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Introduction

The spleen is a solid organ which is susceptible to injury 
in the event of blunt abdominal trauma. Hemoperitoneum 
is commonly caused by splenic injury, and severe splenic 
injuries can result in hypovolemic shock or death. Surgery 
has been the typical treatment of choice for a splenic rupture 
caused by abdominal trauma. However, the danger of post 
splenectomy infection, nonoperative conservative treatments, 
and embolization may be considered first, before surgery for 
traumatic splenic injuries [1-3].

Nonoperative treatments are likely to fail for high American 
Association for the Surgery of Trauma (AAST) grade splenic 
injury in a hemodynamically unstable patient or in an injury 

©2021 Korean Society of Acute Care Surgery. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0).

Journal homepage: http:// www.jacs.or.kr 
https://doi.org/10.17479/jacs.2021.11.2.47 

eISSN : 2288-9582  pISSN : 2288-5862

Article history: 

Received: August 13, 2020
Revised: September 8, 2020
Accepted: September 9, 2020

ABSTRACT

Purpose: Surgery is prioritized for a splenic injury when the patient is hemodynamically unstable 
or the injury is severe and there is an increased risk of bleeding. This study aimed to examine the 
outcomes of splenectomies where a surgical stapling device was used to reduce operation time and 
rapidly control bleeding.

Methods: This retrospective study included 53 patients who underwent a splenectomy for traumatic 
splenic injury at Chosun University Hospital between 2012 and 2017. Clinical outcomes including 
operation time (duration), blood transfusion amount (number of units), length of hospital stay, 
length of intensive care unit stay, and mortality rate were compared between patients who received 
conventional ligation [conventional group (CG)] and patients who received a splenectomy where a 
surgical stapling device was used [stapling group (SG)].

Results: The SG showed an average operation time of 17 minutes less than the CG, although the 
reduction was not statistically significant. No significant differences in estimated blood loss and 
blood transfusion amount were determined between the 2 groups, although the SG received 1 more 
unit of red blood cells for transfusion in the 48-hour post-operative period compared with the CG. 
One case of pancreatic fistula as a postoperative complication was reported in the SG.

Conclusion: The use of a surgical stapling device in a splenectomy may be considered for a 
hemodynamically unstable patient with splenic injury which caused severe anatomical damage. 
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that is highly prone to bleeding, and in these cases, surgery 
must be prioritized [1,3]. The World Society of Emergency 
Surgery (WSES) has recently classified a splenic injury 
accompanied by hemodynamic instability as a WSES Grade IV 
regardless of the severity of anatomical damage, and claimed 
that such an injury must be actively treated by surgical means 
[4].

Various methods of  splenectomy have been used to 
preserve the spleen [5,6]. However, because approximately 
60% of patients receiving a splenectomy are multiple trauma 
patients, a splenectomy is viewed as time consuming, and total 
splenectomy must be elected over spleen preservation when 
the patient is bleeding profusely [7].

Technological advances in surgical stapling devices have 
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3. Outcome evaluation

Patient  data  was col lected from medical  records: 
demographics, injury mechanism, multiple organ injury, 
systolic blood pressure on admission, pulse rate, hemoglobin 
level, AAST splenic injury grade, time to operation, operation 
time, number of units of blood used during intraoperative 
transfusions and within 48 hours after surgery, length of 
intensive care unit (ICU) stay, total length of hospital stay, 
complications, and mortality rates. Time to operation was 
defined as the duration of time from arrival at the emergency 
room to the start of the operation. Operation time was 
defined as the amount of time spent during the splenectomy. 
In cases where other injured organs were treated during an 
operation, operation time included only the time spent on the 
splenectomy, which was identified from anesthesia records. 
It was difficult to determine the exact amount of blood loss 
that occurred during the splenectomy based on the anesthesia 
records for the entire operation. Thus, the records were used 
for a general understanding of the blood loss. The amount of 
preoperative and intraoperative units of red blood cell (RBC) 
used during the transfusion and the number of units of RBC 
transfused within 48 hours after surgery were separately 
investigated.

The primary outcomes of this study were the duration of 
operation time and the number of units used in perioperative 
RBC transfusions. The secondary outcomes were postoperative 
complications, the length of ICU and hospital stay, and 
mortality rates.

4. Statistical analysis

This study was approved by the Institutional Review Board 
of Chosun University Hospital (IRB no.: 2020-04-018-001). 
Statistical analyses were performed using IBM SPSS Version 
25.0 (IBM Co., Armonk, NY, USA). Pearson’s chi-square test and 
Student t test were used to compare variables between the 2 
groups. A p ≤ 0.05 was considered statistically significant.

 

Results

Hilar ligation was performed using a conventional method in 
the CG of 31 patients, and using a surgical stapling device (SG) 
in 23 patients (Table 1). The mean age of the patients in the CG 
and SG were 42.7 and 47.2 years, respectively. The percentage 
of males in the respective groups was 87.1% (n = 27) and 82.6% 
(n = 19). Falls (n = 15) were the most common mechanism 
of traumatic splenic injuries, followed by motorcycle traffic 
accidents (TA; n = 14), pedestrian TA (n = 10), and car driver 
TA (n = 10). Of all patients, 9.3% (n = 5) had a splenic injury 
only; the remaining 90.7% (n = 49) had injury in the spleen 
and at least 1 other organ. Seven patients (12.9%) had injuries 

not only reduced the duration of operation time but also the 
rate of bleeding related complications in surgery [8]. Aside 
from conventional surgical methods, vascular ligation using 
a stapling device is also becoming popular in splenectomies 
and is expected to improve prognosis. In this study, we aimed 
to examine and compare the clinical outcome between 
conventional splenectomy and splenectomy using a stapling 
device performed for patients with traumatic splenic injuries.

 

Materials and Methods

This study included patients who underwent splenectomy 
at Chosun University Hospital between January 2012 and 
December 2017. Patients who underwent splenectomy due 
to internal conditions such as hereditary spherocytosis, and 
idiopathic thrombocytopenic purpura, or iatrogenic splenic 
injuries were excluded. Among 117 patients, 54 were included 
in the analysis.

1. Patient selection

Patients who were hemodynamically unstable at the time of 
hospital admission and presented with a splenic injury AAST 
Grade 3 or above on computed tomography (CT) scans were 
consulted by 2 trauma surgeons to decide whether surgery was 
needed. If deemed necessary, an emergency splenectomy was 
performed. Hemodynamic instability was defined as having a 
systolic blood pressure of ≤ 90 mmHg despite resuscitation [9].

Patients were assigned to 1 of 2 groups for retrospective 
analysis: a conventional group (CG), in which the splenic hilum 
was managed by ligating the splenic artery and vein using a 
conventional method, and a stapling group (SG), in which the 
hilum was ligated and cut using a surgical stapling device (DST 
Series TA 30/60 mm, Covidien, Boulder, CO, USA).

2. Splenectomy method

In both groups, laparotomies were performed through a 
midline incision. After the avascular peritoneal attachment 
and ligament were dissected, the splenic artery and splenic 
vein were ligated at the splenic hilum. In the CG, a traditional 
double ligation method was performed which controls bleeding 
using a clamp, and performs ligation using nonabsorbable 
sutures. In the SG, a surgical stapling device was used which 
ligates the splenic artery, vein, and hilum at the same time, 
once the hilum is exposed. A trauma surgeon determined 
whether the use of the stapling device was necessary based 
on whether the patient had poor vital signs (and thus required 
a quick operation), and the estimated amount of blood loss 
(based on the severity of the splenic injury). The decision was 
made solely by the surgeon during the operation according to 
the clinical situation.
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Table 1. Patient demographics and injury parameters.

Variable Conventional group
(N = 31)

Stapling group
(N = 23) p

Male sex 27 (87.1) 19 (82.6) 0.350

Age (y) 42.71 ± 23.12 47.22 ± 20.45 0.357

Mechanism of injury 0.332

TA, car driver 4 (12.9) 6 (26.0)

TA, bicycle 1 (3.2) 0 (0)

TA, motorcycle 9 (29.0) 5 (21.7)

TA, cultivator 4 (12.9) 0 (0)

TA, pedestrian 4 (12.9) 6 (26.0)

Fall 9 (29.0) 6 (26.0)

Other organs with injury 0.141

Spleen only 3 (9.7) 2 (8.6)

Ribs 16 (52.6) 3 (13.0)

Kidney 1 (3.2) 1 (4.3)

Liver 2 (6.5) 4 (17.3)

Kidney and ribs 1 (3.2) 2 (8.6)

Liver and ribs 4 (12.9) 5 (21.7)

Lung and ribs 0 (0) 3 (13.0)

> 3 organs 4 (12.9) 3 (13.0)

Combined operations 0.505

Nephrectomy 1 (3.2) 2 (8.6)

Small bowel resection 2 (6.5) 1 (4.3)

Rib fixation 2 (6.5) 1 (4.3)

Liver packing 1 (3.2) 1 (4.3)

Distal pancreatectomy 0 (0) 2 (8.6)

ISS 20.1 ± 9.25 22.5 ± 12.94 0.367

Data are presented as n (%) or means ± SD.
TA = traffic accident; ISS = injury severity score.

Table 2. Initial physiological indicators and AAST spleen injury grade.

Variable Conventional group 
(N = 31)

Stapling group 
(N = 23) p

Systolic blood pressure (mmHg) 88.3 ± 26.0 85.4 ± 32.03 0.715

Heart rate (beats/min) 89.1 ± 16.5 96.4 ± 20.28 0.181

Hemoglobin level (g/dL) 9.4 ± 2.13 8.8 ± 2.61 0.542

AAST spleen injury grade 0.575

3 7 (22.6) 3 (13.0)

4 14 (45.2) 10 (43.5)

5 10 (32.3) 9 (43.5)

Data are presented as n (%) or means ± SD.
AAST = American Association for the Surgery of Trauma.
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in 3 or more organs. No significant differences in the injury 
mechanism or number of organs involved were determined 
between both groups. According to combined injuries, several 
kinds of operations, such as nephrectomy, small bowel 
resection, rib fixation, liver packing for damage control surgery 
and distal pancreatectomy were performed simultaneously. 
There was also no significant difference in the mean injury 
severity score between both groups (20.1 ± 9.25 and 22.5 ± 
12.94 for the CG and SG, p = 0.367).

Regarding the early clinical parameters of patients at the 
time of emergency room admission, no significant differences 
in systolic blood pressure, pulse rate, and hemoglobin levels 
were determined between both groups (Table 2).

The severity of splenic injuries was determined using CT 
scans and the AAST splenic injury scale (Table 2). All patients 
who underwent a splenectomy had splenic injuries AAST Grade 
3 or above. In both groups, AAST Grade 4 splenic injuries were 
the most common injuries with 14 cases (45.2%) in the CG and 
10 cases (43.5%) in the SG. AAST Grade 5 injuries were the 2nd 
most common, with 10 cases (32.3%) in the CG and 9 cases 
(43.5%) in the SG.

No significant differences in the time to operation and 
operation time were determined between the 2 groups. The 
mean operation time was 17 minutes less in the SG group 
compared with the CG, however this was not significant (Table 3).  

While there were no significant differences in the estimated 
blood loss, and in the number of preoperative, intraoperative, 
and postoperative RBC units transfused between both groups, 
the mean number of preoperative, intraoperative, and 
postoperative units of RBC transfused was 1 unit higher in the 
SG.

No significant difference in the rate of postoperative 
complications was determined between the 2 groups (Table 3). 
Five patients who suffered from wound dehiscence recovered 
after wound repair without any problems. One patient in the 
SG reported having a postoperative pancreatic fistula 2 weeks 
after surgery (Figure 1). CT scan showed the perisplenic fluid 
collection which was suggestive of a pancreatic fistula. The 
patient was discharged without any problems after undergoing 
percutaneous drainage.

No significant differences in the length of ICU and hospital 
stays and overall mortality were determined between the 
groups (Table 3). The rate of hypovolemia related mortality 
was 3.2% (n = 1) and 8.7% (n = 2) in the CG and SG, respectively. 
These 3 hypovolemia related mortality was mortality within 
24 hours of admission due to uncontrolled bleeding and 
coagulopathy. The causes of the other 5 mortality cases were 
sepsis and resultant multiple organ failure following prolonged 
ICU hospitalization.

 

Variable Conventional group 
(N = 31)

Stapling group 
(N = 23) p

Time interval (min)

Time to operation 151.9 ± 127.14 149.3 ± 98.03 0.936

Operation time 126.4 ± 34.75 109.1 ± 42.03 0.104

Estimated blood loss (mL) 1,274.1 ± 1,268.21 1,279.51 ± 897.54 0.986

RBC transfusion (units)

Pre- and intraoperative 4 (0-10) 4 (0-18) 0.280 

Postoperative (48 h) 2 (0-7) 3 (0-12) 0.077

Complication

Wound dehiscence 3 (9.6) 2 (8.6)

Pancreatic fistula 0 (0) 1 (4.3)

ICU stay (d) 1 (0-13) 2 (0-12) 0.705

Hospital stay (d) 12 (1-35) 10 (2-42) 0.715

Overall mortality 3 (9.7) 5 (21.7) 0.264

Hypovolemia related mortality 1 (3.2) 2 (8.7) 0.459

Data are presented as n (%) or means ± SD.
Values of RBC transfusion, ICU stay and hospital stay are presented as median and range. Time to operation was defined as the duration of time 
from arrival at the emergency room until the start of the operation. Operation time was the amount of time taken to perform the splenectomy.
RBC = red blood cell; ICU = intensive care unit.

Table 3. Patient clinical outcomes.



51

Discussion

Surgical stapling devices have been consistently improved 
since their initial development by a Hungarian surgeon, Humer 
Hultl, in 1908 and are now widely used in gastrointestinal 
procedures and transection of vascular pedicles [10]. Stapling 
devices were initially employed to preserve the spleen in a 
partial splenectomy [11,12]. However, due to the highly vascular 
and friable anatomical characteristics of the parenchyma, 
bleeding control is likely to be difficult during a partial 
splenectomy for a traumatic splenic injury, necessitating a total 
splenectomy [13].

When ligating the splenic artery and vein by approaching 
the hilum in conventional splenectomy, blood vessels may 
not be easily exposed or bleeding may result during surgical 
manipulation, making the procedure time consuming. Vascular 
damage accompanying a splenic injury promotes even more 
bleeding, necessitating a greater amount of blood transfusion, 
operation time, and time required for anesthesia induction [14]. 
In the case of patients who have severe splenic injuries or are 
hemodynamically unstable due to multiple injuries, continuous 
bleeding into the peritoneum during splenic vessel ligation in 
a splenectomy may blur the surgery field of view, making it 
difficult to accurately identify anatomical structures.

The most troublesome step in a splenectomy is splenic hilum 
vessel ligation. En bloc stapling at the splenic hilum during 
ligation of the splenic artery and vein has been proposed as 
a means to overcome the difficulty of splenic hilum vessel 
ligation [15]. Since the introduction of attempts to perform a 
laparoscopic splenectomy for splenic injuries, using a stapling 

device on the splenic hilum it has become a standard approach, 
and has been reported as a safe and effective method that does 
not increase the rate of complications [16,17].

Operation time and intraoperative blood loss have been 
reported to affect the prognosis of patients undergoing a 
splenectomy [18,19]. Unnecessary dissection of the splenic 
hilum increases the operation time and intraoperative blood 
loss, which leads to greater transfusion requirements. As the 
amount of blood transfused increases, the risk of perioperative 
infections and multiple organ failure also increases; thus, an 
increased amount of blood transfusion is directly associated 
with poor postoperative outcomes [20]. Therefore, it is 
important to have a surgery strategy to reduce intraoperative 
transfusion requirements.

In this study, the trauma surgeon decided whether to use a 
surgical stapling device based on intraoperative vital signs and 
the severity of a splenic injury, and used the surgical stapling 
device during a splenectomy to reduce the operation time and 
transfusion requirements through quick bleeding control. In the 
SG, the operation time was approximately 17 minutes less than 
the CG, although the reduction was not statistically significant. 
In addition, the amount of blood used during transfusions, and 
the length of ICU and total hospital stays did not decrease in 
the SG. The SG also had a higher overall mortality rate than the 
CG (21.7% vs. 9.7%) although this difference was not significant. 
It is possible that the mortality rate appeared higher because 
patients in the SG presented with seemingly poorer vital signs 
and more severe splenic injuries than those in the CG.

Stapling devices allow for faster and easier vascular 
control via en bloc stapling of the hilum, but they can lead 
to complications such as bleeding, pancreatic fistulas, and 
arteriovenous fistulas, and should therefore be used with 
caution [16,17]. Although no bleeding related complications 
were reported in this study, there was 1 case of pancreatic 
fistula. Although pancreatic fistulas are reported to develop 
after a conventional splenectomy, caution is still needed to 
avoid damaging the tail of the pancreas by stapling close to the 
splenic hilum.

This study has a few limitations. Firstly, the data was 
retrospectively collected from medical records and were not 
randomized. Secondly, this study included a small population 
of patients who were admitted to a single hospital. Although 
patient demographics, injury parameters, and patient outcomes 
were not significantly different between the 2 groups, it is 
possible that patients with a clinically poor condition were 
included in the SG because the stapling device is typically used 
for severe injuries or injuries that involved a large amount 
of bleeding. A large scale, prospective, multicenter study is 
therefore needed to overcome these limitations.

S. Choi et al / Use of a Stapling Device in a Splenectomy

Figure 1. A computed tomography scan showing fluid collection in 
the perisplenic space after using a stapling device in the splenectomy 
which was suggestive of a pancreatic fistula (black arrow represents 
the staple lines).
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Conclusion

The use of a surgical stapling device during a splenectomy 
showed no significant difference in terms of the duration 
of operation time and requirements for blood transfusion 
compared with a conventional splenectomy. 

In patients who are hemodynamically unstable or have a 
severe traumatic splenic injury that challenges splenic vessel 
ligation, the use of a stapling device may be considered to 
facilitate bleeding control. With careful manipulation of a 
stapling device to prevent postoperative complications such as 
pancreatic fistulas, splenectomies performed using a stapling 
device may become a viable treatment option for traumatic 
splenic injuries.
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