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Abstract
Background: The treatment of hepatic injury can be complex. Medical clinical centers are often the first line hospitals for the diagnosis and treatment of hepatic trauma in China. The aim of the study is to summarize the experience
in the diagnosis and treatment of hepatic trauma in one medical clinical center in China.
Methods: This retrospective study included patients with hepatic trauma admitted between January 2002 and
December 2019 at the Xishan People’s Hospital of Wuxi. The outcomes were cure rate and death within 14 days
post-discharge.
Results: Among the 318 patients with hepatic trauma, 146 patients underwent surgical treatment, and 172 received
conservative treatment; three patients were transferred to other hospitals for further treatment; 283 patients were
cured, and 35 died. Severe hepatic trauma occurred in 74 patients, with a mortality rate of 31.1% and accounting
for 65.7% of total mortality. American Association for the Surgery of Trauma (AAST) grading ≥ III (OR = 3.51, 95%CI:
1.32–9.37, P = 0.012) and multiple organ injury (OR = 7.51, 95%CI: 2.51–22.46, P < 0.001) were independently associated with death. Among patients with AAST grading ≥ III, surgery was an independent protective factor for death
(OR = 0.08, 95%CI: 0.01–0.45, P = 0.004). Among patients with ASST ≥ III and who underwent surgery, age (OR = 5.29,
95%CI: 1.37–20.33, P = 0.015) and peri-hepatic packing (PHP) (OR = 5.54, 95%CI: 1.43–21.487, P = 0.013) were independently associated with death.
Conclusions: AAST grading ≥ III and multiple organ injury were independently associated with death. Among
patients with AAST grading ≥ III, surgery was an independent protective factor for death. Among patients with
ASST ≥ III and who underwent surgery, age and PHP were independently associated with death.
Keywords: Hepatic trauma, Damage control surgery, Peri-hepatic packing, Mortality, China
Background
Liver trauma results from damage to the liver arising
from blunt or penetrating abdominal trauma with severity ranging from a minor capsular tear to severe damage
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to both lobes with associated injury to the portal vein,
hepatic vein, or vena cava [1–4]. Hepatic trauma is common and accounts for 16–30% of abdominal trauma [5,
6]. Any blunt or penetrating abdominal trauma is associated with a risk for liver injury, especially if it involves the
right side of the abdomen [1–4]. The risk factors include
motor vehicle accidents, direct injury from a weapon,
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punching, gunshots, and stabbings, falls, farming accidents, and industrial accidents [1–4].
In China, alongside the development of modern
transportation and the increase of individuals performing high-risk work, the incidence of hepatic trauma has
increased on a yearly basis, and the number of emergency
cases of hepatic trauma in clinical medical hospitals has
also significantly risen [7, 8]. Although, the incidence of
traffic and manufacturing accidents is decreasing with
the improvement of traffic regulations and complete
technology, but there are still a large number of hepatic
trauma patients each year due to China’s large population base [7]. Previously studies suggested that increasing age alone is an independent risk factor for mortality,
even when adjusted for comorbidities [9, 10]. Meanwhile,
age is also an indicator of the Emergency Surgery Score
(ESS) which was validated recently as an accurate and
user-friendly, post-operative mortality risk calculator specific for Emergency General Surgery (ESG) [11].
Unfortunately, the experience in treating hepatic trauma
in specialized hepatic surgery in clinical medical hospitals is still limited [4, 12, 13]. Therefore, traumatic hepatic
injuries represent a great challenge for general surgeons
in clinical medical hospitals, especially those with severe
hepatic trauma. Summarizing and sharing practical experiences regarding the treatment of hepatic trauma in
clinical medical hospitals will help other surgeons in the
treatment of hepatic trauma.
The aim of the present study was to summarize the
experience in the diagnosis and treatment of patients
with hepatic trauma treated in one hospital between
January 2002 and December 2019. The results could help
surgeons and policymakers in other clinical hospitals in
developing countries.
Methods

Patients
This retrospective study included patients with hepatic
trauma admitted between January 2002 and December
2019 at the Xishan People’s Hospital of Wuxi. The inclusion criterion was hepatic trauma diagnosis and classified
by the American Association for the Surgery of Trauma
(AAST) [14]. The exclusion criterion was patients who
died before arriving at the emergency room or during
emergency room rescue.
The patients were stratified by AAST grading and
divided into the surgery and non-surgery groups. The
patients in the surgery group were divided into the
peri-hepatic packing (PHP) surgery and definite surgery
groups. This study was approved by the ethics committee
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of Wuxi Xishan People’s Hospital. The requirement for
informed consent was waived.
Diagnosis and treatments

All patients were diagnosed as soon as possible according to the AAST guidelines [14]. For patients with
unstable vital signs at admission, frequent movements
and unnecessary examinations were avoided as much as
possible. The preliminary diagnosis of suspected severe
hepatic trauma could be made according to the history
of right quarter costal and thoracodorsal traumas and
clinical manifestations including right upper abdominal
pain, ecchymosis, scratches, tenderness, rebound pain,
and hemorrhagic shock, while only some simple and
rapid examinations such as diagnostic abdominal puncture and bedside ultrasound were allowed. Abdominal
CT was performed for patients with suspected hepatic
trauma whose hemodynamics were stable or blood
pressure could be maintained at a normal level by
slight fluid replacement. This was not only helpful for a
definite diagnosis, determination of the severity of the
hepatic injury, dynamic assessment of injury changes
and prognosis, but it could also provide help for the
early detection of injury to other abdominal organs,
including combined injury of the spleen, hollow viscus,
and retroperitoneal organs.
Surgery

All the patients in the operation group were completed
by the doctors in the same operation group according to
the enrolled patients’ surgical indications previously published [15–17].
The principle of surgical treatment for hepatic trauma
is to determine the traumatic condition, debride thoroughly, accurately stop bleeding, eliminate bile leakage,
and establish unobstructed drainage time-limited [18].
Once the traumatic condition meets the surgical indications, it is necessary to seize the opportunity of surgical
exploration and follow the principle of damage control
(including the control of primary injury and secondary
injury caused by surgery). Currently, it is widely accepted
that the principle of damage control surgery should be
followed when rescuing patients with severe hepatic
trauma with unstable hemodynamics [19]. If the surgeons
directly expose and suture the hepatic fissure regardless of the unstable vital signs of the wounded, it may
aggravate bleeding and shock, and induce the lethal triad
manifested by severe acidosis, hypothermia, and coagulation dysfunction, possibly leading to even cardiac arrest
and the loss of surgical opportunities. If blood pressure
was lower than 80/50 mmHg (1 mmHg = 0.133 kPa) and
showed a progressive decline during surgery, anatomy
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restoration and suture were suspended. PHP temporarily
performed using a dry gauze pad was suggested, assisted
with compression using hands for hemostasis and effective liquid resuscitation (i.e., plasma-based liquid resuscitation with a limited amount of crystalloid) [17].
The indications of PHP were: (1) hemorrhage was too
important for the wounded to tolerate complicated surgery; (2) severe hepatic trauma accompanied by massive hemorrhage, coagulation dysfunction, and extensive
bleeding in the wound after massive blood transfusion;
(3) the bleeding site was difficult to be exposed, and
other methods were ineffective for hemostasis, such
as the hepatic laceration extending to the first hepatic
hilum via the subhepatic approach which was difficult to
be exposed, hemostatic suture and extensive subcapsular hematoma that was invalid and still expanding after
hepatic artery ligation; (4) blood supply was lacking,
or technical conditions were limited, and the patients
received temporary hemostasis and were transferred to
another hospital for further treatment [13, 20]. Further
surgery was performed until the patients’ blood pressure
could be maintained at about 90/60 mmHg, or the central venous pressure was slightly higher than the normal
level (to avoid hyperpiesia or hypotension).
As for the surgical methods, superficial lacerations < 3 cm could be directly sutured by the horizontal
mattress or “8” suture through the bottom of the wound.
For regular deep lacerations > 3 cm, the finger fracture
technique could be used to remove inactivated liver and
rapidly ligate deep wounds or suture various pipeline
structures, and then hepatic fissures could be sutured
with packing the greater omentum combined with bottom-up suture. Debridement hepatectomy was feasible
for an irregular stellate or comminuted hepatic laceration. PHP could be used to treat severe and complex
hepatic injury involving both left and right hepatic lobes
and even main hepatic veins and retro hepatic inferior
vena cava whose bleeding was difficult to control. Longterm regular hepatectomy was avoided unless necessary.
Simultaneously, no matter what surgery method was
chosen, the exact hemostasis should be achieved simply,
effectively, and quickly [13].
Conservative treatments

It is generally believed that AAST grade III or below
hepatic injury belongs to mild hepatic injury, which can
be treated conservatively [21]. Mainly, the patients were
absolutely advised to stay in bed and avoid strenuous
activities. The changes in vital signs, hemodynamics,
and erythrocyte specific volume were closely observed.
The patients were instructed to fast and to achieve gastrointestinal decompression, while the fluid diet was
given until anal ventilation. The conservative treatments
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included using hemostatic drugs to stop bleeding, antibiotics to prevent abdominal infection, and fluid supplementation to maintain the vital signs. The indications
for conservative treatments of hepatic injury included:
(1) closed hepatic trauma with stable hemodynamics or
stable hemodynamics after fluid therapy was stable or
improved by dynamic CT examination; and (2) splenic,
hollow viscus, pancreatic, renal, and other abdominal or retroperitoneal organ injuries requiring surgical
treatment were excluded. Ultrasound and/or CT were
reviewed in time according to the demand of the patients.
Data collection and outcomes

Data collected included: age, sex, causes of injury, AAST
classification of the trauma (Including open injury and
closed injury), combined injury, surgery or not, accurate
repair of liver injury to stop bleeding, and PHP treatment. The age was converted into a dichotomous variable
according to the median.
The outcomes were cure rate and death within 14 days
post-discharge. Cured was defined as a patient having no
symptoms of abdominal pain or fever, and no obvious
abnormality was detected by CT, ultrasound, and hematological examination.
Statistical analysis

The data were analyzed using SPSS 22.0 (IBM, Armonk,
NY, USA). The continuous data were expressed as
means ± standard deviations and analyzed using Student’s t-test. Categorical data were presented as frequencies and percentages and were analyzed using Fisher’s
exact test. Univariable logistic regression was used to
analyze the factors associated with death. Variables with
P < 0.05 in the univariable analyses and concerned in the
study were included in a multivariable logistic regression
(enter method). P value < 0.05 were considered statistically significant.

Results
Characteristics of the patients

A total of 318 patients with hepatic trauma were included
in the study. Thirty-five (11.0%) patients died, and 283
(89.0%) patients were successfully rescued and cured.
Among the 318 patients, 25 cases were caused by open
injury, 293 by closed injury, 201 by traffic accidents, 68 by
production safety accidents, 38 by personal injury, and 11
by other accidents. Among the 318 patients, 146 patients
were treated surgically, and 172 were treated non-surgically. The general data of the two groups are detailed in
Table 1.
Among the 318 patients, 146 were treated surgically, and 172 were treated non-surgically. The surgical
methods in the surgery group included simple hepatic
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Table 1 Characteristic and clinical features of patients
Total (n = 318) AAST grading I-II

AAST grading III or above

Non-surgery (n = 163) Surgery (n = 81) P

Non-surgery (n = 9) Surgery (n = 65) P

Male, n (%)

189 (59.4)

96 (61.0)

30 (37.0)

0.001 9 (100)

54 (83.1)

0.402

Age, year, mean ± SD

47.2 ± 11.5

47.4 ± 11.8

47.1 ± 11.3

0.850 47.5 ± 6.2

47.4 ± 12.7

0.943

154

65

46

164

98

35

Age, n (%)
≤ 52

> 52

0.012

7

36

2

29

0.360

< 0.001

Causes of injury, n (%)
Traffic accidents

201 (63.2)

91 (55.8)

68 (84.0)

5 (55.6)

37 (57.0)

Production safety accidents

68 (21.4)

42 (25.8)

6 (7.4)

2 (22.2)

18 (27.7)

Personal injury

38 (11.9)

23 (14.1)

6 (7.4)

1 (11.1)

8 (12.3)

Other accidents

11 (3.5)

7 (4.3)

1 (1.2)

1 (11.1)

2 (3.1)

0.715

Close injury, n (%)

301 (94.7)

162 (99.4)

70 (86.4)

7 (77.8)

62 (95.4)

0.109

Combined with other
organ injuries, n (%)

97 (30.5)

20 (12.3)

21 (25.9)

< 0.001 6 (66.7)

50 (77.0)

0.797

PHP, n (%)

19 (6.0)

0

1 (1.2)

0

18 (27.7)

0.161

Death, n (%)

35 (11.0)

4 (2.5)

8 (9.9)

0.027 7 (77.8)

16 (24.6)

0.004

Bold values indicate a P-value less than 0.05 is statistically significant
AAST American Association for the Surgery of Trauma, SD standard deviation, PHP peri-hepatic packing

repair and suture (n = 112), partial hepatectomy (n = 6),
hepatic repair + partial hepatectomy (n = 7), hepatic
repair + PHP (n = 10), hepatic repair + repair of the
right hepatic vein and inferior vena cava + PHP (n = 8),
and partial hepatectomy + repair of the portal vein and
inferior vena cava + PHP (n = 3). Contusion and laceration of the liver were found in another 25 patients
after reaching the abdomen, and bleeding was stopped
successfully. Hemostasis was successfully achieved in
one patient only by electrocoagulation. In the surgery
group, 19 patients were combined with splenectomy,
two with splenic repair, three with nephrectomy, nine
with diaphragm repair, two with splenectomy + gastric
repair, one with splenectomy and distal pancreatectomy, three with the repair of the stomach and duodenum bulb, one with small intestinal repair, three with
small intestinal mesenteric repair, one with partial
resection of the transverse colon, and two with splenectomy + partial resection of the duodenum and small
intestine.
A total of 74 patients with severe hepatic trauma were
classified as AAST grade ≥ III; 23 patients died directly
of severe hepatic trauma, with a mortality rate of 31.1%
in severe hepatic trauma patients, or 7.2% among all
patients. There were 244 patients with hepatic trauma
below grade III, but none of whom died directly from
hepatic trauma. Among the patients with AAST grade
I-II, compared with the non-surgery group, the percentage of males was lower in the surgical group, the

frequency of traffic accidents was higher, the frequency
of multiple organ injury was higher, and the occurrence
of death was higher (all P < 0.05). Among the patients
with AAST grade ≥ III, compared with the non-surgery
group, the occurrence of death was lower in the surgery
group (P = 0.004).
Univariable and multivariable analysis for death in all
patients

The multivariable analysis showed that AAST grading ≥ III (OR = 3.51, 95%CI: 1.32–9.37, P = 0.012) and
multiple organ injury (OR = 7.51, 95%CI: 2.51–22.46,
P < 0.001) were independently associated with death in all
patients (Table 2).
Univariable and multivariable analyses for death
in patients with AAST grading ≥ III

Among patients with AAST grading ≥ III, surgery was
an independent protective factor for death (OR = 0.08,
95%CI: 0.01–0.45, P = 0.004) (Table 3).
Clinical features of PHP surgery and definite surgery
subgroups

Table 4 presents the characteristics of the patients with
AAST grading ≥ III. The frequency of males was higher
in the definitive surgery group compared with the PHP
group (P = 0.011). Otherwise, the other characteristics
were similar.
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Table 2 Univariable and multivariable analyses for death in all patients
Item

Univariable
OR

Multivariable
95%CI

P

OR

95%CI

P

1.93

0.57–6.46

0.289

3.52

1.32–9.37

0.012

Male

6.13

2.11–17.83

0.001

Age > 52 years

0.99

0.49–2.01

0.986

AAST grading >III vs grading I-II

8.72

4.07–18.66

< 0.001

Open injury vs close injury

1.8

0.49–6.61

0.375

Combined with other organ injuries

15.28

6.09–38.36

< 0.001

7.51

2.51–22.46

< 0.001

Surgery

2.88

1.36–6.10

0.006

0.72

0.26–2.01

0.535

Bold values indicate a P-value less than 0.05 is statistically significant
OR odds ratio, CI confidence interval, AAST American Association for the Surgery of Trauma

Table 3 Univariable and multivariable analyses for death in patients with AAST grading ≥ III
Univariable

Multivariable

OR

95%CI

P

Male

1.24

0.30–5.18

0.768

Age > 52 years

1.84

0.6 8–4.97

0.231

OR

95%CI

P

Close injury

0.59

0.06–5.06

0.585

Combined with other organ
injuries

1.80

0.52–6.22

0.355

2.52

0.60–10.65

0.208

Surgery

0.09

0.02–0.50

0.005

0.08

0.01–0.45

0.004

Bold values indicate a P-value less than 0.05 is statistically significant
OR odds ratio, CI confidence interval

Table 4 Clinical features of PHP surgery and definitive
surgery subgroups (AAST grading ≥ III)
Definitive surgery
group (n = 47)

PHP surgery
group (n = 18)

P

Male, n (%)

43 (91.5)

11 (61.1)

0.011

Age, year, mean ± SD

46.9 ± 11.7

48.4 ± 8.5

0.622

18 (100)

0.555

Combined with other
organ injuries, n (%)

36 (76.6)

14 (77.8)

0.820

Cured/died

39/8

11/8

0.123

Closed n (%)

44 (93.6)

Bold value indicate a P-value less than 0.05 is statistically significant
AAST American Association for the Surgery of Trauma, SD standard deviation,
PHP peri-hepatic packing

Of the 146 patients who underwent surgery, 122 were
cured, and 24 died. Among them, eight died of combined severe craniocerebral or thoracic trauma and 16 of
hepatic rupture above grade III. In the surgery group, 19
patients with hepatic rupture underwent PHP because
of severe liver damage and uncontrollable bleeding
(P < 0.05). Among them, eight patients died from uncontrollable bleeding during surgery or within two days after

surgery, and six patients obtained successful hemostasis
by intraoperative packing.
Among the eight dead patients, one died of combined brain contusion and laceration accompanied by
hemorrhage, brain swelling, diffuse axonal injury, and
eventual rescue failure. One patient was transferred
to the General Hospital of Nanjing Military Region,
another medical clinical center located in Nanjing, on
the 9th day after surgery at the request of family members to remove the packing materials. Bile leakage and
repeated subphrenic infection occurred after surgery.
Fortunately, with active anti-infection and supportive treatment, the patient recovered. One patient was
transferred to Wuxi People’s Hospital on the 5th day
after surgery at the request of his family and was finally
cured with continuing efforts. One patient was complicated with abdominal compartment syndrome and
renal failure 3 days after surgery and was finally cured
and discharged after bedside continuous venovenous
hemofiltration (CVVH) and abdominal decompression
(with incision and temporary closure of the abdominal cavity using artificial film). One patient was treated
with removal of the packing materials for several times
from the 6th day after surgery, and finally recovered
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Table 5 Factors associated with death in the surgery group with ASST ≥ III
Univariable

Multivariable

OR

95%CI

P

Male

0.83

0.19–3.57

0.797

Age > 52 years

3.91

1.17–13.05

0.026

Combined with other organ
injuries

1.52

0.37–6.21

0.558

PHP

4.00

1.21–13.28

0.024

OR

95%CI

P

5.29

1.38–20.325

0.015

5.54

1.43–21.487

0.013

Bold values indicate a P-value less than 0.05 is statistically significant
OR odds ratio, CI confidence interval, PHP peri-hepatic packing

and discharged. One patient was discharged initiatively
on the 5th day after surgery and failed to remove the
packing materials.
Associated factors with death in surgery group with ASST
III or above

Among patients with ASST ≥ III and who underwent
surgery, age (OR = 5.29, 95%CI: 1.37–20.33, P = 0.015)
and PHP (OR = 5.54, 95%CI: 1.43–21.487, P = 0.013)
were independently associated with death (Table 5).
Characteristics of the non‑surgery group

Among the 161 patients in the non-surgery group, one
was transferred to Wuxi People’s Hospital at the request
of the family after stable conditions with short-term conservative treatment. Eleven patients died, among which
seven died of hepatic rupture above grade III, and two of
them were combined severe craniocerebral and thoracic
trauma. All of them died.

Discussion
The treatment of hepatic injury can be complicated.
Unfortunately, the expertise level in specialized hepatic
surgery in clinical medical hospitals is generally low. This
study aimed to summarize the experience in the diagnosis
and treatment of hepatic trauma in one clinical hospital
in China. The results suggest that despite improvements
in technologies for liver surgery, the level of hepatic
trauma repair in clinical medical hospital is low partly
because of the limitations in experience and hospital conditions, while most important is because of emergency
incident to hepatic trauma itself. AAST grading ≥ III and
multiple organ injury were independently associated with
death. Among patients with AAST grading ≥ III, surgery
was an independent protective factor for death. Among
patients with ASST ≥ III and who underwent surgery, age
and PHP were independently associated with death.
Over the past 20 years, with the continuous accumulation of experience in the treatment of severe hepatic
trauma, the establishment of novel concepts for trauma

treatment and the improvement in treatment methods,
the mortality of grade III and IV hepatic trauma has
dropped to less than 10% in large hospitals [13]. On the
other hand, the data from clinical medical centers are not
optimistic: in the past 15 years, the mortality of severe
hepatic trauma in the hospital reached 25.4%, and none
of the patients below grade III died of hepatic trauma
directly [14]. Therefore, for clinical medical hospitals, it
is particularly necessary to attach great importance to the
treatment of severe hepatic trauma above grade III and
strive to improve the success rate.
First, for patients with severe hepatic injury, time
means life. During the rescue, attention should be paid
to every detail and factors that may delay diagnosis and
treatment. As far as possible, emergency trauma rescue teams should be set up in clinical medical hospitals.
Once severe trauma occurs, ambulance first-aid personnel can inform the emergency department of hospitals to
open the fast-track channel and arrange the rescue team
members and various bedside examination machines.
The blood transfusion department can inform the central blood bank to prepare a large amount of blood. For
patients with suspected severe hepatic injury, venous
access is preferred to the upper limb vein, internal jugular
vein, or subclavian vein. The superficial veins collapse and
are difficult to puncture, and repeated puncture should
be avoided to save time. The internal jugular vein or subclavian vein should be catheterized by an experienced
anesthesiologist. For patients with suspected severe
hepatic injury and unstable vital signs, liquid resuscitation should be carried out as soon as possible according
to the principle of crystalloid fluid first and then colloid
fluid (crystal:colloid ratio of 2–3:1) before the blood supply arrives, so as to maintain blood pressure, improve
shock, prevent cardiac arrest, and gain valuable time
for further surgery to stop bleeding. Four patients with
severe hepatic injury in this study were delayed for a long
time due to various causes at the scene of the accident.
Although they were rescued with the best efforts after
being sent to the hospital, they still died of hemorrhagic
shock and multiple organ failure before laparotomy due
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to excessive intraperitoneal bleeding, which exceeded the
patients’ physiological compensation limit. Therefore,
the length of time after injury is an extremely important
factor for whether or not patients with a severe hepatic
injury can be successfully rescued.
The time from injury is very important for wounded
patients with suspected abdominal bleeding, especially
with short injury time. Bedside ultrasound and intensive monitoring should be performed first to determine
the amount of abdominal bleeding and observe the stability of the vital signs. The temporary “stability” of the
initial vital signs will lead to increased bleeding, shock,
and even death during the examinations. Simultaneously,
negative ultrasound results cannot completely exclude
liver damage. Nowadays, abdominal CT is considered to
be the preferred method for the diagnosis of abdominal
injury in patients with stable hemodynamics [22]. After
the diagnosis of hepatic injury, injury assessment is necessary to select a reasonable treatment strategy according
to the grade of hepatic injury, according to AAST [15, 23,
24]. Although CT and ultrasound are important methods
for the diagnosis of hepatic trauma, they cannot accurately reflect the AAST grade. The velocity and amount
of abdominal hemorrhage and the stability of circulation
are the most direct indicators of the severity of hepatic
injury [13, 22, 25].
The indications for non-surgical and surgical treatments should also be understood, especially in the presence of grade III or above injury [21]. Emphasizing the
importance of non-surgical treatment is a major change
in the concept of treating hepatic trauma over the last
20 years [26], and nowadays, non-surgical treatment for
severe hepatic trauma has become a tendency [27, 28].
Namely, the determinants of non-surgical treatment
for hepatic trauma lie in whether the hemodynamics of
patients are stable, and whether there are other combined
injuries requiring surgical treatment, rather than relying
unilaterally on the grading of hepatic trauma and intraperitoneal blood accumulations. In this study, although
14 patients presented large intraperitoneal blood accumulations, it was found that the bleeding at the hepatic
laceration stopped spontaneously during laparotomy.
It should be noted that the conservative treatment for
hepatic trauma combined with splenic or renal contusion
and laceration should be very careful. For such patients,
close attention should be paid to the changes in vital
signs and abdominal signs under intensive monitoring.
Ultrasonography or CT should be reviewed timely, and
delayed splenic or renal rupture should be monitored,
which is the most common cause of the failure in conservative treatment for hepatic trauma. Based on many
years of clinical experience, the authors’ opinion is that
although non-surgical treatment has gradually turned
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into the main treatment for hepatic trauma, conservative treatment for severe hepatic trauma above grade III
still needs to be carefully selected. Especially in clinical medical hospitals, good monitoring conditions and
experienced team of liver surgery are missing. Once conservative treatment fails, the rapid and effective surgical transfer cannot be ensured, and surgical indications
should be expanded.
When doing an operation, PHP is a very important
and practical technique in damage control surgery (DCS)
[29]. Inferior vena cava and hepatic vein are low-pressure
systems. The effect of PHP on such venous hemorrhage
is efficacious [20, 30, 31]. Sometimes, it is difficult to find
the exact bleeding site during surgery, and the Pringle
maneuver can be used to block hepatic blood flow from
the first porta hepatis. During the operation, when there
is still a large amount of dark red blood gushing from the
hepatic fissure, it should be considered that the bleeding
originates from the hepatic vein, short hepatic vein, and/
or retro-hepatic inferior vena cava laceration. Such injuries are particularly difficult for general surgeons to treat
in clinical medical hospitals. In addition, catastrophic
hemorrhage is often caused by dissecting, exposing, and
suturing the bleeding site. Extensive and uncontrollable
bleeding during the surgical incision, abdominal cavity,
and hepatic wound indicates that the body has severe
coagulation dysfunction, and the patient is on the verge
of death and may be unable to tolerate further surgery. At
this moment, surgery should be completed after effective
PHP using dry gauze pad (gelatin sponge or omentum
can be used between the gauze pad and the liver surface to prevent secondary bleeding when removing the
gauze). Actually, accurate and skillful application of this
technology is related to the success of saving patients’
lives and can gain time for emergency transfer to superior hospitals with better technical conditions for further rescue. In addition, the significance of PHP is also
that, when hepatic rupture is intraoperatively found to
be combined with splenic rupture, mesenteric laceration and simultaneous massive hemorrhage of multiple
organs in the abdominal cavity, temporary PHP can be
used to control bleeding at the site of hepatic injury, and
then other bleeding foci such as splenic rupture and mesenteric rupture can be treated calmly. According to our
experience, the surgeons determine patients’ injury and
physiological state in advance and try to perform PHP
actively and decisively before patients’ general condition
deteriorates, instead of being forced to perform PHP in a
hurry when patients show physical exhaustion and severe
coagulation dysfunction. Second, excessive gauze packing can compress the inferior vena cava and renal vein,
which might lead to abdominal compartment syndrome
and might aggravate hepatic laceration and hemorrhage.
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The packing can be removed 72 h to one week after
surgery, depending on the condition of patients. Early
removal may lead to re-bleeding, and late removal may
cause an increased risk of abdominal infection [32]. In
order to reduce the incidence of abdominal infection
after surgery for severe hepatic rupture, effective drainage was placed around the liver (subphrenic, subhepatic
and hepatic section) and pelvic cavity during PHP in the
first surgery and packing removal in the second surgery,
and timely dressing change could be made to prevent retrograde infection.
This study has limitations. It was a single-center study
with retrospectively analysis. There was no comparator
group from higher-level hospitals.

Conclusion
This study summarized the experience in the diagnosis and treatment of hepatic trauma in a clinical medical hospital. Despite improvements in technologies for
liver surgery, the level of hepatic trauma repair in clinical medical hospitals is low because of the limitations
in experience and hospital conditions. AAST grading ≥ III and multiple organ injury were independently
associated with death. Among patients with AAST
grading ≥ III, surgery was an independent protective
factor for death. Among patients with ASST ≥ III and
who underwent surgery, age and PHP were independently associated with death.
Abbreviations
AAST: American Association for the Surgery of Trauma; CVVH: Continuous
venovenous hemofiltration; DCS: Damage control surgery; DIC: Disseminated
intravascular coagulation; ESS: Emergency surgery score; ESG: Emergency general surgery; PHP: Peri-hepatic packing.
Acknowledgements
Not applicable.
Authors’ contributions
All authors have read and approved the final manuscript. The authors thank
all the members of the Department of General Surgery, Wuxi Xishan People’s
Hospital, for their persevering work. CC and WH: drafted the paper, ZX: performed research and wrote this paper. XS and YG: organized the cases, JC, YZ,
ZZ and WZ: collected and analyzed the data. ZD: provided and analyzed CT
image data. All authors read and approved the final manuscript.
Funding
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.
Availability of data and materials
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request.
Ethics approval and consent to participate
The study was approved by the Ethics Committee of Wuxi Xishan People’s
Hospital, (2019) XJZ MWZ NO.660. The need for individual consent was waived
by the committee.

Page 8 of 9

Consent for publication
Not applicable.
Competing interests
The authors declare no competing interests.
Author details
Department of General Surgery, Wuxi Xishan People’s Hospital, Wuxi, No.
1128, Da‑Cheng Road, Wuxi 214105, Jiangsu, China. 2 Department of Immunology, Ophthalmology and ORL, Complutense University School of Medicine,
28040 Madrid, Spain.
1

Received: 6 October 2020 Accepted: 28 December 2020

References
1. Ward J, Alarcon L, Peitzman AB. Management of blunt liver injury: what
is new? Eur J Trauma Emerg Surg. 2015;41(3):229–37.
2. Letoublon C, Amariutei A, Taton N, Lacaze L, Abba J, Risse O, Arvieux
C. Management of blunt hepatic trauma. J Visc Surg. 2016;153(4
Suppl):33–43.
3. Coccolini F, Catena F, Moore EE, Ivatury R, Biffl W, Peitzman A, Coimbra R,
Rizoli S, Kluger Y, Abu-Zidan FM, et al. WSES classification and guidelines
for liver trauma. World J Emerg Surg. 2016;11:50.
4. Jiang H, Wang J. Emergency strategies and trends in the management of
liver trauma. Front Med. 2012;6(3):225–33.
5. Leenen LP. Abdominal trauma: from operative to nonoperative management. Injury. 2009;40(Suppl 4):S62-68.
6. Tinkoff G, Esposito TJ, Reed J, Kilgo P, Fildes J, Pasquale M, Meredith JW.
American Association for the Surgery of Trauma Organ Injury Scale I:
spleen, liver, and kidney, validation based on the National Trauma Data
Bank. J Am Coll Surg. 2008;207(5):646–55.
7. Chien LC, Lo SS, Yeh SY. Incidence of liver trauma and relative risk
factors for mortality: a population-based study. J Chin Med Assoc.
2013;76(10):576–82.
8. Yu WY, Li QJ, Gong JP. Treatment strategy for hepatic trauma. Chin J
Traumatol. 2016;19(3):168–71.
9. Shah AA, Haider AH, Zogg CK, Schwartz DA, Haut ER, Zafar SN, Schneider
EB, Velopulos CG, Shafi S, Zafar H, et al. National estimates of predictors
of outcomes for emergency general surgery. J Trauma Acute Care Surg.
2015;78(3):482–90, discussion 490–481.
10. Bentrem DJ, Cohen ME, Hynes DM, Ko CY, Bilimoria KY. Identification of
specific quality improvement opportunities for the elderly undergoing
gastrointestinal surgery. Arch Surg. 2009;144(11):1013–20.
11. Sangji NF, Bohnen JD, Ramly EP, Yeh DD, King DR, DeMoya M, Butler K,
Fagenholz PJ, Velmahos GC, Chang DC, et al. Derivation and validation
of a novel Emergency Surgery Acuity Score (ESAS). J Trauma Acute Care
Surg. 2016;81(2):213–20.
12. Coccolini F, Roberts D, Ansaloni L, Ivatury R, Gamberini E, Kluger Y, Moore
EE, Coimbra R, Kirkpatrick AW, Pereira BM, et al. The open abdomen in
trauma and non-trauma patients: WSES guidelines. World J Emerg Surg.
2018;13:7.
13. Buci S, Torba M, Gjata A, Kajo I, Bushi G, Kagjini K. The rate of success of
the conservative management of liver trauma in a developing country.
World J Emerg Surg. 2017;12:24.
14. Vera K, Pei KY, Schuster KM, Davis KA. Validation of a new American Association for the Surgery of Trauma (AAST) anatomic severity grading system for acute cholecystitis. J Trauma Acute Care Surg. 2018;84(4):650–4.
15. Asensio JA, Roldan G, Petrone P, Rojo E, Tillou A, Kuncir E, Demetriades
D, Velmahos G, Murray J, Shoemaker WC, et al. Operative management
and outcomes in 103 AAST-OIS grades IV and V complex hepatic injuries:
trauma surgeons still need to operate, but angioembolization helps. J
Trauma. 2003;54(4):647–53, discussion 653–644.
16. Badger SA, Barclay R, Campbell P, Mole DJ, Diamond T. Management of
liver trauma. World J Surg. 2009;33(12):2522–37.
17. Jiang HC, Li ZT. The leading role of the concept of damage control surgery in severe liver trauma. Zhonghua Wai Ke Za Zhi. 2011;49(5):385–7.

Hu et al. BMC Surg

(2021) 21:16

18. McNutt MK, Kozar RA. Liver injury grading. In: Hall JB, Vincent J-L, editors.
Encyclopedia of intensive care medicine. Berlin: Springer, Berlin Heidelberg; 2012. p. 1335–6.
19. Johnson JW, Gracias VH, Gupta R, Guillamondegui O, Reilly PM, Shapiro
MB, Kauder DR, Schwab CW. Hepatic angiography in patients undergoing
damage control laparotomy. J Trauma. 2002;52(6):1102–6.
20. Asensio JA, Petrone P, Garcia-Nunez L, Kimbrell B, Kuncir E. Multidisciplinary approach for the management of complex hepatic injuries AASTOIS grades IV–V: a prospective study. Scand J Surg. 2007;96(3):214–20.
21. Di Saverio S, Sibilio A, Coniglio C, Bianchi E, Biscardi A, Villani S, Gordini G,
Tugnoli G. A proposed algorithm for multimodal liver trauma management from a surgical trauma audit in a western European trauma center.
Minerva Anestesiol. 2014;80(11):1205–16.
22. Delgado Millan MA, Deballon PO. Computed tomography, angiography, and endoscopic retrograde cholangiopancreatography in the
nonoperative management of hepatic and splenic trauma. World J Surg.
2001;25(11):1397–402.
23. Heuer M, Taeger G, Kaiser GM, Nast-Kolb D, Kuehne CA, Ruchholtz S,
Lefering R, Paul A, Lendemans S, Trauma Registry of the DGU. Prognostic
factors of liver injury in polytraumatic patients. Results from 895 severe
abdominal trauma cases. J Gastrointestin Liver Dis. 2009;18(2):197–203.
24. Hommes M, Navsaria PH, Schipper IB, Krige JE, Kahn D, Nicol AJ. Management of blunt liver trauma in 134 severely injured patients. Injury.
2015;46(5):837–42.
25. Stassen NA, Bhullar I, Cheng JD, Crandall M, Friese R, Guillamondegui O,
Jawa R, Maung A, Rohs TJ Jr, Sangosanya A, et al. Nonoperative management of blunt hepatic injury: an Eastern Association for the Surgery of
Trauma practice management guideline. J Trauma Acute Care Surg.
2012;73(5 Suppl 4):S288-293.

Page 9 of 9

26. Zelenak J, Hutan M, Kalig K. The current approach to liver injuries. Acta
Chir Orthop Traumatol Cech. 2001;68(2):112–6.
27. Eum YO, Park JK, Chun J, Lee SH, Ryu JK, Kim YT, Yoon YB, Yoon CJ,
Han HS, Hwang JH. Non-surgical treatment of post-surgical bile duct
injury: clinical implications and outcomes. World J Gastroenterol.
2014;20(22):6924–31.
28. Noyola-Villalobos HF, Loera-Torres MA, Jimenez-Chavarria E, NunezCantu O, Garcia-Nunez LM, Arcaute-Velazquez FF. Non-surgical
management after blunt traumatic liver injuries: a review article. Cir Cir.
2016;84(3):263–6.
29. Paulino J, Vigia E, Cunha M, Amorim E. Two-stage pancreatic head resection after previous damage control surgery in trauma: two rare case
reports. BMC Surg. 2020;20(1):98.
30. Asensio JA, Demetriades D, Chahwan S, Gomez H, Hanpeter D, Velmahos
G, Murray J, Shoemaker W, Berne TV. Approach to the management of
complex hepatic injuries. J Trauma. 2000;48(1):66–9.
31. Sriussadaporn S, Pak-art R, Tharavej C, Sirichindakul B, Chiamananthapong S. A multidisciplinary approach in the management of hepatic
injuries. Injury. 2002;33(4):309–15.
32. Morales Uribe CH, Lopez CA, Cote JC, Franco ST, Saldarriaga MF, Mosquera J, Villegas Lanau MI. Surgical treatment of blunt liver trauma, indications for surgery and results. Cir Esp. 2014;92(1):23–9.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

