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Figure 2. Meta-analysis of all available data in operation time with random effect model.

Figure 3. Meta-analysis of all available data in intra-operation blood loss with random effect model.

and 86%. The mean proportion of patients with
history of upper gastrointestinal bleeding var-
ied between 60% and 100%. Rates of conver-
sion varied between 0% and 11%. The main
cause of conversion was intra-operation bleed-
ing. Of the ten studies, five [11, 12, 18-20]
reported the results of long-term follow-up and
three [18-20] were high-quality studies. There
were no significant differences between the
two groups in age (MD, -0.49; 95% Cl, -4.00 to
3.03; P = 0.79), sex (OR, 0.97; 95% ClI, 0.67-
1.40; P = 0.87), etiology (OR, 1.09; 95% ClI,
0.67-1.76; P = 0.74), WBC (MD, -0.16; 95% ClI,
-0.40 to 0.09; P = 0.21), platelet (MD, -0.38;
95% Cl, -2.52 to 1.76; P = 0.73), Child-Pugh
Grade A (OR, 1.21;95% CI, 0.85-1.73; P = 0.29)
and longest diameter of spleen (MD, -0.31;
95% Cl, -1.43 to 0.80; P = 0.58).

Meta-analysis of operation outcomes

Operation time (min): All the studies reported
on operation time, but one [19] of them did not
provide sufficient information (210 vs. 190, P =
0.105). Meta-analysis of the remaining nine
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studies with random effects model (° = 58%)
showed that it was significantly longer in
patients undergoing LSD than in those under-
going OSD (MD, 43.15; 95% Cl, 29.65 to 56.66;
P < 0.00001) (Figure 2).

Intra-operation blood loss (mL): Intra-operation
blood loss was reported in nine studies, and
eight reported the data using mean and stan-
dard deviation (SD). No SD was reported by
Zheng et al. [19] (90 vs. 350, P < 0.0001). The
random effects model was used due to signifi-
cant heterogeneity (° = 89%) between studies,
and the overall effect indicated it was signifi-
cantly lower in the LSD group than in the OSD
group (MD, -149.31; 95% Cl, -210.26 to -88.36;
P < 0.00001) (Figure 3).

Transfusion rate: Three studies [13, 18, 20]
reported the number of patients who received
transfusions during or after the operation. The
result of pooled analysis showed no statistical-
ly significant difference between the two groups
(OR, 0.80; 95% Cl, 0.45-1.41; P = 0.44) (Figure
4).
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Figure 4. Meta-analysis of all available data in transfusion rate with fixed effect model.
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Figure 5. Meta-analysis of all available data in mortality with fixed effect model.
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Figure 6. Meta-analysis of all available data in morbidity with fixed effect model.

Meta-analysis of postoperation outcomes

Mortality: All the ten studies [11-20] reported
on hospital mortality. Among the 629 patients
involved, four patients (two in the LSD group
and two in the OSD group) died from intra-oper-
ation (25%) and post operation (75%) massive
hemorrhage. The summarized effect revealed
no significant difference between the two
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groups (OR, 0.97; 95% Cl, 0.13-7.08; P = 0.97)
(Figure 5).

Morbidity: Six studies [11, 13, 15, 17-19],
including 316 patients, were analyzed for the
overall post operation morbidity. It was
described in 21.8% of patients in the LSD group
and in 31.9% of those in the OSD group. The
result of pooled analysis indicated LSD was
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Table 3. Post operation complications of laparoscopic versus open splenectomy and esophagogastric

devascularization

Number of patients

Heterogeneity

Complications Number of studies OR  95%Cl Pvalue >
LSD 0OSD ()
Post operation hemorrhage 5[18-21, 24] 8/208 9/199 0.86 0.34,2.17 0.75 0%
Pancreatic fistula 318, 20, 24] 3/142 5/135 0.61 0.16,2.37 0.47 0%
Gastric leakage 3[18, 20, 25] 2/140 1/139 1.46 0.29,7.36 0.65 0%
Pleural effusion 4117, 19, 20, 24] 11/158 20/149 0.49 0.23,1.05 0.07 25%
Pulmonary infection 5[18-20, 24, 25] 4/198 17/195 0.25 0.09,0.70 0.008 0%
Ascites 5[17-20, 25] 19/192  23/189 0.79 0.41,1.54 0.50 0%
Incisional infection 6 [17-20, 24, 25] 1/218 17/215 0.17 0.05,0.53 0.002 0%
Portal vein system thrombosis 7 [17, 18, 20, 21,24] 42/196 28/189 1.59 0.90,2.81 0.11 35%

LSD: laparoscopic splenectomy and esophagogastric devascularization; OSD:

0Odds ratio; Cl: Confidence interval.

LSD osD
Study or Subgroup Mean SD Total Mean SD Total Weight
Huang 2012 2 05 20 3 075 20 18.6%
Jiang 2011 23 09 34 36 1.2 34 16.8%
Ma 2011 215 048 19 3.56 068 24 19.3%
Sun 2009 21 09 36 39 23 3% 12.1%
Wang 2011 3.35 1.18 20 4.56 1.12 25 14.0%
Zhe 2013 3.75 1.02 80 41 1.2 73 19.2%
Total (95% Cl) 209 212 100.0%

Heterogeneity: Tau® = 0.20; Chi* = 23.62, df = 5 (P = 0.0003); I* = 79%
Test for overall effect: Z = 5.32 (P < 0.00001)
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Figure 7. Meta-analysis of all available data in post operation time of passing flatus with random effect model.
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Figure 8. Meta-analysis of all available data in post operation time of oral intake with fixed effect model.

associated with significantly fewer post opera-
tion complications in comparison with OSD (OR,
0.58; 95% Cl, 0.35-0.97; P = 0.04) (Figure 6).
The results of pooled analysis with each post
operation complication are shown in Table 3.
The summarized effects of pulmonary infection
and incisional infection revealed statistically
significant results favoring LSD. There was no
significant difference between LSD and OSD in
post operation hemorrhage, pancreatic fistula,
gastric leakage, pleural effusion, ascites and
portal vein system thrombosis.

Post operation time of passing flatus (d): Seven
studies [12, 14-17, 19, 20] evaluated post op-
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eration time of passing flatus, but one [19] of
them did not provide sufficient information
(3.00 vs. 4.88, P < 0.0001). Meta-analysis of
the other six studies with random effects model
(P = 79%) showed that significantly less time
was required to pass flatus and achieve recov-
ery of gastrointestinal function in the LSD group
than in the OSD group (MD, -1.13; 95% CI, -1.55
to -0.71; P < 0.00001) (Figure 7).

Post operation time of oral intake (d): Post
operation time of oral intake was reported in
three studies [13, 15, 18]. Pooling of the indi-
vidual results revealed that the post operation
time of oral intake is significantly earlier in the
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Mean Difference Mean Difference

LSD 0sD
_ Study or Subgroup Mean SD Total Mean SD Total Weight
Hong 2007 85 26 20 145 74 20 9.4%
Huang 2012 1" 2 20 15 3 20 11.6%
Jiang 2009 65 23 26 117 45 26 11.2%
Jiang 2011 9 3 34 14 4.2 34 11.4%
Ma 2011 14.23 0.78 19 22.69 0.62 24 12.3%
Sun 2009 136 2.3 3% 165 3.7 36 11.7%
Wang 2011 715 113 20 992 1.25 25 12.2%
Wu 2011 16.2 10.8 32 149 557 30 8.3%
Zhe 2013 101 25 80 144 35 73 12.0%
Total (95% CI) 287 288 100.0%
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Test for overall effect: Z = 3.94 (P < 0.0001)

IV, Random, 95% CI IV, Random. 95% CI
-6.00 [-9.44, -2.56] -
-4.00 [-5.58, -2.42] .
-5.20 [-7.14, -3.26] .
-5.00 [-6.73, -3.27] .
-8.46 [-8.89, -8.03] .
-2.90 [-4.32, -1.48] ’
-2.77 [-3.47, -2.07] »
1.30 [-2.94, 5.54] : o
-4.30 [-5.27, -3.33] .
-4.30 [-6.44, -2.16] )
400 -50 0 50 100

Favours experimental Favours control

Figure 9. Meta-analysis of all available data in length of post operation hospital stay with random effect model.
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Figure 10. Meta-analysis of all available data in hospitalization cost with fixed effect model.

LSD group (MD, -1.68; 95% Cl, 2.03 to -1.33; P
< 0.00001) (Figure 8).

Post operation analgesia: Two studies [13, 18]
reported the results of post operation analge-
sia. One study [13] provided the times of post
operation analgesia between the two groups
and showed that patients in the LSD group had
significantly less times of post operation anal-
gesia (0.94 + 0.95vs. 2.83 + 1.02, P < 0.001).
The other study [18] reported the number of
patients who required analgesic drugs. The
result indicated that significantly less patients
in the LSD group required analgesic drugs after
surgery (7.69 vs. 73.08%, P < 0.001).

Length of post operation hospital stay (d): Data
of length of post operation hospital stay was
available in nine studies [11-18, 20]. The stud-
ies showed that patients in the LSD group had
a shorter length of post operation hospital stay
(MD, -4.30; 95% Cl, -6.44 t0 -2.16; P < 0.0001),
which was associated with significant heteroge-
neity between the groups in all available stud-
ies for pooled analysis (> = 97%) (Figure 9).

Hospitalization cost (RMB, x10”™4 yuan): Three
studies [12, 13, 15] reported on the hospital-
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ization costs. The result of pooled analysis sug-
gested that there was no significant difference
between the two groups (MD, 0.08; 95% ClI,
-0.05 t0 0.21; P = 0.25) (Figure 10).

Bleeding recurrence: Results of long-term fol-
low-up were reported in five studies [11, 12,
18-20]. The period of follow-up was 1 to 50
months. Bleeding recurrence was noted in two
studies [12, 20]. However, Sun [12] did not pro-
vide the number of patients with bleeding
recurrence in the two groups, and reported that
one patient in the OSD group died from bleed-
ing recurrence during the follow-up period of 3
to 36 months. Zhe et al. [20] reported that vari-
ceal re-bleeding occurred in five laparoscopy
patients (6.3%) and in six (8.2%) patients with
open surgery (P = 0.638).

Sensitivity analysis

Sensitivity analyses were carried out by exclud-
ing each study from the analysis of each out-
come measure. Subgroup with high-quality
studies was used for the sensitivity analysis.
The results of the analysis were the same as
those when all studies were selected, except
for the portal vein system thrombosis (Table 4).
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Table 4. Sensitivity analysis with high-quality studies

Number of Number of patients

Complications studies LSD 03D OR 95% Cl  Pvalue Heterogeneity (I?)
Morbidity 2[18,19] 9/50 21/56 0.36 0.15,0.89 0.03 0%
Postoperation hemorrhage 2[18,20] 2/106 5/99 0.41 0.09,1.88 0.25 0%
Pancreatic fistula 2[18,20] 2/106 2/99 0.95 0.16,5.52 0.95 0%
Gastric leakage 2[19,20] 1/104 1/103 1.06 0.15,7.40 0.95 17%
Pleural effusion 2[18,20] 6/106 13/99 0.55 0.08,3.81 0.55 54%
Pulmonary infection 3[18-20] 2/130 10/129 0.25 0.07,0.93 0.04 0%
Ascites 2[19,20] 5/104 9/103 0.56 0.18,1.76 0.32 0%
Incisional infection 3[19,20] 1/130 9/129 0.19 0.04,0.90 0.04 0%
Portal vein system thrombosis 2 [18,20] 41/106 22/99 2.35 1.23,450 0.01 0%

LSD: laparoscopic splenectomy and esophagogastric devascularization; OSD: open splenectomy and esophagogastric devascu-

larization; OR: Odds ratio; Cl: Confidence interval.
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pulmonary infection and inci-
sional infection, the time to
return to normal gastrointesti-
nal functions and length of
post operation hospital stay.

Compared with OSD, LSD may
have several theoretical advan-
tages: (1) less surgical stress;
(2) a smaller surgical incision
which decreases post opera-
tion analgesia and the inci-
dence of pulmonary infection
and wound infection; (3) milder

1 1 t
0.01 0.1 1

Figure 11. Funnel plot of comparison of laparoscopic vs. open splenectomy
and esophagogastric devascularization in morbidity. SE: Standard error; OR:

Odds ratio.

Publication bias

A funnel plot of the studies used in the meta-
analysis reporting on morbidity is shown in
Figure 11. None of the studies lies outside the
limits of the 95% ClI, and all studies are equally
distributed around the vertical axis. Therefore,
there is no evidence of publication bias in the
present meta-analysis.

Discussion

Despite this meta-analysis found that LSD for
PH was associated with a statistically signifi-
cant increase in operation time, LSD was supe-
rior to OSD with respect to intra-operation
blood loss, overall post operation morbidity,
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or post operation abdominal ad-
100 hesions that reduces the diffi-
culty of the later liver trans-
plant operation; (4) a clearer
view and converted perspec-
tive to expose narrow spaces;
and (5) more effective to
occlude varicose blood vessels around the
esophagus and gastric fundus with the har-
monic shears or LigaSure vessel-sealing equip-
ment, which avoids post operation bleeding in
0OSD as a result of ligature slipping [19].

In the current study, the operation time in the
LSD group was longer than in the OSD group,
which is consistent with the previous research-
es. There were three potential reasons for the
longer operation time in the LSD group: (1) the
narrow operation space due to splenomegaly;
(2) special attention given to the prevention of
intra-operation variceal bleeding and (3) LSD
converted to OSD as the result of bleeding.
However, Zhe et al. [20] found that the mean
operation time in the LSD group was shorter
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gradually. Operation time in the LSD group in
the early stage was longer than in the OSD
group but was equal to or even shorter than in
the open procedure in the latter stage.
According to the learning curve of laparoscopic
surgery, the operation time was obviously dif-
ferent in different centers and mainly depend-
ed on the experience and skill of the surgeons
[21].

Bleeding during LSD is very difficult to control
and is the leading cause for conversion to OSD.
Therefore, more attention should be paid to
prevent intra-operation variceal bleeding. Less
intra-operation blood loss in the patients with
LSD may be attributed to a clearer operation
vision and ingenious instruments used in the
laparoscopic procedure. Although transfusion
rate was similar in both groups, blood transfu-
sion should be more in the OSD group than in
the LSD group. In addition, intra-operation
splenic blood salvage was advocated to avoid
the risk associated with allogeneic transfusion
during surgery, with an advantage of signifi-
cantly increased post operation hemoglobin
levels [22].

As shown in previous studies, because mini-
mally invasive surgery had less influence on
intra-abdominal organs compared with open
operations, gastrointestinal functions may
recover faster and the time of oral intake may
be earlier. In this meta-analysis, the results
also revealed that there was lower incidence of
overall post operation complications, pulmo-
nary infection and incisional infection, and
shorter hospital stay in the LSD group, which
was consistent with the outcomes of laparo-
scopic vs. open surgery for other major abdomi-
nal procedures, such as liver and colorectal
surgery [23, 24]. A smaller incision, which leads
to milder pain, less analgesia, easier expecto-
ration and earlier mobilization, greatly decreas-
es the rate of pulmonary infection and wound
infection, and, therefore, shortens the length of
hospital stay. Moreover, LSD did not increase
the incidence of mortality, post operation hem-
orrhage, pancreatic fistula, gastric leakage,
pleural effusion, ascites, portal vein system
thrombosis, bleeding recurrence and hospital
cost. The higher incidence of portal vein system
thrombosis in the LSD group reported by Zhe et
al. [20] was greatly attribute to the result of
sensitivity analysis (50% vs. 30.1%, P = 0.012).
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In spite of the obvious advantage of LSD, it
is a complicated procedure which requires
abundant experience in laparoscopic skills.
Supermassive splenomegaly and perisplenitis
are considered to be two relative contraind-
ications to laparoscopic splenectomy [25].
Therefore, if surgeons meet the following condi-
tions during LSD: (1) narrow operation space;
(2) difficulty with retrieval; (3) severe adherence
of adjacent organs; and (4) unable to control
intra-operation bleeding, hand-assisted LSD or
OSD should be taken into account [11].

The meta-analysis has some limitations and
the results should be interpreted with caution.
First, all the studies included in this meta-anal-
ysis were N-RCTs. Second, seven in ten studies
were low-quality studies. Third, a significant
heterogeneity between the two groups was
observed in the operation time, intra-operation
blood loss, post operation time of passing fla-
tus and length of post operation hospital stay.
Nevertheless, the results of sensitivity analysis
with high-quality studies further confirmed the
conclusion drawn above.

In conclusion, the current study suggests that
LSD is a feasible, effective, and safe surgical
procedure, and is advantageous over open sur-
gery for the treatment of portal hypertension.

Disclosure of conflict of interest
None.

Address correspondence to: Guangquan Zhang,
Department of Hepatobiliary Surgery, Sixth People’s
Hospital of Chengdu, Chengdu 610051, Sichuan
Province, China. E-mail: zhaodazhang@yeah.net

References

[1]  Wright AS and Rikkers LF. Current manage-
ment of portal hypertension. J Gastrointest
Surg 2005; 9: 992-1005.

[2] Sibulesky L, Nguyen JH, Paz-Fumagalli R, Taner
CB and Dickson RC. Treatment modalities for
hypersplenism in liver transplant recipients
with recurrent hepatitis C. World J Gastroenterol
2009; 15: 5010-5013.

[3] Lo GH, Lai KH, Cheng JS, Chen MH and Chiang
HT. A prospective, randomized trial of butyl cy-
anoacrylate injection versus band ligation in
the management of bleeding gastric varices.
Hepatology 2001; 33: 1060-1064.

Int J Clin Exp Med 2018;11(10):10244-10254



(4]

(5]

(6]

[7]

(8]

(9]

(10]

(11]

[12]

[13]

(14]

[15]

Laparoscopic versus open splenectomy and esophagogastric devascularization

Sarin SK, Jain AK, Jain M and Gupta R. A ran-
domized controlled trial of cyanoacrylate ver-
sus alcohol injection in patients with isolated
fundic varices. Am J Gastroenterol 2002; 97:
1010-1015.

Xin Z, Qingguang L and Yingmin Y. Total laparo-
scopic versus open splenectomy and esopha-
gogastric devascularization in the manage-
ment of portal hypertension: a comparative
study. Dig Surg 2009; 26: 499-505.

Ando K, Kurokawa T, Nagata H, Arikawa T,
Yasuda A, Ito N, Kotake K and Nonami T.
Laparoscopic surgery in the management of
hypersplenism and esophagogastric varices:
our initial experiences. Surg Innov 2012; 19:
421-427.

Jadad AR, Moore RA, Carroll D, Jenkinson C,
Reynolds DJ, Gavaghan DJ and McQuay HJ.
Assessing the quality of reports of randomized
clinical trials: is blinding necessary? Control
Clin Trials 1996; 17: 1-12.

McKay A, Mackenzie S, Sutherland FR, Bathe
OF, Doig C, Dort J, Vollmer CM Jr and Dixon E.
Meta-analysis of pancreaticojejunostomy ver-
sus pancreaticogastrostomy reconstruction
after pancreaticoduodenectomy. Br J Surg
2006; 93: 929-936.

Clarke M and Horton R. Bringing it all together:
lancet-cochrane collaborate on systematic re-
views. Lancet 2001; 357: 1728.

Stroup DF, Berlin JA, Morton SC, Olkin I,
Williamson GD, Rennie D, Moher D, Becker BJ,
Sipe TA and Thacker SB. Meta-analysis of ob-
servational studies in epidemiology: a propos-
al for reporting. Meta-analysis of observational
studies in epidemiology (MOOSE) group. JAMA
2000; 283: 2008-2012.

Hong DF, Yan LF, Shen LG, Yang J, Wang Z,
Zheng XY and Peng SY. Laparoscopic splenec-
tomy plus pericardial devascularization for the
treatment of portal hypertension in cirrhotic
patient. Chin J Gen Surg 2007; 821-823.

Sun YM. Clinical control study between totally
laparoscopic splenectomy plus portal-azygous
disconnection and laparotomy [in Chinese].
Journal of Laparoscopic Surgery 2009; 14:
337-339.

Wu LF. Comparison of operation effect to lapa-
roscopic and conventional open treatment of
portal hypertension and hypersplenism [in
Chinese]. Guangxi Yi Ke Da Xue 2011.

Wang WL. Clinical study of laparoscopic versus
open splenectomy plus azygoportal devascu-
larization for the treatment of portal hyperten-
sion [in Chinese]. Wenzhou Yi Xue Yuan 2011.
Jiang SL. Clinical control study between laparo-
scopic splenectomy combined with pericardial
devascularization and laparotomy [in Chinese].
Fujian Yi Ke Da Xue 2011.

10254

(16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

Ma JF, Wang YW, Wu W and Xu ZG. The evalua-
tion and clinical application of total laparo-
scopic splenectomy and pericardial devascu-
larization [in Chinese]. China Modern Doctor
2011; 49: 147-148.

Huang JM, Yuan CJ, Wu HZ and He SQ.
Comparative study on the total laparoscopic
splenectomy plus selective pericardial devas-
cularization and laparotomy [in Chinese]. Lin
Chuang Yi Xue Gong Cheng 2012; 19: 1341-
1342.

Jiang XZ, Zhao SY, Luo H, Huang B, Wang CS,
Chen L and Tao YJ. Laparoscopic and open
splenectomy and azygoportal disconnection
for portal hypertension. World J Gastroenterol
2009; 15: 3421-3425.

Zheng X, Liu Q and Yao Y. Laparoscopic sple-
nectomy and esophagogastric devasculariza-
tion is a safe, effective, minimally invasive al-
ternative for the treatment of portal hyperten-
sion with refractory variceal bleeding. Surg
Innov 2013; 20: 32-39.

Zhe C, Jian-Wei L, Jian C, Yu-Dong F, Ping B,
Shu-Guang W and Shu-Guo Z. Laparoscopic
versus open splenectomy and esophagogas-
tric devascularization for bleeding varices or
severe hypersplenism: a comparative study. J
Gastrointest Surg 2013; 17: 654-659.

Peters MB Jr, Camacho D, Ojeda H,
Reichenbach DJ, Knauer EM, Yahanda AM,
Cooper SE and Sweeney JF. Defining the learn-
ing curve for laparoscopic splenectomy for im-
mune thrombocytopenia purpura. Am J Surg
2004; 188: 522-525.

Wang Y, Ji Y, Zhu Y, Xie Z and Zhan X.
Laparoscopic splenectomy and azygoportal
disconnection with intraoperation splenic
blood salvage. Surg Endosc 2012; 26: 2195-
2201.

Belli G, Limongelli P, Fantini C, D’Agostino A,
Cioffi L, Belli A and Russo G. Laparoscopic and
open treatment of hepatocellular carcinoma in
patients with cirrhosis. Br J Surg 2009; 96:
1041-1048.

Lacy AM, Garcia-Valdecasas JC, Delgado S,
Grande L, Fuster J, Tabet J, Ramos C, Piqué JM,
Cifuentes A and Visa J. Postoperation compli-
cations of laparoscopic-assisted colectomy.
Surg Endosc 1997; 11: 119-122.

Pugliese R, Sansonna F, Scandroglio |,
Maggioni D, Ferrari GC, Di Lernia S, Costanzi A,
Grillo G, Cimbanassi S and Chiara O. Laparo-
scopic splenectomy: a retrospective review of
75 cases. Int Surg 2006; 91: 82-86.

Int J Clin Exp Med 2018;11(10):10244-10254



