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Diverting ileostomy itself may not increase the rate of
postoperative readmission related to dehydration after
low anterior resection

Sung Sil Park', Min Jung Kim'*, Dong-Eun Lee?, Sung Chan Park', Kyung Su Han', Chang Won Hong',
Dae Kyung Sohn', Hee Jin Chang', Jae Hwan Oh'

"Center for Colorectal Cancer, Research Institute and Hospital, National Cancer Center, Goyang, Korea
’Blostatistics Collaboration Team, Research Institute and Hospital, National Cancer Center, Goyang, Korea

Purpose: This study was performed to evaluate the risk of readmission in the first year after low anterior resection (LAR)
for patients with rectal cancer and to identify the contributing factors for readmission related to dehydration specifically.
Methods: This was a retrospective analysis of 570 patients who underwent LAR for rectal cancer at National Cancer Center,
Republic of Korea. A diverting loop ileostomy was performed in 357 (62.6%) of these patients. Readmission was defined
as an unplanned visit to the emergency room or admission to the ward. The reasons for readmission were reviewed
and compared between the ileostomy (n = 357) and no-ileostomy (n = 213) groups. The risk factors for readmission and
readmission due to dehydration were analyzed using multivariable logistic and Cox proportional hazard model.

Results: Dehydration was the most common cause of readmission in both groups (ileostomy group, 6.7%, and no-ileostomy
group, 4.7%, P = 0.323). On multivariable analysis, risk factors for readmission were an estimated intraoperative blood loss
of 2400 mL (odds ratio [OR], 1.757; 95% confidence interval [Cl], 1.058-2.918; P = 0.029), and postoperative chemotherapy
(OR, 2.914; 95% Cl, 1.824-4.653; P < 0.001). On multivariable analysis, postoperative chemotherapy, and not a diverting
loop ileostomy, was an independent risk factor for dehydration-related readmission (OR, 5.102; 95% Cl, 1.772-14.688; P =
0.003).

Conclusion: The most common cause of readmission after LAR for rectal cancer was dehydration, as reported previously.
Postoperative chemotherapy, not the creation of a diverting ileostomy, was identified as the risk factor associated with
readmission related to dehydration.

[Ann Surg Treat Res 2021;101(2):111-1191]
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INTRODUCTION

Despite recent advances in surgical techniques for low anterior
resection (LAR) of rectal cancers, anastomotic leakage remains
a major concern after LAR, with a 1.4%-15.2% incidence rate
[1-4]. In some cases, anastomotic leakage leads to devastating

results, such as peritonitis, pelvic abscess, and rectovaginal
fistula. To prevent anastomotic leakage, a diverting ileostomy
has been commonly used [5-7]. lleostomy diverts fecal flow
away from the colorectal anastomosis, thus decreasing the risks
of severe morbidities associated with anastomotic leakage. The
therapeutic benefit of a diverting stoma to decrease the rate of
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symptomatic anastomotic leakage and reoperation is supported
by evidence from a meta-analysis [6].

However, although a diverting ileostomy is used to reduce
the rate of complications and is typically reversed within
05-1 year after LAR, dehydration, caused by the loss of body
fluids, is a complication of a diverting ileostomy and may lead
to readmission to manage postoperative dehydration [8-20].
Moreover, in some patients, a high-output diverting ileostomy
might cause a daily loss of =1,200 mL of gastrointestinal (GI)
intraluminal fluids, which can significantly lower the volume of
body fluid and result in acute renal failure (ARF) due to severe
dehydration [10].

Adjuvant chemotherapy, which often causes diarrhea, can
worsen dehydration in patients with ileostomy. The cause of
readmission related to dehydration after a diverting ileostomy
is thus unclear, with patients presenting with combined
problems that can cause dehydration, including the ileostomy
itself, adjuvant chemotherapy, and large volume of blood loss.
If the ileostomy itself was the main cause of dehydration, the
ileostomy should be carefully formed, especially for patients
at a high risk for dehydration or for ARF. Accordingly, our aim
in this study was to evaluate whether a diverting ileostomy
itself is the main cause of readmission related to dehydration
after LAR for rectal cancer and to identify the risk factors for
readmission related to dehydration after LAR.

METHODS

Patients
We retrospectively reviewed the medical records of 570

patients who underwent LAR for rectal cancer at our institution
between May 2010 and December 2013. The patients were
classified into the ileostomy and no-ileostomy groups, based
on the presence or absence of formation of a diverting loop
ileostomy, respectively, during LAR. We excluded patients who
had a previous history of small bowel resection before surgery
and those who underwent small bowel resection concurrently
with the LAR, as a short bowel length could increase the output
of a diverting ileostomy and increase the risk of dehydration.
Patients who required early reversal of the diverting ileostomy
due to stoma-related complications during the postoperative
period were also excluded.

All study procedures were performed according to the tenets
of the Declaration of Helsinki. This study was approved by the
Institutional Review Board of the National Cancer Center (No.
NCC 2019-0018); the need for informed consent was waived
owing to the retrospective study design.

Variables
The following factors were evaluated as risk factors for

readmission related to dehydration after LAR; age, sex, body

mass index, American Society of Anesthesiologists physical
status classification, comorbidities, previous abdominal
surgery history, tumor location and pathologic stage, surgical
approach, operative time, blood loss, chemotherapy regimen
and radiotherapy, and postoperative length of hospital
stay. Comorbidities were classified as renal, cardiovascular,
pulmonary, and central nervous system disorders, as well as
diabetes mellitus, hypertension, and/or hyperlipidemia.

Diagnoses leading to readmission
All diagnoses leading to readmission were thoroughly

reviewed retrospectively and categorized as dehydration, ileus/
GI obstruction, anal problems, abdominal pain, chemotherapy-
induced nausea, stoma problems, genitourinary complications,
respiratory complications, surgical site infections, anastomotic
leak/strictures, and others. For patients with more than 1
presenting diagnosis, the diagnosis that required admission
and/or treatment was considered causative. Patients who
underwent readmission for planned ileostomy reversal were
excluded.

Definitions
In this study, rectal cancer was defined as extending up to

15 cm from the anal verge. Readmission was defined as an
unplanned visit to the emergency department for observation or
intervention, regardless of the length of stay or admission as an
inpatient to the hospital. The observation period of readmission
was defined between the time of LAR with ileostomy and
ileostomy reversal in the ileostomy group and 1 year after
surgery in the no-ileostomy group, as 97.1% of ileostomy reversal
were performed within 1 year in the ileostomy group.

Dehydration was clinically diagnosed as an ostomy output of
21,200 mL within 24 hours in the ileostomy group and a BUN/
creatinine level of =20 mg/dL and, in both groups, clinical signs
of dehydration, such as decreased peripheral perfusion, deep
breathing, decreased skin turgor, dry mouth, and increased
thirst, and ARF, defined by oliguria, with a production of urine
of <05 mL/kg for =6 hours.

Statistical analysis
The chi-square and Fisher exact tests were used to compare

categorical variables between the 2 groups, with a 2-sample
t-test or Wilcoxon rank-sum test used to compare continuous
variables. All variables with a P-value of <0.1 on univariable
logistic regression were entered into a multivariable logistic
regression model to estimate the odds ratios (ORs) and
associated 95% confidence interval (Cls) for the risk of
dehydration. All analyses were conducted with adjustment for
all potential confounding factors, using a backward elimination
variable selection to identify independent predictive factors
for readmission. In addition, a Cox proportional hazard model
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Table 1. Patient demographics and clinical characteristics (n

=570)

Low anterior resection

Demographic With
ileostomy

Patient 357 (62.6)
Age (yr)

<65 216 (60.5)

=65 141 (39.5)
Sex

Male 234 (65.6)

Female 123 (34.5)

Body mass index (kg/m?) 24.0 + 3.2
ASA PS classification

Il 348 (97.5)
m 9(2.5)
Comorbidity
Yes 197 (55.2)
No 160 (44.8)
Renal 2 (0.6)
Cardiovascular 12 (3.4)
Pulmonary 11@3.1)
CNS 12 (3.4)
Diabetes mellitus 67 (18.8)
Hypertension 76 (21.3)
Hyperlipidemia 11 (3.1)
Previous abdominal surgery
Yes 81 (22.7)
No 276 (77.3)
Tumor location from AV~ 9.3 + 4.1
Surgical approach
Laparoscopic 322 (90.2)
Open 35(9.8)
Operation time 28.4+104
(10 min)
Blood loss (mL)
<400 281 (78.7)
>400 76 (21.3)
Neoadjuvant CRT
Yes 199 (55.7)
No 158 (44.3)
Postoperative CTx
Yes 230 (64.4)
No 127 (35.6)
CTx regimen
FL 119 (51.7)
Xeloda 25(10.9)
FOLFOX 56 (24.4)
FOLFIRI 3(1.3)
UFT 27 (11.7)
Pathologic T stage
T1 78 (21.8)
T2 72 (20.2)
T3 183 (51.3)
T4 24 (6.7)

Without
ileostomy

213 (37.4)

115 (54.0)
98 (46.0)

136 (63.8)
77 (36.2)
24.4 +8.7

207 (97.2)
6(2.8)

63 (29.6)
150 (70.4)
9.7 +4.3

202 (94.8)
11 (5.2)
203 +7.2

198 (93.0)
15 (7.0)

11 (5.2)
202 (94.8)

42 (19.7)
40 (18.8)
108 (50.7)

23 (10.8)

P-value

0.127

0.681

0.372
0.831

0.112

0.632
0.804
0.058
0.300
0.575
<0.001
0.892
0.067

0.287
0.056

<0.001

<0.001

<0.001

0.051

<0.001

0.374

Table 1. Continued

Low anterior resection

Demographic With Without ~ P-value
ileostomy ileostomy
S stage 0.805
S1 117 (32.8) 63 (29.6)
S2 91 (25.5) 54 (25.4)
S3 129 (36.1) 85 (39.9)
S4 20 (5.6) 11(5.2)
Length of stay (day) 11.6 £ 6.8 103 +5.3 0.012
Readmission 0.121
Yes 87 (24.4) 40 (18.8)
No 270 (75.6) 173 (81.2)
Readmission during postoperative CTx 0.224
Yes 43 (64.2) 17 (51.5)
No 24 (35.8) 16 (48.5)
Readmission related to dehydration 0.323
Yes 24 (6.7) 10 (4.7)
No 333(93.3) 203 (95.3)
Readmission related to dehydration during 0.372
postoperative CTx
Yes 17 (85.0) 7 (70.0)
No 3(15.0) 3 (30.0)
Length of stay during 4.0+59 3.9+9.7 0.942
readmission (day)
Time to readmission 25 (0-294) 48 (1-365) 0.025
from discharge (day)
Time to ileostomy 166 (29-734) NA NA
reversal (day)
Stoma output at 653 + 396 NA NA
discharge (mL)
<1,200 328 (91.9) NA
>1,200 12 (3.3) NA
Not checked 17 (4.8) NA

Values are presented as number (%), mean + standard deviation,
or median (range).

ASA, American Society of Anesthesiologists; PS, physical status;
AV, anal verge; CRT, chemoradiotherapy; CTx, chemotherapy; FL,
5-fluorouracil/leucovorin; Xeloda, capecitabine; FOLFOX,
5-fluorouracil/leucovorin/oxaliplatin; FOLFIRI, 5-fluorouracil/
leucovorin/irinotecan; UFT, uracil/tegafur; NA, not available.

was used to confirm the factors affecting time to readmission
in general and readmission for dehydration specifically. A
backward variable selection method with an elimination
criterion of 0.05 was used to fit the multivariable Cox
proportional model. Inverse probability Kaplan-Meier estimates
were used to construct cumulative event plots of readmission
and readmission for dehydration. Additionally, a matched
analysis, by age and sex, was performed between the ileostomy
and no-ileostomy group, using the same follow-up periods
for the no-ileostomy group as for the matched patients in the
ileostomy group. Statistical significance was defined as P <
0.05 and analyses were performed using SAS (version 9.4; SAS
Institute Inc., Cary, NC, USA).
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RESULTS

Patient demographics and clinical characteristics
Between 2002 and 2013, 570 patients underwent LAR for

rectal cancer at our center. At the time of the primary surgery,
a diverting ileostomy was performed in 357 patients (62.6%,
the ileostomy group), with the other 213 (37.4%) undergoing
LAR without diverting ileostomy (the no-ileostomy group). The
demographics of both groups are presented in Table 1. There
was no significant difference in the tumor stage between the
2 groups. The ileostomy group presented a longer operative
time (P < 0.001), a longer period of hospitalization after LAR
(P = 0.012), and a larger volume of blood loss during surgery
(P < 0.001). Neoadjuvant chemoradiotherapy was more
frequently performed in the ileostomy group (P < 0.001). The
postoperative chemotherapy regimen was different between the
2 groups, with the 5-fluorouracil, leucovorin regimen principally
used in the ileostomy group and the FOLFOX (5-fluorouracil,
leucovorin, oxaliplatin) regimen in the no-ileostomy group (P <
0.001).

The readmission rate was 24.4% in the ileostomy group
and 18.8% in the no-ileostomy group (P = 0.121). The rate of
readmission during postoperative chemotherapy was similar
in both groups (64.2% and 51.5%, respectively; P = 0.224).
The median time between discharge and readmission was
significantly shorter in the ileostomy than in the no-ileostomy
group (25 and 48 days, respectively; P = 0.025), although the
length of stay during readmission was similar between the 2
groups (P = 0942). The mean stoma output at discharge in the
ileostomy group was 653 * 396 mL, with a stoma output of
>1,200 mL identified in 3.3% of patients.

A
0.3 9 Overall readmission
0.2 1
0.1 1
0 3 6 9 12 15 18
Time (mo)
Number at risk
All 570 468 443 429 418 407 401

Cause of overall readmission
The most common cause of readmission was dehydration in

both groups (6.7% in the ileostomy group and 4.7% in the no-
ileostomy group, P = 0.323). The second most common cause of
readmission was ileus/GI obstruction (Table 2).

Risk factors of overall readmission
Overall, readmission was observed until 11.8 months

after surgery on average (Fig. 1A). On multivariable logistic
regression, the risk factors for readmission were as follows (Table

Table 2. Causes of overall readmission for patients with or
without ileostomy

With Without
Cause ileostomy ileostomy  P-value
(n=357) (n=213)
Total 87 (24.4) 40(18.8) 0.121
Dehydration 24 (6.7) 10 (4.7) 0.323
Ileus/GlI obstruction 13 (3.6) 2(0.9) 0.051
Anal problem 11 3.1) 3(1.4) 0.212
Abdominal pain 11.3.1) 5(2.3) 0.608
Chemotherapy-induced 7 (2.0) 2 (0.9) 0.344
nausea
Stoma problem 5(1.4) 0 (0) NA
Genitourinary 1(0.3) 2 (0.9) 0.293
Respiratory 3(0.8) 3(1.4) 0.520
Wound complication 2 (0.6) 2(0.9  0.903
Anastomotic stricture/ 2 (0.6) 4(1.9) 0.136
leakage
Intraabdominal abscess 1(0.3) 0 (0) >0.999
Others 7 (2.0) 7 (3.3) 0.323

Gl, gastrointestinal; NA, not available.

0.3 7 Readmission related to dehydration

0.2 1

0.1 1

0 3 6 9 12 15 18
Time (mo)

Number at risk

All 570 539 520 511 502 494 485

Fig. 1. Cumulative event plot of readmission (A) and readmission related to dehydration (B) after low anterior resection. Overall
readmission was observed until 11.8 months after surgery, on average, and readmission related to dehydration specifically until

5.7 months after surgery, on average.
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Table 3. Univariable and multivariable analyses using logistic regression of overall readmission

. No o Univariable Multivariable
Variable Total . Readmission
readmission OR (95% Cl) P-value OR (95% Cl) P-value

Age (yr)

<65 331 (58.1) 262 (59.1) 69 (54.3) 1 (Ref)

>65 239 (41.9) 181 (40.9) 58 (45.7) 1.217(0.818-1.810) 0.333
Sex

Male 370 (64.9) 289 (65.2) 81 (63.8) 1 (Ref)

Female 200 (35.1) 154 (34.8) 46 (36.2) 1.066 (0.706-1.608) 0.762
Body mass index (kg/mz) 24159 243 +6.5 23.7+29 0.967 (0.908-1.030) 0.295
ASA PS classification

(S]] 555(97.4) 430(97.1) 125 (98.4) 1 (Ref)

1 15 (2.6) 13 (2.9 2(1.6) 0.529 (0.118-2.377)  0.406
Comorbidity

No 241 (42.3) 196 (44.2) 45 (35.4) 1 (Ref) 1 (Ref)

Yes 329 (57.7) 247 (55.8) 82 (64.6) 1.446 (0.96-2.177) 0.077  1.520(0.999-2.311) 0.050
Previous abdominal surgery

No 426 (74.7) 329 (74.3) 97 (76.4) 1 (Ref)

Yes 144 (25.3) 114 (25.7) 30(23.6) 0.893 (0.563-1.416) 0.629
Surgical approach

Laparoscopic 524 (91.9) 412 (93.0) 112 (88.2) 1 (Ref)

Open 46 (8.1) 31 (7.0) 15(11.8) 1.78 (0.928-3.413)  0.083
Operation time (10 min) 254 +10.2 249+9.8 27.2+11.2 1.022(1.003-1.041) 0.023
Blood loss (mL)

<400 479 (84.0) 381 (86.0) 98 (77.2) 1 (Ref) 1 (Ref)

>400 91 (16.0) 62 (14.0) 29(22.8) 1.818(1.11-2.979) 0.018 1.757(1.058-2.918) 0.029
Neoadjuvant CRT

No 360 (63.2) 279 (63) 81 (63.8) 1 (Ref)

Yes 210 (36.8) 164 (37) 46 (36.2) 0.966 (0.641-1.456) 0.870
Postoperative CTx

No 221 (38.8) 194 (43.8) 27 (21.3) 1 (Ref) 1 (Ref)

Yes 349 (61.2) 249 (56.2) 100(78.7) 2.886(1.813-4.592) <0.001T 2.914 (1.824-4.653) <0.001
Stage

1 180 (31.6) 151 (34.1) 29 (22.8) 1 (Ref) 0.032

2 145 (25.4) 114 (25.7) 31(24.4) 1.416(0.807-2.483) 0.413

3 214 (37.5) 158 (35.7) 56 (44.1) 1.845(1.118-3.045) 0.509

4 31(5.4) 20 (4.5) 11 (8.7) 2.864 (1.241-6.608) 0.061
Length of stay (day) 11.1+6.3 109+6.4 11.8+6.2 1.022(0.994-1.051) 0.130
lleostomy

No 213 (37.4) 173 (39.1) 40 (31.5) 1 (Ref)

Yes 357 (62.6) 270 (60.9) 87 (68.5) 1.394 (0.915-2.121) 0.122

Values are presented as number (%) unless otherwise specified.
OR, odds ratio; Cl, confidence interval; Ref, reference; ASA, American Society of Anesthesiologists; PS, physical status; CRT,
chemoradiotherapy; CTx, chemotherapy.

3): a volume of blood loss of =400 mL (OR, 1.757; P = 0.029)  Risk factors of readmission related to dehydration

and administration of postoperative chemotherapy (OR, 2.914; P
< 0.001). A diverting ileostomy was not a cause for readmission
(P = 0.122) (Table 3, Fig. 2A). Additionally, in the multivariable
Cox model, volume of blood loss (hazard ratio [HR], 1.600; P =
0.027) and postoperative chemotherapy (HR, 2.358; P < 0.001)
were significant factors for overall readmission (Supplementary
Table 1).

Readmission related to dehydration was observed until
5.7 months after surgery, on average (Fig. 1B). Postoperative
chemotherapy was the only factor associated with dehydration-
related readmission (OR, 5.102; P = 0.003) (Table 4); again, a
diverting ileostomy was not associated with dehydration-related
readmission (P = 0.320) (Table 4, Fig. 2B). Only postoperative
chemotherapy (HR, 4.702; P = 0.004) was a significant factor
in the univariable and multivariable Cox proportional models
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A
0.3
0.2 1
0.1 1 o
Readmission (ileostomy)
— No
Yes
f Log-rank P = 0.125
|
0 3 6 9 12 15 18
Time (mo)
Number at risk
No 213 181 173 167 163 157 154
Yes 357 287 270 262 255 250 247

B

0.3 7 Readmission related to dehydration (ileostomy)

— No
Yes

Log-rank P = 0.343

0.2 1

0.1 A
#IJ‘J_._N_._._I—“_’“—‘

0 3 6 9 12 15 18
Time (mo)
Number at risk
No 213 201 195 191 188 186 183
Yes 357 338 325 320 314 308 302

Fig. 2. Cumulative event plot according to ileostomy and readmission (A) and readmission related to dehydration (B) after low
anterior resection. Cumulative event plot did not identify an association between presence of an ileostomy and readmission

generally and readmission related to dehydration specifically.

(Supplementary Table 2).

Matched analysis between groups
The patient demographics and clinical characteristics after

matching by age and sex are reported in Supplementary Table 3.
Even after matching, postoperative chemotherapy remained the
only risk factor for overall readmission and readmission related
to dehydration (Supplementary Tables 4 and 5).

DISCUSSION

In this study, we examined the risk factors for readmission
and readmission related to dehydration after LAR for rectal
cancer. We found that dehydration was the most common
cause of readmission in the first year after LAR. However,
there was no difference in the overall rates of readmission
and readmission specifically related to dehydration among
patients with and without a diverting ileostomy after
LAR. A volume of blood loss = 400 mL during surgery and
postoperative chemotherapy were associated with readmission,
with postoperative chemotherapy remaining as the only
factor associated with readmission related to dehydration on
multivariable analysis.

Although studies have previously evaluated predictors
associated with readmission after colorectal surgery, given
the inclusion of mixed cohorts, the identified predictors were
inconsistent among studies [21-23]. Few studies have examined
predictors of readmission specifically among patients with
rectal cancer. In their population-based comparison of the 30-
day readmission rate after both colon and rectal cancer surgery,
Doumouras et al. [24] reported that the number of readmissions

for renal and stoma-related causes was higher in the rectal
cancer group than in the colon cancer group. A recent study
identified a high-output stoma as a predictor of readmission
following proctectomy for rectal cancer (OR, 11.04; P = 0.003)
[25]. Paquette et al. [26] reported age of >50 years as an
independent predictor of readmission due to renal failure after
ileostomy. Messaris et al. [27] reported postoperative diuretics
as the sole risk factor for readmission related to dehydration
after ileostomy. Our study included a relatively large number of
patients who were readmitted after LAR (127 cases); a diverting
ileostomy itself was not related to readmission after LAR, with
postoperative chemotherapy being the only independent factor
for readmission related to dehydration after LAR.

Previous studies have reported ileostomy to be a risk factor
for readmission related to dehydration [26,27]. However, only
16%-39% of these study populations comprised patients with
rectal cancer, with most of the patients (47%-59%) having
inflammatory bowel disease. Moreover, these studies did not
clearly state how far the ileostomy was formed proximal to
the ileocecal valve. Therefore, it is not possible to differentiate
whether dehydration was caused by an underlying disease, a
short bowel, or the ileostomy itself. Unlike previous studies, we
identified no association between a routine diverting ileostomy
combined with LAR and the overall rate of readmission and
readmission related to dehydration specifically. We note that
our study included only patients who underwent elective LAR
for rectal cancer, with the stoma formed approximately 30
cm proximal to the ileocecal valve in all patients in whom a
diverting ileostomy was created. This standardization allowed
us to evaluate the rate of readmission related to dehydration
after LAR by minimizing the effects of other confounding
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Table 4. Univariable and multivariable analyses using logistic regression of readmission related to dehydration

Total No Readmissiqn for
dehydration  dehydration

Age (yr)

<65 331 (58.1) 314 (58.6) 17 (50.0)

>65 239 (41.9) 222 (41.4) 17 (50.0)
Sex

Male 370 (64.9) 347 (64.7) 23 (67.7)

Female 200 (35.1) 189 (35.3) 11 (32.4)
Body mass index 241+£59 242+60 23.7+29
ASA PS classification

-1l 555(97.4)  521(97.2) 34 (100)

1l 15 (2.6) 15 (2.8) 0(0)
Comorbidity

No 241 (42.3) 229 (42.7) 12 (35.3)

Yes 329 (57.7) 307 (57.3) 22 (64.7
Previous abdominal surgery

No 426 (74.7) 401 (74.8) 25(73.5)

Yes 144 (25.3)  135(25.2) 9(26.5
Surgical approach

Laparoscopic 524 (91.9) 491 (91.6) 33 (97.1)

Open 46 (8.1) 45 (8.4) 1(2.9)
Operation time (10 min) 25.4 + 10.2 25.4+10.2 26.1+9.0
Blood loss (mL)

<400 479 (84.0) 451 (84.1) 28 (82.4)

>400 91 (16.0) 85 (15.9) 6(17.7)
Neoadjuvant CRT

No 360(63.2) 338 (63.1) 22 (64.7)

Yes 210(36.8) 198 (36.9) 12 (35.3)
Postoperative CTx

No 221(38.8) 217 (40.5) 4(11.8)

Yes 349 (61.2) 319 (59.5) 30 (88.2)
Stage

1 180 (31.6) 176(32.8) 4(11.8)

2 145 (25.4) 136 (25.4) 9(26.5)

3 214 (37.5) 196 (36.6) 18 (52.9)

4 31(5.4) 28 (5.2) 3(8.8)
Length of stay (day) 11.1+63 11.1+£64 10.8 +4.1
lleostomy

No 213 (37.4) 203 (37.9) 10 (29.4)

Yes 357 (62.6) 333 (62.1) 24 (70.6)

Values are presented as number (%) unless otherwise specified.
OR, odds ratio; Cl, confidence interval; Ref, reference; ASA,
chemoradiotherapy; CTx, chemotherapy.

factors.

Unlike most previous studies that examined readmission
within 30 or 60 days after discharge, we defined the period of
readmission from the time of LAR to reversal of the ileostomy
in the ileostomy group and at 1 year after surgery in the no-
ileostomy group. The observation period inevitably had to be
shorter in the ileostomy group but there were many patients
whose period to ileostomy reversal was from 6 months to
1 year after ileostomy (177 of 357, 49.4%). In addition, there

Univariable Multivariable
OR (95% ClI) P-value OR (95% Cl) P-value
1 (Ref)
1.415 (0.707-2.830) 0.327
1 (Ref)
0.878 (0.419-1.840) 0.731
0.978 (0.882-1.085) 0.676
1 (Ref)
1.367 (0.663-2.820) 0.397
1 (Ref)
1.069 (0.487-2.348) 0.867
1 (Ref)
0.331 (0.044-2.474) 0.281
1.007 (0.974-1.040) 0.681
1 (Ref)
1.137 (0.457-2.829) 0.783
1 (Ref)
0.931 (0.451-1.922) 0.847
1 (Ref) 1 (Ref)
5.102 (1.772-14.688) 0.003  5.102 (1.772-14.688) 0.003
1 (Ref) 0.083
2.912 (0.878-9.656) 0.845
4.041 (1.342-12.168) 0.167
4.714 (1.001-22.192) 0.259
0.991 (0.933-1.053) 0.769
1 (Ref)
1.463 (0.685-3.121) 0.326

American Society of Anesthesiologists; PS, physical status; CRT,

were patients in the ileostomy group who did not undergo
ileostomy reversal (15 of 357, 4.2%) and, thus, in whom the
periods of observation to readmission as up to 1 year after
ileostomy. Another important point is that the median time
to readmission from discharge was 29 days, with 68% of
readmissions occurring within 60 days from discharge and over
70% of patients in the no-ileostomy group being readmitted
within 4 months after surgery. Based on these results, we
assume that the difference in the period of follow-up between
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the 2 groups would not have a significant effect on measured
outcomes.

To our knowledge, no previous study has reported on the risk
of readmission associated with postoperative chemotherapy
after LAR for rectal cancer among patients with or without
ileostomy. Our finding of postoperative chemotherapy as a
risk factor for readmission related to dehydration after LAR for
rectal cancer might be attributable to our relatively long period
of observation. In our study sample, more than half of the
patients in both groups received postoperative chemotherapy.
Based on our findings, monitoring for dehydration should
be performed in patients scheduled for postoperative
chemotherapy. Moreover, sufficient hydration during and after
chemotherapy should be performed under close observation.

The limitations of our study need to be acknowledged.
First is the retrospective design of the study, with all patients
recruited from a single center. Therefore, selection bias could
not be eliminated although the data was extracted from the
prospectively maintained center database, and patients were
excluded according to the predefined criteria. Dehydration was
diagnosed from clinical signs and the severity of dehydration
was not verified. Therefore, all specific risk factors that might
lead to dehydration and subsequent readmission might not
have been identified. Operationally, we defined dehydration
as an osteotomy output of =1,200 mL within 24 hours in
the ileostomy group or clinical signs indicative of the need
for intervention in both groups. However, the severity of
dehydration could not be determined in straight-forwarded
fashion and in a large number of patients, the volume of output
at the stoma at the time of the readmission was not accurately
verified. Finally, because we monitored readmission until the
time of stoma reversal, we could not confirm complications and
readmission related to stoma closure.

In conclusion, a diverting ileostomy itself after LAR for rectal
cancer may not increase the overall rate of readmission and the
rate of readmission related to dehydration specifically. In our
study sample, the most common cause of readmission after LAR
for rectal cancer was dehydration. Postoperative chemotherapy,
and not the creation of a diverting ileostomy, was identified

as the only risk factor associated with readmission related to
dehydration.

SUPPLEMENTARY MATERIALS

Supplementary Tables 1-5 can be found via https://doi.
org/10.4174/astr.2021.101.2.111.
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