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ABSTRACT

Background: anastomotic leakage stays one adverse post-operative complication for
gastrointestinal surgeons either regarding its prevention or its early diagnosis. Anastomotic
leakage may lead to prolonged hospital stay, increased morbidity and mortality from
ensuing sepsis. Purpose: to evaluate the value of using bilirubin concentration in serum and
the peritoneal drain fluid as predictive biomarkers for anastomotic leakage.

Material and Methods: this prospective cohort study was conducted at the department of
Surgery, Kasralainy School of Medicine, Cairo University on 200 patients with colorectal, ileo-
colic, intestinal and gastrointestinal anastomoses in the peroid from July 2021 to June 2022.
Results: the overall incidence of anastomotic leakage was 9.5% (19/200). In patients with
leakage, a significant rise in serum bilirubin, drain fluid bilirubin level, and drain to serum ratio
were observed. Receiver operating characteristic analysis of serum bilirubin showed
sensitivity for anastomotic leakage ranging from 10.5% to 57.9%, and specificity ranging
from 90.1% to 100%. Receiver operating characteristic analysis of drain fluid bilirubin
level showed a sensitivity for anastomotic leakage ranging from 80%t0100%, and
specificity ranging from 97.6% to 100%. Higher risk of leakage was associated with co-
existing morbidities, emergent procedures, and hand sewing with p-value 0.045, 0.003 and
0.012 respectively.

Conclusion: serum bilirubin at the first 5 postoperative days can be used as a good positive
test to diagnose anastomotic leakage in patients with non-specific postoperative clinical
symptoms. The drain fluid-to-serum bilirubin ratio and drain fluid bilirubin level are predictive
biomarkers of anastomotic leakage.
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INTRODUCTION

Anastomotic Leakage (AL) has been a longstanding post-operative
complication in gastrointestinal intestinal surgery for decades (1,2).

Early diagnosis of anastomotic leakage is universally needed as the first
step towards early management aiming to prevent adverse complications up to
mortality from sepsis (3). Noting that each hour of delay in administration of
antibiotics from the onset of septic shock is associated with 7.5% decrease in
survival (4). Predictive biomarkers to detect AL are subject of research and due
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to the ensuing morbidity and the high rate of mortality,
these biomarkers are urgently required (3). The
nonspecific postoperative clinical signs and inflamma-
tory markers may lead to unneeded interventions
misleading the clinician from the problem itself (post-
operative pulmonary complications, urinary tract
infections or venous thrombo-embolism) or the
reverse referring the elevated markers for the above-
mentioned causes delaying the diagnosis of AL (3,5,6).

Many studies and reviews have studied many
markers for early identification of anastomotic leakage.
However, few were prospective with sufficient sample
size (1,2,7-9). In addition, the majority of these studies
focuses only on colorectal anastomoses (1,2,7,10,11)
making use of its conclusions on other anastomoses
like gastrojejunostomies, jejunojejunostomies or ileo-
colic anastomoses not applicable. Also, many studies
lack standardized AL definition and grading (12).

Our study estimates bilirubin level in serum and the
drain fluid (DF) are biomarkers for early diagnosis of
bowel leakage.

MATERIALS AND METHODS
Study Design

This cohort prospective study was conducted on
200 patients with colorectal and intestinal anasto-
moses in the general surgery, colorectal and
emergency departments at the Department of Surgery,
at Kasralainy School of Medicine, Cairo University, a
tertiary health care hospital, in the period from July
2021 to June 2022 as illustrated in tables 1 and 2.

Inclusion Criteria

Resection and anastomosis (emergency & elective)
for any part of the gastrointestinal tract (stomach,
small and large bowel).

Exclusion Criteria

The following cases were excluded (patients
receiving neoadjuvent chemotherapy, those having a
protective proximal stoma, those with preoperative
jaundice, subclinical hyperbilirubinemia or liver failure,
those having bogota bag bridging an open-abdomen
wound, those receiving or planned to receive
immediate postoperative total parental nutrition,
patients with lesions requiring concomitant liver resec-
tion, and traumatic cases requiring bowel resection).

All patients received an intra-abdominal tube
drain which was placed near, but not touching, the
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Table 1 - Baseline demographic data (n = 200)

Variable Frequency Percentage
Age (years) Mean 48.3 + 14.5
(Range, 14 - 75)
Less than 40 55 27.5
40-50 48 24
51-60 52 26
More than 60 45 22.5
BMI (kg/m?) Mean 31.5+ 4.6
(Range, 18 —38)
Normal 85 425
Overweight 55 275
Obesity | 30 15
Obesity Il 20 10
Obesity 11 10 5
Gender
Female 83 415
Male 117 58.5
Medical Comorbidities 47 235
Hypertension 20 10
Diabetes Miletus 17 8.5
Rheumatoid Arthritis 5 25
Cardiac Disease 2 1
Renal Disease 2 1
Bronchial Asthma 2 1
Gouty Arthritis 2 1

anastomosis. And the drain was left for al least 5 days.

Type of the drain: Nelaton drain (EUCEREP, Roald
Dahllaan 33, 5629MC-Eindhoven, The Netherlands).

Demographic data, postoperative vital signs
(temperature, pulse rate, blood pressure and respiratory
rate) were recorded (tables 1 and 3).

Daily general and local examination was performed,
suspected cases of leakage underwent post-contrast
abdomino-pelvic computed tomography scan.

Leakage was defined a connection between intra-
luminal and extraluminal spaces through a defect in a

Table 2 - Surgical data
(indication, Type of procedure, mode of anastomosis)(n = 200)

Variable Frequency Percentage
Indication
Elective 68 34
Emergent 132 66
Procedure
Small Bowel Resection and Anastomosis 58 29
Rt Hemicolectomy 50 25
Lt Hemicolectomy 32 16
lleostomy Closure 25 12.5
Colostomy Closure 10 5
Distal Gastrectomy and Gastrojejunostomy 5 2.5
Sigmoidectomy 4 2
Total Colectomy 4 2
Low Anterior Resection 4 2
Rt Extended Hemicolectomy 3 15
Hartmann’s Closure 3 15
Whipple Procedure 2 1
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site of anastomosis and was classi-

Table 3 - Comparing vital measurements in leakage and no leakage patients

fied into three grades according to

Leakage (n=19) No Leakage (n =181) P value*
the management plan needed,
.. . . Mean SD Mean SD

grade A requiring no interventions, Hoart Rt
grade B requmng interventions but POD 1 976 26.8 921 16 089*
not re-explorations, and grade C POD 3 1084 171 914 108 000"
requiring re-explorations (13). POD 5 108.4 17 913 106 000

The drain fluid was sampled P valuet .000 .081
once a day with intervals of 24 SBP
hours until the 5th postoperative POD 1 123.6 11.6 1239 13.1 925*
day at least, under complete aseptic POD3 1194 9.1 1232 mn2 1987
conditions and the collecting bag is PODS 1211 871 1233 14 A0

. T
then exchanged with a new one. ~ ©Yale 044 0
Serum total bilirubin was meas- pap
ured at the same time POD 1 731 74 743 10.1 627
. . ' POD 3 721 53 745 71 154

Total bilirubin was measured by POD 5 712 5.1 75.9 75 891
using the third generation Bilirubin P valug' 004 o
Total assay. ) ) Temperature

Post-operative basic labs (CBC, POD 1 375 04 373 03 014~
CRP, albumin, AST, ALT) were POD 3 37.8 0.6 374 0.4 .001*
recorded on POD 1,3,5. POD 5 38.1 04 373 04 .OOOjk _____

The Primary outcomes are to P value’ 000 088
measure sensitivity and specificity Respiratory Rate
of bilirubin level in serum and in igg; ;?2 g-; ;gg 2-2 -833*
dralrlc fluid .folr dketect|on of bowel POD 5 28.7 51 235 45 000
anastomosis leakage. A P P

*: Independent sample t test; ': Repeated-measure ANOVA.

Statistical Analysis

The collected data was revised, coded, tabulated
and introduced to a PC using Statistical package for
Social Science (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp). Data was presented and suitable analysis was
done according to the type of data obtained for each
parameter.

Kolmogorov—Smirnov test was used to evaluate
normal distribution of continuous data. Mean,
Standard deviation (+ SD), and range was used for
numerical data, while frequency and percentage were
used for non-numerical data.

Independent sample t test was used to assess the
statistical significance of the difference between two
study group means. Mann Whitney Test (U test) was
used to assess the statistical significance of the
difference of a non-parametric variable between two
study groups. Correlation analysis (using Spearman/
Pearson's method): to assess the strength of associa-
tion between two quantitative variables. The correla-
tion coefficient denoted symbolically "r" defines the
strength and direction of the linear relationship
between two variables. Chi-Square test was used to
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examine the relationship between two qualitative
variables. The ROC Curve (receiver operating
characteristic) provides a useful way to evaluate the
Sensitivity and specificity for quantitative Diagnostic
measures that categorize cases into one of two groups.
ANOVA with repeated measures was used for normally
distributed quantitative variables, to compare between
more than two periods.

For all above mentioned statistical tests done, the
threshold of significance is fixed at 5% level (P-value):
P value of > 0.05 indicates non-significant results,
P value of < 0.05 indicates significant results and P value
of < 0.01 indicates highly significant results

RESULTS

Patients complicated with anastomotic leakage had
significantly higher leucocytic count, CRP levels, and
lower albumin levels (Independent sample t test,
P <.05) as illustrated in table 4.

Table 6 compares bilirubin measurements between
patients presented with leakage and patients who did
not. A statistically significant difference was found
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Table 4 - Comparing laboratory measurements in leakage and no leakage patients

drain fluid bilirubin (POD 1-5),

o . Leakage (n = 19) No Leakage (n = 181) P value*
serum bilirubin (POD 4-5), and
. . [ . Mean SD Mean SD
drain fluid-to-serum bilirubin ratio —
(POD 1-5). Patients complicated POD 1 149 53 121 51 003+
with anastomotic leakage had POD 3 17.7 58 11.7 3.9 .000*
significantly higher drain fluid POD 5 202 6.9 106 42 000"
bilirubin and drain to serum P value' 001 000
bilirubin  ratio  (Independent AST
. POD 1 36.1 12 37.8 135 .580*
<
sample t test, P <.05). In patients POD 3 436 143 3.2 12.9 020"
with leakage, a significant rise in POD 5 40.2 13 379 13 350+
serum bilirubin (POD 4-5), drain P value' 270 55
fluid bilirubin, and drain-to-serum cRP T
ratio were observed from POD 1 to POD 1 937 36 80.4 39.1 158"
POD 5 (Repeated measure ANOVA, POD 3 181.1 60.9 1106 524 000"
POD 5 272.9 52.8 104.3 421 .000*
p<.o05. o LIEER A et e T
. T
Table 7 showed that a receiver "4 000 S
: e Albumin
operat.lng characte.rlstlc (ROC) POD 1 29 02 a1 02 041+
analysis was carried out to POD 3 97 0.2 29 02 001%*
demonstrate the leakage predic- POD 5 25 03 29 03 016**
tive value of serum bilirubin. P value' .000 .000

Serum bilirubin was found to be a
good predictive test on POD 1 to
5, with a sensitivity ranging from
10.5% to 57.9%, and specificity
ranging from 90.1% to 100%.

Table 8 and fig. 1 showed that a correlation
analysis between anastomotic leakage and different
risk factors identified in our cohort. A statistically
significant correlation was found between leakage as a
dependent variable and morbidity, indication, and
method of anastomosis (figs. 2 and 3) as independent
variables. Therefore, higher risk of anastomotic leakage
was associated with medical comorbidities, emergent
procedures, and hand sewing.

DISCUSSION

In the present study we found

*: Independent sample t test; **: Mann-Whitney U test; ': Repeated-measure ANOVA.

diagnosis (by CT scan and/or re-exploration) was 6.1 +
1.6 days. In emergent procedures, the mean leakage
time was 5.9 + 1.5 days. No statistically significant
difference was found between emergent and elective
procedures regarding time of leakage (Independent
sample t test, P = .067).

Also, our results were in line with Parthasarathy et
al. who reported that the incidence of anastomotic
leakage was 3.9% (687/17 518). Although the overall
incidence of leakage is lower than our study, when

Table 5 - Serum and drain fluid bilirubin (n = 200)

that the overall incidence of Minimum Maximum Mean SD
anastomotic leakage was 9.5% (19 Dr?ggglgid Bilirubin » 1 003 0
cases) as illustrated in tabl(? 2 POD 2 031 64 099 195
In emergent procedures, the inci- POD 3 0.31 10.1 115 179
dence of leakage was 12.9%, POD 4 038 12.0 1.53 2.54
. POD 5 0.39 19.5 1.80 3.56
whereas the incidence of leakage — oo
. . P value* .000
in elective procedure was 2.9%. A . ool
.. . g . Drain/Serum Ratio
statistically significant difference POD 1 05 77.00 151 5.49
was found between emergent and POD 2 05 9.70 1.25 1.63
elective procedure regarding rate POD 3 04 13.30 144 2.28
P _ garding POD 4 04 91.30 248 9.31
of leakage (Chi-square test, P = POD 5 0 30.50 2.06 416
.000). P value* .002
The mean time of leakage *: Repeated measure ANOVA.
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Table 6 - Comparing serum and drain fluid Leakage (n =19) No Leakage (n =181) P value*
bilirubin in leakage and no leakage patients Mean SD Mean SD
Drain Fluid Bilirubin
POD 1 317 0.85 1.08 5.69 .000
POD 2 473 1.04 0.60 0.10 .000
POD 3 6.47 1.53 0.59 0.10 .000
POD 4 8.26 1.84 1.55 9.31 .002
POD 5 12.01 2.83 0.84 1.56 000
P value* .000 9
Serum Bilirubin
POD 1 0.79 0.16 0.82 0.15 412
POD 2 0.80 0.10 0.81 0.14 .889
POD 3 0.81 0.16 0.83 0.15 591
POD 4 0.90 0.15 0.81 0.13 010
POD 5 0.91 0.13 0.82 0.12 003
P value* .015 g
Drain/Serum Ratio
POD 1 4.06 1.04 1.25 5.70 .033
POD 2 5.99 1.74 0.75 0.10 .000
POD 3 8.18 2.16 0.73 0.12 .001
POD 4 9.27 2.03 1.76 9.49 .000
POD 5 11.76 5.34 1.04 2.31 000
P value* .001 076

*: Independent sample t test; **: Mann-Whitney U test; ': Repeated-measure ANOVA.

Table 7 - Receiver operating characteristic Cut-Off  Sensitivity ~ Specificity =~ AUC ~ Pvalue  95% Confidence Interval
(ROC) analysis of serum bilirubin values Lower Limit ~ Upper Limit
POD 1 10 105% 90.1%  0.621 02 0.524 0.865
POD 2 10 10.53% 965% 0324 325 0.265 0562
POD 3 1.0 31.6% 92.4% 0.665 .036 0.535 0831
POD 4 10 47.4% 994% 0739 016 0.635 0901
POD 5 1.0 57.9% 100% 0.758 .008 0.425 0.901

analyzing its results, we found that most of the cases
were elective cases. when looking for emergent cases,
we found that AL represented 9.5% (11/116), 7.9 %
(19/240), 8% (11/137) when the primary indication of
surgery was bleeding, malignant neoplasm and
perforation of intestine respectively (14).

Bakker et al. reported that incidence of anastomotic
leakage was 7.5% (1176/15667). The study also
revealed that a statistically significant difference was
found between emergent and elective procedure

Table 8 - Correlation analysis of leakage risk factors (n = 200)

Correlation coefficient P value
Age 0.106 135*
Gender 0.134 .058**
Morbidity 0.142 .045**
Indication 0.161 .023**
Mode of Anastomosis 0.178 012**

*: Pearson correlation; **: spearman correlation.
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regarding rate of leakage (Chi-square test, P < .001)

(15).
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Figure 1 - ROC analysis of serum bilirubin
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Figure 2 - Mode of Anastomosis

Comparison of bilirubin measu-rements between
patients presented with and without leakage showed
that there was a statistically significant difference
between the two groups regarding drain fluid
bilirubin (POD 1-5), serum bilirubin (POD 4-5), and
drain fluid to serum ratio (POD 1-5). Patients compli-
cated with anastomotic leakage had significantly
higher drain fluid bili-rubin and drain-to-serum
bilirubin ratio (Independent sample t test, P <.05). In
patients with leakage, a significant rise in serum
bilirubin (POD 4-5), drain fluid bilirubin, and drain to
serum ratio were observed from POD 1 to POD 5
(Repeated measure ANOVA, P < .05). On the other
hand, patients without leakage did not demonstrate
significant changes in serum bilirubin, drain fluid
bilirubin, and drain-to-serum ratio from POD 1 to POD
5 (Repeated measure ANOVA, P > .05).

Our results were supported by Aziz et al. This was
prospective controlled study of 10 AL patients vs 20
controls (no leak group) following laparoscopic total
colectomy with ileorectal anastomosis for familial
adenomatous polyposis who revealed that there was
a significant difference between the AL and no-AL
groups regarding serum bilirubin (p=0.008), heart
rate (p=0.001) and respiratory rate (p=0.017) (8).
Similar to our study, all patients with AL were
candidates for re-laparotomies (Grade 3 AL). In
contrast to our results and many other studies (2,3,5-
7,11,14) inflammatory markers (TLC, CRP, Albumin)
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M End-to-End
M End-to-Side
W Triple anastomosis

M Side-to-Side
B Gastrojejunostomy

Figure 3 - Type of Anastomosis

and temperature were not statistically different in
both groups (8).

Also, in agreement with our results Paasch et al. 100
patients, who underwent different types of colec-
tomies with colorectal or colocolic anastomoses were
included in prospective clinical trial. During the first four
postoperative days (POD) the concentration of bilirubin
in the DF was measured and revealed a significant
increase than those of the control group on the 1* POD
(p =0.031) and on the 3“ POD (p = 0.041)(2). Similar to
our study, all the six patients with AL were re-explored
(Grade 3 AL)(3).

Five hundreds and forty-six patients underwent
laparoscopic-assisted radical right hemicolectomy in
Peking Union Medical College Hospital from 2010 to
2016 and were analyzed in a retrospective clinical
trial. Increased concentration of amylase and bilirubin
in the DF of four patients, who suffered from AL (9).
Among 546 patients, 8(1.5%) cases developed anasto-
motic leakage with mean age of (54.3+10.3) years.
Amylase and bilirubin in DF of 4 patients increased
significantly. All the 8 AL patients were having grade 3
AL and underwent secondary ileostomies during the
re-exploration (9).

This is the first study to assess the drain-to-serum
bilirubin ratio in bowel anastomotic leakage (tables 9
and 5). This quotient is important to avoid the effect of
individual normal variations in serum bilirubin (3).

In the present study receiver operating characteris-
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Table 9 - Receiver operating characteristic Cut-Off Sensitivity  Specificity AUC Pvalue  95% Confidence Interval
(ROC) analysis of drain fluid-to-serum Lower Limit _ Upper Limit
bilirubin ratio POD 1 1.55 100% 98.3% 0.983 .000 0.965 1.000
POD 2 2.20 100% 100% 1.000 .000 1.000 1.000
POD 3 3.00 100% 100% 1.000 .000 1.000 1.000
POD4 390  100% 98.9% 0989 000 0.974 1.000
POD 5 6.70 89.5% 99.4% 0.890 .000 0.752 1.000
Table 10 - Receiver operating characteristic Cut-Off Sensitivity ~ Specificity AUC Pvalue  95% Confidence Interval
(ROC) analysis of drain fluid bilirubin values Lower Limit  Upper Limit
POD 1 1.0 80% 98.8% 0836 000 0.761 0998
POD 2 1.0 82% 100% 0901 000 0.881 1000
POD 3 1.0 82% 100% 0.901 .000 0.981 1.000
POD 4 1.0 90% 97.6% 0.989 .000 0.962 0999
POD 5 1.0 100% 99.4% 0.994 .000 0.970 1.000

tic (ROC) analysis was carried out to demonstrate the
leakage predictive value of serum bilirubin. Serum
bilirubin was found to be a good predictive test on POD
1 to 5, with a sensitivity ranging from 10.5% to 57.9%,
and specificity ranging from 90.1% to 100% (table 7
and fig. 1).

Regarding drain bilirubin, ROC analysis showed that
drain bilirubin was found to be an excellent predictive
test on POD 1 to 5, with a sensitivity ranging from 80%
to 100%, and specificity ranging from 97.6% to 100%
(table 10). In the current study we found that at 1*
and 5" POD drain bilirubin have the best diagnostic
accuracy. At second and the third POD drain bilirubin
has perfect diagnostic accuracy (AUC = 1). Also, at 4"
POD drain bilirubin has diagnostic accuracy (AUC =
0.989). To our knowledge there were no studies in
literature have performed ROC curve analysis for these
markers. Although prophylactic peritoneal drainage
value to drain post-operative hematomas, infections
and to diagnose leakage is debatable after elective GIT
surgery (16), it is still up to the discretion of the
surgeon especially in emergency surgery (11,17).

Limitations of Study

Limitations of our study includes:

1. The conclusion of the study is not applicable for
cases expected to have post-operative hyper-
bilirubinemia from any other cause apart from
leakage and peritoneal absorption of the leaked
bilirubin (please refer to the exclusion criteria on
the methodology section).

2. Need for drain regarding drain-to-serum bilirubin
ratio so it is not applicable for many patients not
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having peritoneal drains after GIT anastomoses.
However, our finding that serum bilirubin is a
predictive biomarker for AL is still applicable in
these patients.

3. Need for larger number of patients to conclude
the value of this study in all types of GIT anasto-
moses.

4. The need for a 100% sensitive and 100% specific
predictive biomarker is not met yet and further
research is needed.

CONCLUSION

The current study showed that serum bilirubin and
drain-to-serum ratio, drain fluid bilirubin at the first
5 days postoperatively can be used as cheap,
available potential biomarkers for bowel anastomotic
leakage. Anastomotic leaks can be detected early
providing an opportunity for early management to
salvage the anastomosis and to avoid the dreadful
sepsis. Serum bilirubin may be used as a good nega-
tive test to exclude AL (in the first 5 POD) in patients
not having peritoneal drains making this helpful
for patients receiving (no tubes) or FAST TRACT GIT
surgery.
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