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Abstract

Background Splenectomy indications are well documented; however, several infectious complications and
potentially life-threatening conditions could arise after splenectomy. We aim to describe a 20-year single-center
experience of postoperative outcomes after splenectomy and perform a subgroup analysis according to approach
and surgical setting with a 30-day, 90-day, and 1-year follow-up.

Study design A retrospective cohort study was conducted between 2003 and 2023. We included all patients aged
18 years and older who underwent splenectomy. A description of clinical and operative variables with infectious
outcomes was performed. Subgroup analyses were performed between open or laparoscopic approach and surgical
setting.

Results A total of 134 patients were included. Female patients constituted 52.99% (n=71) of cases, with a mean

age of 51.01£20.79 years. The most frequent surgical indication for splenectomy was trauma in 31.34% (n=42), and

a laparoscopic approach was indicated in 41.79% (n =56). Overwhelming post-splenectomy syndrome (OPSI) was
evidenced in 2.24% (n=3) of the population. Surgical characteristics such as operative time, intraoperative blood loss,
and intensive care requirement and unit length of stay were higher in open and trauma patients.

Conclusion Our data describe the demographic, clinical and operative characteristics of patients undergoing
splenectomy in Colombia, providing a solid basis for future research. The results obtained on overwhelming
postsplenectomy syndrome (OPSI) and postoperative complications are comparable with those reported in the
international literature, reinforcing the validity of our findings. Further prospective studies in this population are
needed to optimize management strategies and improve clinical outcomes, particularly in higher risk subgroups.

Keywords Splenectomy, Postoperative outcomes, Trauma-related splenectomy, Hematological disorders,
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Background

Since Quitenbaum first deliberately removed a spleen
in 1826, the spleen has been regarded as a non-essential
organ for sustaining life. The spleen is part of the reticu-
loendothelial system and has hematological and immu-
nological functions. It receives 25% of the total cardiac
output and plays a fundamental role in the immediate
immune response to antigens transported by the blood
[1-3].

Given the essential functions of the spleen, the indi-
cations for splenectomy are currently limited and well-
established: splenic trauma, abscess, aneurysms of the
splenic artery, and malignant conditions, such as part of
radical oncologic surgery, angioma, or primary tumor.
Additionally, there are relative indications for specific
hematological disorders: idiopathic thrombocytopenic
purpura and autoimmune hemolytic anemia [4—9]. Since
1991, splenectomy has been performed either open or
laparoscopic; nevertheless, over the years, the laparo-
scopic technique has become the preferred approach
with acceptable morbidity and mortality rates [10, 11].

Due to its immunologic functions, spleen removal car-
ries risks of postoperative infectious complications, with
overwhelming postsplenectomy syndrome (OPSI) being
the most feared, with a lifetime risk of 5% and a mortal-
ity rate ranging from 30 to 70% [12, 13]. The microorgan-
isms most frequently associated with OPSI include S.
pneumoniae, N. meningitidis, H. influenzae type b, and
influenza, with a peak incidence between 90 days and
one year after the procedure, decreasing over time [12—
14]. Therefore, vaccination is currently standardized for
these patients and described in multiple guidelines [14,
15]. Postoperative outcomes after splenectomy have been
evaluated in North America, Asia and Europe; however,
there is a gap in the literature with respect to the Latin
American population, which presents substantial differ-
ences in terms of nutrition, socioeconomic and access to
health care, including Colombia. Therefore, our objective
is to describe the experience of a Colombian center over
20 years in terms of postoperative outcomes after sple-
nectomy and to analyze the factors associated with infec-
tious complications.

Methods

Study population

A retrospective cohort study was conducted with
approval from the Institutional Review Board’s approval,
adhering to Health Insurance Portability and Account-
ability Act (HIPAA) guidelines for ethical compliance
with the Helsinki Declaration and local legislation on
research. The study included all patients over 18 years of
age who underwent splenectomy between 2003 and 2023
at a single center. According to institutional protocol, all
patients received antibiotic prophylaxis both during and
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after the procedure, along with postoperative antico-
agulation with enoxaparin according to thrombotic risk
scores. Missing data were addressed through imputation
using the mean value. We include demographic and clini-
cal characteristics such as gender, age, body mass index,
and comorbidities: arterial hypertension, type 2 diabe-
tes mellitus (T2DM), smoking habit, coronary arterial
disease, and previous history of abdominal surgery. Pre-
operative laboratory analysis included white blood cell
count, hemoglobin value, and platelet count. The surgical
indications, approach (open vs. laparoscopic) and conver-
sion rate were also evaluated. Intensive care unit require-
ments and length of stay were also described. Follow-up
was defined as 30 days for assessing general postoperative
morbidity and 90 days for evaluating OPSI and mortality.

A subgroup analysis was conducted to categorize the
population into “Trauma-related” and “Hematological
and spleen disorders” groups, given the inherent differ-
ences between these categories. Postoperative outcomes,
including surgical and medical morbidity, were assessed
at both 30 and 90 days of follow-up. Additionally, a sep-
arate analysis was performed to describe the patients
based on surgical approach, either laparoscopic or open.
Overwhelming post-splenectomy syndrome (OPSI) was
evaluated using clinical signs of sepsis after splenectomy,
blood cultures, and infectious disease specialist evalua-
tions, with patients being monitored for at least one year.

Statistical analysis

Descriptive statistics were applied to all study parameters
based on the nature of each variable. The distribution of
the variables was evaluated according to the kurtosis/
skewness test. Continuous variables were summarized as
medians, standard deviations, or percentiles according to
their nature and distribution. Categorical data were sum-
marized as frequencies and proportions. A descriptive
analysis was conducted for clinical and surgical variables,
postoperative outcomes, and infectious complications.
All analyses were performed using STATA 17 (licensed
version).

Results

Demographic and clinical characteristics

A total of 134 patients were included in the study. Female
patients represented 52.99% (n=71) of all patients. The
mean age was 51.01£20.79 years old, and the mean body
mass index (BMI) was 26.40+5.03 kg/m2. The most com-
mon comorbidity was arterial hypertension in 27.61%
(n=37) of cases, and 26.87% (n=36) of the population
had a smoking habit. The most frequent surgical indi-
cation for splenectomy was trauma in 31.34% (n=42),
followed by idiopathic thrombocytopenic purpura in
21.64% (n=29) and splenic abscess in 8.96% (n=12).
Preoperative laboratory analysis, when available, was
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Table 1 Demographic and clinical characteristics

Variable Result
Gender % (n)

Female 5299 (71)
Male 47.01 (63)
Age mean (SD) 51.01 (20.79)
BMI mean (SD) 26.40 (5.03)
Comorbidities % (n)

Smoking habit 26.87 (36)
Type 2 Diabetes Mellitus 8.96 (12)
Arterial Hypertension 2761 (37)
Coronary arterial disease 821(11)
Previous abdominal surgery 42.11 (56)
Indications for surgery

Trauma related 37.31 (50)
Hematological and Spleen disorders 62.69 (84)
Idiopathic thrombocytopenic purpura 21.64 (29)
Hereditary spherocytosis 1.49 (2)
Hypersplenism 8.96 (12)
Hodgkin Lymphoma 2.24(3)
Hemolytic autoinmune anemia 7.46 (10)
Thrombocytopenic thrombotic purpura 5.22(7)
Non-Hodgkin linfoma 522 (7)
Splenic cyst 1.49 (2)
Spontaneous rupture 448 (6)
Blunt trauma 31.34 (42)
Spleen abscess 8.96 (12)
Spleen hemangioma 0.75 (1)
Splenic artery aneurysm 0.75(1)

Preoperative serum analysis

White blood cell counts median (IQR)
Platelet count median (IQR)
Hemoglobin mean (SD)

9.700 (5.900; 23.500)
83.600 (87.000; 332.400)
11.81(3.08)

Table 2 Causes of readmission in patients undergoing
splenectomy: Open vs. Laparoscopic Approach

Variable Number of Open Laparo-
patients n=78 scopic
n=56
Cause of Readmission % (n)
Abdominal Collection 3 3.85% (3) 0% (0)
Surgical Site Infection 3 2.56% (2) 1.79% (1)
Intestinal Obstruction 1 1.28% (1) 0% (0)
Pleural Effusion 2 2.56% (2) 0% (0)
Hematological Disorders 4 2.56% (2) 3.57% (2)
Pancreatic Fistula 1 1.28% (1) 0% (0)
Deep Venous Thrombosis 1 0% (0) 1.79% (1)
Abdominal pain of non-surgical 4 3.85% (3) 1.79% (1)
etiology
Total 19 17.95% (14) 10.71%

©)
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retrieved. The median white blood cell count was 9.700
(IQR 5.900; 23.500), the mean hemoglobin value was
11.81+3.08, and the median platelet count was 183.600
(IQR 87.000; 332.400). The characteristics of the sample
are summarized in Table 1.

Surgical characteristics and postoperative outcomes

The laparoscopic approach was indicated in 41.79%
(n=56) of the cases, with a conversion rate of 10.91%
(n=6). The mean surgical time was 132.39+53.77 min,
and the median intraoperative blood loss was 700 ccs
(IQR 200; 1300). Intensive care unit admission was
required for 41.04% (n=>55) of the patients, with a median
ICU length of stay of 4 days (IQR 2;17). The median
length of hospital stay was 9.5 days (IQR 4;38). Reinter-
vention was required in 10.45% (n=14) of patients, while
the readmission rate at 90 days of follow-up was 14.18%
(n=19) (See Table 2 for causes of readmission). Mortality
at 90 days was observed in 16.42% (n=22) of patients.

Postoperative morbidity was evaluated at 30 days of
follow-up. Superficial surgical site infection occurred
in 2.99% (n=4) of patients, while deep surgical site and
organ space infections were noted in 2.24% (n=3) and
2.99% (n=4), respectively. Deep venous thrombosis was
reported in 4.48% (n=6), and segmental pulmonary
embolism was identified in 2.99% (n=4) of patients.
Infectious complications included pneumonia in 6.72%
(n=9) and urinary tract infections in 3.73% (n=5).
Overwhelming post-splenectomy syndrome (OPSI) was
observed in 2.24% (n=3) of patients.

In the three cases of OPSI, blood culture revealed dif-
ferent microorganisms: Streptococcus pneumonia in one
case (hematologic and spleen disorders-laparoscopic),
Proteus mirabilis the second case (trauma-open and
Enterococcus faecalis in the third case (trauma open).
The diagnosis of Streptococcus pneumoniae was made
7 days after splenectomy, while Proteus mirabilis and
Enterococcus faecalis were diagnosed 33 days post-sple-
nectomy. Mortality occurred in the case involving Strep-
tococcus pneumoniae after 46 days of the splenectomy.
The summarized data is displayed in Table 3.

Subgroup analysis

A subgroup analysis was performed. Indications were
divided into two groups: trauma-related splenectomy
(37.31% n=50) and splenectomy due to hematological
and splenic disorders, including spleen abscess and cysts
(62.69% n=84). Patients who underwent splenectomy
due to trauma were older compared with the group of
hematological and spleen disorders (mean 58.5 vs. mean
46.6 years old); in traumatic cases, male patients corre-
spond to the majority of the population (64% n=32 vs.
36% n=18), and in the other group, female patients had
a higher incidence of diagnosis in our population (63.09%
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Table 3 Surgical and postoperative characteristics
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Table 4 Causes of Reintervention in patients undergoing

Variable Result splenectomy: Open vs. Laparoscopic Approach
Surgical approach % (n) Variable Number of Open Laparo-
Open 5821 (78) patients n=78 scopic
Laparoscopic 41.79 (56) n=56
) Cause of Reintervention
@ .
onversion rate 10.91(6) % (1)
Surgical time mean (SD) - Minutes- 132.39(53.77) H q ic Instabilit : 128% (1) 0% (0)
emodadynamic Instablll .
Intraoperative blood loss median (IQR) — CC - 700 (200; 1300) 4 . ) y ° 0
ICU Requirement 41,04 (55) Mesenteric Ischemia 2 2.56% (2) 0% (0)
U leanth ofstay Dy . (’2'1 7 Abdominal Collection 1 2.56% (2) 0% (0)
Overall length of stay — Days - 95 (’4‘38) Hemoperitoneum 2 0% (0) 357% Q)
Postoperative outcomes % (n) o Evisceration 4 1.28% (1) 0% (0)
Other C 6 7.69 (6 0% (0

Superficial surgical site infection 3.01(4) eri-auses (©) 60)

) o ) Total 14 17.95% (12) 3.57% (2)
Deep surgical site infection 2.23(3)
Organ space surgical site infection 2.99 (4) . .
Intra-abdominal collections 1.19.015) rate was higher in the trauma group (4% n=2 vs. 1.19%
Deep venous thrombosis 448 (6) n=1; see Table 4 for causes of reintervention), thus
Pulmonary embolism 209 (4) related with a higher mortality rate (28% n=14 vs. 9.52%
Urinary tract infection 3735) n=38). The summarized data is displayed in Table 5.
Pheumonia 6729) As well, we performed a second subgroup analysis
opS| 224 (3) regarding the approach of the procedure.
Reintervention rate 1045 (14) Operative time was comparable between laparoscopic
Readmission rate 14.18 (19) and open surgery (135.34 SD 56.83 vs. 127.92 SD 48.97
Mortality 1642 (22) respectively), nevertheless blood loss was higher in the

n=53 vs. 36.90% n=31). The median BMI was simi-
lar between groups (26 vs. 24 kg/m?2). The laparoscopic
approach was used most frequently in the hematological
and splenic disorders group (58.33% n=49 vs. 14% n=7);
nevertheless, conversion was higher in the trauma group
(57.14% n=4 vs. 4.08% n=2). Surgical time was similar
between the groups (median 120 vs. median 120 min);
however, intraoperative blood loss was higher in the
trauma group (mean 1371 vs. mean 697 cc). The ICU
requirement was higher in the trauma group (64% n=32
vs. 27.38% n=23).

Regarding postoperative outcomes, the risk differences
were minor, superficial, and deep surgical site infections
were higher in the trauma group (6% n=3 vs. 1.19% n=1
and 4% n=2 vs. 1.19% n=1, respectively). Intra-abdom-
inal collections were higher in the trauma group (12%
n=6vs. 10.71% n=9). In one patient, an abscess second-
ary to a pancreatic fistula was identified, requiring surgi-
cal reintervention for drainage of the affected cavity. No
other complications related to the pancreatic fistula were
identified. Deep venous thrombosis was observed in sim-
ilar proportions between groups (4% n=2 vs. 4.76); nev-
ertheless, pulmonary embolism was higher in the trauma
group (6% n=3 vs. 1.19% n=1). Urinary tract infections
were higher in the trauma group (6% n=3 vs. 2.3% n=2);
pneumonia was similar between groups (6% n=3 vs.
7.14% n=6). Regarding OPSI incidence, patients who
underwent splenectomy due to trauma had a higher rate
of OPSI (4% n=2 vs. 1.19% n=1), as the reintervention

open group (1000 IQR 400;3000) compared with lapa-
roscopic approach (300 IQR 100-1800). Patients who
underwent the open approach required more frequent
ICU stays, with a longer length of stay. Surgical site infec-
tion was more common in patients who underwent the
open approach, regardless of the classification, as well as
deep venous thrombosis and pulmonary embolism. (See
Table 6). Mortality was most frequent in the open group
compared with the laparoscopic approach. (20.51% vs.
10.71%). See Table 7 for detailed causes of mortality.

Discussion

Given the well-known function of the spleen and the life-
time risks after resection of the spleen, the indications
for splenectomy are currently strict. Improving technical
skills for splenectomy has reduced perioperative compli-
cations and mortality. However, the morbidity associated
is around 41%, and this is mainly related to infectious
complications [16, 17]. Patients without a spleen have a
greater risk of death by approximately 200-fold from sep-
ticemia compared to those with a normally functioning
spleen [16, 17]. OPSI is well known as the most feared
complication after splenectomy. According to the lit-
erature, the prevalence of OPSI ranges between 0.23 and
0.42%, with a lifetime risk of 3—-5% being the most fre-
quent isolated microorganism Streptococcus pneumonia,
accounting for at least 50-90% of the infections, reaching
a mortality rate between 38 and 69% [16, 17]. Throughout
the years, surgical teams have tried to implement mul-
tidisciplinary strategies like new protein conjugate vac-
cines, antibiotic prophylaxis, and increased vigilance to
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Table 5 Subgroup analysis
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Table 6 Subgroup analysis — Approach

Variable Trauma related Hematologi-
N=50 cal and Spleen

disorders
N=84

Gender % (n)

Female 36 (18) 63.09 (53)

Male 64 (32) 36.90 (31)

Age mean (SD) 58.5(22.23) 46.55 (18.64)

BMI median (IQR) 26 (23.1;33.7) 24(18.2;30.4)

Comorbidities % (n)

Smoking habit 40 (21) 17.85(15)

Type 2 Diabetes Mellitus 6 (3) 10.71 (9)

Arterial Hypertension 34(17) 23.80 (20)

Coronary arterial disease 14 (7) 476 (4)

Previous abdominal surgery 36 (18) 4523 (38)

Preoperative serum analysis

White blood cell count me- 12.250 7.000(3.380:32.500;)

dian (IQR) (6.205;24.330)

Platelet count median (IQR) 219.000 128.000

(93.000;360.000)  (21.000;622.800)

Hemoglobin mean (SD) 12.18 (2.79) 11.58 (3.24)

Surgical approach %(n)

Open 86 (43) 41.66 (35)

Laparoscopic 14(7) 58.33 (49)

Conversion rate 8(4) 2.38(2)

Surgical time median (SD) 120 (60;200) 120 (70;210)

Intraoperative blood loss 1371 (1175) 697 (899)

mean (SD)

ICU Requirement 64 (32) 27.38(23)

ICU length of stay median 3(2;,20) 2(1;14)

(IQR)

Overall length of stay 12 (4;48) 8(3;38)

Postoperative outcomes

%(n)

Superficial surgical site 6 (3) 1.19 (1)

infection

Deep surgical site infection 4(2) 1.19 (1)

Organ space surgical site 4(2) 2.38(2)

infection

Intra-abdominal collections 12(6) 10.71 (9)

Deep venous thrombosis 4(2) 4.76 (4)

Pulmonary embolism 6 (3) 1.19 (1)

Urinary tract infection 6 (3) 238(2)

Pneumonia 6(3) 7.14 (6)

OPSI 4(2) 1.19(1)

Reintervention rate 20 (10) 476 (4)

Readmission rate 12 (6) 1547 (13)

Mortality 28 (14) 9.52 (8)

reduce the risk of OPSI. However, their implementation
is inconsistent and limited to encapsulated microorgan-
isms; nevertheless, this flora is not the only one respon-
sible for OPSI, and other bacteria should be investigated
[16, 17]. The risk of developing OPSI is lifelong, but
the highest incidence is described in the first two years
post-splenectomy in a range between 1 and 7% [16, 17].

Variable Open Laparoscopic
n=78 n=56
Surgical indication % (n)
Trauma related 55.12 (43) 125 (7)
Hematological and Spleen disorders 44.87 (35) 87.5(49)
Surgical time mean (SD) - Minutes- 135.34 (56.83)  127.92 (48.97)
Intraoperative blood loss median 1000 300
(IQR) - CC- (400;3000) (100;1800)
ICU Requirement 48.71 (38) 30.35(17)
ICU length of stay — Days - 414 (7.02) 2.44 (6.04)
Overall length of stay — Days - 9.5 (4;35) 9(3;28)
Superficial surgical site infection 512 4) 0(0)
Deep surgical site infection 2.56 (2) 1.78 (1)
Organ-site surgical site infection 2.56 (2) 3.57(2)
Intra abdominal collections 12.82 (10) 8.92 (5)
Deep venous thrombosis 5.12(4) 357(2)
Pulmonary embolism 3.84(3) 1.78 (1)
Urinary tract infection 3.84(3) 357(12)
Pneumonia 6.41 (5) 7.14 (4)
OPSI 2.56 (2) 1.78 (1)
Re - intervention 15.38(12) 357(12)
Re - admission 17.94 (14) 8.92 (5)
Mortality 20.51 (16) 10.71 (6)

Table 7 Causes of mortality in patients undergoing Open vs.
laparoscopic surgery

Variable Number of Open Laparoscopic
patients n=78 n=56

Cause of mortality % (n)

Hypovolemic Shock 4 3.85% (3) 1.79% (1)
Septic Shock 4 8.97% (7) 3.57% (2)
Multiple Organ Failure 5 5.13% (4) 1.79% (1)
Myocardial Infarction 2 1.28% (1) 1.79% (1)
Other Complications 2 1.28% (1) 1.79% (1)
Total 22 20.51% (16)  10.71% (6)

In our cohort, 2.25% of patients developed OPSI, and
the diagnosis was performed between days 7 and 33 of
the splenectomy and the main microorganisms involved
were Streptococcus pneumoniae, Proteus mirabilis, and
Enterococcus faecalis. One of the OPSI cases died, con-
sistent with the literature, which describes a fatality rate
of 46% for OPSI (7). Other infectious complications in
our cohort were superficial surgical site infection (2,99%),
deep surgical site infection (2,44%), urinary tract infec-
tion (3.73%), and pneumonia (6.72%).

Despite the most feared complications being related
to infection, there is a high risk of other non-infectious
complications after splenectomy [16-18]. Vascular com-
plications involve the venous and arterial sides of the
circulation. The thromboembolic disease has been most
frequently reported after splenectomy, and its mecha-
nisms are believed to be the activation of thrombocytes
and some grade of hypercoagulability [7]. The underlying



Rey Chaves et al. BMIC Surgery (2024) 24:362

condition is highly related to the vascular complications
associated with it; for example, patients suffering from
hereditary spherocytosis (HS) are seven times more likely
to suffer thrombotic events, according to Schilling et al.
[3, 16—19]. The rates of DVT and PE were significant in
our population (4.48% and 2.99%, respectively), and in
line with the literature, we evidenced a higher propor-
tion of DVT in the group of spleen or hematologic dis-
orders compared with trauma; however, the mechanisms
for these complications are complex and, in some cases,
multifactorial [16—19].

There are apparent differences between trauma-
related and nontraumatic indications. All grade IV-V
splenic injuries should undergo splenectomy due to the
high risk of failure of non-operative management, with
or without splenic embolization [20]. Most of the time,
trauma conditions lead to higher mortality and morbid-
ity. In our series, splenectomy for trauma shows with
higher intraoperative blood loss, ICU requirement, and
complications, including all-grade postoperative surgi-
cal site infections and mortality; additionally, two of the
OPSI cases were trauma patients. Our data indicates that
trauma significantly contributes to most of the morbidity
and mortality associated with splenectomy, which is con-
sistent with findings reported in the existing literature
[20, 21].

The use of laparoscopy (LS) for splenectomy is the gold
standard, as it has been associated with reduced postop-
erative pain, shorter hospital stays, decreased intraopera-
tive blood loss, and overall lower morbidity compared to
open surgery (OS). Its impact on infection rates remains
debated; however, there is theoretical evidence suggest-
ing that laparoscopy attenuates immunosuppression [22].
In our cohort, the laparoscopic approach demonstrated
shorter surgical times, less intraoperative blood loss,
reduced ICU admissions and shorter length of stay. Fur-
thermore, our data indicate lower rates of postoperative
complications, including surgical site infections, DVT, PE
and mortality, which can be attributed, in most cases, to
the less compromised condition of the patients under-
going laparoscopic procedures. The application of LS in
trauma cases is even more limited. Although literature
on the use of LS in trauma is sparse, there are published
reports demonstrating successful outcomes in trauma
patients managed with laparoscopy. Its use should be lim-
ited to hemodynamically stable patients, those with failed
initial non-surgical management or previous emboliza-
tion, and other factors such as the surgeon’s expertise and
specific trauma conditions [2, 23].

Among the limitations of our study are its retrospec-
tive nature and the small sample size regarding the indi-
cations for splenectomy. However, our study includes a
single-center long-term follow-up of patients who under-
went splenectomy in Colombia.
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Conclusion

Our study offers a descriptive analysis of patients who
have undergone splenectomy in Colombia, taking into
account the distinction of traumatic from non-traumatic
indications and laparoscopic versus open approaches.
Laparoscopy was more common in hematologic condi-
tions, while open surgery predominated in trauma cases.
The conversion rate from laparoscopy to open surgery
was significantly higher in trauma cases (57.14% vs.
4.08%), highlighting the challenges of laparoscopic man-
agement in the trauma setting.

Postoperative outcomes were better with laparoscopy,
requiring less ICU admission, reduced blood loss and
fewer postoperative complications. Although limited by
the retrospective design and small sample size, our find-
ings illustrate the advantages of laparoscopy in terms of
lower morbidity. However, its application in trauma cases
remains limited due to the complexity of these patients.
This study underscores the relevance of careful selection
of the surgical approach in patients with splenic trauma,
and highlights the need for prospective studies to
develop effective strategies to improve clinical outcomes,
reduce the conversion rate, and minimize postoperative
complications.
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