
Original Article

Outcomes of abdominal trauma patients with hemorrhagic
shock requiring emergency laparotomy: efficacy of
intra-aortic balloon occlusion
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Department of Emergency and Critical Care Medicine, Wakayama Medical University, School of Medicine,
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Aim: The aims of this study were to investigate outcomes of abdominal trauma in patients with hemorrhagic shock requiring emer-
gency laparotomy and clarify the beneficial effects of intra-aortic balloon occlusion (IABO) for intra-abdominal hemorrhage in patients
with critically uncontrollable hemorrhagic shock (CUHS).

Methods: We reviewed 44 hemorrhagic shock patients who underwent emergency laparotomy for intra-abdominal hemorrhage
over a 6-year period. Of these patients, we examined data for 19 subjects who underwent IABO during initial resuscitation to control
massive intra-abdominal bleeding leading to CUHS.

Results: The average Injury Severity Score and probability of survival (Ps) of the 44 patients were 27.6 � 15.4 and
0.735 � 0.304, respectively, and the overall survival rate was 77.3%. The differences in the Glasgow Coma Scale, lactate level,
prothrombin time – international normalized ratio, and Ps between the two groups (21 responders and 23 non-responders) were
statistically significant (P < 0.05). Intra-aortic balloon occlusion was attempted in 19 of 23 patients (82.6%) with CUHS, and there
were no statistically significant differences in presenting Glasgow Coma Scale, body temperature, lactate, prothrombin time –
international normalized ratio, or Revised Trauma Score between the survivors (n = 12) and non-survivors (n = 7). The only signifi-
cant differences between these two groups were observed in Injury Severity Score (P = 0.047) and Ps (P = 0.007). In all patients,
the balloons were successfully placed in 8.1 � 3.3 min in the thoracic aorta, and a significant increase in systolic blood pressure
was observed immediately after IABO.

Conclusion: The IABO procedure can be life-saving in the management of patients with CUHS arising from intra-abdominal hemor-
rhage, permitting transport to surgery.
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INTRODUCTION

THE CONTROL OF hemorrhage is the primary thera-
peutic intervention in patients with abdominal trauma.

Saving the life of a patient who has experienced a severe
abdominal injury is extremely difficult. In order to circum-
vent a lethal, bloody, and vicious circle of acidosis,
hypothermia, and coagulation failure, hemorrhage should be
controlled as soon as possible.1 Some authors have reported

the efficacy of resuscitative emergency thoracotomy with
aortic cross-clamping in patients with severe abdominal
trauma.2–4 However, there are only a few reports of the use
of intra-aortic balloon occlusion (IABO) to treat abdominal
trauma.5,6 In addition, Brenner et al.7 reported that a reap-
praisal of the need for resuscitative endovascular balloon
occlusion of the aorta is required. It is reportedly a feasible
and effective means for patients in shock from blunt and
penetrating mechanisms. We use the IABO procedure in
patients with abdominal bleeding based on the individual
circumstances, including at the accident scene and in the
emergency room (ER) and operating room.

The aims of this study were to investigate the outcomes of
abdominal trauma in patients with hemorrhagic shock
requiring emergency laparotomy and clarify the beneficial
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effects of IABO for intra-abdominal hemorrhage in patients
with critically uncontrollable hemorrhagic shock (CUHS).

METHODS

THIS STUDY WAS carried out as a retrospective review
of clinical records at the trauma center at Wakayama

Medical University Hospital (Wakayama, Japan). The total
number of patients with severe injury (Injury Severity Score
[ISS] > 16) at our center during the study period was 1125;
of these, the number with severe abdominal injury (Abbrevi-
ated Injury Scale > 4) was 53. A total of 44 patients with
intra-abdominal hemorrhagic shock were treated with emer-
gency laparotomy between January 2007 and December
2012.

We divided these 44 patients into the responder group
and the non/transient responder group according to the
TRAUMA criteria.8 Patients with a systolic blood pressure
(SBP) >90 mmHg and a heart rate <100 b.p.m. at the acci-
dent scene or in the ER who were stabilized after initial
resuscitation were defined as responders. Patients with SBP
<90 mmHg or heart rate >100 b.p.m. despite the use of ini-
tial resuscitation with 2 L i.v. crystalloids at the accident
scene or in the ER were defined as non/transient responders,
and we initiated the blood transfusion while simultaneously
performing IABO using a percutaneous occlusion balloon
catheter (Senko Medical Instrument Mfg. Co. Ltd., Tokyo,
Japan). The IABO procedure was carried out in the ER,
operating room, or at the accident scene, where a medical
doctor and nurse were dispatched by helicopter. Our center
has a system of doctor-staffed helicopters. In this system, a
helicopter that has been configured for emergency medical
service care with an on-board emergency physician and
nurse is rushed to the accident scene.4 At the accident scene,
the physician determines the need for IABO based on a
physical examination and focused assessment with sonogra-
phy for trauma (FAST). In this series, the IABO procedure
was carried out in the emergency room (n = 15), operating
room immediately before laparotomy (n = 2), and on site
with a flight doctor (n = 2).

In all situations, the interventions were undertaken by
emergency physicians. A 0.032-inch wire was inserted
through the sheath in the femoral artery and was advanced
through the femoral artery to the thoracic aorta by observa-
tion. Similar to the process used to insert the wire, the bal-
loon was placed over the wire up to 50–70 cm for
placement in the thoracic aorta and then slowly inflated with
saline solution until friction with the aortic wall was felt.
Stannard et al.9 published a description of resuscitative
endovascular balloon occlusion of the aorta in which the
occlusion zone was defined as zone I, which extends from

the origin of the left subclavian artery to the celiac artery. In
the present analysis, absent femoral pulses were verified
bilaterally in order to ensure the efficacy of aortic occlusion,
and we subsequently measured the patient’s brachial arterial
pressure. The duration of inflation was permitted to last up
to 20 min, after which the balloon was deflated for 5 min.
We also used one-third to two-thirds inflation if the patient’s
blood pressure was stabilized. As such, intermittent balloon
inflation and deflation is required until hemodynamic stabil-
ity is restored.

The data of blood tests were collected from the initial data
on arrival. The ISS, Revised Trauma Score (RTS), and prob-
ability of survival (Ps) were calculated with commonly used
formulas. Continuous data are presented as mean � stan-
dard deviation. We used v2-tests for categorical data and
Wilcoxon rank–sum tests for continuous data. To compare
improvement in the SBP of pre- and post-IABO, we used
Wilcoxon signed–rank tests. Statistical significance was
defined as a P-value of less than 0.05. All statistical analyses
were carried out with the JMP 9 software package (SAS
Institute Inc., Cary, NC, USA).

RESULTS

THE CHARACTERISTICS OF the 44 patients with
hemorrhagic shock are shown in Table 1. We divided

the 44 patients into two groups (responders and non-respon-
ders) based on their response to the initial resuscitation
attempt and compared the background factors of these two
groups. The differences in Glasgow Coma Scale, lactate, pro-
thrombin time – international normalized ratio, and Ps were
statistically significant (P < 0.05). There were no significant
differences in hemoglobin, platelets, ISS, or RTS between
the two groups (responders and non-responders). However,
there was a tendency for ISS and RTS in non-responders
(32 � 17.2 and 6.44 � 1.35, respectively) to be higher than
in responders (23 � 12.0 and 7.05 � 1.17, respectively).

The course of treatment and prognosis for the 44 patients
with hemorrhagic shock requiring emergency laparotomy
are shown in Figure 1. A total of 23 patients had CUHS,
with a survival rate of 60.9%, which was significantly poorer
than that (95.2%) observed in the 21 patients without CUHS
(P = 0.0102). The IABO procedure was carried out in 19 of
23 patients (82.6%) with CUHS; all balloons were success-
fully placed in an adequate position without complications.
Two patients experienced possibly preventable trauma-
related death, with a global mortality rate of 36.8% (7 of
19 patients; 5 of these 7 patients died due to progressive
intra-abdominal hemorrhagic shock after surgery and 2
patients died due to brain edema and cardiac injury). We
were unable to insert the balloon in 4 patients, and thoracic
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aorta cross-clamping instead of IABO was carried out in 1
of these patients. Two of these 4 patients showed sudden
changes in their vital signs while being transferred to the
operating room, while the final patient had absent pulses in
the femoral arteries. We were able to rescue only 2 of the 4
patients who were not treated with IABO. We should have
used thoracic aorta cross-clamping in the 3 patients in whom
the IABO device could not be inserted.

The characteristics of the 19 patients treated with IABO
are summarized in Table 2. There were no statistically sig-
nificant differences in the presenting Glasgow Coma Scale,
body temperature, lactate, prothrombin time – international
normalized ratio, or RTS values between the survivors and
non-survivors. The only significant differences between the
two groups were observed in the ISS (P = 0.047) and Ps
(P = 0.007).

The treatment courses of the 19 patients are shown in
Table 3. A total of 12 patients presented with shock upon
arrival to the ER, including 7 survivors and 5 non-survivors.
In contrast, 7 patients presented with shock during treatment
in the ER, 5 of whom survived and 2 did not. Although the
time from the onset of shock to surgery was not significantly
different between the survivors and non-survivors, this
parameter tended to be shorter (86 � 51 min) in the sur-
vivors than in the non-survivors (100 � 30 min). The time
from IABO to inflation was 8.1 � 3.3 min, and the time
from inflation of IABO to surgery was 20 � 15 min. There
were no statistically significant differences in these times
between the survivors and non-survivors. The volume of red
blood cells within the 24 h from the accident was not signifi-
cantly different between the survived and non-survived
groups (P = 0.126). Also fresh frozen plasma and platelet

Table 1. Characteristics of 44 patients with intra-abdominal hemorrhagic shock treated with emergency laparotomy

All patients (n = 44) Responder (n = 21) Non-responder (n = 23) P-value

Age, years 54 � 19 53 � 18 56 � 20 0.698

GCS 13 � 3.5 13 � 3.5 12 � 3.4 0.027

BT, °C 36.1 � 1.1 36.3 � 0.73 35.8 � 1.4 0.241

Lactate, mmol/L 5.1 � 4.1 3.9 � 3.8 6.1 � 4.1 0.016

Hb, g/dL 10.3 � 3.0 11.0 � 2.9 9.8 � 3.2 0.200

PT-INR 1.3 � 0.57 1.18 � 0.32 1.43 � 0.73 0.030

Plate, 104/lL 18.0 � 8.2 20.5 � 9.3 15.7 � 6.4 0.169

ISS 27 � 15 23 � 12.0 32 � 17.2 0.106

RTS 6.7 3 � 1.29 7.05 � 1.17 6.44 � 1.35 0.119

Ps (%) 73.5 � 30.4 81.4 � 27.4 66.1 � 31.8 0.039

BT, body temperature; GCS, Glasgow Coma Scale; Hb, hemoglobin; ISS, Injury Severity Score; Plate, platelet count; Ps, probability of sur-

vival; PT-INR, prothrombin time – international normalized ratio; RTS, Revised Trauma Score.

Responders
n = 21

Non-/transient responders
(CUHS) n = 23

IABO (+)
n = 19

Survivors
n = 20

Survivors
n = 2

Survivors
n = 12

Hemorrhagic shock
n = 44

IABO (–)
n = 4

*Unexpected death
Total n = 2

Non-survivors
n = 7 (* 2)

Non-survivors
n = 1 (* 0)

Non-survivors
n = 2 (* 0)

Fig. 1. Management of 44 patients

with hemorrhagic shock requiring

emergency laparotomy.
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concentrate were not significantly different between the sur-
vived and non-survived groups (P = 0.417, P = 0.761). We
were able to repeat inflation/deflation of the balloon and/or
use one-third to two-thirds inflation to shorten the total
occlusion time, thus allowing us to carry out the operation
while ensuring a stable patient condition. We undertook
eight damage control surgery (DCS) procedures in 19 non-
responders and were able to rescue 4 of these patients.

The improvements in SBP in the 19 patients treated with
IABO are shown in Table 4. The increase in blood pressure
obtained after IABO was statistically significant compared
with that observed before IABO in both the survivors
and non-survivors. Furthermore, the systolic blood pressure
values of both the survivors and non-survivors improved
to equivalent levels, namely 122 � 20 mmHg and
125 � 25 mmHg, respectively, and IABO had the effect of
transiently increasing blood pressure in both groups.

DISCUSSION

IN THIS STUDY, the SBP values increased in all
patients after IABO; the mean SBP increased from

75 � 10 mmHg to 124 � 22 mmHg. Some authors have

Table 2. Characteristics of 19 patients with intra-abdominal hemorrhagic shock treated with intra-aortic balloon occlusion

All patient (n = 19) Survivors (n = 12) Non-survivors (n = 7) P-value

GCS 12 � 3.0 13 � 3.2 12 � 2.6 0.119

BT, °C 35.7 � 1.5 35.8 � 1.6 35.3 � 1.1 0.339

Lactate, mmol/L 5.9 � 4.0 4.8 � 3.8 7.6 � 3.7 0.189

PT-INR 1.46 � 0.79 1.56 � 0.98 1.28 � 0.19 0.937

ISS 33 � 18 26 � 14 44 � 19 0.047

RTS 6.6 � 1.3 6.7 � 1.4 6.4 � 1.2 0.464

Ps, % 67 � 30 80 � 26 44 � 21 0.007

BT, body temperature; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; Ps, probability of survival; PT-INR, prothrombin time – interna-

tional normalized ratio; RTS, Revised Trauma Score.

Table 3. Treatment course of 19 patients with intra-abdominal hemorrhagic shock treated with intra-aortic balloon occlusion

(IABO)

All patients (n = 19) Survivors (n = 12) Non-survivors (n = 7) P-value

Vital shock (SBP <90 mmHg or heart rate >100 b.p.m.)

On arrival at emergency department 12 7 5 0.568

During treatment 7 5 2

Time from shock to operation, min 91 � 44 86 � 51 100 � 30 0.374

Time from insertion of IABO to inflation of balloon, min 8.1 � 3.3 7.7 � 3.1 8.7 � 3.7 0.574

Time from inflation of IABO to operation, min 20 � 15 23 � 17 16 � 12 0.330

Time from onset to initial resuscitation, min 34 � 22 35 � 26 32 � 10 0.611

Length of operation time, min 104 � 46 110 � 39 94 � 59 0.219

Damage control surgery 8/19 4/12 4/7 0.311

SBP, systolic blood pressure.

Table 4. Improvements in systolic blood pressure in 19

patients with intra-abdominal hemorrhagic shock treated

with intra-aortic balloon occlusion (IABO)

Before IABO,

mmHg

After IABO,

mmHg

P-value

Survivors (n = 12) 78 � 10 122 � 20 <0.001
Non-survivors (n = 7) 67 � 12 125 � 25 0.008
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already reported similarly significant mean increases in SBP
after IABO, allowing for the control of hemorrhagic
shock.10–13 Irahara et al.6 used IABO in patients with trau-
matic hemorrhagic shock and reported that the SBP
increased from 65.5 � 4.7 mmHg to 123.1 � 10.5 mmHg.
Martinelli et al.10 used IABO in patients with hemorrhagic
shock due to pelvic fractures and found that the SBP
increased from 41 � 26 mmHg to 111 � 47 mmHg.
Importantly, complications related to IABO insertion have
been reported (spinal cord damage, abdominal viscera ische-
mia, and organ failure).14 Recently, Saito et al.15 reported
that 3 of 24 patients who underwent IABO had complica-
tion, 1 with external iliac artery injury and 2 with lower limb
ischemia. The three patients required amputation. Other
investigators have noted that some patients treated with
IABO developed complications of balloon rupture.10,11

However, there were no complications related to the use of
IABO in the present study. Therefore, because IABO leads
to an increase in SBP, we assume that the IABO should be
inserted quickly in patients with CUHS caused by intra-
abdominal hemorrhage. We could insert the IABO in 19 of
23 patients classified as non/transient responders. In this
study, it took only approximately 8 min to insert and inflate
the IABO, and the time from IABO inflation to surgery was
approximately 20 min, which is adequately short. In con-
trast, the time from the onset of shock to surgery was
approximately 91 min. During this time, we monitored the
patient’s response to fluid resuscitation and/or transfusion.
Although the blood pressure values were stabilized tran-
siently with initial resuscitation in most patients, the blood
pressure again became unstable. Therefore, we think that a
lot of time is required to decide whether to insert an IABO
device. Recently, Norii et al.16 and Inoue et al.17 reported
that IABO was associated with higher mortality compared
with patients matched by propensity score who did not
undergo IABO. Norii et al. described IABO as a “last ditch”
effort to salvage dying trauma patients. In contrast, Inoue
et al. described IABO not as a last-ditch effort, but could be
a potentially effective device when it was integrated into sur-
gery or transcatheter embolization without delay. We also
think that IABO is only a device that can control bleeding
transiently, not stop bleeding, and should be considered as
part of treatment strategy for abdominal trauma patients.
Thus, we believe that the decision to carry out IABO and
surgery should be made as soon as possible in patients with
CUHS who are critically unstable, and the indications for
IABO at the accident scene should be extended.

In general, an emergency thoracotomy (ET) for aortic
cross-clamping is regarded to be an effective management
strategy of patients in extreme shock. It has been reported
that the overall survival rate after ET in trauma patients is

only 18–31%.3,18 Recently, Moore et al.19 reported that the
use of IABO in patients with non-compressible hemorrhage
from the abdomen and pelvis is feasible and can effectively
control hemorrhage. In addition, they reported that patients
undergoing IABO had fewer early deaths and improved
overall survival compared with patients undergoing ET
(37.5% versus 9.7%, P = 0.003). In addition, in our study,
we were unable to insert an IABO device in four patients,
two of whom (50%) could not be rescued. One of these two
patients was treated with ET, whereas the other showed sud-
den changes in vital signs. Therefore, we believe that ET
should be quickly performed in patients in whom it is not
possible to safely insert an IABO device.

The advantage of IABO is the ability to restore and main-
tain hemodynamics in patients with hemorrhagic shock.
Therefore, after IABO, the patient can be safely transferred to
the operating room within the hospital or from the accident
scene to the emergency medical care center by a doctor-
staffed helicopter. In this study, we were able to temporarily
control the bleeding, carry out surgical treatment in a blood-
less field, and identify the site of bleeding by inflating/deflat-
ing the balloon. Miura et al.20 also reported their successful
experience with this device. In their study, IABO was
attempted in patients with massive intra-abdominal hemor-
rhage following hepatopancreatobiliary surgery. After IABO,
the operative field became clearly visible, and the sites of
bleeding were easily found and controlled. In addition,
because decompression of the abdominal wall tamponade by
laparotomy can cause sudden cardiovascular collapse,21,22 we
believe that IABO can be applied to prevent sudden cardiac
arrest after laparotomy in patients with CUHS.

CONCLUSIONS

IT IS POSSIBLE to quickly insert an IABO device, which
allows the blood pressure to be significantly increased. In

order to maintain the patient’s blood pressure during the
operation, inflation/deflation can be repeated or the balloon
can be inflated to half-volume. Our findings suggest that
IABO can be used to stabilize the hemodynamics of the
patient, provide a good view of the operative field, and
detect the site of bleeding. Therefore, we believe that the
survival rate can be increased by using IABO devices.
However, the decision to undertake IABO and subsequent
surgery must be made as quickly as possible after trauma
in order to reduce the duration of occlusion.
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