LAPAROSCOPIC COLORECTAL ANASTOMOSIS USING THE NOVEL CHEX®
CIRCULAR STAPLER: A CASE-CONTROL STUDY.

L. Maggiori M.D. , F. Bretagnol M.D. , M. Ferron B., Y. Chevalier M.D. , Y. Panis M.D.
Ph.D.

Department of Colorectal Surgery, Pole des MaladleslI’Appareil Digestif (PMAD),

Beaujon Hospital (AP-HP), 100 boulevard du Génkealerc, 92118 Clichy, France.

Original article

Word-Count: 2,164

Address for correspondence and reprints:

Professor Yves Panis, MD, PhD, Service de Chirufgpdorectale, Pble des Maladies de
I'Appareil Digestif (PMAD), Hopital Beaujon, 100 btevard du Général Leclerc, 92118
Clichy cedex, France

(Tel +33 1 40 87 45 47 Fax +33 1 40 87 44 31 E-mail yves.panis@bjn.aphp)fr




ABSTRACT

Aim. The widespread availability of circular staplingvites to perform colorectal
anastomosis has changed surgery especially indspapy. The aim of this study was to
assess safety and effectiveness of a new circtdpies, the Chex® CS (APVL Medic’s,
Niort, France - Frankenmann, Shuzhou, China) mseof operative results.

Methods. From May 2007 to April 2009 case-control study was conducted including 54
patients who underwent left colonic resection wsthpled anastomosis according to the
“double stapling” technique, with the Chex® stapl€hese patients were matched from a
review board-approved database to 64 similar pstith anastomosis realized with another
device used in our department: the CDH® staplehi¢@h Endo-Surgery, Inc; Cincinnati,
OH, USA) or the EEA® stapler (Autosuture, CovidiéhA, USA). Matching criteria were
sex, age, BMI, ASA grade, diagnosis, realization aoftemporary stoma, and surgical
approach. Primary end-points were post-operativetatity and morbidity. Surgeons were
asked to fill a questionnaire concerning deviceragnia, using an analogic visual scale.
Results. Mortality was nil. The overall morbidity rate wasndar between the two groups.
There was no difference concerning the rate oftanastic leakages (9%ersus8%, p=1).
Mean overall appreciation was scored 8.1/10 (3;9iB¢luding best score for stapler
removing (9.5). No major device failure was obsdrgaring the study.

Conclusion. This study suggests that colorectal anastomosigjube Chex® circular stapler

is safe without increasing the overall morbiditgpecially in terms of anastomotic leakage.



INTRODUCTION

The technique of transanally introducing a circtapled device to perform colorectal
anastomoses has been widely used[1-9]. Moreoveently, the laparoscopic approach in
colorectal surgery has improved the widespread lpopyof stapling devices.

Many studies have demonstrated the effectivenedstlam safety of such stapling
procedure. A recent French prospective multicerdiucly concluded that elective colorectal
surgery was associated with a 1 to 2% of mortatg and a 20 to 40% morbidity rate[10].
Postoperative anastomotic leakage represented Hie postoperative complication with
significant clinical implications. A Cochrane rewieccomparing both procedures (i.e. stapled
versus handsewn procedures) for colorectal surgey insufficient to demonstrate any
superiority of the stapling method over handsewragardless of the level of anatomosis[11].

However, besides good results, the major drawb#dki® stapling procedure remains
related to the cost-benefit ratio[1]. Moreover, thigher costs of laparoscopic equipment
require more financial resources[12]. Despite tlmeptial financial benefit in terms of
improvements in clinical recovery and shorter htzdgtay after laparoscopic procedures, the
use of intra-operative cost-effective device cduddustified.

The aim of this study was to assess safety andtef@mess of a new circular stapler,
the Chex® CS (APVL Medic’s, Niort, France - Frankeann, Shuzhou, China) in terms of

operative results.



PATIENTS AND METHODS

From May 2007 to April 2009, we prospectively irsda 54 patients who underwent
left colonic resection for colorectal cancer anddenign disease, using the Chex® CS28
circular stapler (APVL Medic’s, Niort, France - Rik@nmann, Shuzhou, China), according to
the “double stapling” technique introduced by Krtighd Griffen[9].

All patients undergoing colorectal resection in a@partment are currently included
prospectively into a review board-approved datgli@$eData collection included patients
features (gender, age, body mass index (BMI), AtaeriSociety of Anesthesiology score
(ASA score), diabetes mellitus, recent steroidtinemt, prior laparoscopy or laparotomy,
cardiopulmonary, neurologic and gastrointestinahaidities), disease features (diagnosis,
TNM score for colorectal cancer), the surgical pawre (urgent or elective procedure, type
of colorectal resection, anastomosis height, ptoestoma, abdominal drainage, associated
procedures, intraoperative peritoneal contaminattenhnical operative complications, and

operative time), and the post operative outcometahty and morbidity).

Surgical procedure

For laparoscopic patients, the surgical procedues \werformed through a total
laparoscopic approach with only a 5-cm incisiortha right iliac fossa for both specimen
extraction and, if required, temporary divertingpistomy.

The technique routinely involved for cancer (intb&paroscopic and open technique)
included high ligation of the inferior mesentersgels, complete mobilization of the splenic
flexure and colonic resection according to the tutooalization (i.e. 5 cm below the lower
edge of the tumor). For benign disease, disseceti@s made close to the colon and rectum

with sigmoid vessels ligation to avoid nerve injufen, the rectum was transected using an



endoscopic linear stapler and a transanal stapbdolectal anastomosis was performed,
according to the “double stapling” technique[9].eTtloughnuts were always inspected for
completeness after anastomosis and anastomotgritgtevas tested systematically during

operation by transanal instillation of fluid.

Comparative study

Each patient of the Chex® group was identified frtéme database and manually
matched with all identical patients from the datsban whom anastomosis was realized with
another device used in our department, either DEI® stapler (Ethicon Endo-Surgery, Inc;
Cincinnati, OH, USA) or the EEA® stapler (AutoswguCovidien, MA, USA), according to
the individual matching procedure published by Rkiietn et al.[13]. Matching criteria were
gender, age (x 10%), BMI (x10%), ASA grade, diagsotemporary stoma, and surgical
approach (laparotomy or laparoscopy). Investigawese blinded to the primary and

secondary end points in both groups during manaétinng to reduce bias.

End-points definition

The primary end-points were intra-operative andgusrative complications. Mortality
was defined as death occurring during the hospitay or within 30 days. Anastomotic
leakage was defined as clinical and asymptomadikalge. Clinical suspicion of anastomotic
leakage was systematically confirmed by a CT-sc#h wontrast enema. Asymptomatic
anastomotic leakage was assessed on a CT-scan coitttast enema, systematically
performed before stoma reversal for all patientd @iverting stoma.

Secondary end-point was surgeons’ satisfactionh Botgeons (YP, FB) were asked to
fill a specific questionnaire about the use of skegpler (concerning general ergonomia, anvil

opening, anvil removing, shaft insertion, rectalnsp perforation, anvil and shaft mating,



stapler closing, stapling, stapler removing, “de@fiwuality and general appreciation), using

an analogic visual scale. Notations were from Dapincreasing with the level of satisfaction.

Cost-analysis

A cost-analysis was performed from a surgical pm8pe. Thus, only direct surgical
costs were assessed, including surgical staplargjcal procedures (including emergency
reoperation), invasive radiological procedures (&rcutaneous drainage), and hospital stay.
Costs were evaluated using the French health gaters price-list (“classification commune

des actes médicaux”, CCAM).

Statistical analysis

Continuous data are presented as median + stardkardtion (range) and were
compared with the Mann-Whitney U test. Proporti@ane presented as number of patients
(percentage of patients) and were compared witteethe Pearsoxy test or the Fisher exact
test, as appropriate. The level of statistical ificgnce was set at p < 0.05 and tests were
always 2-sided. Analysis was performed using Stedils Package for the Social Sciences

(SPSS, version 16.0, Chicago, IL, USA)



RESULTS

Chex® group

There were 54 patients (21 males, 39%) with a naggnof 58 + 2 (range 20 to 88)
years. ASA score was 1 for 13 patients (24%), 23®patients (67%), and 3 for 5 patients
(9%). Mean BMI was 25 + 0.7 (range 18 to 41) kg/Main indications for surgery were
sigmoid diverticulitis in 27 patients (50%) and @olcancer in 19 patients (35%), as detailed
in Table 1L

Laparoscopic approach was used in 51 patients (94P@)o patients required
conversion in laparotomy, because of major obgsityl) and for intra-operative intestinal
injury (n=1). A temporary ileostomy was performed15 patients (28%) because of local

conditions.

Control group

As detailed inTable 1, the control group included 64 patients with natistical
difference from the Chex group on the matchingeaat Gender (P=0.227), Age (P=0.442),
ASA grade, BMI (P=0.135), surgical approach (P=0)6@and diverting stoma (P=0.594).
Indication for surgery was colon cancer in 24 pate(38%, P=0.795 comparing to Chex
group), colon adenoma in 4 patients (6%, P=0.78@mnoid diverticulosis in 34 patients
(53%, p=0.735), sigmoid volvulus in 1 patients (2P&1) and inflammatory bowel disease

(IBD) in 1 patients (2%, P=0.592).

Postoperative mortality and morbidity
Postoperative outcome for both groups are detald@ble 2

There was no postoperative death in both groups.



The overall morbidity rate showed no significarffetience between both groups (n=9,
17% in the Chex group versus n=16, 25% in the cbgtoup, P=0.270).

Five patients (9%) experienced clinical and/or gstygnmatic anastomotic leakage in the
Chex® group, without significant difference compario the control group (n=5, 8%, P=1).

Compared to the control group, reoperation wasiredun the Chex group in 4 patients
(7%) for peritonitis induced by anastomotic leakéye3) and peristomial hernia (n=1) versus
2 patients (3%) because of peritonitis inducedrmstomotic leakage (n=1) and stoma related
small bowel obstruction, without significant diféerce (P=0.410)

Hospital stay showed no significant difference lestw both groups: 9 + 5 (range 5 to
25) days in the Chex group versus 11 + 10 (ranige/®) in the control group (P=0.594).
No post-operative anastomotic stricture was obskeiméoth groups with a mean follow-up

of 12 + 8 (range 1 to 25) months in the Chex gran@ 28 + 7 (range 13 to 44) in the Control

group

Satisfaction score

All 11 studied items obtained a mean score ranged 8 to 9.5 out of 10, as detailed in
Table 3. General appreciation was scoredB1.8 (range 3 to 9.5). The less appreciated item
was the anvil removing from the device with a meaare of 8.6t 1.6 (range 2 to 9.5). The
most appreciated item was the stapler removingr gferforming the anastomosis, which
scored 9.5t 1.9 (range 8 to 10).

No major device failure was observed during thestu

Cost-analysis



Mean evaluated total cost was 10,56321 (6,071-29,198) € in the Chex grougrsus
12,451 £+ 1,411 (6,142-79.058) € in the control growithout significant difference

(p=0.151).



DISCUSSION

The present study showed that stapled anastomsisig the Chex® circular device is
safe and convenient without increasing morbiditg amortality compared to other known
usual devices. The rate of postoperative anastonhedikage was similar between the two
groups.

In the last years, advances in intestinal staplilegices have led to an increased
frequency of stapled bowel anastomoses. Many suldave evaluated the stapled versus
handsewn methods for colorectal anastomosis. Therityaconcluded to the insufficiency of
evidence to demonstrate any superiority of a metbwer the other[2, 3, 11]. Therefore,
stapled technique presents a variety of benefittteb blood supply, reduced tissue
manipulation, less edema, uniformity of sutures] eapidity. These factors are believed to
facilitate the anastomosis healing without incnegsithe incidence of postoperative
complications such as anastomotic leak, prolondedsior stricture. In spite of this,
anastomotic dehiscence remains a significant caaipdn of colorectal surgery. In a meta-
analysis, the authors showed no clinically relevdifference in mortality and anastomotic
leakage rate between the two methods[3]. The oiffgrdnces concerned patients with
stapled anastomosis, which were more likely to egpee intra-operative technical mishaps
and postoperative anastomotic strictures. In tieegmt study, the very short follow-up (12 + 8
(range 1 to 25)) did not allow to evaluate thiseatisk. A systematic review of randomized
controlled trials[14], noted that stricture occuiréo a significant extent in patients
undergoing colorectal stapled anastomosis, espeamainfra-peritoneal location. It has been
hypothesized that there may be an overactive inflatory response, leading to stricture
formation[15]. However, the majority was easily ragad with endoscopic dilatation or

asymptomatic.
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Moreover, technical problems occurred significanthore often following stapled
anastomoses. A technical mishap is generally deéfasea misfiring, or a malfunction, rather
than any difficulty in completing the anastomodibe main expected risk could be, as Mac
Rae et al. reported, significant morbidity in thapted group after technical mishap[3]. In the
current study, no major device failure requiringswabserved and the morbidity rate was
similar between the two groups.

The use of staplers for anastomosis in colorectejesy has been questioned by the
French Society of Digestive Surgery (SFCD) in 2QQ0T he authors recommended, as much
as possible, the routine use of handsewn methoa@dst reasons. Moreover, a systematic
review has shown that both techniques (staplehasdsewn) were effective, and the choice
should be based on personal preference[3]. Thiatgughlights the financial aspect of
stapling methods. The question of cost is relatethé length of the operative procedure,
length of hospitalization, price of sutures andueabf devices used, among other factors. The
Cochrane analysis showed that when only the casteofnaterial used in the anastomosis was
taken into consideration, the stapler was more msipe[11l]. In France, the Chex® CS
stapler is sold 239 euros (exclusive of taxes), rede the only 2 other circular staplers
available in France, the CDH® stapler (Ethicon Efdwogery, Inc; Cincinnati, OH, USA)
and the EEA® stapler (Autosuture, Covidien, MA, US#ke sold 310.07 euros (exclusive of
taxes) and 314.66 euros (exclusive of taxes), otisedy.

In the present study, cost analysis did not dematesta significant cost reduction
associated with the use of the Chex stapler. Tlagively small number of included patients,
as well as the fact that the post-operative cosinesved no significant difference between the
2 groups might explain this result. However the X@hestapler is sold in France
approximately 75 € cheaper than the other devibagjng an average 7.500 € cost reduction

per year in our department. The cost of an opergtrocedure, however, must be analyzed
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within a wider context involving not only the moasgt value of the materials but also the
value resulting from the ease of execution, toraétconsumed, cost of complications related
to the method employed, among other factors. Fmgeat al showed that the time taken to

perform the anastomosis was significantly shomestapled colorectal anastomoses[2]. This
factor had a relative value when analyzed in ismfati.e. when not associated with the total
length of the operative procedures or hospitalwatf the patient. An Italian study has

evaluated the cost/benefit ratio of stapled anass@s in colorectal surgery on the basis of an
8 year experience taking into account the ovem@dtsin surgery as well as short term and
long term benefits. Mechanical suturing was foundbe superior based on the average

postoperative hospital stay which decreased froro 2@ days [16].

CONCLUSION

In conclusion, this control-case study has suggdetstat colorectal stapled anastomosis
using the Chex® circular device was safe with ambperative results compared to other
known devices. This procedure was also convenidht lmgh surgeons’ satisfactory without
major failure. Further data with longer follow-up required to assess long term post-

operative course.
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Table 1.Pre-operative findings of 118 patients undergadfigcolonic resection

ChexX’ Control group
n =54 n = 64 P-value
Male Gender 21 (39) 3 0.227
Age 58 £2.1(20-88) 58 +1.7 (33-87) 0.442
Body Mass Index 25+0.7 (18-41) 26 +0.6 (18-44) 0.135
ASA grade
1 13 (24% 16 (25§ 0.907
2 36 (67° 42 (66" 0.90¢
3 5 (9f 6 (9f 0.983
Diagnosis
Adenocarcinoma 19 (35) 24 (38§ 0.795
Adenom: 5 (9) 4 (6) 0.73(
Diverticulosis 27 (50) 34 (535 0.735
Volvulus 1(2f 1(2f 1
IBD 2 (4) 1(2f 0.592
Laparoscopic Approach 51 (94) 62 (97§ 0.659
Diverting Stom. 15 (28° 16 (25° 0.73:

a: mean = SD (range)
b: number of patients (percentage of patients)



Table 2. Surgical outcome of 118 patients undergoing lefbic resection

ChexX’ Control group
n =54 n = 64 P-value
Mortality 0 0 1
Morbidity
Reoperation 4 2 3 0.410
Anastomotic leaka 5 (9 5 (8 1
Isolated pelvic abcess 0 213) 0.499
Rectal haemorrhage 1£2) 12y 1
Anastomotic strictut 0 0 1
Wound abcess 0 3®) 0.249
Stoma related complicati 1P 1P
Medical morbidity 713 6 (9Y 0.568
Patients withone or morecomplication 9(17° 16 (25" 0.27(
Hospitd Stay 9+ 5 (5-25Y 11+ 10 (5-75F 0.59¢

a: mean = SD (range)
b: number of patients (percentage of patients)



Table 3. Satisfaction score of Chex® CS circular stapler

Score
General ergonomia 8.8+ 0.9 (5-10%
Anvil opening 8.6+ 1.3 (5.5-10)
Anvil removing 8.0+ 1.6 (2-9.5%
Device insertion 8.7+ 1.2 (5-10%
Rectal stump perforation 8.8+ 1 (4.5-10%
Anvil and shaft mating 8.4+ 1.7 (2-10%
Stapler closing 8.6+ 1.3 (4-10%
Stapling 9.0+ 0.6 (7-10%
Stapler removing 9.5.+ 1.9 (8-10§
Doughnuts assessment 8.7+ 1.3 (3-10%
General appreciation 8.1+ 1.8 (3-9.5%

a: mean = SD (range)



