
case.

Unsuspected fat embolism is shown to be a
prominent cause of death. The diagnosis should be
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borne in mind in any cases showing non-specific
deterioration, and confirmatory investigations insti-
tuted.
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