
© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(2):620-629 | http://dx.doi.org/10.21037/jgo-21-118

Introduction

Anastomotic leakage (AL) is a serious complication that 
can occur following rectal cancer surgery (1), and is a 
contributor to poor cancer-specific and overall survival (2). 

For patients with a high risk of AL, diverting ileostomy is 

recommended to reduce the risk of morbidity and mortality 

(3,4). However, the complications associated with ileostomy 

creation and closure, including dehydration, stoma stenosis, 
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bleeding, hernia, and dermatitis cannot be ignored (5,6). 
These complications are responsible for the controversy 
surrounding the indication for ileostomy creation and the 
timing of ileostomy closure.

  The postoperative incidence of fluid and serum 
electrolyte disturbance is high among patients who 
undergo ileostomy (7). Studies have reported dehydration 
to be a common reason for readmission of patients with 
ileostomy (8,9). Recent evidence suggests that the estimated 
glomerular filtration rate (eGFR) is decreased in patients 
with ileostomy (10-13). Furthermore, a decreased eGFR 
has been associated with an increased risk of cardiovascular 
co-morbidity and mortality (14,15). These observations 
highlight the potential link between compromised intestinal 
integrity with ileostomy and impairment of renal function. 

  Usually, it is recommended that the closure of a 
temporary stoma should be performed 2 to 3 months after 
index surgery (16,17). However, the dynamic fluid, serum 
electrolyte, and renal function changes in patients with 
ileostomy after index surgery still need to be clarified. 
Although Fielding et al. observed continuously worsening 
renal function in patients after ileostomy closure, another 
study by Yaegashi et al. reported no such decrease in 
renal function (10,11). Therefore, there is a current lack 
of consistent evidence about whether renal function can 
recover after ileostomy closure. 

  In this study, we aimed to determine the effects of 
ileostomy on serum electrolyte levels and renal function 
in patients with rectal cancer after index surgery. Serum 
electrolyte levels and renal function were compared between 
patients with temporary ileostomy and those without 
ileostomy from baseline to 3 months after surgery for rectal 
cancer. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jgo-21-118).

Methods

Study population

Clinical data of patients with rectal cancer who underwent 
low anterior resection (LAR) with or without temporary 
ileostomy at the Sixth Affiliated Hospital of Sun Yat-sen 
University between January 2014 and December 2015 
were retrospectively collected. Patients with a temporary 
ileostomy were assigned to the ileostomy group, and those 
without ileostomy were included as the control group. This 
study was conducted in accordance with the Declaration 

of Helsinki (as revised in 2013). Ethical approval for the 
study was obtained from the ethics committee of the 
Sixth Affiliated Hospital of Sun Yat-sen University. The 
requirement for informed consent was waived due to the 
study being observational and retrospective.

  The study included patients with a pathological 
diagnosis of rectal malignant tumor. The patients received 
LAR with or without temporary ileostomy at index radical 
tumor resection. The exclusion criteria were: patients who 
had undergone intersphincteric resection; patients with a 
known history of severe gastrointestinal diseases; a diagnosis 
of multiple malignant tumors at the time of enrollment; 
patients who had undergone secondary ileostomy after 
primary surgical resection; patients undergoing palliative 
surgery for rectal cancer; and patients with diseases of the 
urinary system. 

 The indication for temporary ileostomy was 1 or more 
of following: (I) a low tumor (distance of the tumor to the 
anal margin <5.0 cm); (II) patient had received neoadjuvant 
chemoradiotherapy; (III) patient had received neoadjuvant 
chemotherapy; (IV) diabetes; (V) male sex. Ileostomy 
closure was recommended for patients at 2 to 3 months 
after index surgery, except for those with complications 
such as AL, anastomotic stenosis, tumor recurrence, or 
defecation disorders.

  Data of the serum potassium (mmol/L), serum sodium 
(mmol/L), serum blood urea nitrogen (BUN, mmol/L), 
and serum creatinine (μmol/L) levels of the patients were 
collected at three timepoints which includes baseline (within 
1 month before index surgery), 1 month and 3 months after 
index surgery. For the patients who underwent ileostomy 
closure, these indices were also collected at two timepoints 
which includes baseline (within 1 month before ileostomy 
closure) and post surgery (within 6 to 12 months after 
closure). Demographic factors (sex, age, body mass index 
(BMI), hypertension and diabetes), tumor characteristics 
(distance of the tumor to the anal margin and tumor stage) 
and treatment information (neoadjuvant chemoradiotherapy 
or chemotherapy, post surgery chemotherapy, length 
of hospital stay and surgical method ) were obtained 
from all patients. Data on 30-day outcomes after index 
surgery (including death, AL occurrence, reoperation, and 
readmission) were also collected.

  The Modification of Diet in Renal Disease (MDRD) 
study equation was used to calculate the eGFR based on 
patients’ serum creatinine (Cr) levels and age as follows (18): 
eGFR = 186 × Cr (mg/dL)−1.154 × year (age)−0.203 × 1.233 × (0.742 
in females). Patients with eGFR <60 mL/min/1.73 m2 were 
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regarded as having chronic kidney disease (CKD), in line 
with the National Kidney Foundation (NKF) and American 
Heart Association (AHA) guidelines (19). 

Statistical analysis

Continuous var iables  were expressed as  medians 
(interquartile ranges, IQRs). Continuous variables were 
compared between 2 groups using the Wilcoxon rank-sum 
test, and samples within groups were compared by paired 
Wilcoxon rank-sum test. Correlations between continuous 
variables were compared by Spearman’s test. Frequencies 
were expressed as counts (percentages) and compared 
using the Chi-square test. Multivariate logistic regression 
analysis was performed to identify risk factors for a decrease 
in eGFR. R v3.61 (20), R packages dplyr v0.8.3 (21) and 
ggplot2 v3.3.0 (22) were used for all statistical analyses and 
figures. P<0.05 was considered to be statistically significant.

Results

Demographic characteristics of the study participants

A total of 320 patients with rectal cancer who underwent 
LAR were included in this study. Of them, 156 patients 
received a temporary ileostomy (ileostomy group) and 164 
patients did not receive an ileostomy (control group) at 
index surgery. The patients’ demographic characteristics 
and pathological outcomes are described in Table 1. There 
was no significant difference between the ileostomy and 
control groups with respect to sex, age, BMI, hypertension, 
diabetes, history of abdominal surgery, or length of 
hospital stay (P>0.05). Furthermore, the ileostomy group 
had increased rates of low tumors (<5.0 cm from the anal 
margin), neoadjuvant chemoradiotherapy, neoadjuvant 
chemotherapy, and stage I tumor compared to the control 
group (16.0% vs. 4.3%, P<0.001; 48.7% vs. 3.0%, P<0.001; 
16.0% vs. 27.4%, P=0.020; and 35.3% vs. 9.8%, P<0.001; 

Table 1 Demographic characteristics of patients with rectal cancer

Characteristics Ileostomy (n=156) Control (n=164) P value

Males 104 (66.7) 96 (58.5) 0.166

Age, year 57 (46–65) 56 (46–62) 0.459

BMI, kg/m2 22.6 (20.8–24.4) 22.4 (20.6–24.2) 0.587

Hypertension 21 (13.5) 17 (10.4) 0.495

Diabetes 9 (5.8) 11 (6.7) 0.908

History of abdominal surgery 10 (6.4) 19 (11.6)  0.157

Tumor distance to anal margin <0.001

<5 cm 25 (16.0) 7 (4.3)

5–10 cm 109 (69.9) 82 (50.0)

>10 cm 22 (14.1) 75 (45.7)

Tumor stage <0.001

I 55 (35.3) 16 (9.8)

II 36 (23.1) 41 (25.0)

III 48 (30.8) 77 (47.0)

IV 17 (10.9) 30 (18.3)

Neoadjuvant chemoradiotherapy 76 (48.7) 5 (3.0) <0.001

Neoadjuvant chemotherapy 25 (16.0) 45 (27.4) 0.020

Post surgery chemotherapy 133 (85.3) 147 (89.6) 0.310

Length of hospital stay (days) 19 (16–26) 20 (16.5–23.5) 0.899

Values represent N (%) or median (interquartile range). BMI, body mass index.
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respectively). The perioperative outcomes are described in 
Table 2. The rates of laparoscopic surgery, mortality (within 
30 days post surgery), AL (within 30 days post surgery), and 
readmission (within 30 days post surgery) were comparable 
between the groups; however, more reoperation events 
occurred in the ileostomy group than in the control group 
(5.8% vs. 0.6%, P=0.020).

Serum electrolyte alterations in patients with rectal cancer 
after temporary ileostomy 

To identify the impact of ileostomy on serum electrolyte 
levels in patients with rectal cancer after ileostomy creation, 
we compared the serum potassium and serum sodium 
levels between the ileostomy and control groups at baseline 
(within 30 days before index surgery), 1 month (15 to  
30 days after index surgery), and 3 months (61 to 90 days 
after index surgery). At baseline, there was no significance 
difference in the serum potassium and serum sodium levels 
between the ileostomy group and the control group (P>0.05, 
Figure 1), which suggested that serum electrolytes were 
comparable between the groups. Interestingly, the levels 
of serum potassium were significantly increased in the 
ileostomy group compared to the control group at 1 month 
and 3 months after surgery (all P<0.01, Figure 1A). In 
contrast, the levels of serum sodium were decreased in the 
ileostomy group compared to the control group at 1 month 
and 3 months after index surgery (P<0.01 and P<0.0001; 
respectively, Figure 1B). 

Impact of temporary ileostomy on renal function

To understand the changes in renal function between the 
ileostomy group and the control group, the serum BUN 
and serum creatinine levels of patients were compared 
between baseline, 1 month and 3 months after index 
surgery. At baseline, no significant difference was found in 
serum BUN or serum creatinine between the ileostomy 
group and the control group, indicating comparable renal 
function between the groups (Figure 2). However, after 
index surgery, we found that the levels of serum BUN 
were increased compared with their baseline levels in both 
groups, with the ileostomy group displaying slightly higher 
levels of BUN than the control group at both 1 month and 
3 months (Figure 2A). Furthermore, we observed that the 
levels of serum creatinine were significantly higher in the 
ileostomy group than in the control group at 1 month and 3 
months (P<0.05 and P<0.01, respectively; Figure 2B). These 
results indicated that the renal function of patients with 
temporary ileostomy was significantly impaired compared 
to that of patients without ileostomy after index surgery. 

  Next, to reduce the sex and age effects on renal 
function measured by serum creatinine levels,  we 
estimated renal function based on changes in the eGFR 
of patients before and after index surgery. We found the 
control group had increased of eGFR after surgery at  
1 month and 3 months compared to baseline, indicating 
alterations of renal functions occurs in patients after LAR  
(Figure 2C). Although there were no significant changes in 
the eGFR in the ileostomy group after surgery (1 month 

Table 2 Perioperative outcomes of patients with rectal cancer

Characteristics Ileostomy (n=156) Control (n=164) P value

Surgical method 0.070

Open 8 (5.1) 20 (12.2)

Laparoscopy 141 (90.4) 135 (82.3)

Laparoscopy + open 7 (4.5) 9 (5.5)

30-day outcomes

Death 0 1 (0.6) 1

Anastomotic leakage 9 (5.8) 8 (4.9) 0.916

Reoperation 9 (5.8) 1 (0.6) 0.020

Readmission (except for chemotherapy) 3 (1.9) 4 (2.4) 1

 Values represent N (%).
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and 3 months) compared with baseline, we did observe a 
significant decrease in the eGFR of the ileostomy group 
compared to that of the control group at 3 months post-
surgery (P<0.01, Figure 2C). This result suggested that 
patients in the ileostomy group experienced a degree of 
deterioration in renal function after ileostomy creation 
compared to patients in the control group. As a moderate 
decline in renal function (eGFR <60 mL/min/1.73 m2) 
is associated with a significant increase in the incidence 
of complications,  we compared the rate of eGFR  
<60 mL/min/1.73 m2 between the groups after surgery 

to investigate the occurrence of severe renal function 
impairment among the patients who had received an 
ileostomy. There was no significant difference in the 
number of patients with eGFR <60 mL/min/1.73 m2  

between the groups at  basel ine,  which indicated 
comparable renal function between the patients before 
index surgery (Figure 3). However, at 3 months after index 
surgery, the ileostomy group had a higher rate of eGFR  
<60 mL/min/1.73 m2 than the control group (5.8% vs. 1.2%, 
P=0.032, Figure 3), suggesting a strong correlation between 
temporary ileostomy and impairment of renal function. 

Figure 1 Changes in serum electrolytes between patients with and without ileostomy after index surgery. (A) Serum potassium levels 
and (B) serum sodium levels. Visit: months after index surgery; Baseline: within 30 days before index surgery; 1 m (1 month): 15 to  
30 days after index surgery; 3 m (3 months): 61 to 90 days after index surgery. Statistical significance was determined by Wilcoxon rank-sum 
test. **P<0.01, ****P<0.0001. 
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Risk factors for a decreased eGFR

As the decrease in eGFR after surgery was more significant 
in the ileostomy group than in the control group, we 
explored the risk factors that might be associated with a 
decreased eGFR. For all patients, changes in the eGFR 
were calculated between baseline and 3 months after index 
surgery. A total of 14 risk factors including ileostomy, male 
sex, age, BMI, hypertension, diabetes, abdominal surgery 
history, tumor distance to the anal margin, tumor staging, 
neoadjuvant treatment, neoadjuvant chemoradiotherapy, 
neoadjuvant chemotherapy, and post surgery chemotherapy 
were included into a univariate analysis (Table 3). Apart 
from ileostomy, diabetes was identified as a risk factor 
for a decreased eGFR in patients at 3 months after index 
surgery (10.1% vs. 2.9%, P=0.016). Next, all risk factors 
were included for multivariate analysis. In line with the 
univariate analysis results, ileostomy and diabetes were 
identified as independent risk factors for a decreased eGFR 
(odds ratio: 2.3, 95% confidence interval: 1.3–4.3, P=0.005; 
odds ratio: 4.1, 95% confidence interval: 1.3–15.9, P=0.022, 
respectively). 

eGFR alterations in patients after ileostomy closure

To characterize the renal function changes before and 

after ileostomy closure, we further compared the eGFR of 
patients between baseline and 1 year after ileostomy closure. 
In the ileostomy group, 92.3% (144 of 156) of patients 
underwent stoma closure within 2 years of index surgery. 
The median duration of ileostomy was 154 (IQR, 123–192) 
days. We did not find a significant correlation between 
the duration of ileostomy and patients’ eGFR (Figure 4A). 
A significant decrease in eGFR was observed in patients 
before stoma closure compared to baseline [111 (90.5–136.0) 
vs. 107 (90.0–138.0), P=0.038, Figure 4B]. After stoma 
closure, the eGFR rebound to [116 (101–137), P=0.013, 
Figure 4B], suggesting that renal impairment might partly 
recover after ileostomy closure. 

Discussion

In this study, we observed a significant decrease in renal 
function and changes in electrolytes in patients with 
rectal cancer after LAR with ileostomy. These findings 
are in accordance with previous reports that ileostomy is 
associated with fluid and electrolyte disturbance, as well as 
renal function impairment (9-11,13,23). We also found that, 
in addition to ileostomy, diabetes is an independent risk 
factor for decreased renal function in patients with rectal 
cancer. 

  Although fluid and electrolyte disturbance is common 
among patients who receive surgical treatment, the changes 
in serum potassium and sodium levels in patients with rectal 
cancer after ileostomy creation have not been well described. 
Study by Hayden et al. observed a loss of intestinal fluid in 
patients undergoing diverting ileostomy, which induced a 
further decrease in electrolytes (23). We also found a more 
severe decrease in serum sodium in patients with ileostomy. 
In contrast with previous suggestions of an increased risk of 
hypokalemia in patients with ileostomy (24,25), we observed 
that serum potassium levels in the ileostomy group were 
increased compared to those in the control group. Similarly, 
other studies have reported hyperkalemia in patients with 
ileostomy (26,27). These differences in results suggest that 
ileostomy may have different impacts on serum sodium and 
potassium levels. Our results provide a new perspective on 
the management of serum sodium and potassium levels in 
patients after ileostomy creation. 

  Although several previous studies have reported a 
longer duration of ileostomy to be associated with an 
elevated risk of stoma-related complications (28,29), the 
changes in renal function with different stoma durations are 
not well known. A study by Yaegashi et al. reported that the 
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Table 3 Univariate and multivariate analysis to identify risk factors for a decreased eGFR at 3 months after surgery 

Characteristics 
Univariate analysis Multivariate analysis

eGFR <0 (n=149) eGFR >0 (n=171) P value Odds ratio 95% CI P value

Ileostomy 87 (58.4) 69 (40.3) 0.002 2.3 1.3–4.3 0.005

Males 90 (60.4) 111 (64.9) 0.543

Age, year 58 (46–66) 55 (46–62) 0.058

BMI, kg/m2 22.8 (21–24.5) 22.1 (20.5–24.1) 0.274

Hypertension 23 (15.4) 15 (8.8) 0.096

Diabetes 15 (10.1) 5 (2.9) 0.016 4.1 1.3–15.9 0.022

Abdominal surgery history 14 (9.4) 15 (8.8) 1

Tumor distance to anal margin 0.225

<5 cm 18 (12.1) 14 (8.2)

5–10 cm 92 (61.7) 99 (57.9)

>10 cm 39 (26.2) 58 (33.9)

Tumor stage 0.211

I 38 (25.5) 33 (19.3)

II 40 (26.8) 37 (21.6)

III 50 (33.6) 75 (43.9)

IV 21 (14.1) 26 (15.2)

Neoadjuvant treatment

Neoadjuvant chemoradiotherapy 42 (28.2) 39 (22.8) 0.329

Neoadjuvant chemotherapy 36 (24.2) 34 (19.9) 0.431

Post surgery chemotherapy 130 (87.2) 150 (87.7) 1

Anastomotic leakage 5 (3.4) 12 (7.0) 0.227      

Values represent N (%) or median (interquartile range). BMI, body mass index.

Figure 4 Changes in the estimated glomerular filtration rate (eGFR) of patients after ileostomy closure. (A) Correlation between duration of 
ileostomy and eGFR. Statistical significance was determined by Spearman’s correlation coefficient. (B) The eGFR is decreased in patients before 
ileostomy closure and increased after ileostomy closure. Statistical significance was determined by paired Wilcoxon rank-sum test. *P<0.05.
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eGFR was decreased in patients at 1 month after ileostomy 
creation (11). However, multiple factors might affecting the 
eGFR within the perioperative period, including surgical 
stress and dietary disorders. In our cohort, the eGFR only 
differed between the ileostomy group and the control group 
at 3 months after index surgery. Furthermore, we failed to 
observe a significant difference in the eGFR among patients 
with different stoma durations before closure. These 
results suggest that the onset of eGFR reduction occur by  
3 months after ileostomy creation but no further changes of 
eGFR occur in patients with a longer ileostomy duration. 
This evidence suggests that early ileostomy closure before 
3 months after index surgery might be an effective means of 
avoiding significant impairment of the eGFR. 

  A few studies have explored whether renal function 
impairment caused by ileostomy is reversible. A study by 
Yaegashi et al. reported no further changes in the eGFR 
of patients after ileostomy closure (11). However, another 
study by Fielding et al. observed continuously worsening 
renal function in patients, even after ileostomy closure (10). 
We found the eGFR rebound after ileostomy closure, which 
indicated that the effects of ileostomy on renal function 
might be temporary. Also, eGFR <60 mL/min/1.73 m2 is 
regarded as a risk factor for cancer-related death (14). We 
also observed a significant increase in the proportion of 
patients with eGFR <60 mL/min/1.73 m2 after ileostomy 
creation. These observations suggest that more attention 
should be paid to the decline of renal function after 
ileostomy creation. Specifically, further prospective study 
might aid the understanding of whether renal function 
suffered by patients with ileostomy is temporary or 
permanent. 

  Notably, several risk factors associated with renal 
function impairment in patients with ileostomy were 
identified. In our cohort, diabetes was identified to be 
an independent risk factor for a decline in eGFR. Other 
studies have reported age, AL, chemotherapy, and 
hypertension to be risk factors for the decline of renal 
function (10,11,13). For patients with a high risk of renal 
function damage who require a temporary diverting stoma, 
more rigorous monitoring of fluids, electrolytes, and renal 
function is needed. Moreover, other preventative methods 
such as colostomy instead of ileostomy to reduce water and 
electrolyte loss (30), as well as shortening the time to stoma 
closure, might help to decrease the occurrence of renal 
function impairment in high-risk patients (31).

Limitations

This study has several limitations. First, this retrospective 
study had a modest sample size and the included data were 
retrospectively collected from patient medical records. 
Consequently, stoma output and dehydration could not 
be assessed in this study, especially after discharge from 
the hospital. Second, the eGFR was estimated from serum 
creatinine, which can be affected by physiological and 
dietary disturbances during the perioperative period; such 
disturbances might have introduced bias to our analysis 
of changes in the eGFR and serum creatinine levels. 
Third, drugs usage is commonly reported associated with 
renal function variations (32,33). We found higher ratio 
of patients received neoadjuvant chemoradiotherapy and 
neoadjuvant chemotherapy in the ileostomy group before 
LAR (Table 1), this might associate with decreased renal 
function in the ileostomy group compared with the control 
group. However, we did not observe significantly difference 
of renal function between the ileostomy group and control 
group at baseline. Further prospective studies with larger 
sample size with detailed drugs usage, stoma output and 
dietary record might help understand the effects these 
confounding factors. 

Conclusions

In summary, ileostomy induces temporary electrolyte 
disturbance and renal function impairment in patients 
with rectal cancer. Diabetes is an independent risk factor 
for renal function damage in patients with an ileostomy. 
Although renal function impairment might recover after 
closure of an ileostomy, strict monitoring of renal function 
is required for high-risk patients. 
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