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Abstract

Objectives: Anastomotic leakage is associated with severe morbidity, mortality, and functional defects. Its
risk factors remain unclear. However, blood perfusion may be a potential major risk factor. It has been re-
ported that the Agatston score is an index for blood flow perfusion evaluation. Therefore, we evaluated the
clinical indicators associated with anastomotic leakage, including the Agatston score, in patients who under-
went colorectal surgery.

Methods: We retrospectively analyzed 147 patients who underwent elective colorectal surgery with the
double-staple technique anastomosis for colorectal cancer between April 2015 and March 2020. The pri-
mary outcome was the presence or absence of anastomotic leakage. Univariate and multivariate analyses
were employed to identify pre- and intraoperative risk factors.

Results: Of the 147 patients analyzed, anastomotic leakage occurred in 12 (8.16%). Male gender, history of
angina and myocardial infarction, preoperative white blood cell count, the Agatston score, extent of bleed-
ing, operation time, and intraoperative fluid volume were significantly related to a higher incidence of anas-
tomotic leakage in univariate analysis. Multivariate analysis demonstrated that the incidence of anastomotic
leakage was high in patients with a high Agatston score.

Conclusions: The Agatston score can predict the incidence of anastomotic leakage in patients following
colorectal surgery. Thus, perioperative measures to prevent anastomotic leakage are recommended when a
high Agatston score is observed. A prospective trial is required to demonstrate, with a high level of evi-
dence, that the Agatston score can be useful as a risk score for anastomotic leakage following colorectal
surgery.
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Introduction

Postoperative anastomotic leakage (AL) is a common and
major complication of colorectal surgery. It is associated
with functional defects as well as severe morbidity and mor-

tality[1-3]. In addition, AL is associated with the risk of lo-
cal cancer recurrence, which reduces the rate of overall and
disease-free survival[4-6]. Although the double-staple tech-
nique (DST) has significantly facilitated bowel reconstruc-
tion following colorectal surgery, the incidence of postopera-
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tive AL is 6.3%-13.7%. While postoperative AL is linked to
multiple factors, including the surgical technique, tumor lo-
cation, sex, and intestinal bacterial infection[7-11], the exact
risk factors for AL remain unclear. Several risk factor analy-
ses for AL following colorectal surgery have been con-
ducted. However, accurate evaluation of the risk of AL in
patients is difficult[3,12,13].

Blood perfusion is one of the major surgical risk factors
for AL[14,15]. Ris et al. reported that assessment of anasto-
motic blood perfusion via the indocyanine green assay
helped prevent AL[16]. Conversely, Du et al. reported that
measurement of the anastomotic colon using Doppler
sonographic hemodynamics was effective against AL[17].

The Agatston score is an index for the evaluation of blood
flow perfusion and is utilized to assess the degree of arterio-
sclerosis. It indicates the amount of calcium in the artery;
moreover, it is estimated via computed tomography (CT)
and expressed as a numerical value. Owing to its ability to
detect calcium in the tissues, CT can quantify the amount of
calcium in blood vessels, which represents the plaque bur-
den and is associated with the progression of atherosclero-
sis[18,19]. The Agatston score is the most evaluated score in
routine clinical investigations for the objective assessment of
coronary artery calcium[20]. We speculated that it could be
used to evaluate blood perfusion in intestinal anastomosis.

This study aimed to assess the clinical indicators (includ-
ing the Agatston score) associated with AL in patients who
underwent elective colorectal surgery for colorectal cancer
with DST anastomosis.

Methods

Study population

This single center retrospective cohort study evaluated
150 colorectal cancer patients who underwent elective col-
orectal surgery with bowel resection and DST anastomosis
between April 2015 and March 2020 at our hospital. Of
these patients, three who were not examined via non-
contrast CT were excluded. Therefore, 147 patients were in-
cluded for further analyses. Among these patients, AL was
observed in 12 (8.16%), who were categorized into the “AL
group,” whereas the remaining 135 patients were categorized
into the “No-AL group.”

The patients’ baseline demographics, clinical characteris-
tics, and perioperative factors were evaluated as the risk fac-
tors for AL and compared between the AL and No-AL
groups. The baseline demographics included age, sex, body
weight, body mass index, American Society of Anesthesiolo-
gists score, Eastern Cooperative Oncology Group/World
Health Organization Performance Status, history of angina,
myocardial infarction and cerebrovascular disease, diabetes,
and the Brinkman index. The clinical characteristics in-
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cluded tumor location, depth of invasion, nodal status, TNM
stage, preoperative intestinal decompression, Agatston score,
and preoperative blood test results. The perioperative factors
included the extent of bleeding, operation time, intraopera-
tive fluid volume, type of surgery (open or laparoscopic),
presence of protective diverting stoma, distance of anasto-
mosis from the anal verge, number of linear staplers, size of
the circular stapler, and preservation or dissection of the left
colic artery. The TNM stage was classified using the Union
for International Cancer Control TNM Classification of Ma-
lignant Tumors, 8th edition. Intestinal decompression was
defined as the placement of an ileus tube or stent.

Patients provided their informed consent for the use of
their data. The study was approved by the Medical Ethics
Committee of Chugoku Rosai Hospital (Approval No. 2020-
21).

Agatston score calculation procedure

The Agatston score was calculated using non-contrast CT
with a slice thickness of 5 mm and a dedicated software
(AW Server, GE Healthcare, Japan). The amount of calcium
in the aorta from the bifurcation of the renal arteries to the
bifurcation of the common iliac arteries was calculated (Fig-
ure la and 1b). The Agatston score was calculated by two
surgeons in all patients, and the average value was consid-
ered for final analysis.

Definition of anastomotic leakage

AL was defined as a symptomatic leak diagnosed and
managed within 30 days of the primary resection. The sever-
ity of the leakage was classified according to the Clavien-
Dindo classification, and a grade of II or higher was defined
as AL.

Statistical analysis

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago,
IL, USA). Descriptive statistics for categorical and continu-
ous variables were reported as absolute numbers and mean +
standard deviation, respectively. Categorical variables were
analyzed using Fisher’s exact test, whereas continuous vari-
ables were analyzed using the Student’s 7-test. Statistical sig-
nificance was set to P < 0.05. For continuous variables with
P < 0.05, as indicated by univariate analysis, cutoff values
were set using the receiver operating characteristic curve
analysis. Multivariate logistic regression analysis was con-
ducted using factors with P < 0.05 in the univariate analysis
as the independent variables and the presence or absence of
AL as the dependent variable. For independent variables that
were expected to exhibit strong correlations with the pres-
ence or absence of AL, internal correlations were calculated
using Spearman’s rank correlation test to avoid multicol-
linearity. If the correlation was very strong, one of the fac-
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Figure 1.

The Agaston score measurement screen of computed tomography (CT) scan

and receiver operating characteristic curves for the Agatston score.

We calculated the amount of calcium in the aorta from the bifurcation of the renal arteries to

the bifurcation of the common iliac arteries using non-contrast CT and a dedicated software
(AW Server, GE Healthcare, Japan). (a) The calcified area in the aorta was selected. (b) The
selected area turned blue. The calcified area of each slice was quantified. (c) The area under
the curve (AUC) is 0.65 (95% CI, 0.45-0.84), and the cutoff value is 4007 (sensitivity:

0.50, specificity: 0.88).

tors was excluded. Lower rectal tumor and the distance of
anastomosis from the anal verge, which are known as risk
factors for AL[21,22], were equally included in the multi-
variate logistic regression analysis.

Results

The patients’ baseline demographics and clinical charac-
teristics are presented in Table 1, 2, respectively. The
Clavien-Dindo grades of AL were II and III in 41.7% (5/12)
and 58.3% (7/12) of the patients in the AL group, respec-
tively. The percentage of males, history of angina and myo-
cardial infarction, preoperative WBC count, and Agatston
score differed between the No-AL and AL groups (55.5%
vs. 91.6% [P = 0.01], 11.8% vs. 33.3% [P = 0.04, 6,440.0 =
2,077.9 x 10°/uL vs. 8,095.8 + 4,383.5 x 10°/uL [P = 0.01],
and 3217.5 + 3279.7 vs. 1476.8 + 1849.1 [P < 0.01], re-
spectively).

Table 3 presents the surgical characteristics analyzed via
univariate analysis. The extent of bleeding, operation time,

and intraoperative fluid volume significantly differed be-
tween the No-AL and AL groups (187.3 + 360.1 mL vs.
504.1 £ 1,234.6 mL [P = 0.03], 324.7 + 105.1 min vs.
406.7 = 128.6 min [P = 0.01], and 2,860.9 + 824.0 mL vs.
3,097.5 £ 1,816.1 mL [P = 0.01], respectively).

Internal correlations were calculated between the history
of angina/myocardial infarction and the Agatston score, as
well as among the extent of bleeding, operation time, and
intraoperative fluid volume, all of which were speculated to
have a strong clinical correlation with the presence or ab-
sence of AL. Accordingly, history of angina/myocardial in-
farction, extent of bleeding, and operation time were ex-
cluded from the multivariate logistic regression analysis to
avoid multicollinearity, as strong correlations were observed
between history of angina/myocardial infarction and the
Agatston score (r = 0.30, P < 0.01), extent of bleeding and
operation time (r = 0.42, P < 0.01), extent of bleeding and
intraoperative fluid volume (r = 0.49, P < 0.01), and opera-
tion time and intraoperative fluid volume (r = 0.60, P <
0.01).
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Table 1. Baseline Demographics.

No-AL group AL group

n=135001.8%) n=128.16%) P Yaue

Age, mean (SD), y 73.4 +9.96 704 +10.4 0.31
Male gender, n (%) 75 (55.5) 11 (91.6) 0.01
Body weight, mean (SD), kg 593+ 125 59.2 +£8.03 0.98
Body mass index, mean (SD), kg/m2 23.9 +5.50 23.3+3.76 0.72
ASA score, n (%) 0.44
1 8 (5.90) 1(8.30)

1I 103 (76.2) 8 (66.6)

1 24 (17.7) 3(25.0)
Performance status (2-4), n (%) 14 (10.3) 3(25.0) 0.14
Brinkman index > 400, n (%) 44 (33.5) 5(31.2) 1
History of cerebrovascular disease, n (%) 13 (9.62) 3(25.0) 0.12
History of angina or myocardial infarction, n (%) 16 (11.8) 4(33.3) 0.04
Diabetes, n (%) 28 (20.7) 2(16.6) 1

Sex, performance status, history of cerebrovascular disease, angina or myocardial infarction, diabetes, and
Brinkman index > 400 were analyzed using Fisher’s exact test, and other factors were analyzed using Stu-
dent’s t-test.

ASA, American Society of Anesthesiologists; AL, anastomotic leakage; SD, standard deviation

Table 2. Clinical Characteristics.

No-AL grou AL grou
n=135 (51.8‘%) n= 12%8,12%) p value
Tumor location, n (%) 0.35
Sigmoid colon 76 (56.2) 5(41.6)
Rectosigmoid junction 32 (23.7) 3(25.0)
Upper rectum 19 (14.0) 2 (16.6)
Lower rectum 8 (5.90) 2 (16.6)
Depth of invasion, n (%) 0.52
Tl 19 (14.0) 0(0)
T2 12 (8.88) 1 (8.30)
T3 73 (54.0) 9 (75.0)
T4 32 (22.9) 2 (16.6)
Nodal status, n (%) 0.90
NO 90 (66.6) 8 (66.6)
N1 34 (25.1) 4(33.3)
N2 11 (8.14) 0(0)
TNM stage, n (%) 0.91
1 24 (17.7) 1 (8.30)
1T 63 (46.6) 7(58.3)
I 34 (25.1) 3(25.0)
v 13 (9.62) 1 (8.30)
Preoperative intestinal decompression, n (%) 32(22.9) 4(33.3) 0.48
Blood sugar level, mean (SD), mg/dL 122.8 +42.8 110.3+18.3 0.24
Preop WBC count, mean (SD), /uL 6440.0 =2077.9  8095.8 +4383.5 0.01
Preop CRP, mean (SD), mg/dL 1.01 +2.44 2.13+4.22 0.16
Preop albumin, mean (SD), g/dL. 3.79 + 0.64 3.73 +0.77 0.70
Preop eGFR, mean (SD), mL/minutes/1.73m? 71.1 £22.7 76.8 £18.4 0.35
Agatston score, mean (SD) 1476.8 + 1849.1  3217.5 +3279.7 <0.01

Tumor location, depth of invasion, nodal status, TNM stage, and preoperative intestinal decompression were
analyzed using Fisher’s exact test, and other factors were analyzed using Student’s #-test.

AL, anastomotic leakage; Preop, preoperative; WBC, white blood cell; CRP, C-reactive protein; eGFR, esti-
mated glomerular filtration rate; SD, standard deviation
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Table 3. Surgical Characteristics.

Risk factors for Anastomotic Leakage

No-AL grou AL grou
n=135 (gl.Sgb) n= 12%8.15%) p value

Extent of bleeding, mean (SD), mL 187.3 £360.1 504.1 £ 1234.6 0.03
Operation time, mean (SD), minutes 324.7 +105.1 406.7 + 128.6 0.01
Intraoperative fluid volume, mean (SD), mL 2360.9 + 824.0 3097.5 = 1816.1 0.01
Laparoscopic surgery, n (%) 108 (80.0) 9 (75.0) 0.71
Protective diverting stoma, n (%) 28 (20.7) 3(25.0) 0.71
Preservation of the LCA, n (%) 69 (51.1) 7 (58.3) 0.76
Distance of anastomosis from the anal verge, mean (SD), cm 10.0 3.7 10.1 £6.1 0.89
Size of the circular stapler 0.76
25 mm, n (%) 79 (58.5) 6 (50.0)
29 mm, n (%) 56 (41.5) 6 (50.0)
Number of linear staplers 0.27
1,n (%) 114 (84.4) 10 (83.3)
2,1 (%) 19 (14.0) 1(8.3)
3,n (%) 2(1.4) 1(8.3)

Laparotomy, protective diverting stoma, preservation of the LCA, and number of linear staplers were analyzed using Fisher’s

exact test, and other factors were analyzed using Student’s 7-test.

AL, anastomotic leakage; LCA, left colic artery; SD, standard deviation

Table 4. Multivariate Logistic Regression with Clinical and Surgical Indi-

cators.
Odds Ratio (95% CI)  p value
Male gender 7.40 (0.86 — 63.0) 0.06
Lower rectal tumor 2.82(0.32-24.5) 0.34
Preop WBC count 1.37 (0.31 - 6.02) 0.67
Agatston score 6.09 (1.48 —25.0) 0.01
Intraoperative fluid volume 2.90 (0.65 - 12.8) 0.15
Distance of anastomosis from the anal verge 0.66 (0.14 —2.99) 0.59

Preop, preoperative; WBC, white blood cell

The cutoff values were set for the lower rectal tumor, dis-
tance of anastomosis from the anal verge, and continuous
variables that significantly differed between the two groups.
In addition, multivariate logistic regression analysis was
conducted. The multivariate logistic regression analysis re-
vealed that the Agatston score was independently associated
with the development of AL (odds ratio [OR] = 6.09, 95%
confidence interval [CI] 1.48-25.0]; P = 0.01) (Table 4). The
cutoff value of the Agatston score was estimated to be 4007
(sensitivity: 0.50, specificity: 0.88, area under the curve
(AUCQ): 0.65) (Figure Ic).

Discussion

This study revealed that the Agatston score was a factor
that predicted the incidence of AL after an elective colorec-
tal surgery with the DST for colon cancer. AL is a major
problem in patients who underwent colorectal surgery. It is
associated with postoperative morbidity and mortality, local
recurrence, and worse patient survival[23,24]. Several risk

factors, including age, sex, obesity, intraoperative bleeding,
and protective diverting stoma, have been reported to be as-
sociated with AL following colorectal surgery[9,25,26].
Tension-free anastomosis with adequate blood perfusion is
important for the prevention of AL[15,27]. Several methods
are available to determine blood flow and oxygenation,
which include the assessment of anastomotic blood perfu-
sion using the indocyanine green assay and measurement of
the anastomotic blood flow via Doppler sonography[28].
While these are useful for evaluating intraoperative blood
perfusion, no method for evaluating preoperative blood per-
fusion has been developed. Although it was reported that the
Agatston score is associated with coronary events[29], we
speculated that it is also associated with anastomotic blood
perfusion in colorectal surgery. The Agatston score is an in-
dex for the quantification of the artery calcium levels using
non-contrast CT and the most evaluated score in routine
clinical investigations for the objective assessment of coro-
nary artery calcium[20,30]. Because the calcification of the
central blood vessels reflects that of the peripheral blood
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vessels, calcification from the bifurcation of the renal arter-
ies to the bifurcation of the common iliac arteries is consid-
ered to be involved in the decrease of intestinal blood perfu-
sion and AL. To the best of our knowledge, this study is the
first to demonstrate that the Agatston score is associated
with the development of AL following colorectal surgery
with DST for colon cancer. The Agatston score was not sig-
nificantly associated with postoperative defecation function,
other complications, or degree of complications.

The finding that the Agatston score was associated with
AL following colorectal surgery with DST makes sense
from the perspective of blood perfusion and is a valuable
finding as a preoperative predictor of AL. If a high Agatston
score is identified during management, strict follow-up in-
volving indwelling intraperitoneal drain for a long period of
time, increasing preparation intensity, or delaying the start of
oral intake is recommended. Although this study did not in-
clude the indocyanine green assay or Doppler ultrasonogra-
phy for the assessment of anastomotic blood perfusion, the
combined use of these intraoperative assessment methods
and the preoperative assessment method based on the Agat-
ston score is considered to lead to a high prediction rate of
AL.

The present study has several limitations. First, this study
was conducted at a single center and was retrospective in
design. Therefore, selection bias cannot be ruled out. Sec-
ond, the Agatston score is computed through a manual se-
lection of the calcification for measurements, and this can
vary depending on the investigator. Finally, this study did
not evaluate intraoperative blood flow perfusion. We plan to
increase the number of patients in the future and evaluate
the relationship between intraoperative blood flow using in-
docyanine green and preoperative blood flow using the
Agatston score. Within the limitations of this study, we con-
sider that the Agatston score is associated with the develop-
ment of AL. Further studies with larger cohorts of patients
will be important to provide additional support to these find-
ings.

In conclusion, our results indicate that the Agatston score
can predict the incidence of AL. Perioperative management
to prevent AL is recommended when these factors are ob-
served. Moreover, a prospective trial is required to demon-
strate, with a high level of evidence, that the Agatston score
can be useful as a risk score for AL following colorectal
surgery.
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