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INTRODUCTION

ecause of its size, the liver is particularly vulner-
B able to damage in contusions and penetrating

wounds of the abdomen. The incidence of liver
damage ranges from 15 to 45% in abdominal contusions,
but rises to 30 to 40% after penetrating firearm or knife
wounds. In essence, any projectile or any other perforat-
ing instrument that penetrates the abdomen can cause liver
damage (7).

Because the liver is a well irrigated parenchymatous
organ, the challenge posed by complex hepatic lesions is
the control of bleeding. Among these types of lesions are
transfixing hepatic wounds caused by bullets, wich are
often highly difficult to resolve surgically (16,17).

In view of the impossibility of suturing and control-
ling hemorrhage in deep lesions of the liver parenchyma,
the surgeon is forced to use more agressive types of treat-
ment. However, a simpler therapeutic action which may
be quite effective is to produce tamponade of the path of
the wound with a balloon or tube in order to stop bleeding
by compression. This procedure was created in 1906 by
Schrieder (apud 17), who introduced and insufflated a
rubber balloon along the path of the wound, controlling
hemorrhage after a frustated attempt to do so with sponges.
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This maneuver was not disseminated and was eventually
forgotten until recently when Branco et al. used it suc-
cessfully in nine patients with complex penetrating wounds
(2). Because of its simplicity and effectiveness, the proce-
dure deserves to be disseminated, even though we are
aware that various services in Brazil already use it, but
with no reports on their results.

Thus, the objective of the present report was to
present a small series of patients with transfixing wounds
of the liver treated by tamponade with a hydrostatic bal-
loon.

CASES

The study was conducted on 13 patients (12 males
and | female) with transfixing wounds of the liver admit-
ted to the Emergency Service of the Department of Sur-
gery, Faculty of Medical Sciences of “Santa Casa de Sio
Paulo”, from June 1987 to April 1992. Patient age ranged
from 17 to 43 years, with a mean of 28.6 years. All had
been wounded by firearm bullets. Thoraco-abdominal
wounds were present in eight patients, and only abdomi-
nal wounds were present in the remaining five. Four pa-
tients were hemodynamically unstable upon admission,
with a systolic pressure of 90 mmHg or less. The trauma
score ranged from 11 to 16 (Table 1).

The right lobe was damaged in all cases. In one
patient there was also involvement of the caudate lobe,
and in two others the left lobe was also involved.

As to associated lesions, involvement of the right
kidney was present in five patients, and lesion of the infe-
rior vena cava occurred in only one.



Table 1
Hemodynamic variables and trauma score upon
admission
Case AP P TS
01 120x70 80 16
02 150x90 86 16
03 140x100 120 15
04 120x80 80 16
05 60x40 110 11
06 130x100 84 16
07 60x30 120 12
08 150x100 110 14
09 150x100 100 16
10 120x80 88 14
11 90x60 84 14
12 90x60 120 11
13 120x80 120 16

Lesions of other organs were present and are listed
in Table 2 according to the Penetrating Abdominal Trauma
Index (PATI).

Table 2
Surgical findings and PATI

Case  Wound site Associated Lesions  PATI
01 Right lobe
02 Right lobe
+ caudate lobe  Diaphragm 8
03 Right lobe R diaphragm 8
04 Right lobe R kidney: asc. colon;
R diaphragm 8
05 Right lobe
+ left lobe R and L diaphragm,
spleen,stomach 25
06 Right lobe R kidney 52
07 Right lobe Stomach 23
08 Right lobe R kidney, Rdiaphragm 16
09 Rightlobe Rdiaphragm 14
10 Right lobe R kidney 8
11 Right lobe
+ left lobe R diaphragm, L leg 23
12 Right lobe Rkidney,venacava,
duodenum, 8
gallbladder 60
13 Right lobe R Diaphragm 8

PATI = Penetrating Abdominal Trauma Index (Moore et al.,
1981 (15)
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The option to introduce a balloon was chosen in the
presence of a transfixing wound of the liver of difficult
approach and with active bleeding. The balloon consists
of two drains arranged coaxially, an internal tubular one
made of plastic (no 14 or 16 Levine tube), and an exter-
nal, laminar one of the Penrose type. The laminar drain is
firmly tied to the tubular one at the ends and the latter is
occluded with a ligature at its distal end (Fig. 1).

Figure 1- Appearance of the prepared ballon.

The tubular drain should contain three to four ori-
fices so as to permit the introduction of fluid inside the
laminar drain, transforming it into a balloon. The balloon
should extend 4 to 6 cm beyond the path of the wound.
The capacity of the balloon is verified with contrast fluid,
S0 as to maintain it distened. When it is insufflated, with
its ends located aproximately 2 to 3 cm outside the path
at both ends of the wound, it should take on the shape of
dumbells perfectly anchored to the liver parenchyma (Figs.
2 and 3).

Figure 2- Intraoperative aspect of ballon positioning (see
arrows).
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Figure 3- Radiologic aspect of ballon positioning (postopera-
tive view).

After the occurrence of hemostasis was verified and
the associated visceral lesions were corrected, the cavity
was drained with a tubular-laminar drain exteriorized
through the right flank, with the balloon coming out
through a counter-opening in an incision separate from
that of the abdominal drain.

The common hepatic artery was ligated in one case
at the beginning of surgery and the balloon was intro-
duced because of persistent bleeding. No additional
hemostasis procedures were used in the remaining
patients.The mean volume of crystalloid solution infused
intraoperatively was 4.15 liters, and blood replacement
ranged from 2 to 17 U of red cell concentrate (Table 3).

Table 3
Intraoperative blood volume replacement

Case Crystalloid solution Red cell concentrate (U)

RESULTS

After passage of the balloon, hemorrhage stopped in
all patients. The balloon was kept insufflated for a period
of time varying from 3 to 23 days, with a mean of 9 days.
The definitive removal of the balloon occurred between
the 6th and 24th postoperative day (Table 4). Six patients
were discharged from the hospital with no local or sys-
temic complications.

TABLE 4
Complications and time of hospitalization

Case Deflation Removal Complications Time of
hospitalization
n (days)

01 PO-7 PO-8 Surgery for

balloon removal 12
02 PO-23 PO-24  Death (BCP

+ empyema) 36
03 -PO-13 PO-14 15
04 PO-08 PO-09 20
05 PO-08 PO-09 10
06 PO-03 PO-15  Subhepatic

collection 18
07 PO-10 PO-11 Subhepatic

collection 07
08 PO-05 PO-06 07
09 PO-05 PO-06 07
10 PO-07 PO-08 09
11 PO-12 PO-13  Surgery for

balloon removal 13
12 —— ——— Death

(pulmonary shock

+ ARF) 05
13 PO-07 PO-08 Hemorrhagic ulcer 18

(ml)
01 3000 —
02 3000 02
03 4000 03
04 7000 05
05 4500 16
06 4500 01
07 5500 04
08 5500 —
09 3500 02
10 3500 02
11 4000 02
12 4000 17
13 2000 02
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Two patients required a new surgical intervention
for removal of the balloon because of the presence of
epiploon adherences to the tube which prevented its re-
moval. Both patients had a good course.

Two patients had fever and, after complementary
imaging tests, were diagnosed to have subhepatic collec-
tions. Treatment with antibiotics was started and no addi-
tional surgical procedures were required for resolution.
As mentioned earlier, one patient was submitted to he-
patic artery ligation but no complications related to the
procedure were observed.
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One patient presented upper digestive hemorrhage
on the lith postoperative day secondary to a duodenal
ulcer when the balloon had already been removed. He
was submitted to partial gastrectomy and discharged from
the hospital without complications. In this second inter-
vention, the path of the wound was evaluated and no
evidence of bleeding or of a biliary fistula wasfound.

Two patients died, one due to acute hemorrhagic
duodenal ulcer who was not operated upon and who de-
veloped bronchopneumonia and pleural empyema, and the
other due to shock lung and acute renal failure caused by
the initial severity of trauma.

Except for the two patients who developed compli-
cations and died (cases 2 and 12), the time of hospitaliza-
tion ranged from 5 to 36 days, with a mean of 14,7 days.

DISCUSSION

The incidence of traumatic liver injury has increased
over the last three decades (3,12,13). Several reports sug-
gest that aproximately 80% of all traumatic liver injuries
in civilian life can be treated by simple techniques such as
suture, drainage or local compression and that only a re-
duced number of hepatic lesions require major procedures
such as resection or cannulation of the inferior vena cava
(1,5,8,9,22).

In view of the diversity of existing classifications
with respect to traumatic injury to the liver, the American
Association for the Surgery of Trauma has created a com-
mittee responsible for the classification of the various de-
grees of hepatic damage so as to standardize the informa-
tion and permit comparison of data obtained by different
groups (14). However, an interesting fact is that some
transfixing wounds, although listed in the classification as
grade II and III, behave similarly to hepatic lesions of
more elevated grades due to the difficulty faced by the
surgeon in approaching the wound and controlling hemor-
rhage in an efficient, rapid, and adequate manner.

The mortality rate for isolated hepatic lesions is
aproximately 5%, but when other organs are involved these
rates exceed 50% (1,3,5,10,11,15,23). This fact was con-
firmed in Brazil by Coimbra (4) who, using multivariate
analysis, demonstrated that associated lesions interfere with
delayed morbidity and with mortality. The same author
also demonstrated that variables such as blood replace-
ment, advanced age, abdominal complications and PATI
of more than 20 are factors directly related to mortality
rates.

In this patient series it was not possible to establish
a direct correlation between hemodynamic conditions,
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trauma score, blood replacement and PATI, and morbidity
and mortality because of the limited number of cases ana-
lyzed. Thus, the patient with a PATI of 52 did not present
postoperative complications despite the replacement of 16
U of red cell concentrate, where as the patient with a
PATI of 8 died on the 36th postoperative day. However,
the patient that was admitted in shock with a trauma score
of 11, who received 17 U of red cell concentrate and who
had a PATI of 60, died on the 5th postoperative day. Fifty
percent of the patients with a PATI of more than 23,
excluding patient no 12, were hospitalized for 19 days,
compared to 9.5 days for the remaining patients.

If the hepatic lesion is small or bleeding is minimal,
hemostasis is obtained by simple procedures, but in more
complex lesions the surgeon should start repair before
establishing the hemodynamic conditions, only perform-
ing manual compression and the Pringle maneuver
(7,11,19,20,23). As an alternative to the use of mass su-
tures that provoke ischemia of the tissue portion involved,
Patcher et al. in 1983 (18) proposed that hemostasis in the
presence of deep wounds could be obtained by widening
the path of the wound manually and by direct hemostasis
of bleeding points. This technique permits definitive treat-
ment and intrahepatic ligation of small vessels (18). Simple
suture of the entrance and exit orifices or superficial
tamponed of the wound may create conditions favorable
to the appearence of intrahepatic collections, abcess for-
mation or hemobilia (2,6). Furthermore, the path of the
wound may deeply involve both lobes when crossing the
caudate lobe, a fact that would hamper the approach based
on direct exploration of the path.

In view of the above considerations, Morimoto et al.
in 1987 (17) proposed the placement of a balloon through-
out the path of the wound. The balloon should be made of
nelation tubing and a Penrose drain arranged coaxially
and filled with a mixture of saline and iodated contrast
(17).

In our opinion, the advantages of using a tamponing
balloon is the easy preparation of the device and the effi-
ciency in obtaining hemostasis, with no need for major or
more agressive surgical procedures that would excessively
prolong operative time.

In this patient series, mean time of permanence of
the insufflated balloon was 9 days, except for patients 2
and 12, in whom the balloon was maintained for 23 and
12 days, respectively. This was due to the extensive liver
damage present, which in the first case involved the right
and caudate lobes, and in the second the right and left
lobes. Analysis of the present data and the acquired expe-
rience permit us to establish a period of 7 to 10 days as
ideal for balloon permanence as long there is no recurrent
bleeding.
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[t should be emphasized that drainage of the cavity
should be maintained for at least 24 hours after balloon
removal in order to detect possible bleeding or excess bile
drainage. In addition to providing immediate hemostasis,
the device represents a true transhepatic drainage by
permiting the outflow of secretions and bile originating
from the damaged hepatic ducts, thus avoiding or mini-
mizing the occurrence and gravity of an eventual biliary
fistula (2). If bleeding through the abdominal drain should
occur after baloon deflation, an event never oserved by
us, the balloon could be insufflated again and the patient
would have the opportunity of being submitted to
reoperation, if necessary, under stable hemodynamic con-
ditions and with a surgical field free from bleeding.

As to blood volume replacement, we observed that
the patients who received large amounts of blood (cases 5
and 12) had multiple associated lesions that represented
potential bleeding points in addition to the hepatic lesion.
The mean amount of red cell concentrate tranfused was 5
units and the mean amount of crystalloid solution was 4
150 ml. These data also confirm the need to use alterna-
tive methods, such as the intrahepatic balloon, for the
treatment of complex hepatic lesions so that blood vol-
ume losses will be smaller and the surgeon will have the
possibility of adequately treating other bleeding points.

Thus, on the basis of the present results, we believe
that the intrahepatic balloon represents a valuable alterna-
tive for the treatment of transfixing lesions of the liver
presenting abundant hemorrhage, representing a rapid and
simple method for obtaining hemostasis.
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