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Abstract

Purpose To investigate the factors predictive of anastomotic leakage in patients undergoing elective right-sided colectomy.
Methods The subjects of this retrospective study were 247 patients who underwent elective right hemicolectomy or ileocecal
resection with ileocolic anastomosis between April 2012 and March 2019, at our institution.

Results Anastomotic leakage occurred in 9 of the 247 patients (3.6%) and was diagnosed on median postoperative day
(POD) 7 (range POD 3-12). There were no significant differences in the background factors or preoperative laboratory
data between the patients with anastomotic leakage (anastomotic leakage group) and those without anastomotic leakage
(no anastomotic leakage group). Open surgery was significantly more common than laparoscopic surgery (P =0.027), and
end-to-side anastomosis was less common (P =0.025) in the anastomotic leakage group. The C-reactive protein (CRP) level
in the anastomotic leakage group was higher than that in the no anastomotic leakage group on PODs 3 (P <0.001) and 5
(P<0.001). ROC curve analysis revealed that anastomotic leakage was significantly more frequent in patients with a serum
CRP level > 11.8 mg/dL [area under the curve (AUC) 0.83].

Conclusion A serum CRP level >11.8 mg/dL on POD 3 was predictive of anastomotic leakage being detected on median
POD 7.
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Introduction factors for anastomotic leakage after right-sided colectomy

include age, male sex, body mass index (BMI), diabetes,

Anastomotic leakage is associated with mortality, short- and
long-term morbidity, a potentially increased risk of recur-
rence, and poor prognosis [1, 2]. The anastomotic leakage
rate after right-sided colectomy is reported to range from
1.7 to 12% [3-13].

There is limited information on the predictors of anasto-
motic leakage after ileocolic anastomosis. Several factors,
including the host genetic profile, gut microbiome, inflam-
mation, and other immune responses, have been reported to
influence the occurrence of anastomotic leakage [1]. Risk
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weight loss > 10%, American Society of Anesthesiologists
Physical Status (ASA-PS), chronic obstructive pulmonary
disease (COPD), smoking, arterial hypertension, ascites,
peripheral vein disease, low protein or albumin (Alb) level,
low sodium level, high CRP level, emergency surgery, long
operation time, perioperative transfusion, stapled anasto-
mosis, and delayed bowel motility [4, 7-12]. The ability to
predict the risks of anastomotic leakage, preoperatively or
immediately after surgery, would benefit patients scheduled
to undergo elective right-sided colectomy.

The aim of this retrospective study was to investigate the
pre-, intra-, and post-operative predictive factors for anas-
tomotic leakage in patients undergoing elective right-sided
colectomy.
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Patients and methods
Patients

This retrospective single-center study was approved by
our organization’s institutional review board, with written
informed consent waived (approval number: 866). A total of
247 patients who underwent elective right hemicolectomy
or ileocecal resection with ileocolic anastomosis between
April 2012 and March 2019 at our institution were enrolled.

Ileocolic anastomoses were constructed in a hand-
sewn, stapled functional end-to-end, or stapled end-to-
side manner [14], and all procedures were extracorporeal.
The method of anastomosis was decided by the surgeon.
As perioperative prophylactic intravenous antibiotics,
cefmetazole was administered on the day of the operation
and then on a postoperative day (POD) 1. Perioperative
peroral antibiotics were not given.

Diagnosis of anastomotic leakage

Anastomotic leakage was diagnosed based on the symptoms
of fever, abscess, or septicemia associated with the escape of
luminal contents from the site of anastomosis into a drain or
an adjacent local area, detected on imaging [15].

Study design and outcome

We compared the background status, preoperative labora-
tory data, surgical procedure, and postoperative data in the
patients with anastomotic leakage (anastomotic leakage
group) and those without anastomotic leakage (no anas-
tomotic leakage group). The controlling nutritional status
(CONUT) score was calculated using the serum Alb level,
total cholesterol level, and total lymphocyte count data [16].

Statistical analysis

Continuous values are expressed as means =+ standard
deviation and were compared using Student’s ¢ test. Preop-
erative CA19-9 levels are expressed as medians and were
compared using the Mann—Whitney U test. Categorical
values were compared using the chi-squared test or Fish-
er’s exact probability test. A receiver operating charac-
teristic (ROC) curve analysis was done to investigate the
factors predictive of anastomotic leakage. Differences with
a P value < 0.05 were considered significant. All statistical
analyses were performed using JMP software version 10
(SAS Institute, Cary, NC, USA).
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Results

The perioperative mortality rate was 0.4% (1/247). The
median postoperative hospital stay was 8 days (range
5-95 days). Postoperative complications of Clavien-Dindo
grade III or higher developed in 14 of the 247 patients
(5.7%). Anastomotic leakage was detected in 9 patients
(3.6%) and diagnosed on median POD 7 (range PODs
3-12). Treatments for anastomotic leakage included fasting
and antibiotics (n=3), percutaneous drainage (n=1), and
ileostomy (n=35). Ischemic change was considered one of
the causes of leakage in two of the five patients surgically
treated for anastomotic leakage and an obvious leakage point
was not found in three patients. All nine patients with anas-
tomotic leakage recovered uneventfully and were discharged
(Table 1).

Background factors

There were no significant differences between the anasto-
motic leakage and no aanastomotic leakage groups in age
(P=0.26), sex (P=0.63), BMI (P =0.33), smoking history
(P=0.20), COPD (P =0.22), diabetes mellitus (P =0.39),
hypertension (P=0.27), CONUT score (P=0.58), or ASA-
PS (P=0.45). The reasons for elective right-sided colectomy
included benign disease (n=1), cancer (n=8), and lym-
phoma (n=0) in the anastomotic leakage group, and benign
disease (n=25), cancer (n=207), and lymphoma (n=06) in
the no anastomotic leakage group (P =0.89) (Table 2).

Preoperative laboratory data

Preoperative laboratory data revealed no significant differ-
ences between the groups in white blood cell (WBC) count
(P=0.45), hemoglobin concentration (P =0.56), serum
Alb level (P=0.75), serum creatinine level (P =0.42),
serum sodium level (P=0.09), C-reactive protein (CRP)
level (P =0.39), carcinoembryonic antigen (CEA) level
(P=0.64), or carbohydrate antigen 19-9 (CA19-9) level
(P=0.69) (Table 3).

Surgical factors

Right hemicolectomy was performed more frequently than
ileocecal resection in the anastomotic leakage group than in
the no anastomotic leakage group (P = 0.051). Surgery was
performed via an open approach significantly more often
than via a laparoscopic approach in the anastomotic leakage
group than in the no anastomotic leakage group (P = 0.027).
The cancer stage and CONUT score were both significantly
higher (P < 0.001) in the patients who underwent open sur-
gery than in those who underwent laparoscopic surgery.



339

Surgery Today (2022) 52:337-343

G Awo)soar] ¢ uon
193e  (skep z1—¢) -03S31 [89009[]
-UTRIP SNOQUBINOIOJ skep /, y :ordoosorede| 9 :AWO}  § 9[eW]
¢ sonoqnuy URIPOIN 8'CIF+6'CT UBSN 801 F'LT U 0+ ¢ 'LE UBSIN 8'0F¢'LE UBSIN ¢ :wado -00[00TWAY JYSTY O[89 UBIPIN

sonolqnuy € 691 8¢l 8'LE €8¢ ordoosorede]  wonoosar 232009 S[BIN s 6
Awosoary cl 'L L'L eLE I'Le uadp  wOMOAsar [£93009]] SlBIN 8L 8
sonolqnuy L $9 8¢l L'9¢ ¥'9¢ uadp  wONOAsar [292009]] SlBIN 65 L

Awoy
Awoysoary 8 601 Tre 0°LE ¢'Lg  oidoosorede  -o0[0oTWOY SR  O[EUIA] 89 9

Awoy
Awo1s09] ¢ AwolsoQql 1))y e AWOIS09[T 191}y €8¢ srdoosorede -09[091WAY JYSTY RN 69 ¢

Awoy
Awosoary 8 T 9'81 9'LE 9'9¢ uadp  -oo[0oTwOy WS  o[ewe 9 ¢

Awoy
Awo1s09] ¢ Awo)so9ql 1))y L'8¢ KwoS09[1 J9YFY $'8¢ uado -00[091WAY WS eI €9 ¢

Awoy
sonolqnuy 9 e 0c TLE L'9¢ ordoosorede| -O9[0dMWAY JYSTY  d[ewW] 9 T

Awoy
oSeureIp snoauenoIog L 011 811 S'LE L'9¢ uadQ -oo[0o1woY WS orewe] yL I

(Kep oAmyeId G Aep ¢ Aep G Aep ¢ Kep
-dojsod) o3e aaneradojsod aaneradolsod aaneradojsod uo aanerxdojsod uo

juownyeon 9feyed]  eo[jo Ae@ U0 J¥YD WINIAS uo QYD wniog amjerodw) Apog armerodwd) Apog yoeorddy poyjeur [eo13Ing XS (s1eak) o8y "ON

Aw0399100 PIPIS-1YSLI AT SUIMO[[O] 23y ed] ONOWOISLUR )IM sjudned | 3d|qel

pringer

a's



340

Surgery Today (2022) 52:337-343

Table 2 Background factors and anastomotic leakage

Anastomotic Anastomotic P value
leakage (+) leakage (—)
(n=9) (n=238)
Age 69.2+7.5 71.0+12.3 0.26
Sex, M/F 5/4 113/125 0.63
BMI 21.5+3.8 22.7+3.5 0.33
Smoking history, Y/N 5/4 81/157 0.20
COPD, Y/N 1/8 9/238 0.22
Diabetes mellitus, 1/8 56/182 0.39
Y/N
Hypertension, Y/N 6/3 114/124 0.27
CONUT score (range) 2 (0-8) 1(0-10) 0.58
ASA-PS, 1/2/3/4 0/7/2/0 30/145/63/0 0.45
Diagnosis, benign 1/8/0 25/207/6 0.89
tumor/cancer/lym-
phoma

BMI body mass index, COPD chronic obstructive pulmonary disease,
CONUT the controlling nutritional status, ASA-PS American Society
of Anesthesiologists Physical Status

End-to-side anastomosis was significantly less common in
the anastomotic leakage group than in the no anastomotic
leakage group (P = 0.025). There were no significant differ-
ences between the groups in epidural anesthesia (P = 0.39),
lymph node dissection (P = 0.65), operation time (P = 0.88),
or estimated blood loss (P = 0.98) (Table 4).

Postoperative laboratory data

The CRP level was higher in the anastomotic leakage group
than in the no anastomotic leakage group on PODs 3 (P
< 0.001) and 5 (P < 0.001) (Fig. 1). ROC curve analysis
revealed that anastomotic leakage was significantly more
common in patients with a serum CRP > 11.8 mg/dL, with
an area under the curve (AUC) value of 0.83 (Fig. 2). There
were no significant differences in the WBC counts on PODs
1 and 3 between the groups (P = 0.76 and P = 0.35, respec-
tively). However, the WBC count on POD 5 was higher in
the anastomotic leakage group than in the no anastomotic
leakage group (P = 0.002) (Fig. 3). Likewise, there were
no significant differences in the Alb level on PODs 1 and 3
between the groups (P = 0.47 and P = 0.22, respectively),
but the Alb level on POD 5 was lower in the anastomotic

Table 3 Preoperative laboratory

: Anastomotic leakage (+) Anastomotic leakage (—) P value
data and anastomotic leakage (n=9) (n=238)
White blood cells, /uL. 5677+1354 62712362 0.45
Hemoglobin, g/dL 12.5+1.7 12.0+2.3 0.56
Platelet count, x 10%/pL 20.7+6.0 24.0+79 0.23
Serum albumin, g/dL 4.0+0.7 3.9+0.6 0.75
Serum creatinine, mg/dL 1.30+1.50 0.87+0.65 0.42
Serum sodium, mmol/L 141.8+3.1 1399+2.8 0.09
Serum cholinesterase, U/L 244.1+53.8 274.6+83.9 0.28
Total cholesterol, mg/dL 175.7+42.3 188.0+41.9 0.39
CRP, mg/dL 0.26+0.28 0.89+1.63 0.39
CEA, ng/mL 75+12.4 24.6+109.1 0.64
Median CA19-9, U/mL (range) 9 (5-27) 8 (2-202,600) 0.69
Table 4 Surgical factors and anastomotic leakage
Anastomotic leakage (+) Anastomotic leakage (—) P value
n=9) (n=238)
Surgical method, right hemicolectomy/ileocecal resection 6/3 83/155 0.051
Approach, open/laparoscopic 6/3 75/163 (conversion 5) 0.027
Anastomosis, handsewn/side-to-side/end-to-side 2/6/1 11/127/100 0.025
Lymph node dissection, D0/1/2/3 0/0/277 3/13/83/136 0.65
Epidural anesthesia, Y/N 8/1 182/56 0.39
Operation time, min 214.1+43.9 211.0+59.9 0.88
Estimated blood loss, mL 87.2+142.0 89.3+200.1 0.98
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Fig.1 C-reactive protein (CRP) levels were higher in the patients
with anastomotic leakage than in those without anastomotic leakage
on postoperative days 3 (P <0.001) and 5 (P <0.001)
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Fig.2 ROC curve analysis revealed that anastomotic leakage
was significantly more common in patients with a serum CRP
level >11.8 mg/dL. The area under the curve was 0.83

leakage group than in the no anastomotic leakage group (P
= 0.01) (Fig. 4).

Discussion

We conducted this study to investigate the pre-, intra-, and
post-operative predictors of anastomotic leakage following
elective right-sided colectomy to enable the selection of
optimal treatment strategies for patients with leakage risk
factors.

Rausa et al. conducted a meta-analysis of right hemi-
colectomy comparing open, laparoscopic-assisted, total
laparoscopic, and robotic approaches [17]. They found that
the anastomotic leakage rate was higher among patients who
underwent laparoscopic-assisted and open approaches than
among those who underwent total laparoscopic or robotic
approaches [17]. Similarly, in the current study, the rate of
anastomotic leakage was significantly higher after open sur-
gery than after laparoscopic surgery. As this was a retrospec-
tive study, an open approach had been selected for advanced
cancer patients with poor nutrition, which might also have
affected the leakage rate.

In the current study, the frequency of anastomotic leakage
was higher in patients who underwent stapled end-to-end
anastomosis than in those with handsewn or stapled side-
to-end anastomosis. One previous report found that stapled
anastomosis was associated with a significantly lower fre-
quency of anastomotic leakage than handsewn anastomoses
[18]; however, several recent reports on ileocolic anasto-
mosis have identified a higher anastomotic leakage rate for
stapled vs handsewn anastomoses [5, 6, 10, 11, 13]. Lee
et al. compared side-to-side and end-to-side anastomo-
sis approaches in laparoscopic right hemicolectomy [14].
Although anastomotic leakage was not observed in either
group, the overall complication rate was lower in the end-
to-side group [14].

Fig. 3 No significant differ- WBC on POD 1 WBC on POD 3 WBC on POD 5
ences were observed in the P=0.76 P=0.35 P=0.002
WBC count on postoperative
days 1 (P=0.76) or 3 (P=0.35) 13000 13000 1 12000
between the patients with and
those withouIt) anastomotic 12000 12000 11000
leakage. The WBC count of 11000 11000 ] 10000
the patients with anastomotic 10000 10000 9000
leakage was only significantly 9000 1
higher than that in those without 9000 $000 | 8000
anastomotic leakage on postop- 8000 ] 7000
erative day 5 (P=0.002) 7000 7000 00
6000 1
6000 5000 T 5000
5000 4000 4000
Leakage (-) Leakage (+) Leakage (-) Leakage (+) Leakage (-) Leakage (+)
(n=238) (n=9) (n=238) (n=9) (n=238) (n=9)

@ Springer



Surgery Today (2022) 52:337-343

342
Fig.4 No significant differ- Alb on POD 1
ences were observed in the P=0.47

albumin level on postoperative

days 1 (P=0.47)or 3 (P=0.22) 34
between the patients with and
those without anastomotic 327

leakage. The albumin level in
the patients with anastomotic
leakage was only significantly

lower than that in those without 28

anastomotic leakage on postop- 26 1

erative day 5 (P=0.01) '
24 1
22

Alb on POD 3
P=0.22

Alb on POD 5
P=0.01

Leakage (-) Leakage (+)

(n=238) (n=9)

Previous studies have found that an elevated CRP level
after colorectal surgery can be a predictor for anastomotic
leakage [19-21]. The WBC count peaks 24—48 h after elec-
tive surgery, but the CRP level peaks later, at 24-72 h [22].
Watt et al. reported that WBC count was not associated with
the magnitude of operative category or invasiveness of the
procedure, whereas the CRP level was associated with the
magnitude of inflammation, including that caused by anas-
tomotic leakage [22]. Thus, postoperative CRP elevation,
but not WBC count elevation, is a predictor of anastomotic
leakage following elective right-sided colectomy. A high
serum CRP level on POD 3 could be related to an inadequate
anastomosis at the time of the operation; however, diagnosis
on the day of leakage is too late [23] if all anastomotic leak-
ages are related to the surgical procedure and a weakness has
been present since the time of surgery. In the current study,
even the obvious leakage point was not recognized in three
of five surgically treated patients with anastomotic leakage.
It is difficult to establish all the causes of anastomotic leak-
age after colorectal surgery.

The present study has several limitations. First, it was
a retrospective study with a small number of patients at a
single institution. The number of patients with anastomotic
leakage was also too small to verify the risk factors for leak-
age. Second, several different surgeons performed the sur-
gical procedures and selected the method of anastomosis
according to their preference.

In conclusion, anastomotic leakage occurred in 3.6% of
the patients who underwent elective right hemicolectomy
or ileocecal resection and was diagnosed on median POD
7. The incidence of anastomotic leakage was significantly
higher among patients who underwent open surgery and a
stapled side-to-side anastomosis than in those who under-
went laparoscopic surgery and a stapled end-to-side anas-
tomosis. Anastomotic leakage also tended to occur more
frequently after right hemicolectomy than after ileocecal
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resection. No predictors of anastomotic leakage were iden-
tified among the background factors or preoperative labora-
tory data we analyzed. A serum CRP level >11.8 mg/dL, but
not an elevated WBC count or serum Alb level, on POD 3
was associated with anastomotic leakage, which assists only
with the postoperative prediction of anastomotic leakage.
However, anastomotic leakages are frequently diagnosed late
and often after hospital discharge [23]. If anastomotic leak-
age could be predicted on POD 3 and diagnosed on median
POD 7, this would help us prepare for the imminent change
in the patient’s status.
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