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Renal Failure Without Hemodialysis Is a Risk Factor for
Postoperative Complications in Colorectal Cancer Surgery
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Abstract. Background/Aim: Surgical outcomes of colorectal
cancer (CRC) in patients with renal failure (RF) remain to be
clarified. The objective of this research was to investigate
how RF impacts the surgical outcomes in patients with CRC.
Patients and Methods: A retrospective analysis was
performed on clinical data from 633 patients who underwent
colorectal resection for CRC between January 2017 and
December 2021. Outcomes of the patients with and without
RF were compared. RF was defined as estimated Glomerular
Filtration Rate less than 30. Results: Forty-five (7%) patients
with RF were identified. RF was a significant risk factor for
postoperative complications after colorectal cancer surgery
(odds ratio=2.19, 95% confidence interval=1.08-442,
p=0.0284). The patients with RF had significantly more
comorbidity (p=0.016), and higher American Society of
Anesthesiologists physical status (p<0.01). Hemoglobin level
(p<0.01) and PNI (p<0.01) were significantly lower in those
with RF. Postoperative complications were significantly
higher (p=0.016), and the postoperative hospital stay was
significantly longer (p<0.01) among patients with RF
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compared to those without RF. Patients with RF, excluding
those undergoing hemodialysis, had significantly more
complications compared to those without RF (p=0.004).
Conclusion: Careful attention should be paid to perioperative
management in RF colorectal cancer patients.

Colorectal cancer (CRC), among the most common
diagnosed neoplasms in both Eastern and Western countries
(1), recently became the leading cause of cancer-related
death in women in Japan (2). Laparoscopic surgery for CRC,
along with a recovery program during the perioperative
period, reportedly improves surgical outcomes (3), and
previous studies have identified the risk factors for
postoperative complications and prognostic predictors after
curative surgery in patients with CRC (4).

Chronic kidney disease (CKD) accounts for 9.1% of the
world’s population, and there are more people diagnosed
with CKD (5). As one ages, the risk of developing cancer in
Japan and Western countries has gradually increased (1, 2).
CKD has been reported to be associated with the
development of CRC (6), and thus, the number of CRC cases
among CKD patients has also increased. Although
postoperative outcomes of hemodialysis (HD) patients have
been reported for colorectal cancer (7, 8), there are limited
studies on the results of colorectal surgery for CRC among
patients with renal failure (RF). The purpose of this study
was to identify the feasibility, and safety in patients with RF
after colorectal surgery in comparison to those without RF.

Patients and Methods

Patients and clinicopathological characteristics. This study was
approved by the Ethics Committee of the Japanese Red Cross
Fukuoka Hospital (no. 622), and it conformed to the provisions of
the Declaration of Helsinki. As this study design was retrospective,
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written informed consent was obtained using the opt-out method.
This study analyzed 708 consecutive patients with CRC who
underwent surgical treatments at our institution between January 2017
and December 2021. Subsequently, those who underwent colostomy
or ileostomy, and staging laparoscopy were excluded. Ultimately, a
total of 633 patients were registered in this study. The patients’
clinicopathological data were gathered from their medical records. The
following information was also obtained: age, sex, body mass index,
comorbidities (including diabetes mellitus, cardiac disease,
cerebrovascular disease, respiratory disease, and chronic renal failure),
American Society of Anesthesiologists physical status (ASA-PS),
preoperative hemoglobin (Hb), preoperative serum levels of blood urea
nitrogen (BUN) and creatinine (Cr), preoperative differential leukocyte
count, and prognostic nutritional index (PNI), which was calculated
as follows: 10xserum albumin [g/d1]+0.005xtotal lymphocyte count in
peripheral blood [/mm3], C-reactive protein-to-albumin ratio (CAR),
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), lymphocyte-to-monocyte ratio (LMR), tumor location, level of
lymph node dissection, operative time, estimated blood loss volume,
performance of blood transfusion, length of resected specimen,
postoperative complications, length of postoperative stay, and Union
for International Cancer Control stage (9). Estimated Glomerular
Filtration Rate (eGFR) (ml/min/1.73 m2) was calculated as follows:
194xCr [mg/d1]-1094xage-0287 (male), and 194xCr [mg/dl] ~1094xage
-0.287x0.739(female). RF was defined as an eGFR less than 30.

Perioperative management. All patients underwent rehabilitation after
admission, and early mobilization was performed the day after
surgery in accordance with the clinical path. For mechanical bowel
preparation, patients with RF received a polyethylene glycol
electrolyte lavage solution containing ascorbic acid the day before
surgery, while the non-RF group received magnesium citrate.
Chemical bowel preparation using kanamycin and metronidazole was
performed. All patients underwent standard colorectal surgery, and
blood flow evaluation using indocyanine green was conducted before
anastomosis. HD was administered on the day before surgery and
every two-three days postoperatively by a nephrologist. After hospital
discharge, all patients underwent blood testing every three or six
months, contrast-enhanced computed tomography scans every six
months, and colonoscopy every two years to check for recurrence.

Statistical analysis. The statistical analysis was conducted using
JMP® statistical software, version 16.1.0 (SAS Institute Inc., Cary,
NC, USA). The analysis of continuous variables between two groups
was conducted using the Mann-Whitney U-test, whereas categorical
variables were conducted using the y? test or Fisher’s exact test.
Simple logistic regression analysis was used for the univariate
analysis. The clinicopathological factors with a significant difference
in the univariate analysis were applied for multivariate analysis using
a logistic regression to identify factors that were independently
associated with postoperative complications. A statistically
significant difference was defined as a p<0.05.

Results

Characteristics of patients. The study included 339 male and
294 female patients with a median age of 72 years. The
median BMI was 21.8 kg/mz. Among them, 232 patients
(37%) had comorbidities, and forty-five (7%) with RF were

identified. A low ASA-PS (<3) was present in 544 patients
(86%). The median levels of Hb, BUN, Cr, PNI, CAR, NLR,
PLR, and LMR were 12.1 (5.4-17.5), 14.2 (3.1-75.6), 0.77
(0.24-12.2), 46.46 (20.46-120.98), 0.047 (0-14.06), 2.39
(0.36-22.2), 168.25 (10.73-14,230.77), and 4.54 (0.61-28.5),
respectively. Colon cancer was diagnosed in 472 patients
(75%), and rectal cancer in 161 (25%). Laparoscopic surgery
was performed in 552 patients (87%), with central node
dissection in 524 (83%). The median operation time and
estimated blood loss were 293 minutes and 24 ml,
respectively. Transfusion was performed in 66 patients
(10%). Stage I or II was the final diagnosis in 379 patients
(59%). Among the 633 patients, 45 (7%) had RF, including
18 HD patients.

Risk factor for postoperative complications after colorectal
cancer surgery. The univariate analysis showed that sex,
eGFR <30, ASA-PS, PNI, CAR, tumor location, operation
procedure, operative time, blood loss, and transfusion were
significantly associated with the incidence of postoperative
complications, defined by Clavien-Dindo classification (CD)
(=2). In a multivariate analysis, eGFR <30 [odds ratio
(OR)=2.19, 95% confidence interval (CI)=1.08-4.42,
p=0.0284], tumor location (OR=1.71, 95%CI=1.06-2.75,
p=0.0265), and operative time (OR=0.997, 95%CI1=0.995-
0.999, p=0.0071) were identified as significant factors
indicating postoperative complications (Table I).

Characteristics and short-term outcomes after colorectal
surgery in the patients with RF. The patients with RF had
significantly more comorbidity (p=0.016), and higher
American Society of Anesthesiologists physical status
(p<0.0001). Hemoglobin levels (p<0.0001), BUN
(»<0.0001), Cr (p<0.0001), and PNI (p<0.0001) were
significantly lower in patients with RF. Transfusion was
more frequently performed (p=0.0474). Postoperative
complications were significantly higher (p=0.016), and the
postoperative hospital stay was significantly longer (p<0.01)
among RF compared to non-RF patients. The RF patients
had more severe complications (CD=3) and infectious
complications (p=0.0165 and p=0.0383, respectively) (Table
IT). No significant difference in postoperative complications
(CD=2) was identified between HD patients and non-RF
patients (p=0.136). Nonetheless, the patients with RF,
excluding those on HD, had significantly more complications
than non-RF patients (p=0.004) (Figure 1).

Discussion

The following findings were revealed in this study: 1)
among comorbidities, only renal dysfunction was a
significant risk factor for postoperative complications after
colorectal cancer surgery; 2) the rate of postoperative
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Table 1. Univariate and multivariate analysis of the risk factors for postoperative complications in 633 patients who underwent curative resection

for colorectal cancer.

Complications Univariate Multivariate
Factors Presence Absence  Odds ratio (95%CI) p-Value  Odds ratio (95%CI)  p-Value
Age 72 (33-99) 72 (17-93) 0.99845 0.8524
(0.98229-1.01488)
Sex Female/Male 63/96 231/243 1.44855 0.0468 1.24299 0.2715
(1.00530-2.08725) (0.84352-1.83165)
BMI 21.7 21.9 1.01170 0.6382
(14.0-34.9) (12.1-36.8)  (0.96369-1.06211)
Comorbidity* Presence/Absence 55/177 1771297 1.12690 0.5322
(0.77369-1.64137)
Diabetes mellitus Presence/Absence 27/132 99/375 0.77479 0.2795
(0.48449-1.23903)
Cardiac disease Presence/Absence 33/126 89/385 1.13295 0.5865
(0.72439-1.77196)
Cerebrovascular Presence/Absence 13/146 27/447 147412 0.2788
disease (0.74122-2.93169)
Respiratory disease Presence/Absence 16/143 67/407 0.67967 0.1772
(0.38143-1.21113)
Chronic renal eGFR <30/=30 20/139 25/449 2.58417 0.0034 2.19327 0.0284
failure (1.39292-4.79419) (1.08647-4.42758)
ASA-PS <3/=3 129/30 415/59 0.61132 0.0453 0.91495 0.7537
(0.37757-0.98979) (0.52511-1.59420)
Hb (g/dl) 122 12.0 1.02968 0.4976
(5.4-16.9) (5.8-17.5)  (0.94618-1.12055)
BUN (mg/dl) 144 14.1 141574 0.4754
(5.3-75.6) (3.1-64.5)  (1.05451-1.78187)
Cr (mg/dl) 0.76 0.77 0.89820 0.0842
(0.35-12.2) (0.24-11.5)  (0.79748-1.01164)
PNI 449 46.7 1.03572 0.0031 1.02249 0.1150
(20.5-81.2) (25.7-120.9) (1.01144-1.06057) (0.994198-1.05159)
CAR 0.057 0.043 0.86182 0.0229 0.950464 05178
(0.0019-12.32)  (0.0-14.06) (0.75640-0.98193) (0.81422-1.10950)
NLR 2.29 2.39 1.34855 0.7663
(0.66-19.8) (0.36-22.5)  (1.05020-1.65598)
PLR 167.2 168.4 1.00005 0.7722
(24.5-1481.4) (10.7-14230) (0.99965-1.00044)
LMR 45 4.56 1.04383 0.2190
(0.61-23.0) (1.0-28.5)  (0.97275-1.12010)
Tumor location Colon/Rectum 102/57 370/104 1.98812 0.0006 1.71791 0.0265
(1.34559-2.93745) (1.06952-2.75937)
Lymph node With/Without 131/28 393/81 0.96428 0.8804
dissection apical node (0.60088-1.54747)
Operation Laparo/Open 129/30 423/51 1.92886 0.0089 1.97825 0.0544
procedure (1.17911-3.15535) (0.99895-3.91757)
Operative time 325 (86-722) 280 0.99709 <0.0001 0.99746 0.0071
(93-1,036)  (0.99564-0.99854) (0.99561-0.99931)
Blood loss 54 (0-1490) 17 (0-1,950) 0.99878 0.0008 0.99991 0.8607
(0.99807-0.99949) (0.99895-1.00087)
Transfusion Presence/Absence 26/133 40/434 2.12105 0.0055 1.23834 0.5149
(1.24773-3.6056) (0.65314-2.34789)
Pathological stage’r I, /I, IV 99/60 280/194 1.14321 0.4762

(0.79024-1.65383)

*Comorbidity includes diabetes mellitus, cardiac disease, valvular disease, cerebrovascular disease, respiratory disease. TAccording to the
classification by the Union for International Cancer Control. CI: Confidence interval; eGFR: estimated Glomerular Filtration Rate; BMI: body
mass index; ASA-PS: American Society of Anesthesiologists physical status; PNI: prognostic nutritional index; CAR: C-reactive protein-to-
albumin ratio; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio; CD: Clavien-
Dindo classification.
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Table II. Comparison of clinicopathological factors between patients with renal failure and those without.

eGFR

Total <30 =30 p-Value
Factors n=633 n=45 n=588
Age Median (range) 72 (52-85) 72 (17-99) 0.4624
Sex Female/Male 294 15/30 279/309 0.0673
BMI (kg/m?2) Median (range) 21.2 (15.6-34.9) 21.9 (12.1-36.8) 0.4753
Comorbidity* Presence/Absence 232 24/21 208/380 0.016
ASA-PS <3/z3 544 22/23 522/66 <0.0001
Hb (g/dl) Median (range) 10.8 (8.5-15.7) 12.2 (54-17.5) <0.0001
BUN (mg/dl) Median (range) 36.7 (10.3-75.6) 13.7 (3.1-46.6) <0.0001
Cr (mg/dl) Median (range) 295 (14-122) 0.74 (0.24-1.75) <0.0001
PNI Median (range) 41.7 (21.9-63.1) 46.8 (20.5-120.9) <0.0001
CAR Median (range) 0.059 (0.0025-12.325)  0.047 (0.0-14.06) 0.4241
NLR Median (range) 2.75(0.98-22.3) 2.37 (0.36-19.9) 0.0912
PLR Median (range) 139.8 (53.4-909.1) 168.9 (10.7-14230) 0.2369
LMR Median (range) 4.11 (0.61-13.0) 4.59 (0.90-28.5) 0.1065
Tumor location Right side/Left side 255 21/24 234/354 0.3682
Lymph node dissection With apical node/ 524 32/13 492/96 0.0439

Without apical node

Operation Laparoscopic/Open 552 May-40 512/76 0.7207
Operative time (min) Median (range) 290 (122-698) 293 (86-1,036) 0.7336
Blood loss (g) Median (range) 36 (0-915) 22 (0-1,950) 0.2515
Transfusion Presence/Absence 66 9/36 57/531 0.0474
Complications Presence/Absence 159 20/25 139/449 0.0034
Complications (CD =3) Presence/Absence 47 8/37 39/549 0.0165
Infectious complications Presence/Absence 96 12/33 84/504 0.0383
Postoperative hospital stay (day) Median (range) 15 (6-71) 11 (7-85) 0.0003
Pathological stageT I, I/III, IV 379 31/14 348/240 0.194

*Comorbidity includes diabetes mellitus, cardiac disease, valvular disease, cerebrovascular disease, respiratory disease. TAccording to the
classification by the Union for International Cancer Control. eGFR: Estimated Glomerular Filtration Rate; BMI: body mass index; ASA-PS: American
Society of Anesthesiologists physical status; PNI: prognostic nutritional index; CAR: C-reactive protein-to-albumin ratio; NLR: neutrophil-to-
lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio; CD: Clavien-Dindo classification.

complications for colorectal cancer surgery in severe RF
patients without HD were 48%, significantly higher than
that in non-RF patients.

Most RF patients, including those undergoing HD, tend to
have comorbid diseases, such as cardiovascular disease,
atherosclerotic disease, metabolic disease, and diabetes
mellitus (7, 10). Additionally, they face many disadvantages,
such as organ vulnerability, delayed healing, increased
susceptibility to bleeding, and a higher risk of infection,
leading to elevated perioperative complications (8). In our
study, patients with RF exhibited significant differences in
postoperative complications compared to those without RF.
Previous studies reported complication rates ranging from
36.8 to 50% in HD patients after CRC surgery (7, 8). The
postoperative complication rate (CD =2) was 44.4% in this
study with a severe complication rate of 17.7%, and there
were no patient deaths within 30 days after surgery. In
contrast to RF patients without HD, the absence of
differences in the postoperative complication rate between
HD and non-RF patients can be attributed to the following

reasons: 1) the final judgement of surgery in HD patients
with especially low activities of daily living was made in the
preoperative conference with surgeons, radiologists,
nephrologists, and nurses; and 2) all HD patients underwent
colorectal surgery and lymphadenectomy with standardized
procedures within the team consisting of the surgeon who
meets the requirements of the Japan Society for Endoscopic
Surgery (JSES) endoscopic surgical skill qualification
system. Moreover, HD was performed by specialists in
CKDs and end-stage renal diseases at our institution.
Additionally, RF patients without HD may exhibit a severe
uremic state similar to HD patients, potentially leading to
delayed wound healing processes. In fact, Abe et al. reported
that uremia had a significant impact on delaying the healing
of infections and wounds in HD patients (11). These results
suggest that careful perioperative management should also
be undertaken for severe RF patients without HD.

The median postoperative hospital stay was longer in
RF patients compared to non-RF patients. Poor wound
healing and slow recovery after surgery were observed in
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Figure 1. Postoperative complications rate after colorectal surgery for colorectal cancer. A comparison of the postoperative complications (Clavien-
Dindo =2) rate among three cohorts, including patients with renal failure (RF) excluding hemodialysis (HD), HD patients, and non-RF patients,
revealed that RF patients without HD had significantly more complications compared to those without RF (*p=0.004).

HD patients due to lower PNI and nutritional status,
resulting in a longer hospital stay. Tominaga et al. (12)
indicated that a low preoperative PNI was correlated with
delayed bowel recovery and extended postoperative
hospitalization after laparoscopic colectomy. Thus, the
improvement of PNI might lead to a shorter hospital stay,
and strategies for nutrition improvement, such as nutrition
and rehabilitation support, were established during the
perioperative phases.

In comparison to conventional open surgery, laparoscopic
colorectal surgery is considered to provide improved
surgical visualization, less blood loss, reduced would size,
lower pain levels, less impaired respiratory or cardiac
functions, fewer complications, and shorter hospitalization
(4, 13). These benefits could be expected to be
advantageous for patients with RF. In addition, previous
reports have demonstrated that laparoscopic surgery in HD
patients is associated with improved postoperative
complications, reduce mortality rates, and shorter hospital
stays (8, 14). In our study, despite the majority of RF
patients  undergoing laparoscopic  surgery (89%),
postoperative complications after colorectal surgery did not
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decrease. Although changing the body position is crucial in
laparoscopic surgery, blood pressure fluctuations due to
these positional changes might have an adverse effect.
Further alternative strategies should be considered.

Study limitations. First, this study was a small and
retrospective analysis of medical records from a single
institution. Second, eGFR measurement was a simple but
less accurate evaluation method than other methods such as
inulin clearance. Third, the operability of the patients with
surgery was not compared to those without surgery.
Therefore, the actual effects of RF including HD in patients
with CRC remain unclear.

Conclusion

The rate of postoperative complications after surgical
treatment for RF patients with CRC was high. Especially,
careful attention should be paid for perioperative management
in RF patients without HD. Further investigations are needed
to establish the treatment strategies for colorectal surgery
among RF patients with CRC.
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