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Abstract

Introduction We conducted a retrospective study to investigate the progress of the
operative outcome after laparoscopic splenectomy (LS), with a special reference to the
administration of prophylactic antibiotics (PA).

Methods The study included 123 patients who underwent elective LS. Operative
outcomes before and after the standardization of the operative procedure and the impact
of treatment with PA on the surgical site infection (SSI) were investigated.

Results Of the 123 patients, wound infection developed in one (0.8%), portal trunk
thrombosis in one (0.8%), pancreatic fistula in one (0.8%), postoperative bleeding in two
(1.6%), pleural effusion in one (0.8%), and reoperation due to bowel injury in one (0.8%).
Although morbidity was not different between patients in the early (-2010) and late
(2011-) periods, intraoperative blood loss was lower in patients in the late period. During
the late period, no patients required conversion to open surgery. The proportion of
patients with SSI did not differ between those who received PA 1 h before the start of the
surgery along with additional administration every 3 h during the surgery and those
who received PA 1 h before the start of the surgery and additional administration during
the surgery as well as twice a day for 24 -72 h after the surgery.

Conclusion Operative outcomes after LS have improved after the standardization of
the operative procedure. The administration of PA 1 h before the surgery with additional
administration of PA every 3 h during the surgery seems to be sufficient to prevent SSI
during LS.

Key words: laparoscopic splenectomy, prophylactic antibiotics, surgical site infection



Introduction

The spleen is a fundamental organ for defense against bacterial infection. Splenectomy
increases the risk of sepsis, defined as “overwhelming post-splenectomy infection,” and
is associated with considerable mortality. Patients who require splenectomy include
those with hematologic disease or hypersplenism. Therefore, the usefulness of long-term
prophylactic antibiotics and vaccination, including pneumococcal vaccination for the
prevention of sepsis has been studied resulting in the proposal of guidelines addressing
the problem [1 -4].

Since the introduction of laparoscopic splenectomy by Hashizume et al. [5], the
surgical procedure has changed from open to laparoscopic splenectomy [6 -17].
Postoperative complications following splenectomy include bleeding, surgical site
infection (SSI), pancreatic fistula, and portal thrombus. It is well known that the
operative outcomes improve with experience of performing laparoscopic surgeries.
Kawanaka et al. reported that technical standardization is important to improve the
outcome after laparoscopic splenectomy [9].

Although splenectomy is classified as a class I surgical field contamination (clean
wound), it has been reported that some patients developed wound infection or subphrenic
abscesses [6 -17]. However, details regarding operative outcomes, including SSI, after
laparoscopic splenectomy and the effects of prophylactic antibiotics on SSI have not been
sufficiently studied. In fact, the methods for the administration of prophylactic
antibiotics for SSI after laparoscopic splenectomy have not been evaluated or described
in the guidelines for the prevention of SSI, including those of Center for Disease and
Prevention (CDC) and World Health Organization (WHO) [18 -20]. Recently, the
Japanese Society of Chemotherapy and Japan Society for Surgical Infection advocated
practical guidelines for the appropriate use of prophylactic antibiotics [21]. However,
there is no evidence regarding the use of prophylactic antibiotics during splenectomy,
including laparoscopic splenectomy, in these guidelines.

We conducted a retrospective study to investigate the progress in operative outcomes
after elective laparoscopic splenectomy with a special reference to the administration of

prophylactic antibiotics.

Materials and Methods
Patients

This study included 123 patients who underwent elective laparoscopic splenectomy at
the Department of Hepato-Biliary-Pancreatic Surgery, Osaka City University Hospital,
or Department of Surgery, Wakayama Medical University Hospital, between 2001 and



2015. Splenectomy was performed for the following reasons: hypersplenism due to liver
cirrhosis caused by hepatitis B or C virus (n = 93); idiopathic hypersplenism (n = 17);
splenic tumor, including malignant lymphoma (n = 7); immune thrombocytopenia
purpura (n = 4); and hereditary spherocytosis (n = 2). Of the 123 patients, 16 underwent
hand-assisted laparoscopic splenectomy (HALS) and 107 underwent pure laparoscopic
splenectomy (PLS). Gamma-globulin and steroid therapy were administered before
surgery in seven and two patients, respectively. Pneumococcal vaccination was
administered after splenectomy.

Information concerning clinical findings of the patients, operative procedures,
operative outcomes, and administration of prophylactic antibiotics were obtained from
the medical records at each hospital.

This study was approved by the ethics committee of Osaka City University and
Wakayama Medical University, and was performed according to the Helsinki declaration.

All subjects provided written informed consent.

Operative procedures

Laparoscopic splenectomy was performed under general anesthesia for all patients.
The patients were placed in the right lateral decubitus position. In those undergoing
HALS, an 8-cm skin incision was made at the upper midline. A camera port was inserted
via the umbilicus during HALS or PLS, and two or three ports were inserted
approximately 5-7 cm below the costal margin. After extraction of the liver and stomach,
the gastrosplenic ligament was resected using clips. The ligaments and attachments of
the spleen, including the splenic flexure of the colon and perisplenic collateral vessels,
were dissected using a vessel sealing system such as Harmonic Scalpel™ (Ethicon Endo-
Surgery Inc., Cincinnati, OH, USA) or LigaSure™ (Covidien/Metronic Inc. Mansfield,
MA, USA). If possible, the splenic artery was identified and ligated in order to decrease
the blood supply to the spleen and reduce its volume. After the entire spleen was
dissected from the retroperitoneum and the diaphragm, the splenic hilar vessels were
divided wusing the endoscopic linear vascular stapler such as EndGIA™
(Covidien/Medtronic Inc.) or Echeron™ (Ethicon Endo-Surgery Inc.). The resected spleen
(fragmented spleen in some patients) was extracted in a plastic bag through the middle
skin incision (HALS) or umbilical incision (PLS). A Brake Drain (17 or 19 French) with
a J-VAC reservoir (Ethicon, Johnson and Johnson, Somerville, NJ, USA) was placed in
the subphrenic space. A drain was not used in some patients. In patients with large
spleen and/or the presence of large perisplenic collateral vessels, we prepared the

conversion from PLS to HALS or open splenectomy.



Operative outcomes

To investigate the changes in operative outcomes after laparoscopic splenectomy, the
patients were divided into two groups according to the strategy for laparoscopic
splenectomy. The PLS or HALS was planned for the first 93 patients (until the end of
2010; the early period), depending on the suspected difficulties, such as large spleen.
After the standardization of the operative procedure, PLS was planned for 30 patients
(after the beginning of 2011 the late period); the strategy for laparoscopic splenectomy
was changed from the beginning of 2011. Operative outcomes were compared between

the patients in the early and late periods.

SSI and prophylactic antibiotics

The duration of the administration of prophylactic antibiotics was shortened based on
the increase in the number of patients who underwent laparoscopic splenectomy. Thus,
to investigate the impact of treatment with prophylactic antibiotics on SSI, 123 patients
were divided into two groups depending on the duration of administration of prophylactic
antibiotics: in the long group, prophylactic antibiotics were administered 1 h before the
start of the surgery with additional administration every 3 h during the surgery and
twice a day for 24-72 h after the surgery (n = 94), whereas in the short group,
prophylactic antibiotics were administered 1 h before the start of the surgery with
additional administration every 3 h during the surgery (n = 29). In both the groups,
additional antibiotics were administered every 3 h during the surgery. For prophylactic
antibiotics, cefazolin, cefmetazole, flomoxef, cefotiam, or sulbactum/ampicillin were used.
SSI was diagnosed according to the definition of CDC guidelines [18], and was assessed

for up to postoperative 30 days.

Statistical analysis

Continuous variables (age, body mass index, and operation time) were compared using
the Student’s ¢ test, whereas categorical variables were compared using the Fisher’s
exact test. The results of the laboratory tests and the amount of intraoperative blood loss
were compared using the Mann-Whitney U test. Pvalues <0.05 were considered

statistically significant.

Results
Operative outcomes

A summary of the patients’ demographics and intraoperative data are shown in Table



1. Three of the 107 patients who underwent PLS required conversion to open
splenectomy for controlling the intraoperative bleeding. The operation time was 153 =+
64 min, and the intraoperative blood loss was 261 £ 388 mL. Nine patients received
blood (red blood cells) transfusion.

Of the 123 patients, wound infection developed in one (0.8%), however, the causative
bacteria remained unknown. The wound infection improved on opening the wound and
orally administrating levofloxacin. Portal trunk thrombosis occurred in one patient
(0.8%), and the thrombus was dissolved by the administration of urokinase via the
superior mesenteric artery, followed by the administration of heparin. Pancreatic fistula
developed in one patient (0.8%) who then underwent percutaneous abdominal drainage
because an abdominal drain was not placed during the surgery. Transcatheter arterial
embolization or reoperation was performed due to bleeding from the splenic artery or its
branch in two patients (1.6%). One patient (0.8%) underwent thoracocentasis due to
refractory pleural effusion. Reoperation was performed in one patient (0.8%) due to
bowel injury during splenectomy. Although seven patients underwent invasive
treatments (Clavien-Dindo III or greater) for postoperative complications, none died due

to postoperative complications.

Changes in operative outcomes

There were no differences in the patients’ age, gender, body mass index, or the
proportion of patients with a history of smoking or diabetes mellitus between the early
and late periods (Table 1). Other than the platelet count, there were also no difference
in the laboratory test results between patients in the early and late periods. Although
the platelet count was significantly lower in patients in the early period than in those in
the late period, the proportion of patients with thrombocytopenia (<5 X 104mm3) did
not differ between the groups. In patients in the early period, 16 underwent HALS and
77 underwent PLS. In three of the 77 patients who underwent PLS, PLS was converted
to open splenectomy for controlling the intraoperative bleeding. In the late period, all
patients underwent PLS, and none required conversion to open splenectomy. Although
the operation time was not different between the groups, the amount of intraoperative
blood loss was significantly lower in patients in the late period than in those in the early
period. Nine patients in the early period received red blood cell transfusion, whereas
none in the late period required transfusion. The incidences of postoperative
complications and proportion of patients who underwent invasive treatments were not
different between the groups. Thus, in the late group, all patients underwent PLS

without conversion or red blood cell transfusion because intraoperative bleeding could



be controlled.

Prophylactic antibiotics

The characteristics of patients in the long and short groups according to the duration
of administration of prophylactic antibiotics are shown in Table 2. The patients’
characteristics did not differ between the groups. The proportion of patients who
underwent PLS was significantly higher in the short group than in the long group (p =
0.0120). Although incisional SSIwound i developed in one of the 94 patients in the long
group, it did not occur in any patients in the short group. Organ/space infection did not
develop in either group. The proportion of patients with SSI was not significantly
different between the two groups. Furthermore, the incidence of postoperative
complications other than SSI and proportion of patients who underwent invasive

treatments did not differ between the groups.

Discussion

Postoperative complications after laparoscopic splenectomy included postoperative
bleeding, SSI, pancreatic fistula, and portal thrombus. A learning curve is generally
1mportant to improve operative outcomes after laparoscopic surgery. In this series, PLS
or HALS was planned for the first 93 patients (until the end of 2010; the early period),
depending on the suspected difficulties, such as large spleen. After the standardization
of the operative procedure, PLS was planned for 30 patients (after the beginning of 2011
the late period). The incidence of postoperative complications and proportion of patients
who underwent invasive procedures (Clavien-Dindo III or greater) did not differ between
patients in the early and late periods. However, the amount of intraoperative blood loss
was significantly lower in patients in the late period than in those in the early period.
As a result, no patients in the late period required red blood cell transfusion. In addition,
during the late period, no patients required conversion to open surgery because the
intraoperative bleeding could be controlled. Although platelet count was significantly
lower in patients in the early period than in those in the late period, the proportion of
patients with thrombocytopenia, possibly related to intraoperative blood loss, was not
different between the groups. The importance of technical standardization of
laparoscopic splenectomy has been emphasized [9], and it has been reported to induce a
low rate of conversion to open splenectomy and reduced blood loss. Kawanaka et al. [9]
reported that the operative procedure was standardized after the experience of 106
patients when their group developed the laparoscopic splenectomy procedure. Therefore,

the experience of approximately 100 patients seemed to be necessary to standardize the



operative procedure and the outcomes after laparoscopic splenectomy improved with an
increase in the number of patients who underwent the standardized laparoscopic
splenectomy.

After laparoscopic splenectomy for cirrhotic patients who were often associated with
hypersplenism and/or portal hypertension, portal or splenic thrombosis occurred in 8.3%-
22% [12, 14, 16, 17, 22-24]. In this study, portal trunk thrombosis developed in one
patient, and the thrombus was dissolved by the administration of urokinase via the
superior mesenteric artery, followed by the administration of heparin. Anticoagulation
therapy, such as antithrombin III concentrate and danaparoid sodium, should be
considered for the prevention of such thrombosis after laparoscopic splenectomy [21, 22],
especially for patients with risk factors for portal thrombus, such as increased splenic
vein diameter and low white cell count [25].

In this study, pancreatic fistula developed in one patient (0.8%), and postoperative
bleeding from the splenic artery or its branch developed in two (1.6%); the patients were
treated with percutaneous abdominal drainage, transcatheter arterial embolization, or
reoperation. Pancreatic fistula and postoperative bleeding are serious complications
after laparoscopic splenectomy. The prevalence of pancreatic fistula after laparoscopic
splenectomy ranged from 2.0%-21.7% [8, 14, 16, 17, 26]. Careful dissection of the splenic
hilum from the pancreas is important to prevent the occurrence of pancreatic fistula and
bleeding, especially in patients with splenomegaly [17, 26]. Recently, the usefulness of
the combination of fibrin glue and polyglycolic acid felt for the prevention of pancreatic
fistula has been reported [17]. When pancreatic fistula develops, close observation of the
wound and contents from the abdominal drain and detection of bacteria from the
abdominal drain are important. Additionally, antibiotics should be selected according to
the bacteria present in the drain contents.

SSI after splenectomy includes the development of incisional SSI and subphrenic
abscesses. The incidence of incisional SSI after splenectomy has been reported to range
from 4.3% to 9.8% and 0% to 4.8% in patients who underwent open and laparoscopic
splenectomies, respectively [6, 8, 10-17] (Table 3). Winslow et al. [7] reported that
subphrenic abscess developed in 2.4% and 0.1% of patients who underwent open and
laparoscopic splenectomies, respectively. Other studies reported that the incidence of
organ/space infection range from 0% to 6.7% [6, 8, 10-17]. In this study, incisional SSI
developed in one of the 123 patients (0.8%), whereas none had organ/space infection.
Therefore, the incidence of SSI in this study seems to be comparable or lower than that
reported in previous studies.

Although some studies have reported the usefulness of prophylactic antibiotics for



open splenectomy [27, 28], the duration of their use for SSI in patients who underwent
laparoscopic splenectomy has not been evaluated. Thus, a practical strategy is needed
with regard to the duration of prophylactic antibiotic administration in the clinical
setting. Tomikawa et al. [8] reported that incisional SSI occurred in one out of 21 patients
(4.8%) who underwent laparoscopic splenectomy and received prophylactic antibiotics
for up to 3 days after the procedure. Wang et al. [14] reported that incisional SST occurred
in 0.3% of patients who received prophylactic antibiotics for up to 2 days and Yamamoto
et al. [16] reported that it occurred in 4.4% of patients who received prophylactic
antibiotics for up to 24 h. In these three studies, organ/space infection did not develop.
Migaczewski et al. [11] reported that infective complications occurred in four of 60
patients (6.7%) who underwent laparoscopic splenectomy and received prophylactic
antibiotics (ceftriaxone) until the first postoperative day. In this study, SSI developed
only among patients in the long group in which antibiotics were administered 1 h before
the surgery and 24-72 h after the surgery. In this study, the proportion of patients who
underwent PLS was smaller in the short than in the long group. However, there
appeared to be no relationship between SSI and the operative procedure (PLS or HALS)
in previous studies. Therefore, the proportion of patients with SSI was not related to the
duration of administration of prophylactic antibiotics, and their administration 1 h
before the surgery, followed by additional administration every 3 h during the surgery
seemed to be sufficient for the prevention of SSI in patients who underwent elective
laparoscopic splenectomy. The new practical guideline for the appropriate use of
prophylactic antibiotics [20] recommend that prophylactic antibiotics should be
administered 1 h before the surgery, with additional administration every 3 h during the
surgery, for splenectomy although there is no evidence regarding the use of prophylactic
antibiotics during splenectomy. The results in this study support the recommendation.
The study had several limitations. This was a retrospective study with a small sample
size; therefore we could not reach definitive conclusions. Retrospective and prospective
studies including a larger number of patients are necessary to evaluate the progress in
postoperative outcomes and duration of prophylactic antibiotic administration. However,
the number of patients who underwent laparoscopic splenectomy was originally small.
The proportion of patients with SSI was originally small in patients who underwent
laparoscopic splenectomy. In addition, conducting such studies is challenging because
advances in antiviral treatments for chronic hepatitis B and C, including direct acting
agents, has decreased the number of patients requiring splenectomy. Thus, it is
1mpossible to obtain a definitive conclusion about the duration of prophylactic antibiotic

administration, because a very large number of patients would be necessary. Although



the statistical analysis was insufficient, the results of this study provide a practical
strategy that can be applied in the clinical setting.

In conclusion, outcomes after laparoscopic splenectomy have improved with an
increase in experience. The administration of antibiotics 1 h before the surgery, with
additional administration of prophylactic antibiotics every 3 h during the surgery, seems

to be sufficient to prevent SSI during laparoscopic splenectomy.
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Table 1 Changes in operative outcomes in the early (up to 2010) and late (from 2011) periods

All subjects Early period Late period
(n=123) (n=93) (n = 30) P-value
Age 595 = 11.8 604 = 94 56.4 = 17.0 0.0652
Gender (M:F) 48:75 38:55 10:20 0.523
Body mass index 232 = 46 235 = 42 222 =58 0.220
Smoking 15 10 5 0.521
Diabetes mellitus 25 17 8 0.312
White blood cell (per mm?®) 2900 (1700, 5620) 3020 (1610, 5960) 3310 (1880, 6200) 0.371
Hemoglobin (g/dL) 12.3 (10.2, 14.6) 11.9 (10.1, 13.7) 12.0 (10.1, 13.6) 0.0903
Platelet (x10*/mm®) 5.0(2.8, 7.5) 49 (2.7,6.8) 5.6 (3.3, 16.6) 0.0258
Thrombocytopenia (<5 x 10*/mm°®) 60 49 11 0.146
PT-INR 1.16 (1.01, 1.29) 1.16 (1.01, 1.29) 1.16 (0.95, 1.29) 0.616
Total bilirubin (mg/dL) 1.2 (0.5, 2.1) 1.3(0.5, 2.2) 1.1 (0.4, 2.0) 0.141
Albumin (g/dL) 3.7(3.1,43) 3.5(3.0,45) 3.7 (3.0, 45) 0.401
HALS:PLS 16:107 16:77 0:30 0.0115
Operation time (min) 153 = 64 150 *= 61 162 = 74 0.0903
Intraoperative blood loss (mL) 75 (5, 735) 100 (5, 990) 68 (5, 300) 0.0403
Red blood cell transfusion 9 9 0 0.111
Conversion to open surgery 3 3 0 >0.999
Prophylactic antibiotics
Long group:short group 94:29 86:7 8:22 <0.001

Postoperative complications

Bowel injury during operation 1 1 0 >0.999
Wound infection 1 1 0 >0.999
Organ/space infection 0 0 0 >0.999
Portal or splenic vein thrombus 1 0 1 0.244
Postoperative bleeding 2 1 1 0.244
Pancreatic fistula 1 0 1 0.244
Relfractory pleural effusion or 1 0 1 0238
ascites
Ileus 1 1 0 >0.999
Clavien—-Dindo IIl or greater 7 3 4 0.0595

Age, body mass index, and operation time are presented as the mean + standard deviation.
Laboratory test results and blood loss are presented as median (10th, 90th percentiles).
Numbers represent the number of patients.

Abbreviations: ASA, American Society of Anesthesiologists physical status classification;
HALS, hand—assited laparoscopic splenectomy; ITP, idiopathic hypersplenism;

PLS, pure laparoscopic splenectomy; PT-INR, prothrombin time—international normalized ratio.



Table 2 Clinical findings in patients who underwent laparoscopic splenectomy with
different durations of prophylactic antibiotic admistration

Short group Long group
(n =29) (n =94) P-value

Age 56.3 + 17.1 60.6 = 9.0 0.0660
Gender (M:F) 11:18 37:57 >0.999
Disease (hypersplenism, IPH) 22 88 0.0125
Body mass index 238 +4.1 232 = 42 0.220
Smoking 3 12 >0.999
Diabetes mellitus 6 19 >0.999
White blood cell (per mms) 3020 (1610, 5960) 2850 (1800, 4900) 0.208
Hemoglobin (g/dL) 11.9 (10.1, 13.7) 12.4 (10.6, 14.8) 0.0427
Platelet (x 10%/mm®) 55 (2.8, 11.1) 49(29,7.2) 0.135
PT-INR 1.16 (1.01, 1.29) 1.17 (1.02, 1.3) 0.863
Total bilirubin (mg/dL) 1.3(0.5, 2.2) 1.2 (0.6, 2.0) 0.747
Albumin (g/dL) 3.5(3.0,45) 3.7 (3.1,4.3) 0.641
HALS:PLS 0:29 16:78 0.0123
Operation time (min) 133 + 56 158 =+ 65 0.0683
Intraoperative blood loss (mL) 56 (5, 400) 100 (10, 950) 0.132
Red blood cell transfusion 1 8 0.684
Postoperative complications

Bowel injury during operation 0 1 >0.999

Wound infection 0 1 >0.999

Organ/space infection 0 0 >0.999

Portal or splenic vein thrombus 0 1 >0.999

Postoperative bleeding 1 1 0417

Pancreatic fistula 1 0 0.236

Relfractory pleural effusion or 1 0 0236
ascites

Ileus 0 1 >0.999
Clavien—-Dindo III or greater 3 4 0.354

Age, body mass index, and operation time are presented as the mean * standard deviation.
Laboratory test results and blood loss are presented as the median (10th, 90th percentiles).
Numbers represent the number of patients.

Abbreviations: ASA, American Society of Anesthesiologists physical status classification;
HALS, hand—assited laparoscopic splenectomy; ITP, idiopathic hypersplenism;

PLS, pure laparoscopic splenectomy; PT-INR, prothrombin time—international normalized ratio



Table 3 Surgical site infection and prophylactic antibiotics in laparoscopic splenectomy

No. of patients (%)

Year of No. of Operative Duration of administration of . o .
Reference publication  patients procedure prophylactic antibiotics Surgical site infection  Wound Organ/space
Tanoue, et al. (6) 1998 35 PLS ND 0(0) 0 ND
Tomikawa, et al. (8) 2010 21 PLS ND 1(4.8) 1 ND
Casaccia, et al. (10) 2010 676 PLS, HALS ND 11 (8.0) ND ND
1 h before surgery and continued on
30 PLS the first operative day without 0(0) 0 ND
garamycin sponge
Migaczewsk, et al. (11) 2012
1 h before surgery and continued on
30 PLS the first operative day with garamycin 2(6.7) ND 2
sponge
Bulus, et al. (12) 2012 62 PLS ND 3(4.8) 3 ND
Corione, et al. (13) 2012 300 PLS ND 3(1.0) ND 3
Wang, et al. (14) 2013 302 PLS, HALs 30 Min before surgery and continued 1(0.3) 1 ND
until 2 days after surgery
Li, et al. (15) 2013 60 HALS ND 1(1.7) 1 0
Yamamoto, et al. (16) 2015 45  PLS, HALs Started intraoperatively, followed by 2 (4.4) 2 ND
within 24 h
Tsutsumi, et al. (17) 2016 50 PLS, HALS ND 1(2.0) ND
29 PLS, HALS 1 h before and during surgery 0(0) 0 ND
Present study 1 h bef i
94 PLS, HALS before and during surgery and 1A : 0

twice a day for 24-72 h after surgery

Abbreviations: PLS, pure laparoscopic splenectomy; HALS, hand—assited laparoscopic splenectomy; ND, not described



