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ABSTRACT
INTRODUCTION: The present study aimed to evaluate the anastomotic leakage rate in relation to
anastomotic technique in right hemicolectomy in a single high-volume centre.
METHODS: This was a retrospective single-centre study of prospectively collected data of patients
undergoing right hemicolectomy or ileocecal resection in an acute or elective setting over a seven-year period
in a large University Hospital. Anastomotic leakage, anastomotic technique (hand-sewn versus stapled
anastomosis) and potential confounders were registered. The possible confounding risk factors were explored
by univariate analysis. Any variables with a p value < 0.2 after univariate logistic regression analysis were
included in a subsequent multivariate logistic regression analysis.
RESULTS: A total of 754 patients had a primary anastomosis performed. In 222 (29%) of the patients,
anastomosis was hand-sewn and in 528 (70%) stapled. Overall, 26 patients (3.4%) developed an anastomotic
leakage. The anastomotic leakage rate was similar following hand-sewn and stapled anastomoses (3.6%
(8/221) versus 3.4% (18/527); p = 0.89). Univariate analyses failed to identify any significant risk factors for
anastomotic leakage. A multivariate logistic regression analysis with all mentioned co-variates was
performed. None of the included variables were significantly associated with anastomotic leakage.
CONCLUSIONS: In the present study, we found no significant difference between hand-sewn versus stapled
anastomosis.
FUNDING: none.
TRIAL REGISTRATION: not relevant.

Right hemicolectomy is a common pr ocedur e mainly per for med in r elation to malignancy
and inflammator y bowel disease (IBD). After this pr ocedur e, one of the most ser ious
sur gical complications is anastomotic leakage, which sever ely incr eases mor bidity, mor tality
and r isk of cancer r ecur r ence [1-3]. In one study, patients with anastomotic leakage after
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colonic r esection for cancer had a 7.2-fold higher r isk of death than patients without
complications, and the five-year over all sur vival was r educed fr om 67% to 51% in patients
r e-oper ated for anastomotic leakage [3]. In Denmar k, the r isk of anastomotic leakage after
colonic r esection for colon cancer with a pr imar y anastomosis was appr ox. 4% in the year s
2009 thr ough 2016 (2009: 5.8%, 2016: 4.3%) [4]. The r isk of anastomotic leakage after sur ger y
due to IBD is r epor ted to be 13%. This differ ence is thought to be due to malnutr ition, ster oid
use and existing infection [5].
A r ange of r isk factor s have been associated with an incr eased r isk of anastomotic leakage
including male gender [6], diabetes, tobacco use, pr eoper ative nutr itional status and postoper ative use of non-ster oidal anti-inflammator y dr ugs [7, 8]. Fur ther mor e, factor s such as
age, Amer ican Society of Anesthesiology (ASA) scor e [9], smoking habits [6], emer gency
ver sus planned sur ger y [10], cir culator y instability, per ioper ative blood loss [6], blood
tr ansfusion [10] and anastomotic technique might influence the r isk of anastomotic leakage.
Some of the r isk factor s can be modified by the sur geon and ar e ther efor e inter esting to
explor e.
In this study, we decided to focus pr imar ily on anastomotic technique in r ight
hemicolectomy. Despite many studies in this field, ther e is no consensus on whether stapled
or hand-sewn anastomosis influences the anastomotic leakage r ate [1, 11-13]. A systematic
Cochr ane r eview and meta-analysis fr om 2011 concluded that stapled anastomosis in r ight
hemicolectomy was associated with fewer anastomotic leaks than hand-sewn anastomosis
[11]. In contr ast, over the past few year s, sever al studies have shown an incr eased r isk of
anastomotic leakage with stapled anastomosis compar ed with hand-sewn anastomosis in
r ight hemicolectomies [1, 12, 13]. In light of this contr over sy, the over all aim of this study
was to examine the association between anastomotic technique and anastomotic leakage in a
cohor t of patients with r ight-sided hemicolectomy.

METHODS
This study was a r etr ospective single-centr e study of pr ospectively collected data of patients
under going r ight hemicolectomy or ileocecal r esection in an acute or elective setting in the
cour se of a seven-year per iod in a lar ge univer sity hospital. Data wer e extr acted fr om a local
in-house database on all emer gency sur ger y patients as well as fr om the Danish Color ectal
Cancer Gr oupʼs (DCCG) nationwide database on color ectal cancer . All patients under going
r ight hemicolectomy or ileocecal r esection in our institution fr om Januar y 2009 thr ough
December 2016 wer e included in the study. We included both elective and emer gency cases
as well as both benign and malignant indications. Demogr aphic, pr e-, per - and post-oper ative
data wer e extr acted fr om our in-house database and mer ged with data fr om the DCCG
database. All patient char ts wer e r eviewed manually by two author s to confir m the r eliability
of the data extr acted. In case of disagr eement, the case was r eviewed by a thir d author to
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r each agr eement. The pr imar y end-point was an anastomotic leakage within 30 days of
sur ger y. Anastomotic leakage was defined as a “clinical condition r elated to the anastomosis
including fluid accumulation in close pr oximity to the anastomosis, which demands
r adiological, sur gical or medical tr eatment” [14], and gr aded accor ding to the ClavienDindo classification [15].
Factor s and var iables possibly associated with anastomotic leakage, including gender , age
(median), smoking, alcohol consumption, BMI, acute/planned sur ger y, ASA scor e, tumour ,
node and metastasis (TNM) classification and type of anastomosis (stapled ver sus handsewn) wer e r egister ed. Patient char acter istics, anastomotic technique (stapled ver sus handsewn) and the other possible confounding r isk factor s mentioned above wher e analysed in a
univar iate analysis to assess any association between the var iables and anastomotic leakage.
Any var iables with a p value < 0.2 after univar iate logistic r egr ession analysis wer e included
in a subsequent multivar iate logistic r egr ession analysis. The statistical analyses wer e
per for med with the Statistical Package for Social Sciences. The study was appr oved by the
Danish Data Pr otection Agency (I-Suite number : 06113 and ID-number : HGH-2018-003).

Tr ial r egistr ation: not r elevant.

RESULTS
A total of 797 adult patients wer e included in the study. Of these, 754 (95%) patients had a
pr imar y anastomosis per for med. The r emaining excluded 43 patients (5%) r eceived a stoma.
A total of 292 (39%) wer e male and the median age of the whole population was 74 year s
(r ange: 16-97 year s). Ther e wer e 522 (69%) elective cases, 231 (31%) emer gency cases and one
patient with missing data (T abl e 1 ). All the elective cases wer e due to malignancy and 58% of
the emer gency cases wer e due to benign conditions such as IBD, bowel obstr uction due to
adhesions or appendicitis. Lapar otomy was per for med in 262 (35%) of the cases; lapar oscopic
sur ger y in 492 (65%) of the cases (Table 1). In the lapar oscopic gr oup, 81 patients (11%)
r eceived a r obotic assisted r esection. Lapar oscopy was conver ted to lapar otomy in 68/492
(14%) of the cases. Ther e was no significant differ ence in the conver sion r ate in the r obotassisted lapar oscopy gr oup (6/81 (7.5%)) compar ed with the tr aditional lapar oscopy gr oup
(60/411 (14.6%); p = 0.089).
In 222 (29%) of the cases, anastomosis was hand-sewn, and 528 (70%) had a stapled
anastomosis. Four patients (1%) wer e excluded due to missing data. Over all, 26 patients
(3.4%) developed an anastomotic leakage (Table 1). Among the 26 cases of anastomotic leak,
two wer e Clavien Dindo minor (CD I-II) and 24 wer e major (CD III-IV). The 30-day mor tality
r ate in patients with anastomotic leakage was 15.4%.
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No significant differ ence in the leakage r ate was obser ved between hand-sewn and stapled
anastomoses (3.6% (8/221) ver sus 3.4% (18/527); p = 0.89) (T abl e 2 ). As shown, the hand-sewn
and stapled gr oups differ ed in cer tain aspects. Ther e wer e fewer smoker s in the hand-sewn
gr oup (45% ver sus 54 %, p = 0.03) and most of the stapled anastomoses wer e per for med
after lapar oscopic r esection (27% ver sus 82 %; p < 0.01). The latter distr ibution was caused by
an over -r epr esentation of hand-sewn anastomoses in the acute setting wher e most
r esections wer e open. Also, for the patients with color ectal cancer , the hand-sewn appr oach
was mor e fr equently used in patients with mor e advanced disease (N-stage 0 in 63% ver sus
41%; p < 0.001 and T-stage 4 in 23% ver sus 47%; p < 0.001).
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Univar iate analyses (including the following covar iates: gender , tobacco use, alcohol intake,
blood tr ansfusion, ASA gr oup, acute vs elective sur ger y, lapar oscopic ver sus open sur ger y,
TNM stages and anastomotic technique) failed to identify any significant r isk factor s for
anastomotic leakage (T abl e 3 ). Also, as none of the r egister ed var iables had a p-value < 0.2,
no multivar iate analysis could be per for med as planned. Instead, to minimise the r isk of
missed inter actions between factor s, multivar iate logistic r egr ession analyses with
combinations of all mentioned co-var iates wer e per for med.
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DI SCUSSI ON
The over all anastomotic leakage r ate after r ight hemicolectomy in our single-centr e study
was 3.4%, which is acceptable compar ed with national and inter national standar ds. On a
nationwide basis in Denmar k, the anastomotic leakage r ate after r ight hemicolectomy
per for med on malignant indication was 4.9% in 2009 and 2.7% in 2016 [4]. In pr evious studies
of r ight hemicolectomies, the r isk of anastomotic leakage r anges 1.5%-8.1% [13, 16, 17].
A r ecently pr esented snapshot study per for med by the Eur opean Society of Colo Pr octology
concer ning anastomotic leakage r ate [13] r epor ted mor e hand-sewn anastomoses in the
acute cases, but unlike our study, ther e the author s r ecor ded a significantly incr eased r isk
of an anastomotic leakage in the gr oup with stapled anastomosis. The explanation for a
higher leakage-r ate in stapled anastomoses has been suggested to be cr ushing of the tissue,
coar ser tissue manipulation and haematomas in the intestinal wall, all of which will lead to
poor blood supply at the anastomotic site and subsequent anastomotic leakage [18, 19].
Conver sely, the Cochr ane systematic r eview and meta-analysis on stapled ver sus hand-sewn
anastomosis fr om 2011 r epor ted a higher r isk of anastomotic leak after hand-sewn ileocolic
anastomoses [11]. The r eason for this finding may be r educed time spent per for ming the
anastomosis, less manipulation of tissue and less foecal spillage when per for ming a stapled
anastomosis [20]. As mentioned, in the pr esent study, we found no significant differ ence
between hand-sewn and stapled ileocolic anastomosis.
In our univar iate and multivar iate logistic r egr ession analyses, we wer e not able to identify
r isk factor s for anastomotic leakage. This may indicate that the level of detail in our data
could have been higher and that leakages occur r ed unpr edictably and possibly due to
technical failur es and/or special cases or cir cumstances that cannot be detected in the
analysis of an entir e cohor t. In contr ast, diabetes, tobacco and stapled anastomosis seemed
to be a r isk factor for anastomotic leakage in a similar study fr om 2016 [17].
Our study has sever al limitations. This was a r etr ospective r eview of pr ospectively r ecor ded
data, no r andomisation between the two types of anastomosis was per for med which
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intr oduces a r isk of selection bias. This is under lined by the uneven distr ibution of handsewn anastomoses in the acute cases compar ed with the planned cases. Ther e was, however ,
no differ ence in leakage r ate after elective and acute r esection. This may, however , be a
r esult of selection bias as a lar ger pr opor tion of the acute cases than of the planned cases
r eceived a stoma - pr obably due to selection wher e the sur geon does not choose to per for m
an anastomosis in the mor e acute and ill patients. Fur ther mor e, mor e specific details
concer ning the anastomotic techniques (type of stapler , number of fir ings, one- or twolayer ed hand-sewn anastomosis, etc.) wer e not r egister ed and ther efor e not used in our
study. Thus, we cannot know if these details concer ning anastomotic technique have
affected the r esults. Some of the cofounder s have a high per centage of missing values,
which is r elated to the DCCG database and was taken into account by excluding the missing
values fr om the multivar iate analysis.

CONCLUSI ONS
In conclusion, we found no differ ence in r isk of anastomotic leakage after hand-sewn
ver sus stapled ileocolic anastomosis and ther efor e see no r eason to r efr ain fr om the stapled
anastomosis in our institution. The choice between hand-sewn and stapled anastomosis
should ther efor e depend on the clinical cir cumstances and the sur geon's pr efer ence and
exper ience.
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