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Abstract

Introduction: Abdominal aorta injuryis a rare yet lethal condition, particularly in patients at first-line hospitals, which usually lack
in experience with the treatment of major vascular injuries. In this setting, the patient should initially be treated with the intent to
prolong survival and enable the consultation of a physician at a tertiary hospital.

Case Presentation: This report describes a case, in whom massive blood transfusion and aortic compression with gauze were com-
bined to maintain hemodynamics for approximately one hour successfully. The case was a 40-year-old patient with a penetrating
abdominal aorta injury. This patient was admitted to the People’s Hospital of Jingyan County in Leshan, People Republic of China,
during May 2017. During the resuscitation process, this patient experienced a blood loss of 12 000 mL (equivalent to 2.5 folds that of
amale with a 60-kg body weight) and received an approximate total volume of 9000 mL of transfused blood and blood products.
Conclusions: Although supermassive hemorrhages and transfusions approximated to 2.5 times and 2 times, respectively, blood vol-
ume of a 60-kg man are extremely rare. This study demonstrates that the simple intervention combined with a massive transfusion
with gauze-based aortic compression can effectively prolong the time window, during which an abdominal aorta repair is possi-
ble. Therefore, massive transfusion and gauze-based compression are one of the most effective rescue measures to life-threatening
hemorrhages.
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1. Introduction

Abdominal aorta injuryisamong the most lethal types
of injury, with mortality rates ranging from 31% to 87% (1),
particularly penetrating abdominal aortic trauma. Deep
large vessels-penetrating injuries can be damaged by im-
provised explosive devices, gunshots, and vehicle colli-
sions, and lethal exsanguination can occur within min-
utes. In this setting, emergency conventional open surgery
or endovascular intervention (2) is often necessary to re-
pair the injury. However, no matter how the vascular sys-
tem is repaired, it requires an experienced surgeon, who
are unavailable in first-line hospitals. Therefore, direct
pressure is the intuitive choice to prolong the time win-
dow until consultation with a more experienced physician
for abdominal aorta repair.

Modern resuscitative techniques, including hypoten-
sive resuscitation, and Massive Transfusion Protocols

(MTP) involving low ratios of Packed Red Blood Cells
(PRBC) to Fresh Frozen Plasma (FFP) have significantly re-
duced mortality associated with abdominal aorta injuries
(3-9). The most commonly used definition of MTP in the
trauma literature is > 10 units of pRBCs in 24 hours, which
involves “damage control resuscitation” practices of the
critically ill, hemorrhaging trauma patient (10). However,
first-line hospitals lack experience in the resuscitation of
patients with major vascular injuries and trauma, and
patients, who refer to these hospitals with penetrating
abdominal injuries often require consultation with a
physician at a higher-level hospital. These patients must
be kept alive by the maintenance of hemodynamics until
the consulting physician can arrive. Accordingly, a simple
and suitable technique for maintaining hemodynamics
for as long as possible is needed.

Massive Transfusion Protocols, which mainly comprise
of early Massive Transfusion (MT) and various ratios of
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transfused blood products to whole blood, have benefitted
resuscitative efforts and limited the adverse effects of ag-
gressive crystalloid administration (9, 11, 12), and reduced
mortality due to exsanguination (9, 11). In such settings,
various types of hemostatic gauzes composed of specific
materials, including chitosan (13), thrombin, and tranex-
amic acid (14), are packed into wounds and compressed
for several minutes to maintain hemostasis. However,
first-line hospitals are not likely to stock large amounts of
hemostatic gauze, and massively hemorrhaging wounds,
particularly those of the deep viscus may therefore be com-
pressed only with common gauze.

This report describes a case of a 40-year-old male,
who received an MT with a volume of approximately
9000 mL (including PRBC and FFP) and Gauze-based Aortic
Compression (GAC), which allowed hemodynamic mainte-
nance for approximately one hour until a consultation re-
garding abdominal aortic repair could be made with a sur-
geon from a tertiary hospital.

2. Case Presentation

The case was a 40-year-old male presented with a 4-
cm stab wound in the upper left abdomen, from which
the small intestine was protruding. He was admitted to
the emergency room at the People’s Hospital of Jingyan
County, Leshan, People Republic of China, in May 2017. The
patienthad no history of other diseases and presented nau-
sea, dizziness, palpitations, and dyspnea, pale skin and
conjunctiva, abdominal tenderness, high muscle tension,
and rebound pain related to the bleeding. The patient’s vi-
tal signs were stable at the time of admission. An emer-
gent abdominal computed tomography(CT) scan revealed
an incision shadow in the upperleft abdomen; an outward
bulge corresponding to the intestineand peritoneum; sub-
cutaneous, perihepatic, and perienteric pneumatosis, re-
sulting from a perforation of the hollow viscera caused
by the injury, a slightly higher density mass shadow in-
dicating a potential hematoma between the stomach and
pancreas, and perihepatic effusion (Figure 1). The patient
was transferred immediately to an operating room for ex-
ploratory laparotomy.

During the operation, the protruding section of the
small intestine was cleaned and returned to the abdominal
cavity. After the further opening of the abdominal cavity
via an extension of 20 cm from the wound, the first-line sur-
geons observed an approximate blood volume of 2000 mL
and a clot of approximately 500 g in the abdominal cavity;
jejunal perforations with lengths of approximately 1.0 and
1.5 cm and approximately 70 cm and 90 cm, respectively,
from the flexor ligament, with progressive bleeding; a pen-
etrating injury of approximately 2.5 cm in length in the left
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Figure 1. Computed angiography showing a rupture of abdominal aorta artery
(white arrowhead)

liver and approximately 2 cm near the leading edge, with
progressive bleeding; a hepatic fissure with an approxi-
mate length and depth of 2 cm and 1.5 cm, respectively,
roughly 1.5 cm from the trailing edge, with progressive
bleeding; and an approximately 2-cm breach of the hep-
atogastric ligament with pulsatile bleeding that had pen-
etrated the retroperitoneum, where the breath was about
1.5 cm length with pulsatile bleeding. Penetrating liver in-
jury, hepatic fissure, and jejunal perforation were repaired
in a stepwise manner. A huge hematoma was observed in
the retroperitoneum, once the gastrocolic ligament was
incised and the stomach turned upwards. The first-line
surgeons incised the retroperitoneum to free the bleed-
ing, which had originated from arupture of the abdominal
aorta.

Asthe first-line surgeons lacked experience in the treat-
ment of major vascular injuries, they informed the pa-
tient’s families of the severe abdominal aorta injury and
suggested a consultation with a cardiothoracic surgeon
at a tertiary hospital. The families consented to this sug-
gestion, and the surgeon at the tertiary hospital was in-
formed of the consultation. While waiting for the consulta-
tion, they compressed the wound with gauze to maintain
hemostasis and administered an MT thatincluded 7100 mL
of PRBC and 1700 mL of FFP, despite a total blood loss of
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12000 mL. This super MT and GAC allowed the maintenance
of a systolic blood pressure of between 60 and 100 mmHg
and a heart rate of between 130 and 150 bpm (Table 1).

The surgeon from the tertiary hospital identified a 1.5-
cm-long oblique rupture in the anterior wall of the abdom-
inal aorta and sutured this lesion using a 3- 0 suture with a
bovine pericardium gasket. The patient was administered
vasoconstrictors, including dopamine and noradrenaline,
during this process, and his systolic blood pressure re-
mained between 90 and 120 mmHg with a heart rate of 90
to 110 bpm. As no other active bleeding sites were identi-
fied, the abdominal cavity was closed. The patient’s postop-
erative course was guided by an Intensive Care Unit (ICU)
physician at the tertiary hospital, and he recovered well
and was discharged after 30 days.

3. Discussion

As noted earlier, first-line hospitals tend to lack experi-
ence regarding the rescue of major vascular injuries that
are accompanied by life-threatening hemorrhages. How-
ever, the patient will need to be sustained during the pe-
riod between 30 minutes and 3 hours and is required to ob-
tain a consultation with a physician from a tertiary hospi-
tal. Accordingly, immediate treatment is needed to main-
tain the patient’s hemodynamics and to control hemor-
rhaging, thus prolonging survival until consultation with
a more experienced physician. Due to lack of experience
in resuscitation of massive hemorrhage, some patients in
first-line hospitals die before consulting with the surgeon
or transfer to the tertiary hospital. As described above, the
application of an MT together with GAC provides a simple,
easily understood, and easily taught treatment alternative
that can be applied by less experienced clinicians, which is
an accessible intervention to increase the survival rate.

The patient in the present case experienced a total
blood loss of 12000 mL, equivalent to 2.5 times the volume
in a man with a body weight of 60 kg, and received a total
blood transfusion volume of approximately 9000 mL. This
was the author’s first experience with such a case, and to
their knowledge, a supermassive hemorrhage and transfu-
sion of this magnitude have not previously been described
in the peer-reviewed literature.

The medical personnel at the first-line institution
lacked experience with major vascular injury-related treat-
ment and therefore applied MT and GAC only; however,
these techniques were able to maintain the patient’s blood
pressure within a certain range without further decreases.
In this case, the combined use of MT and GAC provided
a simple and effective method, by which clinicians, who
lacked experience with major vascular injury rescue and
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suturing techniques could prolong the patient’s survival
until the arrival of a senior doctor.

The lack of experience led to an inability to determine
the appropriate treatment in this case, which may result
in the severe blood loss. The administration of a blood
product with a low PBRC to FFP ratio, as well as Tranexamic
Acid (TXA), is a common feature of a standard MTP (5, 7-9,
15). In addition, a standard MTP includes early transfusion
of low rate of a PRBC volume proportional to the FFP and
platelets volumes (i.e., I:1:1 ratio of PRBCs to FFP to platelets)
and goal-directed therapy (9), in an attempt to avoid dele-
terious effects of the lethal triad (i.e., hypothermia, coag-
ulopathy, and acidosis), thereby improving mortality (10).
In the present case, the total PRBC: FFP ratio was as high as
4.2:1,and no FFP, platelet, or TXA was administered until the
senior physician arrived. Chay et al. (16) reported the im-
plementation of anational 1:1:1 protocol in Singapore, yet
achieved actualratio 0f1:0.8:0.8; a study from South Korea
(17) applied MTP with actual ratio of 1.5:1:1, which still im-
proved outcomes for major trauma patients. According to
the previous studies, MT is also an effective resuscitation
for massive exsanguinating, although the 1:1:1 protocol is
notrigorously followed.

Regarding hemostasis, interventional radiology can be
used alternatively to control life-threatening hemorrhagic
sites. However, this technique requires an experienced spe-
cialist. Hypotensive resuscitation, the Trendelenburg po-
sition, coagulation disorder correction, intraoperative cell
salvage therapy, and damage control surgery are also im-
portant and effective intervention methods for the recov-
ery of a massive hemorrhage. However, as demonstrated
in this successful case, the combination of MT plus intra-
operative GAC is a simple and direct intervention that can
be performed to reduce a massive hemorrhage and main-
tain relatively stable hemodynamics for at least one hour.
In the present situation, this combination was applied in-
tuitively as a result of the first-line surgeons’ lack of expe-
rience.

Limitations of this study were as follow: MT in this case
was not standard MTP, which not only followed the 1:1:1 pro-
tocol strictly, yet also lacked reasonable administration of
TXA. Meanwhile, development of a highly responsive and
effective MTP simultaneously addresses the need for vol-
ume resuscitation, oxygen delivery, and application of va-
soactive agents. In addition, subsequent treatments also
need an attention, yet the authors are only aware that the
patient recovered after hospitalized for about one month
and did not follow this case after successful surgery.

In conclusion, the combined application of MT and
GAC effectively maintained hemodynamics in a patient
with an abdominal aorta injury and thus prolonged the
time window for an abdominal aorta repair consultation.
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Table 1. Related Clinical Characteristics During the Operation
Pre-Operation Before Repair Injuries After Repair Injuries Post-Operation
Heart rate, bpm 120 145 115 96
Blood pressure, mmHg 105/66 95(55 116/63 118/69
Blood glucose, mmol/L - 12.7 131
Transfusion, RBC, u - 9.5u 15u u
Blood serum, mL - 0 1000 700
Dopamine - - 80 mg -

0.4 mg/mL noradrenaline - -

Sodium bicarbonate - =

4 mL/h for 20 min, following 7 mL/h for1h

200 mL

Accordingly, these two interventions can be combined to
yield a simple and well-understood treatment plan that
requires less training and experience and can be applied
even at first-line hospitals lacking experience with major
vascular injuries. Furthermore, the successful outcome of
this case suggests that even a patient with supermassive
blood loss can still be rescued via the transfusion of a simi-
larly massive volume of blood. However, standard MTP and
specialized resuscitation techniques is the best option for
the treatment of an abdominal aorta injury.
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