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Introduction: Acute kidney injury (AKI) 
is a frequent postoperative complica-
tion. However, data on the incidence 
of AKI in patients with colorectal can-
cer (CRC) undergoing surgery with 
curative intent are still limited. We 
examined the relationship between 
postoperative AKI among CRC surgery 
patients and preoperative therapy or 
no prior therapy. 
Material and methods: A  total of  
326 consecutive patients from the 
regional oncology center undergoing 
CRC surgery in the period January to 
December 2019 were included in the 
observational cohort study. We de-
fined AKI as a 50% increase in plas-
ma creatinine or initiation of renal 
replacement therapy within 7 days 
after surgery or an absolute increase 
in creatinine of 0.3 mg/dl within  
48 hours.
Results: Acute kidney injury occurred 
in 36 patients (11%), 27 of whom un-
derwent rectum resection, and 9 un-
derwent colon resection. The incidence 
of AKI was identical in both types of 
surgery. Among 54 patients undergo-
ing neoadjuvant radiochemotherapy, 
6 patients (11%) developed AKI, while 
there was no case of AKI in 31 pa-
tients with neoadjuvant radiotherapy. 
Among 36 patients with AKI, 33 had 
hypertension, 27 had diabetes and  
18 had at least stage 3 of chronic kid-
ney disease before the surgery.
Conclusions: Acute kidney injury after 
surgery for CRC is a relatively frequent 
postoperative complication, in partic-
ular, in patients with prior impairment 
in kidney function and comorbidities 
such as hypertension and diabetes. 
Appropriate preoperative therapy, in-
cluding optimal hydration, withdrawal 
of potentially nephrotoxic drugs, etc., 
may reduce the incidence of AKI.

Key words: acute kidney injury, col-
orectal cancer, chronic kidney disease, 
surgery.
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Introduction

Patients presenting with malignancies have a  high risk of developing 
acute kidney injury (AKI) secondary to receiving chemotherapy, exposure to 
contrast agents used in medical imaging, radiation therapy, tumor lysis syn-
drome, hypotension or caused by the direct effects of the malignancy. Acute 
kidney injury is a frequent complication in cancer patients and is associated 
with increased morbidity and mortality. A Danish population based cohort 
study reported the incidence of AKI in cancer patients followed up for more 
than 7 years [1]. Of 1.2 million individuals, 44,116 developed a malignancy. 
The risk of AKI was 17.5% during the first year after cancer diagnosis and the 
overall 5-year risk of AKI was 27.0%. The highest incidence rates were in pa-
tients with cancer of the kidney (44%), biliary tract, liver, and pancreas, and 
in patients with multiple myeloma. Surgery with curative intent plays a cru-
cial role in the treatment of colorectal cancer (CRC). A small cohort study 
included 288 medical records from elective rectal cancer surgery and found 
an AKI occurrence rate of 3.8% [2]. Studies of other major abdominal proce-
dures reported postoperative AKI in 3–35% of patients [3], and found AKI to 
be associated with increased mortality [4]. In another study from a single 
tertiary hospital in Korea, AKI occurred in 177 (25.9%) during the first post-
operative year, mainly during the first 3 months [5]. 

Taking all these facts into consideration and limited data on the AKI prev-
alence in the early postoperative period, we aimed to assess the relation-
ship between postoperative AKI among CRC surgery patients and in relation 
to neoadjuvant therapy or no prior therapy [5].

Material and methods 

A total of 326 consecutive patients from the regional oncology center un-
dergoing CRC surgery with curative intent in the period from January to De-
cember 2019 were included in the retrospective, observational cohort study. 
We defined AKI as a 50% increase in plasma creatinine or initiation of renal 
replacement therapy within 7 days after surgery or an absolute increase in 
creatinine of 0.3 mg/dl within 48 hours using KDIGO (Kidney Disease: Im-
proving Global Outcomes) guidelines [6]. Electronic medical records of the 
included patients were retrospectively reviewed. Demographic and clinical 
data at the time of admission for surgery including age, sex, body mass index 
(BMI), underlying disease (hypertension, diabetes, and cardiovascular dis-
ease), and types of surgery (rectal resection, colon resection) were recorded 
as well as laboratory data including hemoglobin, albumin, total cholester-
ol, urea, and creatinine levels, and the estimated glomerular filtration rate 
(eGFR). Blood pressure was measured with standard protocols. Hypertension 
was defined as either a blood pressure of at least 140/90 mm Hg or hypo-
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tensive medication use. Chronic kidney disease (CKD) was 
defined according to 2012 KDIGO guidelines [7] with eGFR 
estimated using the chronic kidney disease epidemiology 
collaboration (CKD-EPI) formula [8]. Preoperative therapy 
was also investigated. Neoadjuvant  radiochemotherapy 
was administered to 54 patients, whereas 31 patients 
underwent neoadjuvant radiotherapy. No neoadjuvant 
therapy was administered to 241 patients prior the sur-
gery. Patients underwent laparoscopic surgery (87 in rectal 
group and 7 in colon group) and open surgery (169 in rectal 
group and 63 in the colon group). 256 patients underwent 
rectum resection, and 70 underwent colon resection. The 
main methods of colon or rectal surgery performed in the 
department of surgery were: right hemicolectomy (58), 
left hemicolectomy (12), low anterior resection (185), high 
anterior resection (51), abdomino-perineal resection (20). 
Adenocarcinoma was diagnosed in all treated patients by 
endoscopy before qualifying for surgery. Patients’ clinical 
staging was determined on the basis of the criteria of the 
International Union Against Cancer, 8th edition. The study 
was approved by the appropriate ethics review board and 
is compliant with the Declaration of Helsinki. As only ret-
rospective medical data were analyzed, informed consent 
was waived. 

Data were analyzed using Statistica 13.1 computer soft-
ware (Tulsa, OK, USA). Normality of variable distribution 
was tested using the Shapiro-Wilk test. Student’s t-test 
was used in statistical analysis to compare differences be-
tween groups with p < 0.05 considered statistically signifi-
cant, when appropriate.

Results

The clinical characteristics of the studied patients are 
shown in Table 1. Patients with AKI were older, with higher 
creatinine, urea, and potassium, and lower hemoglobin, 
erythrocyte count, hematocrit and eGFR. Acute kidney 
injury occurred in 36 patients (11%),  27  of whom  under-
went  rectum resection,  and 9 underwent colon resec-
tion. The incidence of AKI was identical in both types of 
surgery. Among 54 patients undergoing neoadjuvant ra-
diochemotherapy,  6 patients  (11%)  developed AKI, while 
there was no case of AKI in 31 patients with neoadjuvant 
radiotherapy. Among 36 patients with AKI, 33 had hyper-
tension, 27 had diabetes and 18 had at least stage 3 of CKD 
before the surgery. 

Discussion

In our study AKI occurred in 36 (11%) patients postop-
eratively; none of the patients required renal replacement 
therapy. Type of the surgery (rectal vs colonic resection) 
was not associated with AKI. Our results also are consis-
tent with reported prevalence of 3–35% for postoperative 
AKI [3]. The incidences of AKI in 6495 inpatients with GI 
cancers in a tertiary hospital in eastern China were 20.5%, 
13.9%, and 12.5%, respectively for esophagus, stomach, 
and intestine cancer as reported by Jin et al. [9]. They re-
ported that about 50.0% of AKI cases and 18.8% of AKI 
deaths occurred in patients with GI cancer [9]. In other 
studies from China occurrence of AKI in GI cancer was re-
ported between 2.4 and 35.3% [10–12].

Table 1. Clinical and biochemical data of colorectal cancer patients with and without acute kidney injury

Parameters No AKI
n = 54

AKI
n = 46

p-value

Age [years] 66.87 ±9.87 72.89 ±8.48 0.0005

Albumin [g/l] 42.82 ±3.70 42.92 ±3.71 0.9707

Sodium [mmol/l] 139.77 ±2.57 139.35 ±2.72 0.5677

Potassium [mmol/l] 4.47 ±0.38 4.96 ±0.41 0.0000

Hematocrit [%] 35.73 ±5.10 33.06 ±5.57 0.0639

Hemoglobin [g/l] 122.0 ±18.1 110.1 ±21.1 0.0237

Erythrocyte count [x 1012/l] 4.28 ±0.37 3.89  ±0.57* 0.0048

MCV [fl] 82.99 ±10.94 84.91 ±9.64 0.5212

MCH [pg] 28.56 ±3.64 28.29 ±4.08 0.7729

RDW [%] 7.23 ±1.30 7.23 ±0.76 0.9932

Leukocyte count [109/l] 6.78 ±2.32 6.44 ±1.49 0.5481

Platelet count [109/l] 271.71 ±82.58 239.50 ±44.58 0.1563

Creatinine [µmol/l] 86.63 ±15.80 102.54 ±32.71*** 0.0000

Urea [mmol/l] 12.61 ±5.64 18.10 ±4.69*** 0.0000

eGFR by CKD-EPI [ml/min/1.72 m2] 87.95 ±18.74 66.32 ±21.98*** 0.0000

PT [s] 12.43 ±0.99 12.01 ±0.71 0.1265

INR 1.05 ±0.09 1.01 ±0.06 0.1069

Total protein [g/l] 67.71 ±5.50 69.01 ±3.52 0.3871

Glucose [mmol/l] 6.10 ±1.49 6.38 ±2.89 0.5821

AKI – acute kidney injury, CKD-EPI – chronic kidney disease epidemiology collaboration, eGFR – estimated glomerular filtration rate, INR – international normalized ratio,
MCH – mean cell hemoglobin, MCV – mean corpuscular volume, PT – prothrombin time, RDW – red cell distribution width  
Conversion factors to SI units are as follows: for glucose – 0.0555, for creatinine 88.4, for hemoglobin 10, for urea 0.357, albumin, total protein 10. * p < 0.05, *** p < 0.001



189Acute kidney injury prevalence in patients with colorectal cancer undergoing surgery with curative intent   

It may be partly explained by the heterogeneity of the 
source population, the different definitions for AKI as well 
as oncologists’ neglect of AKI diagnosis. Data on periopera-
tive AKI in cancer patients are scarce and perioperative AKI 
has primarily been reported in patients undergoing cardi-
ac surgery or transplantation [13, 14] AKI occurs in 5–10% 
of all hospitalized patients, 4–13.4% of patients who have 
undergone major abdominal surgery, and up to 60% of in-
tensive care unit patients [15, 16] Sim et al. [17] reported 
recently that postoperative AKI ranged between 8.8% in 
patients with CRC undergoing laparoscopic surgery and 
9.1% in patients undergoing open surgery (p = 0.406). 
As reported by Kee et al. [5], AKI occurred in 25.9% during 
the first postoperative year, most commonly during the 
first 3 months after surgery (up to 50%). Patients who 
developed AKI were significantly older, with lower BMI, 
and significantly lower preoperative hemoglobin and se-
rum albumin levels. Slagelse et al. [18] included 6580 pa-
tients from the Danish Colorectal Cancer Group database 
who underwent CRC surgery in Northern Denmark during 
2005–2011 and found that AKI occurred in 1337 patients 
(20.3%). In another study from Denmark, Iversen et al. [19] 
examined postoperative complications and mortality in 
2157 patients with CRC who underwent emergency sur-
gery. They included only patients with AKI receiving renal 
replacement therapy (RRT). They found that 2.0% of post-
operative patients with CRC had AKI and were receiving 
RRT; 30-day mortality in this group was 68%. On the oth-
er hand, Lim et al. [2] assessed AKI occurrence in a small 
cohort study of 288 patients undergoing elective rectal 
cancer surgery. They reported that 3.8% of patients devel-
oped AKI. They also found that the in-hospital mortality 
of patients with AKI was 18.2%, whereas patients without 
AKI had an in-hospital mortality of 0.7%. In contrast to 
the study of Huang et al. [20], we did not find a difference 
in the rate of AKI between laparotomy and laparoscopic 
procedure groups. They studied 285 patients and postop-
erative AKI occurred only in 16 patients (7.5%) from the 
laparotomy group (n = 212). 

Similar to patients undergoing major abdominal sur-
gery, patients who undergo colorectal surgery with intes-
tinal resection are also prone to AKI, but the mechanisms 
of AKI are different. As AKI is multifactorial, both operative 
setting such as response to anaesthesia with peripheral 
vasodilatation and myocardial depression and surgery 
with rise in aldosterone and antidiuretic hormone togeth-
er with the effect of fluid depletion should be considered 
in the origin of AKI. This could be due to global hypoperfu-
sion of the kidney if the afferent arteriole dilation and ef-
ferent arteriole vasoconstriction response initiated by the 
kidney does not result in adequate glomerular filtration. 
Further, hypotension can lead to dysfunctional intrarenal 
microcirculation due to patchy areas of hypoperfusion in 
the kidney and potentially add to the risk of developing 
AKI [21–23]. One of the major functions of the colon is to 
reabsorb water; therefore, resection of the colon may ag-
gravate dehydration depending on the extent of resected 
colon. In addition to routine postoperative complications 
such as bleeding, infection, and anastomotic site leak-
age, the CRC group shows chronic salt and water loss and 

malabsorption. Moreover, exposure to nephrotoxic agents 
(chemotherapeutic and radiocontrast agents) and ostomy 
maintenance may also contribute to risk of AKI in this pop-
ulation [10, 24, 25]. In our study patients with prior radio-
therapy did not develop AKI, while among subjects with 
prior radiochemotherapy 11% developed AKI. In a  recent 
review, Borucki et al. [26] reported that significant dehy-
dration was common following ileostomy and was linked 
with AKI and had a long-term impact on renal function.

Limitations of the study

This study has several limitations. First, the retrospec-
tive observational design is a  drawback. Secondly, only 
patients undergoing surgery with curative intent were 
analyzed. Thirdly, it was a  single‑center study from one 
regional oncology center. Data on potential risk factors 
for AKI including medication could only be identified from 
medical records. However, being a single center with sim-
ilar surgery techniques and manner and source of data 
collection could be a benefit. 

Conclusions

Acute kidney injury occurred in approximately 12% of 
patients undergoing CRC surgery. Prior radiochemothera-
py and comorbidities such as hypertension and diabetes 
were risk factors for AKI. 

Proper preoperative therapy may reduce the incidence 
of AKI. 
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