
Received:
28 November 2017

Revised:
26 March 2018

Accepted:
22 May 2018

Cite as: Mitsugi Shimoda,
Tsunehiko Maruyama,
Kiyotaka Nishida,
Kazuomi Suzuki,
Tomoya Tago,
Jiro Shimazaki,
Shuji Suzuki. Comparison of
clinical outcome of
laparoscopic versus open
appendectomy, single center
experience.
Heliyon 4 (2018) e00635.
doi: 10.1016/j.heliyon.2018.
e00635

https://doi.org/10.1016/j.heliyon.2018

2405-8440/� 2018 Published by Else

(http://creativecommons.org/licenses/b
Comparison of clinical
outcome of laparoscopic versus
open appendectomy, single
center experience

Mitsugi Shimoda∗, Tsunehiko Maruyama, Kiyotaka Nishida, Kazuomi Suzuki,

Tomoya Tago, Jiro Shimazaki, Shuji Suzuki

Department of Gastroenterological Surgery, Tokyo Medical University, Ibaraki Medical Center, Japan

∗Corresponding author.

E-mail address: mshimoda@tokyo-med.ac.jp (M. Shimoda).
Abstract

Introduction: Laparoscopic appendectomy (LA) is now a treatment of choice in

patients with appendicitis. This study compares the treatment outcomes of LA

and open appendectomies (OA) in our department.

Patients and Methods: From January 2006 to April 2016 a total of 185 patients

underwent appendectomy at our institution. We divided the patients into two groups;

LA group (LAG) and OA group (OAG). Following parameters were analyzed: age,

gender, preoperative clinicolaboratory characteristics, operative factors, interval

appendectomy, length of hospital stay (LHS), and surgical site infections (SSI).

Results: There were 93 patients in LA G and 92 in OAG. According to the

Univariate analysis, there were statistically significant differences among age (p ¼
0.037), LHS (p ¼ 0.0001), duration till resuming oral intake (p ¼ 0.016), blood

loss (p ¼ 0.038), SSI ratio (p ¼ 0.044) and CRP level (p ¼ 0.038) between the

LAG and the OAG. According to the Multivariate analysis, blood loss (p ¼
0.038) and LHS (p ¼ 0.023) were significantly different between both groups.

Conclusion: LA was decreasing blood loss and LHS.
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1. Introduction

Since its first description in the early 1990s laparoscopic appendectomy (LA) has

advanced to becoming the treatment of choice for acute and chronic appendicitis,

with increasing numbers of procedures performed last decade [1]. Several reports

have described the superiority of LA compared to open appendectomy (OA) [2, 3,

4, 5, 6]. Advantages LA has compared to OA are reduced postoperative pain, better

cosmetic appearance post-surgery, and increased chance of early discharge. Howev-

er, whether LA or OA is the best procedure for patients suffering from acute appen-

dicitis still remains unclear.

In this retrospective study, we compared the treatment outcomes and perioperative

clinical factors of LA and OA performed in our department to determine the best pro-

cedure for appendectomy.
2. Materials & methods

2.1. Patient population and selection

We retrospectively analyzed 185 Japanese patients who were diagnosed with appen-

dicitis and underwent LA or OA, and their operational outcomes, from January 2010

to January 2016. In total 185 patients with appendicitis defined as a phlegmonous,

gangrenous transformation of the appendix, or perforation of the appendiceal wall

(macroscopic or microscopically proven by histological report), were included in

this retrospective study.

Prior to surgery all patients were subjected to clinical examination and blood and

urine screening. In all of patients, plain computed tomography (CT) scan was con-

ducted to ensure correct diagnosis. Same patients received non-surgical treatment

before surgery because most of the patients did not have remarkable abdominal

pain at the time of outpatient clinic. After the onset of acute appendicitis, a case

requiring more than 7 days until surgery was defined as interval appendectomy.

Prior to surgery each patient was given intravenous single shot antibiotic treatment

consisting of a first-generation cephalosporin, and in cases of perforation, gangrene,

and/or abscess formation, second-generation cephalosporin was added.
2.2. LA and OA procedure

All operations were performed by a team of two surgeons who were experienced in

the open as well as the laparoscopic approach. Three ports were inserted in LA G,

one 10-mm port (camera port) in umbilicus at first and two 5-mm ports in right lower

quadrant and suprapubic portion, respectively. The mesoappendix was cut with So-

noSurg (Olympus Corporation, Japan) and the appendiceal stump was closed with
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endoloop (Ethicon, USA). If patients need to convert from LA to OA, we prepared a

laparotomy at right paratectal incision. In OA, all approaches were performed at the

right paratectal incision. In the case of perforation or ascites, we inserted a drain at

the stump of appendectomy or utilized a Douglas pouch.
2.3. Study design

We evaluated clinicopathologic and operative factors in all of the 185 patients. We

divided into two groups LA group (LAG) and OA group (OAG), and clinicopatho-

logic factors were selected and compared between two groups. These included age,

gender, albumin, C-reactive protein (CRP), neutrophil to lymphocyte ratio (NLR),

white cell counts (WBC), operative factors (time and amount of blood loss), length

of hospital stay (LHS), day from diagnosis to operation (DDO) and 30-day

morbidity focusing on occurrence of surgical site infections (SSI). The NLR was

defined as the value calculated by dividing the absolute neutrophil count by the ab-

solute lymphocyte count [7].

The patients were then compared regarding the surgery duration, postsurgical symp-

toms such as pain, wound infection, DDO, LHS and SOI. SSI was graded using the

ClavieneDindo classification of surgical complications [8].

The study was approved by the research and ethics committee at the Tokyo Medical

University, Ibaraki Medical Center (Number: 16e34). The patients who completed

follow-up were included in the study.
2.4. Statistics

Statistical analyses were performed with the SPSS statistical software package

(version 13.0; SPSS Inc., Chicago, IL). Median was used to define laboratory param-

eters such as, age, CRP, Alb, WBC, NLR, amount of bleeding operating time and

LHS. Univariate and multivariate analyses were performed to clarify the laboratory

parameter and clinical factors most significantly associated with LA and OA. Uni-

variate analyses, Mann-Whitney U-test, and Fisher’s exact test were utilized, and

Odds ratios with 95% CI were calculated using logistic regression model analyses.

P values of less than 0.05 were considered to be statistically significant.
3. Results

From January 2010 to April 2014, 92 patients underwent LA and 93 patients OA for

appendicitis. Nine of 93 patients (9.7%) experienced conversion from LA to OA.

Age was significantly lower in the LA G than in OA G (P ¼ 0.037). Among the pre-

operative blood chemistry data, only CRP level was significantly lower in the LA G

than in OA G (P ¼ 0.024: Table 1). Operating time did not differ between both
on.2018.e00635
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Table 1. The characteristics before surgery according to the procedure.

LA G (n [ 92) OA G (n [ 93) p

Age (years) 30.7 (8.8e84.1) 39.4 (6.1e87.7) 0.037*

Gender (F/M) 54/38 58/35 0.653y
CRP (mg/dl) 1.91 (0.02e28.8) 3.9 (0.01e30.3) 0.024*

WBC (103/mL) 12.3 (4.3e26.5) 13.0 (4.4e36.4) 0.160*

Alb (g/dL) 4.4 (2.8e5.3) 4.4 (2.5e5.3) 0.154*

Neutro. (%) 80.9 (43.0e95.5) 83.6 (27.6e95.5) 0.674*

Lymph (%) 13.0 (3e46) 10.9 (3e57.8) 0.666*

NLR 6.4 (0.9e31.8) 7.9 (0.5e31.8) 0.725*

DDO (0e42) (0e9) 0.056*

Interval appendectomy (yes/no) 7/85 2/91 0.085y
Showing medians and interquartile ranges.
*Tested by Mann-Whitney U-test. yTested by Fisher’s exact test. CRP: C-reactive protein, WBC: white
cell count, Alb: Albumin, Neutro: neutrophil, Lymph: lymphocyte. NLR: Neutrophil/Lymphocyte ratio,
DDO: day from diagnosis to operation.
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groups, however, blood loss was significantly lower in LA G than in OA G (P ¼
0.038). In LA G, LHS and SOI were significantly shorter than in OA G (P <

0.001 and 0.016), and SSI ratio was significantly lower than in OA G (P ¼
0.044). In OA G, gangrenous appendicitis ratio was significantly higher than in

LA G (P ¼ 0.003) (Table 2).

In multivariate analysis, blood loss and LHS were significantly lower in LA G than

in OA G (P ¼ 0.038 and 0.023, Table 3).
4. Discussion

The first report of laparoscopic appendectomy performed in Taiwan was published

in 1999 by Yao et al. [9]. Since 2000, laparoscopic appendectomies have become
Table 2. The outcomes according to the procedure.

LAG (n [ 92) OAG (n [ 93) p

Operating time (min.) 61.5 (28e219) 64 (34e150) 0.670*

Blood loss (g) 1 (1e300) 1 (1e848) 0.038*

LHS (days) 5 (2e24) 7 (3e36) <0.001*

SOI (days) 1 (0e11) 1 (1e14) 0.016*

SSI (%) 0 4.3 0.044y
Gangrenous (%) 32.6 54.8 0.003y
Showing medians and interquartile ranges.
*Tested by Mann-Whitney U-test. yTested by Fisher’s exact test.
LHS: length of hospital stay, SOI: started an oral intake, SSI: surgical site infection, Clavien-Dindo clas-
sification IIIa.
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Table 3. Multivariate Analysis clinical and operative factors according to the

procedure.

LAG (n [ 92) OAG (n [ 93) Odd ratio 95% C.I. p

Blood loss (g) 1 (1e300) 1 (1e848) 2.29 1.05e4.99 0.038#

LHS (days) 5 (2e24) 7 (3e36) 2.03 1.11e3.74 0.023#

#Tested by logistic regression model analyses.
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popular worldwide because they were demonstrated in comparative cases to be well

tolerated [10, 11, 12, 13]. Laparoscopic surgical procedure has advantages in several

surgical areas of daily practice as a minimally invasive technique, and several reports

published in the last decade described the superiority of LA against conventional

open approach cosmetic outcomes and low cost also is another factor where LA su-

persedes open approach, and are an important issues in OA [6, 11]. In addition, less

postoperative pain, early recovery, and improved cosmetic appearance are accepted

as the main advantages of LA [10]. The aim of this study was to retrospectively eval-

uate the outcome, such as preoperative characteristics, surgical factors, and postop-

erative hospital stay, of LA in the treatment of acute appendicitis in comparison with

the open approach. At our medical center LA was started in 2010, and now a days,

the vast majority of appendicitis cases, are operated laparoscopically.

Longer operative time and massive blood loss during LA are another issue in the

comparison of LA and OA. Generally, those two factors are dependent on surgeon’s

experience. Though most surgical staffs in general has performed basic and

advanced laparoscopic procedures, operating time is long when performed by inex-

perienced surgeons, and is shortened by accumulating experience [10, 14]. Also

blood loss is dependent on surgeon’s skill and on the situation of appendicitis. In

our study, amount of blood loss was significantly lower in LA procedure.

Currently in Japan, shorting postoperative hospital stay is one of the most important

factors for economic management of a medical institution, and in order to shorten

postoperative hospital stay, surgeons are required to reduce the risk of postoperative

complications as much as to their ability. Among the postoperative complications,

SSI is the most problematic in terms of extending hospitalization for patients with

appendectomy. Consistent with other studies, SSI occurred more often in the OA

group [15, 16, 17]. In the previous reports that featured LA as a treatment for acute

appendicitis, SSI was not as prominent, and the hospital stay has been clearly short-

ened [14, 18]. The main reasons for the major number of SSI in the OA group might

be due to the direct physical touch to the wound, and the fact that in all of the cases

that underwent LA the specimen were removed using a plastic bag. Similar to our

results, SSI ratio was zero percent in LA group, and there were no cases of re-

admission due to postoperative ileus and/or abscess formation. Furthermore, SOI

tended to be short in LA group, and it was suggested that early improvement of
on.2018.e00635
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postoperative nutritional status would be affecting positively to the decrease of SSI

incidence rate. Finally, the low SSI incidence rate was thought to have influenced

shortening of post operative hospital stay.

Focusing at the result of univariate analysis, it should be noted that the OA group had

higher preoperative CRP level and pathological gangrenous cases than in the LA

group. This result suggested selection bias by the surgeons. Before 2014, we did

not have enough experience of LA; therefore we avoided LA procedure in patients

with those types of complicated acute appendicitis. Unfortunately, those two factors

were not evident on multivariate analysis. We recommend that if the patients have

those two factors before operation, surgeons should be careful in considering LA

or OA as the treatment of choice.

Recent year, several medical centers selected nonsurgical treatment of appendiceal

phlegmonous or abscess, using antibiotics treatment, or interval appendectomy. Dar-

wazeh G et al revealed in their systemic review report that interval appendectomy

and repeated nonsurgical management in case of recurrence are associated with

similar morbidity in emergency appendectomy, but interval appendectomy tended

to be high in cost and tend to prolong hospital stay [19, 20]. From our results, 7 cases

had interval operation in LA group, and two cases in OA group, but there were no

significant differences between the both groups. On the other hand, interval appen-

dectomy cases were slightly high in numbers in the LA group. We suggested and

suspected that interval LA cases will be increasing in the next decade with improving

laparoscopic technique. Even so, there will be possibility that cost can be reduced

and hospital stay can be shortened. For complicated appendicitis (perforation, local-

ized pus or four quadrant pus) it may also be necessary to choose interval surgery.

Based on our result, we will prepare diagnostic criteria for complicated appendicitis,

and make protocol of interval surgery to prove the effectiveness of interval LA. In

conclusion, LA constitutes a safe and feasible procedure for the treatment of acute

appendicitis. Furthermore, we have demonstrated that LA is associated with signif-

icantly lower risk compared to OA.
Declarations

Author contribution statement

Mitsugi Shimoda: Conceived and designed the experiments; Performed the experi-

ments; Analyzed and interpreted the data; Wrote the paper.

Tsunehiko Maruyama: Performed the experiments; Analyzed and interpreted the

data.

Kiyotaka Nishida, Kazuomi Suzuki, Tomoya Tago, Jiro Shimazaki: Contributed re-

agents, materials, analysis tools or data.
on.2018.e00635

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2018.e00635
http://creativecommons.org/licenses/by-nc-nd/4.0/


7 https://doi.org/10.1016/j.heliy

2405-8440/� 2018 Published

(http://creativecommons.org/li

Article Nowe00635
Shuji Suzuki: Conceived and designed the experiments; Performed the experiments;

Analyzed and interpreted the data.
Funding statement

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.
Competing interest statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.
References

[1] K. Semm, Endoscopic appendectomy, Endoscopy 15 (2) (1983 Mar) 59e64.

PubMed PMID: 6221925.

[2] N. Katkhouda, R.J. Mason, S. Towfigh, Laparoscopic versus open appendec-

tomy: a prospective, randomized, double-blind study, Adv. Surg. 40 (2006)

1e19. PubMed PMID: 17163092.

[3] M. Milewczyk, M. Michalik, M. Ciesielski, A prospective, randomized, uni-

center study comparing laparoscopic and open treatments of acute appendi-

citis, Surg. Endosc. 17 (7) (2003 Jul) 1023e1028. PubMed PMID: 12728377.

[4] A.E. Ortega, J.G. Hunter, J.H. Peters, et al., A prospective, randomized com-

parison of laparoscopic appendectomy with open appendectomy. Laparo-

scopic Appendectomy Study Group, Am. J. Surg. 169 (2) (1995 Feb)

208e212. discussion 12-3. PubMed PMID: 7840381.

[5] A. Kocatas, M. Gonenc, M.A. Bozkurt, et al., Comparison of open and lapa-

roscopic appendectomy in uncomplicated appendicitis: a prospective random-

ized clinical trial, Ulus Travma Acil Cerrahi Derg. 19 (3) (2013 May)

200e204. PubMed PMID: 23720105.

[6] N.T. Nguyen, K. Zainabadi, S. Mavandadi, et al., Trends in utilization and

outcomes of laparoscopic versus open appendectomy, Am. J. Surg. 188 (6)

(2004 Dec) 813e820. PubMed PMID: 15619505.

[7] M.E. Kelly, A. Khan, M. Riaz, et al., The utility of neutrophil-to-lymphocyte

ratio as a severity predictor of acute appendicitis, length of hospital stay and
on.2018.e00635

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

http://refhub.elsevier.com/S2405-8440(17)33425-4/sref1
http://refhub.elsevier.com/S2405-8440(17)33425-4/sref1
http://refhub.elsevier.com/S2405-8440(17)33425-4/sref1
http://refhub.elsevier.com/S2405-8440(17)33425-4/sref4
http://refhub.elsevier.com/S2405-8440(17)33425-4/sref4
http://refhub.elsevier.com/S2405-8440(17)33425-4/sref4
http://refhub.elsevier.com/S2405-8440(17)33425-4/sref4
http://refhub.elsevier.com/S2405-8440(17)33425-4/sref4
https://doi.org/10.1016/j.heliyon.2018.e00635
http://creativecommons.org/licenses/by-nc-nd/4.0/


8 https://doi.org/10.1016/j.heliy

2405-8440/� 2018 Published

(http://creativecommons.org/li

Article Nowe00635
postoperative complication rates, Dig. Surg. 32 (6) (2015) 459e463. PubMed

PMID: 26488396.

[8] D. Dindo, N. Demartines, P.A. Clavien, Classification of surgical complica-

tions: a new proposal with evaluation in a cohort of 6336 patients and results

of a survey, Ann. Surg. 240 (2) (2004 Aug) 205e213. PubMed PMID:

15273542. Pubmed Central PMCID: PMC1360123.

[9] C.C. Yao, C.S. Lin, C.C. Yang, Laparoscopic appendectomy for ruptured

appendicitis, Surg. Laparosc. Endosc. Percutaneous Tech. 9 (4) (1999 Aug)

271e273. PubMed PMID: 10871175.

[10] B. Wei, C.L. Qi, T.F. Chen, et al., Laparoscopic versus open appendectomy

for acute appendicitis: a metaanalysis, Surg. Endosc. 25 (4) (2011 Apr)

1199e1208. PubMed PMID: 20848140.

[11] X. Li, J. Zhang, L. Sang, et al., Laparoscopic versus conventional

appendectomyea meta-analysis of randomized controlled trials, BMC Gastro-

enterol. 10 (2010 Nov 03) 129. PubMed PMID: 21047410. Pubmed Central

PMCID: PMC2988072.

[12] P.L. Wei, M.T. Huang, T.C. Chen, et al., Is mini-laparoscopic appendectomy

feasible for children, Surg. Laparosc. Endosc. Percutaneous Tech. 14 (2)

(2004 Apr) 61e65. PubMed PMID: 15287602.

[13] A. Biondi, C. Di Stefano, F. Ferrara, et al., Laparoscopic versus open appen-

dectomy: a retrospective cohort study assessing outcomes and cost-effective-

ness, World J. Emerg. Surg. 11 (1) (2016) 44. PubMed PMID: 27582784.

Pubmed Central PMCID: PMC5006397. Epub 2016/09/02.

[14] A.M. Ingraham, M.E. Cohen, K.Y. Bilimoria, et al., Comparison of outcomes

after laparoscopic versus open appendectomy for acute appendicitis at 222

ACS NSQIP hospitals, Surgery 148 (4) (2010 Oct) 625e635. discussion

35-7. PubMed PMID: 20797745.

[15] M.M. Tiwari, J.F. Reynoso, A.W. Tsang, D. Oleynikov, Comparison of out-

comes of laparoscopic and open appendectomy in management of uncompli-

cated and complicated appendicitis, Ann. Surg. 254 (6) (2011 Dec) 927e932.

PubMed PMID: 21804381.

[16] S.G. Lim, E.J. Ahn, S.Y. Kim, et al., A clinical comparison of laparoscopic

versus open appendectomy for complicated appendicitis, J. Korean Soc. Col-

oproctol. 27 (6) (2011 Dec) 293e297. PubMed PMID: 22259744. Pubmed

Central PMCID: PMC3259425.
on.2018.e00635

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2018.e00635
http://creativecommons.org/licenses/by-nc-nd/4.0/


9 https://doi.org/10.1016/j.heliy

2405-8440/� 2018 Published

(http://creativecommons.org/li

Article Nowe00635
[17] Y. Fukami, H. Hasegawa, E. Sakamoto, et al., Value of laparoscopic appen-

dectomy in perforated appendicitis, World J. Surg. 31 (1) (2007 Jan)

93e97. PubMed PMID: 17180555.

[18] P. Horvath, J. Lange, R. Bachmann, et al., Comparison of clinical outcome of

laparoscopic versus open appendectomy for complicated appendicitis, Surg.

Endosc. 31 (1) (2017 Jan) 199e205. PubMed PMID: 27194260.

[19] G. Darwazeh, S.C. Cunningham, G.C. Kowdley, A systematic review of

perforated appendicitis and Phlegmon: interval appendectomy or wait-and-

see? Am. Surg. 82 (1) (2016 Jan) 11e15. PubMed PMID: 26802841.

[20] S. Di Saverio, A. Birindelli, M.D. Kelly, et al., WSES Jerusalem guidelines for

diagnosis and treatment of acute appendicitis, World J. Emerg. Surg. 11

(2016) 34. PubMed PMID: 27437029. Pubmed Central PMCID:

PMC4949879. Epub 2016/07/21.
on.2018.e00635

by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2018.e00635
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Comparison of clinical outcome of laparoscopic versus open appendectomy, single center experience
	1. Introduction
	2. Materials & methods
	2.1. Patient population and selection
	2.2. LA and OA procedure
	2.3. Study design
	2.4. Statistics

	3. Results
	4. Discussion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


