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Abstract

Objective: Our objective was to investigate the association between anastomotic leakage (AL)

and hyponatremia after colorectal cancer surgery.

Methods: All anastomoses in colorectal cancer surgery performed in our hospital between

January 2015 and December 2017 were retrospectively identified. According to the diagnostic

criteria of AL, the patients were divided into an AL group and a no anastomotic leakage (NAL)

group.

Results:We reviewed records of 498 consecutive colorectal cancer patients. The total incidence

of AL was 5.4%. Postoperative serum sodium levels differed significantly: 137.63� 4.29 and

139.81� 3.41mmol/L in the AL and NAL groups, respectively. By using area under the

receiver-operating characteristic (auROC) curves, we determined the optimum postoperative

serum sodium cut-off to be 139.5mmol/L and redefined hyponatremia as postoperative serum

sodium <139.5mmol/L. Redefined hyponatremia had an auROC of 0.65, corresponding to a

97.2% negative predictive value. The negative predictive value reached 99.1% when serum

sodium level was combined with leukocytosis. Multivariable analysis found that redefined hypo-

natremia (odds ratio, 1.176) was an independent predictive factor for AL.

Conclusions: Redefined hyponatremia has good negative predictive value for AL diagnosis after

colorectal cancer surgery and could be used as a marker to exclude the diagnosis.
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Introduction

Colorectal cancer is among the most

common carcinomas in the world, with

more than 1.2 million new cases and

600,000 deaths reported worldwide in

2012.1 The disease ranks third in morbidity

in men and second in women. Anastomotic

leakage (AL) is one of the most serious

complications following colorectal surgery,

with an incidence of 3.9% to 11.4%.2–4 AL

can lead to an inflammatory reaction, and

fever and abdominal pain are common non-

specific manifestations. Laboratory exami-

nation shows increases of inflammatory

markers such as leukocyte count, C-reactive

protein (CRP), and erythrocyte sedimenta-

tion rate, among others, which seriously

affect prognosis of the patients.5

Hyponatremia is the most frequent elec-

trolyte disorder in the clinical setting.6

Illness often causes a disturbance in water

and electrolyte balance, which leads to

changes in electrolyte concentrations in

blood. A few studies have reported that sys-

temic inflammatory diseases may cause

hyponatremia, including pulmonary infec-

tion,7 urinary tract infection,8 peritonitis

caused by perforation of infectious intesti-

nal disease,9 and spontaneous bacterial

peritonitis of liver cirrhosis.10 Based on

the relationship between hyponatremia

and inflammatory diseases, we aimed to

investigate correlations between hyponatre-

mia and AL after colorectal cancer surgery

through a retrospective analysis of

colorectal cancer patients treated in our

hospital in the last 3 years and to provide

a reference for clinical diagnosis.

Methods

Ethics

The Institutional Review Board and

Research Ethics committee of China-

Japan Friendship Hospital approved this

study. Because this was a retrospective

study and all data were anonymous and col-

lected routinely in clinical practice, the need

for patient informed consent was waived.

Patient data

We retrospectively analyzed a consecutive

series of patients who underwent colorectal

surgery for colorectal cancer between

January 2015 and December 2017. The

inclusion criteria were patients with colo-

rectal cancer confirmed by pathology and

who underwent one-stage anastomosis

during the operation. The exclusion criteria

were patients with abnormal serum sodium

levels before surgery, patients with perfora-

tion during or before surgery, patients with

serum creatinine and urea nitrogen abnor-

malities, and patients with preoperative or

postoperative pulmonary infections

(because it has been reported that pneumo-

nia may lead to hyponatremia).7

Demographic and clinical data, includ-

ing age, sex, type of surgery, state of the
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preventive stoma, tumor diameter,

American Society of Anesthesiologists

(ASA) score, nutritional state according to

Nutrition Risk Score (NRS) 2002, anasto-

motic technique, localization and histology

of the disease, and stage of the disease

according to the American Joint

Committee on Cancer (AJCC) staging

system (7th edition), were recorded. Blood

test results such as preoperative and post-

operative serum sodium level, leukocyte

count, neutrophil count (NEUT), and neu-

trophil ratio (NEUT%) were recorded. For

patients with AL after surgery, the time of

AL diagnosis was also recorded.
In patients with AL, the most recent lab-

oratory values before diagnosis were

assessed. In patients without AL, serum

sodium level and leukocyte count were

assessed (preferably) on postoperative day

4 because the incidence of AL was highest

on that day in this study. Because laborato-

ry values were not assessed daily, we

defined a ranking of preferred days for lab-

oratory assessments (postoperative days 3,

5, 6, and 2) to be as close as possible to

postoperative day 4.
The diagnostic criteria of postoperative

AL were (1) fecal drainage in the drainage

tube, (2) anastomotic fistula verified by

reoperation, or (3) pelvic abscess around

the anastomotic site found by computed

tomography (CT) examination.11

According to whether AL occurred after

surgery, all patients were divided into two

groups: the AL group and the no anasto-

motic leakage (NAL) group.

Definition of hyponatremia and

leukocytosis

According to the reference ranges of our

laboratory, a serum sodium level

<135mmol/L was defined as hyponatremia,

and a leukocyte count >10,000/mm3 was

defined as leukocytosis.

Data availability

The datasets generated and analyzed during

the current study are available from the cor-

responding author on reasonable request.

Statistical analysis

SPSS for Windows version 18.0 (SPSS Inc.,

Chicago, IL, USA) was used to compare

variables. Independent samples t-test and

chi-square tests for univariate analysis

were performed, and descriptive statistics

were expressed as mean� standard devia-

tion (SD). Correlation analysis was carried

out using the Pearson test to determine the

relationship between two variables.

Optimum cut-off laboratory values for the

prediction of AL were determined by

receiver-operating characteristic (ROC)

curve analysis. Multivariate analyses were

performed with logistic regression analysis.

All differences were considered significant

at p< 0.05.

Results

A total of 498 patients were identified; AL

after colorectal surgery occurred in 27

patients (5.4%). Of these, 20 cases were

rectal cancer surgery (incidence rate of

8%; i.e., as a percent of all rectal cancer

cases), and 7 cases were colon cancer sur-

gery (incidence rate of 2.8%; i.e., as a per-

cent of all colon cancer cases). There was a

significant difference between groups

(p¼ 0.011; Table 1).
AL occurred, on average, on postopera-

tive day 5.3� 2.8. Twenty cases (74.1%)

occurred between days 3 and 6 after sur-

gery, and the highest incidence was on post-

operative day 4 (6 cases; 22.2%). The

distribution is shown in Figure 1.
In the AL group, the most recent labo-

ratory values before AL were assessed on

postoperative day 4.6� 2.6. In the NAL

group, the time was postoperative day
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4.4� 2.1. There was no significant differ-

ence between the two groups.
Preoperative and postoperative serum

sodium level, leukocyte count, NEUT, and

NEUT% were analyzed. There were no sig-

nificant differences between the AL and

NAL groups before surgery. After surgery,

serum sodium level was significantly lower in

patients with AL compared with those with-

out (137.63� 4.29 vs. 139.81� 3.41mmol/L,

p¼ 0.002), and the leukocyte count was sig-

nificantly higher in the AL group than in

the NAL group (89,937� 36,045/mm3 vs.

74,591� 23,069/mm3, p¼ 0.038). There

were no significant differences in postopera-

tive NEUT or NEUT% between the two

groups (Table 2).
The optimum cut-off value of postoper-

ative serum sodium was 139.5mmol/L,

which was higher than the normal reference

Table 1. Characteristics of the analyzed patients with or without anastomotic leakage (AL) after colorectal
cancer surgery.

Anastomotic leakage

(n¼ 27)

No anastomotic leakage

(n¼ 471) p-value

Age (years) 65.8� 10.7 64.2� 12.7 0.282

Sex 0.138

Male 19 (70.4%) 263 (55.8%)

Female 8 (29.6%) 208 (44.2%)

Tumor location 0.011

Rectum 20 (74.1%) 231 (49.0%)

Colon 7 (25.9%) 240 (51.0%)

Operation type 0.741

Open 19 (70.4%) 317 (67.3%)

Laparoscope 8 (29.6%) 154 (32.7%)

Defunctioning stoma 0.332

No 24 (88.9%) 448 (95.1%)

Yes 3 (11.1%) 23 (4.9%)

Tumor grade 0.722

G1 4 (14.8%) 71 (15.1%)

G2 17 (63.0%) 313 (66.5%)

G3 6 (22.2%) 87 (18.5%)

AJCC stage 0.593

I 2 (7.4%) 42 (8.9%)

II 9 (33.3%) 195 (41.4%)

III 12 (44.4%) 146 (31.0%)

IV 4 (14.8%) 88 (18.7%)

Tumor diameter (cm) 5.3� 3.5 6.2� 2.5 0.322

Tumor distance from AV

(rectal tumors, cm)

6.9� 2.3 7.1� 2.9 0.817

Anastomotic technique 0.541

Hand sewn 1 (3.7%) 8 (1.7%)

Stapled 12 (44.4%) 194 (41.2%)

Stapled and hand sewn 14 (51.9%) 269 (57.1%)

Preoperative NRS 2.4� 1.2 2.6� 1.1 0.516

ASA 2.2� 0.8 2.2� 0.9 0.936

AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiology; AV anal verge, NRS, Nutrition

Risk Score; SSI, surgical site infection.
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value of 135mmol/L. We redefined hypona-
tremia as postoperative serum sodium
<139.5mmol/L. The area under the
receiver-operating characteristic (auROC)
curve was 0.65. The best diagnostic value
of postoperative leukocyte count was
9985/mm3, which had an auROC of 0.63.
The threshold was slightly lower than the
normal leukocyte reference value of

10,000/mm3. We redefined leukocytosis as
postoperative leukocyte count >9985/mm3

.

These results are graphically displayed in
Figure 2.

According to the above optimum cut-off
values, there were 19 patients with redefined
hyponatremia in the AL group, with an
incidence of 70.4% (19 out of 27 total
cases with AL), and 130 patients with

Table 2. Comparison of preoperative and postoperative laboratory values in patients with or without
anastomotic leakage (AL) after colorectal cancer surgery.

Anastomotic leakage

(n¼ 27)

No anastomotic leakage

(n¼ 471) p-value

Serum sodium level (mmol/L)

Preoperative 141.26� 2.61 140.66� 2.90 0.291

Postoperative 137.63� 4.29 139.81� 3.41 0.002

Leukocyte count (/mm3)

Preoperative 60,389� 16,868 61,822� 13,956 0.608

Postoperative 89,937� 36,045 74,591� 23,069 0.038

Neutrophil count (/mm3)

Preoperative 36,600� 12,525 38,256� 11,733 0.478

Postoperative 69,571� 34,915 55,837� 21,522 0.053

Neutrophil (%)

Preoperative 59.88� 7.86 61.28� 9.36 0.446

Postoperative 75.71� 12.24 73.57� 9.67 0.271

Figure 1. The number of cases of anastomotic leakage occurring on each day following colorectal cancer
surgery.
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redefined hyponatremia in the NAL group,

with an incidence of 27.6% (130 out of 471

total cases of NAL) (p< 0.001). There were

13 patients with redefined leukocytosis in

the AL group (of 27 total patients), with

an incidence of 48.1%, and 63 patients

with redefined leukocytosis in the NAL

group (of 471 total patients), with an inci-

dence of 13.4% (p< 0.001). The sensitivi-

ties, specificities, positive predictive values,

and negative predictive values of redefined

hyponatremia, redefined leukocytosis, and

combinations for the diagnosis of AL are

shown in Table 3.
Postoperative serum sodium level was

inversely correlated with postoperative leu-

kocyte counts, as shown in Figure 3

(r¼�0.106, p¼ 0.018). Compared with

preoperative values, postoperative serum

sodium level decreased by 3.63�
4.97mmol/L in the AL group and by

0.84� 3.80mmol/L in the NAL group.

This reduction in postoperative serum

sodium level was associated with develop-

ment of AL (p< 0.001).
Multiple logistic regression analyses

showed that postoperative serum sodium

level (odds ratio, 1.176, p¼ 0.006) and

tumor location (odds ratio, 3.396,

p¼ 0.012) were independent predictive fac-

tors for AL (Table 4).
Twenty-five patients developed surgical

site infections after the operation, with an

incidence of 5.1%, of which 8 patients

Figure 2. Area under the receiver-operator characteristic (auROC) curve analysis for prediction of
anastomotic leakage based on (a) postoperative serum sodium level and (b) postoperative leukocyte count.

Table 3. Sensitivities, specificities, and positive and negative predictive values of hyponatremia, leukocytosis,
and their combination.

Sensitivity Specificity

Positive predictive

value

Negative

predictive value

Hyponatremia (<139.5 mmol/L) 70.4% 72.4% 12.8% 97.2%

Leukocytosis (>9985/mm3) 48.1% 86.6% 17.1% 96.7%

Leukocytosis and hyponatremia 29.6% 91.5% 16.7% 95.8%

Leukocytosis or hyponatremia 88.9% 67.5% 13.6% 99.1%
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(8/149; 5.4%) had redefined hyponatremia

and 17 patients (17/349; 4.9%) did not. This

difference was not significant.

Discussion

In this study, we found that postoperative

serum sodium level represented a potential

negative predictive marker for the diagnosis

of AL and was significantly associated with

AL after colorectal cancer surgery. Patients

with postoperative AL are more likely to

have hyponatremia. As early as 1966,

Clowes et al. analyzed 25 cases and found

that secondary peritonitis may lead to

hyponatremia.12 In 2014, K€aser et al.

Figure 3. Correlation between postoperative serum sodium level and postoperative leukocyte count in
patients with colorectal cancer.

Table 4. Multivariate analysis of laboratory values, and patients’ characteristics associated with anastomotic
leakage.

Odds ratio 95%CI p-value

Postoperative serum sodium level 1.176 1.049–1.318 0.006

Tumor location 3.396 0.114–0.762 0.012

Sex 1.422 0.288–1.719 0.440

Age 0.987 0.951–1.023 0.468

Postoperative leukocyte count 0.815 0.357–1.861 0.627

Postoperative neutrophil count 0.993 0.363–2.721 0.990

Postoperative neutrophil % 1.003 0.930–1.082 0.932

Type of operation 1.238 0.332–1.964 0.637

Defunctioning stoma 0.815 0.318–4.725 0.767
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found that patients with AL after colorectal
surgery were likely to develop hyponatre-
mia,13 but a limitation of that study was
that it did not focus on colorectal cancer
patients, so the results might be biased by
heterogeneity among the study patients. All
of our patients had colorectal cancer, and
the redefined hyponatremia in these
patients had high negative predictive value
for AL, meaning that patients without
hyponatremia most likely do not have AL.
We confirmed the results of the study of
K€aser et al.13 (performed in a Caucasian
population) in an Asian population, which
makes our findings more generalizable.

The clinical manifestations of AL are
atypical. At present, the diagnosis of AL
mainly depends on clinical symptoms and
signs, and subjectivity is strong. Objective
tests such as CT imaging are expensive,
repeat examinations are difficult, and CT
thus has limited clinical application. Other
studies have shown that CRP and procalci-
tonin can be used to help to diagnose post-
operative AL.14,15 However, these
laboratory tests, which are not regularly
reviewed after surgery, are expensive. In
contrast, serum sodium level is monitored
frequently after surgery. Therefore, we
explored the use of postoperative serum
sodium levels in the diagnosis of AL after
colorectal cancer surgery. According to the
optimum cut-off value of postoperative
serum sodium (139.5mmol/L), we found
that redefined hyponatremia had good neg-
ative predictive value for the diagnosis of
AL after colorectal cancer surgery and
thus may be a marker to exclude the diag-
nosis of AL. Because of its low sensitivity
(70.4%) and positive predictive value
(12.8%), the presence of redefined hypona-
tremia could not be used to diagnose AL.
However, the negative predictive value was
as high as 97.2%; thus, the absence of rede-
fined hyponatremia could be used to
exclude AL. Considering that 94.6%
patients will not have anastomotic leakage

after surgery (5.4% rate of AL), the nega-

tive predictive value of redefined hyponatre-

mia is not too high. Therefore, it is better to

use it in combination with redefined leuko-

cytosis. When combined with the absence of

redefined leukocytosis, the negative predic-

tive value increased to 99.1%.
Therefore, the postoperative serum

sodium is mainly used to exclude the diag-

nosis of AL. The study of K€aser et al. used
normal reference values to determine hypo-

natremia and leukocytosis,9 and the result-

ing negative predictive values were lower

than the values obtained in this study, con-

sidering the difference in judging criteria.

According to our results, if a patient does

not have redefined hyponatremia or leuko-

cytosis, the negative predictive value for the

diagnosis of AL reaches 99.1%. Therefore,

for these patients, there may be no need to

perform CT to confirm or exclude AL.
Although inflammation may lead to

hyponatremia, as reported in 1966,12 the

underlying mechanisms have not been

established. Possible mechanisms include

the following. First, in normal physiological

conditions, humans can regulate release of

antidiuretic hormone (ADH) through the

nervous endocrine system and achieve sta-

bility between the volume of extracellular

fluid and osmotic pressure. Inflammatory

cytokines released by infection, such as

interleukin-1, interleukin-6, and tumor

necrosis factor, can lead to increased release

of ADH, resulting in hyponatremia.16,17

Second, the area of the peritoneum is

large, approximately 1.3 to 1.4m2.

Peritonitis due to AL causes a large

amount of fluid loss into the peritoneal

cavity, which increases ADH release, result-

ing in hyponatremia.12 We also compared

the incidence of surgical site infection

between patients with redefined hyponatre-

mia and those without but found no signif-

icant difference. This may be related to the

fact that most surgical site infections are

8 Journal of International Medical Research



local inflammation and have little effect
systemically.

This study had some limitations. Because
it was a retrospective study, the frequency
and time of laboratory sample collection
and testing after surgery differed among
patients, which may have biased the results.
We did set specific criteria for collection of
laboratory samples to maintain consistency
as much as possible. There was no uniform
regulation of the amount of sodium supple-
mented after surgery. Therefore, the results
may be biased, but the preoperative sodium
levels of patients in the study were normal,
and the amount of sodium supplemented
postoperatively was based on physiological
needs. Only when tests showed hyponatre-
mia was the amount of supplemental
sodium adjusted. The preferred day for lab-
oratory assessment was postoperative day
3, which was mostly the time of the first
reexamination, especially in the NAL
group. In the AL group, two cases of hypo-
natremia appeared before the results were
available, and the amount of supplementa-
tion was increased. Compared with the
NAL group, the level of sodium in the AL
group was still low, which further sup-
ported the study conclusions.

In conclusion, measurement of serum
sodium is a useful test in the postoperative
period after colorectal cancer surgery to
exclude a diagnosis of AL. It has a high
negative predictive value, meaning that
patients with the absence of redefined hypo-
natremia are unlikely to have an AL, espe-
cially when combined with the absence of
redefined leukocytosis. In this situation, CT
examination to determine whether there is
an AL may not be necessary. However, fur-
ther prospective trials are needed to confirm
these results.
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