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Abstract

Purpose Intestinal anastomosis is a crucial step in most intestinal resections, as anastomotic leakage is often associated with
severe consequences for affected patients. There are especially two different techniques for hand-sewn intestinal anastomosis:
the interrupted suture technique (IST) and the continuous suture technique (CST). This study investigated whether one of
these two suture techniques is associated with a lower rate of anastomotic leakage.

Methods A retrospective review of 332 patients with Crohn’s disease who received at least one hand-sewn colonic anas-
tomosis at our institution from 2010 to 2020 was performed. Using propensity score matching 183 patients with IST were
compared to 96 patients with CST in regard to the impact of the anastomotic technique on patient outcomes.

Results Overall anastomotic leakage rate was 5%. Leakage rate did not differ between the suture technique groups (IST:
6% vs. CST: 3%, p=0.393). Multivariate analysis revealed the ASA score as only independent risk factor for anastomotic
leakage (OR 5.3 (95% CI=1.2-23.2), p=0.026). Suture technique also showed no significant influence on morbidity and
the re-surgery rate in multivariate analysis.

Conclusion Our data suggest that the chosen suture technique (interrupted vs. continuous) has no influence on postopera-
tive outcome, especially on anastomotic leakage rate. This finding should be confirmed by a randomized controlled trial.

Keywords Intestinal anastomosis - Crohn’s disease - Continuous suture technique - Interrupted suture technique -
Anastomotic leakage

Introduction

Intestinal resections are one of the most common proce-
dures in abdominal surgery. In the context of intestinal resec-
tions, intestinal anastomosis are of particular importance,
as anastomotic leakage has far-reaching consequences for
the affected patients including high re-surgery rates, higher
risk of accompanying morbidities and longer hospital stays
as well as impaired quality of life [1-6]. This aspect applies
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even more to patients with Crohn’s disease, as they have an
increased risk of anastomotic leaks compared to patients
without Crohn’s disease [7, 8].

There are different known risk factors associated with
anastomotic leakage including aspects of surgical technique
[7-11]. There are a number of technical variations for intes-
tinal anastomosis regarding different aspects like kind of
anatomical reconstruction (end-to-end vs. end-to-side vs.
side-to-side), kind of suture techniques (stapled vs. hand-
sewn, interrupted vs. continuous suture technique, single vs.
double-layered technique) as well as the used suture material
[12—14]. Therefore, the variability of the surgical technique
for intestinal anastomosis may be one of the greatest among
surgeons. And the “surgical school” may play a unique role
for the surgical technique of the intestinal anastomosis.

In particular, there is a lack of sufficient evidence for
the question of interrupted suture technique (IST) versus
continuous suture technique (CST) [15]. Experimental
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investigations suggest that the interrupted suture technique
might be associated with a better perfusion of anastomosis,
whereas the continuous suture might offer a better sealing
of the anastomosis [16]. Moreover, advocates of the con-
tinuous technique allege that the continuous suture may be
able to save costs and operating time in comparison to the
interrupted suture technique. However, until now there are
only two retrospective studies that compared IST and CST
with conflicting results. While a more recent study with 347
patients was able to show a significant difference between
the suture techniques (IST: 16% vs. CST: 2.5%, p=0,001),
another investigation with only 53 patients showed no dif-
ference in the insufficiency rate (IST: 3.7% vs. CST: 3.8%)
[10, 17].

Therefore, we focused on the influence of hand-sewn
interrupted suture technique (IST) versus continuous suture
technique (CST) on the postoperative outcome, especially on
leakage rate and chose the high-risk population of patients
with Crohn’s disease.

Materials and methods

We retrospectively analyzed 332 consecutive patients with
Crohn’s disease who received an intestinal resection and
anastomosis from 2010 to 2020 at the University Hospi-
tal Erlangen. Patients had to meet the following inclusion
criteria: (1) age greater than or equal to 18 years; (2) his-
tologically proven Crohn’s disease; (3) at least one colonic
anastomosis; (4) intestinal anastomosis in hand-sewn tech-
nique. Anastomoses with a protective stoma were excluded.
Both open and laparoscopic approaches and both elective
and emergency surgeries were allowed.

Data on patient demographics, comorbidities, preopera-
tive parameters, and surgical technique as well as on the
postoperative course including anastomotic leakage and
morbidity were obtained and analyzed. Primary outcome
was the occurrence of anastomotic leakage (see defini-
tion below). As secondary outcome influence of suture
technique on morbidity (defined by Clavien Dindo [18]),
wound healing CDC definition [19]) and re-surgery rate
were investigated.

This study was approved by the Ethics Committee of FAU
Erlangen (22-222-Br).

Surgical techniques

All patients received preoperative intravenous antibiotic
prophylaxis with a cephalosporin and metronidazole.

All intestinal anastomoses were performed based on
three fundamental key points: (1) sufficient mobilization
of the intestinal ends to obtain a tension-free anastomosis;
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(2) preservation of adequate blood perfusion of both intes-
tinal ends; (3) low-bleeding preparation through subtle
hemostasis.

Decision about anastomotic technique was made by the
surgeon depending on his preference.

1. Interrupted suture technique (IST):

This technique was always performed as single-layered
anastomosis with extramucosal inverting stiches using 3/0
polyglactin (Vicryl, Ethicon).

2. Continuous suture technique (CST):

For this technique single and double-layered tech-
nique was used. Suture material included 4/0 or 5/0
polydioxanone (PDS, Ethicon) and 4/0 polyglyconate
(Maxon, Covidien).

Definition of anastomotic leakage

Postoperative anastomotic leakage of the intestinal anasto-
mosis was defined as the presence of at least one of the
following criteria: (1) Evidence of anastomotic leakage by
endoscopy; (2) radiological evidence of leakage by contrast-
enhanced computer tomography; (3) evidence of leakage
during re-surgery.

Statistical analysis

For propensity score matching, the nearest neighbor method
to 2:1 ratio was used. Propensity score deviation width was
set to a threshold of < 0.2. Variables used for matching were
age, gender, and surgically relevant factors: surgical priority
and number of anastomosis. Data analysis was performed
with SPSS software (SPSS, version 28.0). Comparisons of
metric and ordinal data were calculated with the Student’s
t-test or Mann—Whitney U test. The chi-square test was
used for categorical data. Statistical significance was set at
p <0.05. All recorded parameters were tested as potential
risk factors for postoperative outcome parameters (morbid-
ity, anastomotic leakage, wound infection, re-surgery) using
univariate analysis. Associations with the outcome parame-
ters with a p-value <0.1 in univariate analysis were included
in multivariate analysis.

Results
Demographics

Propensity score matching of the 332 patients (median
age: 36 years, 49% female) meeting inclusion criteria
revealed 279 matched patients. Of these 279 patients,
interrupted suture technique was applied in 183 patients
(IST group) and continuous suture technique in 96 patients
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(CST group). Nine patients of the CST group had only one
matched partner in the IST group.

Patients of the IST group had significantly more previ-
ous surgeries (1 vs. 0, p=0.008) and a significantly lower
hemoglobin (12.8 vs. 13.4 g/dl, p=0.042). All other
demographic parameters including age, gender, ASA,
comorbidities, and preoperative blood results other than
hemoglobin did not significantly differ between the groups
(Table 1).

Table 1 Patients’ characteristics

Characteristics of Crohn’s disease

At the time of surgery, Crohn’s disease had existed for an
average of 7 years. Most patients were diagnosed with Crohn’s
disease between the ages of 17 and 40 years (71%). The pre-
dominant pattern of Crohn’s disease was an ileocolic location
(92%) and a stricturing behavior (77%). Fifty-six percent of
the patients were treated with an oral anti-inflammatory and/
or immunosuppressive therapy up to 12 weeks before surgery.

All patients Interrupted suture Interrupted suture P
Number 279 183 96
Age* (years), median (IQR) 34 (22) 352D 32 (24) 0.412
Gender*, n (%) 0.9
Female 141 (51) 93 (51) 48 (50)
Male 138 (49) 90 (49 48 (50)
ASA** (n=268 0.328
1 18 (7) 14 (8) 44
I 222 (83) 140 (81) 82 (87)
111 28 (10)
BMI (kg/m?), median (IQR) 22.7 (6.4) 22.5(6.3) 22.8 (7.8) 0.531
Arterial hypertension, n (%) 43 (15) 30 (16) 13 (14) 0.602
Coronary heart disease, n (%) 73) 5@3) 2(2) 1.000
Diabetes, n (%) 703) 503) 2(2) 1.000
Smoking history, n (%) 128 (46) 86 (47) 42 (44) 0.897
Number of previous surgeries, median (IQR) 1(2) 1(2) 0(l) 0.008
Duration Crohn's disease (years), median (IQR) 7 (13) 7 (16) 7 (13) 0.736
Montreal classification for Crohn's disease
Age at diagnosis, n (%) 0.542
Al: Below 16 years 43 (15) 25 (14) 18 (19)
A2: Between 17 and 40 years 198 (71) 133 (73) 133 (73)
A3: Above 40 years 38 (14) 25 (14) 13 (13)
Location, n (%) 0.039
L1: lleal 0(0) 0(0) 0@
L2: Colonic 17 (6) 16 (9) 1(1)
L3: Ileocolonic 167 (60) 99 (54) 68 (71)
L4: Isolated upper disease 0(0) 0(0) 0(0)
L1 and L2 6(2) 4(2) 2(2)
L1and L3 19 (7) 12 (7) 7()
L2 and L3 54 (19) 40 (22) 14 (15)
L1and L2 and L3 16 (6) 12 (7) 4(4)
Behavior, n (%)
B1: Non-stricturing, non-penetrating 8(3) 6(3) 22 0.055
B2: Stricturing 215 (77) 133 (73) 82 (85)
B3: Penetrating 56 (20) 44 (24) 12 (13)
p: perianal disease 38 (14) 30 (17) 8(8) 0.067
Oral anti-inflammatory and/or immunosuppressive medica- 153 (56) 107 (59) 46 (50) 0.157
tion***, n (%)
Preoperative WBC (10°/1), median (IQR) 8.8 (4.8) 9.1 (5.5) 8.7 (4.1) 0.25
Preoperative albumin (g/1)*, median (IQR) 39 (7) 39 (6) 39 (8) 0.661
Preoperative CRP (mg/l), median (IQR) 16 (51) 22 (56) 10 (35) 0.093
Preoperative hemoglobin (g/dl), median (IQR) 13.1 (2.5) 12.8 (2.6) 134 (2.1) 0.042
Preoperative creatinine (mg/dl), median (IQR) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.841

ASA American Society of Anesthesiologists Score; BMI body mass index; WBC white blood cells; CRP C-reactive protein

“Matched parameter; **Data incomplete; ***within the last 12 weeks before surgery
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Comparing Crohn’s characteristics between the suture tech-
nique groups, the only difference was that patients of the IST
group had significantly more frequent colonic location of
Crohn’s disease (40% vs. 22%, p=0.039) (Table 1).

Surgical parameters

Most patients underwent elective surgery (96%) and one
intestinal anastomosis (88%; 226 ileo-colonic anastomosis,
19 colo-colonic anastomosis), whereas 12% received two (16
ileo-colonic + colo-colonic anastomosis, 12 ileo-colonic and
small intestine anastomosis and 5 colo-colonic + small intes-
tinine anastomosis) and 1 patient three intestinal anastomosis
(colo-colonic +2 x small intestine anastomosis). Sixty-five
percent of all surgeries were performed open and 35% laparo-
scopically (Table 2). Significant differences between the IST
and the CST groups regarding surgical parameters included
a significantly more often open approach (79 vs. 38%,
p<0.001) in the IST compared to the CST group (Table 2).

Outcome parameters

Overall morbidity, respectively, mortality in our collective
was 35% and, respectively, 0%. Most of the complications
were minor complications (63%). Anastomotic leakage
occurred in 5% and wound infection in 9%. Six percent of
the patients required re-surgery. Reasons for re-surgery were
anastomotic leakage (81%), small bowel perforation (13%),

and hematoma of the abdominal wall (6%). Median length of
postoperative stay was 7 days. Re-admission within 90 days
was necessary in 9% of the patients (Table 3).

Primary endpoint analysis

Anastomotic leakage rate did not differ significantly between the
two groups (IST: 6% vs. CST: 3%, p=0.393). Subgroup analysis
with stratification of patients according to the surgical approach
showed also no significant differences between the two suture
technique groups (Table 3). In the univariate analysis, we identi-
fied eight risk factors for postoperative anastomotic leakage with
a p-value <0.1 (higher ASA score, p <0.001; higher number of
previous surgeries, p=0.003; age > 40 years at Crohn’s diagno-
sis, p=0.043; increase of preoperative CRP, p=0.046; emer-
gency surgery, p=0.081; open surgical approach, p=0.054;
higher number of anastomosis, p=0.085; increase of operative
time, p=0.029). Among these variables, only an ASA score
of III/IV (OR 5.32 (95% CI=1.22-23.18), p=0.026) was con-
firmed as independent risk factors for the development of anas-
tomotic leakage in the multivariate analysis (Table 4).

Secondary endpoint analysis

In univariate analysis, in-hospital-morbidity was signifi-
cantly lower in the CST-group compared to the IST-group
(CST: 26% vs. IST: 39%, p=0.034). Stratified according to
the Clavien Dindo classification, in-hospital morbidity did

Table 2 Surgical characteristics

All Interrupted Continuous p
patients suture suture
n=279) (n=183) (n=96)
Priority*, n (%) 267 (96) 176 (96) 91 (95) 0.757
Elective 12 (4) 74) 5(5)
Emergency
Number of anastomosis*, n (%) 245 (88) 160 (87) 85 (89) 0.399
1 33 (12) 23 (13) 10 (10)
2 1(0) 0(0) LD
3
Kind of anastomosis, n (%) 226 (81) 142 (78) 84 (88) 0.050
Ileo-colonic anastomosis 19 (7) 18 (10) 1(D)
Colo-colonic anastomosis 16 (6) 11 (6) 5(05)
Ileo-colonic and colo-colonic anastomosis 5Q2) 4(2) 1(1)
Colo-colonic and small intestinine 12 (4) 8(4) 44
anastomosis 1(0) 0 (0) 1(1)
Ileo-colonic and small intestine anastomosis
Colo-colonic and 2 X small intestine
anastomosis
Surgical approach, n (%) 181 (65) 145 (79) 36 (38) <0.001
Open 98 (35) 38 (21) 60 (63)
Laparoscopic
Need of intraoperative blood transfusion, n 9(3) 8(4) 1(1) 0.170
(%)
Operative time (min), median (IQR) 153 (60) 153 (56) 154 (64) 0.955

“Matched parameter
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Table 3 Outcome parameters

All patients  Interrupted Continuous P
(n=279) suture (n=183) suture (2 =96)
Primary outcome
Anastomotic leakage, n (%) 14 (5) 11 (6) 3(3) 0.393
Anastomotic leakage according to 13 (6) 11 (8) 2 (6) 0.745
surgical approach, n (%) 1(D) 0(0) 1(2) 1.000
Open (n=181)
Laparoscopic (n =98)
Secondary outcomes
Morbidity, n (%) 97 (35) 72 (39) 25 (26) 0.034
Clavien-Dindo, n (%) 18 (7) 12 (7) 6 (6) 0.294
I 43 (15) 33 (18) 10 (10)
I 15 (5) 11 (6) 44
IIIa 12 (4) 10 (6) 2(2)
IIIb 9(3) 6(3) 3(3)
v
Wound infection, n (%) 25(9) 19 (10) 6 (6) 0.280
Re-surgery, n (%) 16 (6) 14 (8) 212 0.062
Reasons for re-surgery, n (%) 13 (81) 11 (79) 2 (100) 1.000
Anastomotic leakage 2 (13) 2 (14) 0(0)
Small bowel perforation 1(6) 1(7) 0(0)
Hematoma of the abdominal wall
Mortality, n (%) 0(0) 0(0) 0(0) -
Postoperative length of hospital stay 7 (4) 8(5) 703) <0.001
(days), median (IQR)
Re-admission within 90 days, n (%) 24 (9) 19 (10) 5(5) 0.180

not differ between the groups (p=0.294). Wound infection
rate as well as the rate of re-surgery did not differ between
the two groups (p =0.280, respectively, p =0.062) (Table 3).
In multivariate analysis, the suture technique could not
be confirmed as independent risk factor for morbidity (OR
1.44 (95% CI=0.74-2.81, p=0.288). Independent risk fac-
tors for morbidity were a lower preoperative hemoglobin
(OR 0.85 (95% CI=0.73-0.99), p=0.036) and a longer
operative time (OR 1.01 (95% CI=1.00-1.01), p=0.003). A
higher number of previous surgeries could be identified as an
independent risk factors for wound infection (OR 1.36 (95%
CI=1.07-1.73), p=0.013). There were two independent risk
factors for the need for re-surgery: an ASA score of III/IV (OR
4.34 (95% CI=1.15-16.46), p=0.031) and a longer operative
time (OR 1.01 (95% CI=1.00-1.02), p=0.020) (Table 4).

Discussion

The surgical technique represents a decisive component for
safe performance of intestinal anastomosis. Well-known sur-
gical principles to prevent anastomotic leakage are gentle
tissue handling, good hemostasis, adequate blood perfusion,
asepsis, and a tension-free anastomosis. However, the evi-
dence regarding interrupted versus continuous suture tech-
nique for intestinal anastomosis is insufficient.

The present study revealed no difference regarding the
anastomotic leakage rate when comparing the interrupted
and the continuous suture technique in the high-risk popula-
tion of patients with Crohn’s disease. This result is in line
with one of two existing previous studies with the same
study endpoint. This study of Deen and Smart from 1995
was able to demonstrate an insufficiency rate of 3.8% and
3.7% for the interrupted and continuous suture technique,
respectively, but in a clearly limited sample size of 57
patients [17]. In contrast, a more recent analysis of Eickhoff
et al. from 2018 included 347 patients and could reveal a
significant influence of the suture technique on anastomotic
leakage showing a fivefold increased risk for anastomotic
leakage using the interrupted suture technique (IST: 16% vs.
CST: 2.5%, p=0,001) [10]. However, one possible expla-
nation for these ambiguous results might be the quite high
anastomotic leakage rate of 16%, clustered especially in the
group of interrupted suture technique, which the authors of
the study have already mentioned as non-ideal anastomosis
outcome.

In our cohort, the overall anastomotic leakage rate was
5% and is therefore in the range of those reported in the
literature in which leakage rates vary between 1 and 10%
for patients with different indications for surgery [6-8, 10,
11, 20-25]. Regarding patients with Crohn’s disease, an
analysis of 463 patients with ileocolonic anastomosis using
continuous suture technique by Volk et al. showed a leakage
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rate of 4.3% in this subgroup [8]. Repeated intestinal resec-
tion in patients with Crohn’s disease was associated with an
increased rate of anastomotic leakage [24].

In our hospital, experiences with both techniques origi-
nate from different surgical schools. This fact could be a
possible explanation for our result and may underline the
importance of surgical school in intestinal anastomosis.
Again, this suggests that surgeons should choose the tech-
nique with which they are used to and are more comfortable.

The only identified independent risk factor for anasto-
motic leakage in our cohort was the ASA score. This is in
line with previous reports [6, 11, 20]. Moreover, in literature
there are several other identified risk factors such as urgent
operation setting, a body mass index > 25 kg/m?, diabetes
mellitus, a hypotensive circulation upon admission, preop-
erative leukocytosis, intraoperative septic conditions, dif-
ficulties encountered during anastomosis, colocolic anasto-
mosis, higher intraoperative blood loss, and postoperative
blood transfusion [7, 8, 22, 23]. Some of these risk factors
could not be confirmed, and some were not investigated in
our study.

Secondary endpoint analysis showed that the suture tech-
nique has no relevant influence on morbidity, on wound
infection rate as well as re-surgery rate in multivariate
analysis. The significant association of morbidity with the
suture technique in univariate analysis may be explained by
the significant more often use of laparoscopic approach in
continuous suture technique, which is known to be associ-
ated with less morbidity. The lack of impact of the suturing
technique on the occurrence of wound infections was also
demonstrated in the already mentioned study by Eickhoff
et al. [10].

In our study, independent risk factors for morbidity were
lower preoperative hemoglobin and longer operative time;
for wound infection, a higher number of previous surger-
ies; and for re-surgery, an ASA score of III/IV and a longer
operative time. All these are already reported risk factors in
literature [8].

Our study is the first analysis using a propensity score
matched cohort, which might be a relevant strength for
homogenization of patient cohorts. Moreover, we selected
the high risk population of patients with Crohn’s disease,
which again leads to a homogenization of the patient popu-
lation and gives our results additional relevance due to the
increased insufficiency rates in this patient population. How-
ever, the present study has several limitations. First, the ret-
rospective design of our study may have incurred some bias.
Second, the patient cohort is heterogeneous regarding the
surgical approach. Subsequently, the differences in univari-
ate analysis for morbidity may be affected by the extended
trauma in open surgery. However, the surgical approach
was included to the multivariate analysis, so that a potential
influence of this factor was taken into account.

@ Springer

Conclusion

Our results show that in experienced hands, both the inter-
rupted and the continuous suture technique can be performed
with equal safety. Randomized controlled trials are needed
to confirm these findings.
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