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Early renal dysfunction after temporary ileostomy construction
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Abstract

Purpose Loop ileostomy is often used to prevent complications after colorectal surgery, but it has been reported to cause
renal impairment. This study aimed to evaluate the changes in the renal function after ileostomy and to compare these with
the renal function after low anterior resection without ileostomy (low-ANT).

Methods The subjects included 58 patients who underwent ileostomy construction and closure for rectal cancer. The esti-
mated glomerular filtration rate (¢GFR) was calculated at specific time points after the index surgery. In addition, we con-
ducted a case-matched study on 147 patients who underwent low-ANT.

Results The eGFR was significantly lower at 1 month after ileostomy than at the time of ileostomy construction (78.8 vs.
84.0, p<0.0001) and did not improve after ileostomy closure. The only risk factor for a reduced eGFR was preoperative
chemotherapy or chemoradiotherapy. In the case-matched study, 36 patients were allocated for each of the two groups. The
number of ileostomy patients with a reduced eGFR was significantly increased 1 month after the index surgery (p =0.005).
Conclusions The eGFR began to decrease at one month after ileostomy construction and did not improve after ileostomy

closure.
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Introduction

Anastomotic leakage remains a severe complication after
colorectal surgery, with considerable effects on the quality
of life and mortality [1, 2]. It has a high rate of occurrence,
particularly in patients with risk factors, such as male sex,
heart failure, and preoperative chemotherapy or chemora-
diotherapy [3-5]. The formation of a defunctioning stoma,
such as that seen with loop ileostomy or colostomy, had been
thought to reduce the effects of anastomotic leakage and the
rate of repeat intervention associated with leakage [6—8].
This stoma is often used in colorectal surgeries. One previ-
ous meta-analysis reported that ileostomy might be prefer-
able over colostomy since this procedure is associated with
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fewer reoperations while also preventing anastomotic leak-
age after colorectal surgery.[9, 10]. The construction of an
ileostomy reduces the risk of prolapse and sepsis, but a high
stoma output can cause many complications, such as acute
and chronic depletion of salt and water.

Dehydration due to a high stoma output is one of the most
common reasons for readmission after ileostomy construc-
tion [11-13]. Indeed, recent studies have reported a decrease
in the estimated glomerular filtration rate (¢éGFR) from ileos-
tomy construction to closure [14, 15]. We need to design
countermeasures for correcting the reduced eGFR. Measure-
ment of the renal function is very important for determining
when the renal function starts to decline after ileostomy con-
struction and investigating whether or not the renal function
improves after ileostomy closure. In addition, the changes
in the renal function after ileostomy construction, compared
with those after low anterior resection without ileostomy
(low-ANT), remain unclear.

The present study evaluated the renal function from ileos-
tomy construction to one year after ileostomy closure and
compared the changes in the renal function between ileos-
tomy and low-ANT.
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Methods

From January 2008 to December 2016, 717 patients with
rectal cancer underwent operations at our hospital. This
study included 68 patients who underwent loop ileostomy
and subsequent ileostomy closure and 191 patients who
underwent low-ANT.

First, we evaluated the renal function of patients who
underwent loop ileostomy. Second, we conducted a case-
matched study between cases of ileostomy and those of low
anterior resection (Fig. 1). During this study, the patients
were attended to at Iwate Medical University (IMU) in
Japan. Patients with inflammatory bowel disease complica-
tions, such as ulcerative colitis and artificial dialysis, emer-
gency surgery, and stage IV cancer were excluded from
the study. The data were retrospectively collected from the
patient records and included patient demographics, comor-
bidity, type of surgery, interval between ileostomy construc-
tion and closure, preoperative chemotherapy or chemoradio-
therapy, adjuvant chemotherapy, and mortality. The amount
of stoma output was recorded by medical staff during hos-
pitalization. Any surgical complication associated with the
construction or closure of the ileostomy was investigated.
The protocol was approved by the institutional review board
of IMU (H29-23).

This study defined a high stoma output as an output of
> 2000 ml/24 h. At our institution, we administered an intra-
venous drip containing 500 ml of lactated Ringer’s solution
to patients with > 1000 ml of stoma output to correct dehy-
dration associated with a high stoma output during hospi-
talization. We also used antidiarrheal drug as necessary to
control the stoma output.

Rectal cancer
n=717

Stoma construction and closure

The loop ileostomy was constructed within approximately
20 cm from the ileocecal valve. The stoma was not rotated
and was usually in its natural form. All ileostomies were
everted and secured using intradermal sutures. At our institu-
tion, we performed stoma closure after confirming that none
of the patients had recurrence based on computed tomography
findings at 3 months after the index surgery. Furthermore, in
patients who received adjuvant chemotherapy, stoma closure
was subsequently performed. Under general anesthesia, stoma
closure was performed with a peristomal skin incision, and
intestinal anastomosis was performed using functional end-to-
end anastomosis. Until June 2009, the peritoneum and muscles
were closed in an ordinary fashion, and the skin was com-
pletely closed. After July 2009, a circumferential purse-string
subcuticular suture was performed, leaving approximately
1 cm of defect at the center of the wound.

eGFR

The eGFR is often calculated using the equations from the
Modification of Diet in Renal Disease study and the Chronic
Kidney Disease Epidemiology of Collaboration [16, 17]. For
this study, we used the Japanese Society of Nephrology for-
mula, which was designed to more accurately estimate the
eGFR in Japanese individuals [18], as follows:

eGFR (mL/min/1.73 mz) = 194 x Serum creatinine™ "0

X Age_o'287 (% 0.739 in females)

Exclusive of
Low anterior resection/ISR
| n =458
[ |
Low anterior resection/ISR Low anterior resection
with ileostomy with no ileostomy
Excluded (n = 10) n=68 n=191 Excluded (n = 44)

Stage IV (n=7) Stage IV (n = 21)
Missing date (n = 2) Missing date (n = 20)
Other (n = 1) Evaluate the eGFR Other (n = 3)

n=58 n =147

Result 1

| Propensity score matching ‘
n=36 | [ n=36

Case-matched study: Result 2

Fig. 1 Flow chart of the study inclusion. ISR intersphincteric resection
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Definition of a decreased renal function

In this study, a decreased renal function was defined as a
decrease in the eGFR of 5 mL/min/1.73 m? after the index
surgery. That value was based on a previously reported
annual eGFR decline rate of 0.75-1 mL/min/1.73 m?
among individuals in the West, starting at 40 years old
[19, 20]. In the general Japanese population, the average
annual rate of eGFR decrease was reported to be 0.36 mL/
min/1.73 [21]. The reduced eGFR of Japanese individu-
als was one-third of that of Western individuals. Recent
reports have shown that the eGFR decrease ranges from
approximately 4.5-6 mL/min/1.73 m? from ileostomy
construction to ileostomy closure [15, 22]. Therefore, the
eGFR in Japanese individuals decreased by more than
5 mL/min/1.73 m? within 1 year, thus indicating the occur-
rence of renal impairment.

Time points of the eGFR

To evaluate the eGFR of cases with loop ileostomy, the
measurements were performed at the following time points:
(A) at the time of the index surgery, (B) one month after
the index surgery, (C) at the time of ileostomy closure, (D)
six months after ileostomy closure, and (E) one year after
ileostomy closure.

In the case-matched comparison of the changes in the
eGFR, measurements of the eGFR for two groups were
performed at the following time points: (i) at the time of
the index surgery, (ii) 1 month after the index surgery,
(iii) 6 months after the index surgery, (iv) 12 months
after the index surgery, and (v) 18 months after the index
surgery.

Statistical analyses

We hypothesized that the data were not normally dis-
tributed and performed nonparametric tests, such as
Wilcoxon’s signed-rank test, the Mann—Whitney U test,
Chi-square test, and Fisher’s exact test. The age, hyperten-
sion, and diabetes, which are reported as risk factors of
renal impairment [15, 23], and risk factors evaluated using
the univariate analysis in this study were selected for the
multivariate analysis for determining the risk factors of a
reduced eGFR. In the case-matched comparison, match-
ing was done for the age, sex, preoperative chemotherapy/
chemoradiotherapy, adjuvant chemotherapy, and anas-
tomotic leakage. All statistical analyses were performed
using the JMP software program, version 14.0 (SAS Insti-
tute, Inc., Cary, NC, USA). A p value of <0.05 was con-
sidered statistically significant.

Results
The eGFR after ileostomy

The renal function was evaluated in 58 of 68 patients
who underwent loop ileostomy; of these, 10 patients were
excluded because of stage IV cancer (n=7), multiple pri-
mary cancers (n=1), and missing data (n=2) (Fig. 1).
The patient characteristics are summarized in Table 1.
The participants included 41 males (71%) and 17 females
(29%), with a median age of 60 years old (interquartile
range [IQR] 50-66 years old). The median ileostomy
duration was 193 days (IQR 151-265 days). Complica-
tions associated with ileostomy were found in 31 patients
(53.4%). In addition, 26 patients (44.8%) had a high stoma
output, and 10 (17.2%) had outlet obstruction. All cases
of outlet obstruction emerged during hospitalization, and
the abnormal stoma output with outlet obstruction was
corrected. Three patients (5.5%) were readmitted because
of dehydration, and two (3.6%) had peristomal skin prob-
lems. Three patients (5.2%) were readmitted because of
dehydration with a high stoma output. Five patients (8.6%)
had complications associated with ileostomy closure.
Four patients (6.9%) experienced superficial surgical site

Table 1 Characteristics of patients

Variable n=58
Age (years), median [IQR] 60 [50-66]
Gender (female), n [%] 17 [29.3]
Operation time (min), median [IQR] 261 [232-301]
Blood loss (mL), median [IQR] 27 [9.8-89.8]
pStage, n [%]
0 01[0.0]
I 16 [27.6]
1T 19 [32.8]
Ila 10[17.2]
IIIb 13 [22.4]
Comorbidity
Hypertension, n [%] 11 [19.0]
Diabetes, n [%] 8 [13.8]
Indications for surgery
Low anterior resection, n [%] 49 [84.5]
Intersphincteric resection, n [%] 9[15.5]

Other

Period of ileostomy (day), median [IQR] 193 [151-265]

Preoperative chemotherapy or chemoradiotherapy, 19 [32.8]
n [%]
Adjuvant chemotherapy, n [%] 33 [56.9]

IQR interquartile range
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infection (SSI), and one patient (1.7%) experienced organ/
space SSI. There was no operative mortality.

Measurement of the eGFR

The median (IQR) eGFR (mL/min/1.73 m?) values at the
different time points were (A) 84.0 (76.8-99.9), (B) 78.8
(71.7-90.0), (C) 78.1 (68.2-88.7), (D) 77.7 (65.2-87.8),
and (E) 75.7 (64.7-85.5). The median eGFR values at time
points B-E were significantly lower than at time point A
(p<0.0001) (Fig. 2). However, there was no marked dif-
ference in the median eGFR at any of the time points after
time point B.

Risk factors for reduction in the eGFR

Of the 58 patients, 32 (55.1%) showed an eGFR reduction
from the time of index surgery to ileostomy closure. In the
univariate analysis, only preoperative chemotherapy or
chemoradiotherapy (p=0.043) was significantly associated
with a reduced eGFR (Table 2). In the multivariate analysis,

Fig.2 Changes in the eGFR
at each time point. The data
are presented as the median

only preoperative chemotherapy or chemoradiotherapy
was found to be significantly associated with a reduced
eGFR (odds ratio [95% confidence interval] 4.0 [1.1-17.2],
p=0.03).

Case-matched comparison of the changes in eGFR

Of the 717 patients with rectal cancer, 58 patients underwent
ileostomy, and 147 patients underwent low-ANT (Fig. 1); 36
ileostomy patients (62.1%) were case-matched with 36 low-
ANT patients (24.5%) (Fig. 1). Table 3 presents the demo-
graphic characteristics of both groups.

The median (IQR) eGFR (mL/min/1.73 m?) values at dif-
ferent time points after ileostomy were (i) 83.3 (73.1-93.0),
(ii) 78.7 (69.1-89.9), (iii) 79.0 (68.1-90.0), (iv) 77.5
(63.9-86.4), and (v) 74.9 (64.5-82.6). The median (IQR)
eGFR (mL/min/1.73 m?) values at different time points after
low-ANT were (i) 84.1 (72.3-97.5), (ii) 83.2 (70.2-95.9),
(iii) 78.9 (68.1-93.0), (iv) 72.3 (67.7-89.6), and (v) 79.8
(66.0-89.9).

eGFR of a loop ileostomy

*

and IQR. Comparisons were r

performed using Wilcoxon’s
signed-rank test. *p <0.0001.

NS not significant (p >0.20),

eGFR estimated glomerular 100 -
filtration rate, /QR interquartile

range -

90 -

eGFRs (ml/min/1.73 m2)
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Table 2 Risk factors associated with a reduced eGFR from the time
of index surgery to ileostomy closure

Variable Classification  n (%) p value
Age (years) >70 4/8 (50.0) NS
<70 31/50 (62.0)
Gender Female 10/17 (58.8) NS
Male 22/41 (53.7)
Hypertension Yes 6/11 (54.6) NS
No 26/47 (55.3)
Diabetes Yes 4/8 (50.0) NS
No 28/50 (56.0)
Period of ileostomy (days) > 180 18/30 (60.0) NS

<180 14/28 (50.0)
High-volume output Yes 16/26 (61.5) NS
No 16/32 (50.0)
Outlet obstruction Yes 7/10 (70.0) NS
No 28/48 (58.3)
Preoperative chemotherapy  Yes 14/19 (73.7)  0.043
or chemoradiotherapy No 18/39 (46.2)
Adjuvant chemotherapy Yes 20/32 (62.5) NS
No 12/26 (46.2)

NS (not significant)=p>0.20

eGFR estimated glomerular filtration rate

A comparison of the changes in the eGFR
between the two groups

The changes in the eGFR at each time point after the index
surgery were compared between ileostomy and low-ANT
(ii—v). The changes in the eGFR were not significantly dif-
ferent between ileostomy and low-ANT at any time points
after the index surgery. Figure 3 and Table 4 show the
median (IQR) changes in the eGFR at each time point after
ileostomy and low-ANT. The number of cases that showed
an eGFR reduction at 1 month after the index surgery was
significantly higher with ileostomy than with low-ANT (17
of 36 [47.2%] vs. 6 of 36 [16.7%]; p=0.005). The number
of cases that showed an eGFR reduction at the other time
points was not markedly different between ileostomy and
low-ANT (Table 5).

Discussion

In this study, the eGFR was significantly reduced after
ileostomy construction. In other similar reports, the eGFR
was shown to decrease from ileostomy construction to clo-
sure [14, 15]. Notably, in our study, the eGFR was already
considerably reduced at one month after constructing the
ileostomy and continued to decline thereafter. In addition,

Table 3 The comparison of the

. ’ Variable Ileostomy (n=36) Low-ANT (n=36) p value
categorical variables between
the two groups Gender (female), n [%] 1[30.6] 11 [30.6] 1.0
Age (years) [IQR] 3 [56-68] 63 [58-69] 0.78
Operation time (min) [IQR] 253 [226-281] 212 [179-239] 0.0002
Blood loss (ml) [IQR] 3 [8-64] 2 [5-19] 0.0147
Diabetes, n [%] 5[13.9] 8[22.2] 0.36
Hypertension, n [%] 10 [27.8] 12 [33.3] 0.61
pStage, n [%] 0.27
0 01[0.0] 01[0.0]
1 12 [33.3] 10 [27.8]
I 10 [27.8] 8 [22.2]
Illa 5[13.9] 12 [33.3]
IIIb 9[25.0] 6[16.7]
Adjuvant chemotherapy 17 [47.2] 17 [47.2] 1.0
Preoperative chemotherapy or chemo- 1[2.8] 1[2.8] 1.0
radiotherapy, n [%]
Indications for surgery, n [%] 0.011
Low-ANT 30 [83.3] 36 [100]
Intersphincteric resection 6[16.7] 010.0]
Wound infection, n [%] 1[2.8] 0[0.0] 0.31
Anastomotic leakage, n [%] 31[8.3] 31[8.3] 1.0
Mortality, n [%] 01[0.0] 01[0.0] 1.0
Period of ileostomy, day [IQR] 161 [141-278]

Low-ANT low anterior resection without ileostomy, /QR interquartile range
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Comparison of the decline in eGFR
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Duration since index operation

Fig.3 The comparison of the decline in the eGFR. The data are pre-
sented as the median and IQR. Comparisons were performed using
Wilcoxon’s signed-rank test. eGFR estimated glomerular filtration
rate, /QR interquartile range

the reduced eGFR did not improve after ileostomy closure
(Fig. 2). Dehydration due to high-volume output of intestinal
fluids from the ileostomy, as well as fluid malabsorption in
the colon, may be associated with renal impairment [11-13].
Therefore, prevention of renal dysfunction after ileostomy
construction can be achieved by performing early counter-
measures, such as early ileostomy closure and correction
of water and electrolytes. Early stoma closure was reported
to be safe in select patients without anastomotic leakage
[24-26]. Beck-Kaltenbach et al. [14] reported that patients
with a decreased eGFR after ileostomy had significantly
higher rates of severe surgical closure-related complica-
tions than cases with non-decreased eGFR after ileostomy;
therefore, the timing of stoma closure is important. Migdanis
et al. [27] reported that the supplementation of a special
oral drink after discharge from hospital throughout the pre-
scribed period was useful for preventing readmission due to
fluid and electrolyte abnormalities. These previous studies
underscore the importance of the early management of fluid
and electrolytes after ileostomy construction. Gessler et al.
[15] suggested that another stoma should be chosen, if pos-
sible, in patients at risk for renal impairment. Kim et al. [28]
suggested that a fecal diversion device was a useful and safe
alternative to a diverting stoma.

In our study, preoperative chemotherapy or chemoradio-
therapy was found to be a risk factor for an eGFR reduction.
A high stoma output or outlet obstruction was not evaluated
as a risk factor because we performed correction for dehy-
dration due to a high stoma output or outlet obstruction.

Other studies have reported that older and hypertensive
patients had an increased risk of renal impairment and
dehydration following loop ileostomy [13, 15, 23]. Scrip-
cariu et al. [22] and Hayden et al. [29] reported that neoad-
juvant chemotherapy was associated with readmission for
dehydration. In the present case-matched study, the change
in the eGFR tended to decline more after ileostomy than
after low anterior resection, and the number of cases with
areduced eGFR at one month after the index surgery was
significantly higher after ileostomy than after low anterior
resection. These were unexpected results, as surgical stress
was presumed to cause a reduced eGFR at one month after
the index surgery, and we considered the finding of the
number of cases with a reduced eGFR at other time points
to not be significantly different between the two groups,
thus indicating that a reduction of the eGFR after ileos-
tomy construction occurs at an early stage after surgery.
The renal function worsens with age, and a reduced eGFR
gradually worsens with time [21]. We considered that the
reason for the numbers of cases with a reduced eGFR at
other time points was not significantly different between
the ileostomy and low anterior resection groups is the
eGFR in the two groups gradually decreased with time.
Although no all cases of ileostomy showed a decline in the
renal function, the ileostomy construction itself carried a

Table 5 Cases with a >5 mL/min/1.73 m? decline in the eGFR after
index surgery

Duration after
the index sur-

Ileostomy (n=36) Low-ANT (n=36) p value

gery

1 month 17 (47.2%) 6 (16.7%) 0.005
6 months 20 (55.6%) 14 (38.9%) 0.16
12 months 21 (58.3%) 20 (55.6%) 0.81
18 months 23 (63.9%) 18 (50.0%) 0.23

eGFR estimated glomerular filtration rate, Low-ANT low anterior
resection without ileostomy

Table 4 Amount of change in

. 5 Duration after the index surgery
the eGFR (mL/min/1.73 m®)

Ileostomy (n=136) Low-ANT (n=36) p value

after index surgery 1 month, median [IQR]

6 months, median [IQR]
12 months, median [IQR]
18 months, median [IQR]

—5.1 [from — 15.6 t0 5.0]
—4.7 [from —12.5t0 5.2]
—8.0 [from — 15.4 to 1.3]
—10.5 [from —17.8 to 1.1]

0.0 [from —4.5 to 8.5] 0.15
—3.1 [from -12.0t05.3]  0.69
—6.3 [from —17.6t02.6] 0.61
—4.8 [from —-13.1t0 1.8]  0.21

Low-ANT low anterior resection without ileostomy, eGFR estimated glomerular filtration rate, /QR inter-

quartile range
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risk of decreasing the eGFR. In our study, the readmission
rate due to dehydration from a high stoma output was 5%.
Therefore, patients with risk factors for renal impairment
should be considered for post-ileostomy management,
as described above, or be managed with other operative
methods.

A reduced renal function can occur with aging. In
general, the eGFR gradually decreases after 40 years
of age. In the general Japanese population, the average
annual rate of decrease in the eGFR was reported to be
0.36 mL/min/1.73. This rate is significantly higher in indi-
viduals <70 years old with an initial eGFR of <50 mL/
min/1.73 m? and in those 70-79 years old with an ini-
tial eGFR of <40 mL/min/1.73 m? [21]. Imai et al. [21]
reported that hypertension, proteinuria, and a lower eGFR
were significant risk factors for a faster decline in the
eGFR in a general Japanese population. In our study, the
median decrease in the eGFR at 1 month after construct-
ing the ileostomy was 5.2 mL/min/1.73 m?, which was
considerably higher and faster than the reported rate in the
general Japanese population. The reduced eGFR associ-
ated with ileostomy may increase the risk of renal failure,
considering that the eGFR did not improve after ileos-
tomy closure. Renal impairment is a specific risk factor
for cardiovascular events and increased mortality [30, 31].
In addition, chronic kidney disease and renal impairment
can increase cancer-specific mortality [32-34]. Therefore,
patients with ileostomy, particularly those with risk factors
for renal dysfunction, should be followed up early.

Several limitations associated with the present study
warrant mention. This was a retrospective study, and the
data were collected from the patients’ medical records.
Furthermore, we did not include the operation time or
blood loss among the factors used for matching (i.e., age,
sex, preoperative chemotherapy/chemoradiotherapy, adju-
vant chemotherapy, and anastomotic leakage). We con-
cluded that significant differences in the operation time
and blood loss between the two groups were inevitable
because ileostomy construction increases the operative
time and procedural time. However, we do not believe
that the difference of 40 min in the operation time and
10 ml in blood loss had a significant effect on the eGFR.
As mentioned above, we referred to a few reports [24—28]
concerning countermeasures for renal dysfunction; how-
ever, we did not take such countermeasures in this study.
It is challenging to develop countermeasures for the early
reduction in the eGFR after ileostomy. In addition, we
were unable to measure the ileostomy output per day and
after hospital discharge and could not investigate the liv-
ing conditions after discharge. We were also unable to
research the long-term survival associated with renal
impairment for ileostomy.

Conclusions

The eGFR was significantly reduced at one month after ile-
ostomy construction and did not improve even after ileos-
tomy closure. The number of patients with a reduced eGFR
at one month after the index surgery was higher with ileos-
tomy than with low-ANT. We observed an early reduction
in the eGFR after ileostomy construction.
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