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Abstract
Aim: The outcomes of gastrectomy for gastric cancer in patients at each severity of 
chronic kidney disease (CKD) remain unknown.
Methods: We retrospectively analyzed the outcomes of 560 patients who underwent 
distal or total gastrectomy for gastric cancer between 2009 and 2018. We classified 
the patients into four groups based on estimated glomerular filtration rate: stage 1/2 
(normal to mild, n = 375), stage 3a (mild to moderate, n = 122), stage 3b (moderate 
to severe, n = 43), and stage 4/5 (severe to end-stage, n = 20) CKD. The relationship 
between CKD stage and the incidence of postoperative morbidity was analyzed.
Results: CKD was a predictor of overall morbidity independent of age, gender, 
American Society of Anesthesiologists Performance Status, pulmonary comorbid-
ity, extent of lymphadenectomy, and operation time in a multivariate analysis. The 
incidences of overall and severe morbidity were significantly increased with CKD 
progression (both P < .001). Compared to stage 1/2 CKD, the odds of overall mor-
bidity were significantly elevated in stage 3a (odds ratio [OR] 1.87, P = .007), stage 
3b (OR 3.86, P <  .001), and stage 4/5 (OR 8.60, P <  .001). The risk of procedure-
related morbidity was strikingly increased in stage 3b (OR 2.93, P = .004). The risk of 
procedure-unrelated morbidity elevated markedly in stage 3a (OR 2.77, P = .001). A 
significant graded association between CKD progression and overall morbidity was 
also revealed in elderly patients (P = .001).
Conclusions: The severity of CKD predicts the likelihood and type of morbidity after 
gastrectomy and can guide surgical decision-making for patients with gastric cancer.
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1  | INTRODUC TION

Gastric cancer is one of the leading causes of cancer deaths through-
out the world and continues to increase as populations in developed 
countries age.1 Gastrectomy is the mainstay of treatment for gas-
tric cancer, but its postoperative morbidity impairs the patient's 
physical condition and often leads to an unfavorable clinical course. 
Infectious morbidity was also suggested to worsen long-term out-
comes after gastrectomy.2-4 The identification of a high-risk candi-
date who is likely to develop postoperative morbidity is crucial to the 
planning of surgical treatment for gastric cancer.

Chronic kidney disease (CKD) is increasingly prevalent globally.5,6 
In Japan, the prevalence rate of end-stage renal disease is the high-
est among the world,7 and the number of patients with CKD reached 
13 million in 2005.8 A recent large analysis revealed that the inci-
dence risk of gastric cancer in patients with CKD was significantly 
higher than in the general population.9 Surgery for gastric cancer 
patients with CKD is expected to increase in the future. Renal dys-
function adversely affects a patient's postoperative course due to 
impairment of physical function including wound healing, immunity, 
body fluid regulation, and hemostasis. The presence of end-stage 
renal disease has been shown to be accompanied by a higher risk 
of morbidities after gastroenterological cancer treatment, including 
gastric cancer treatments.10-15 However, the impact of mild to mod-
erate CKD on the incidence and type of morbidity after gastrectomy 
is unclear.16

The glomerular filtration rate (GFR) is used in both the definition 
and the staging of CKD.17 The estimated GFR (eGFR) tends to de-
cline with increasing age, and the CKD population based on GFR in-
creases among elderly patients. However, the influence of CKD that 
is detectable with the use of eGFR in elderly patients undergoing 
gastrectomy is unknown. We conducted the present study to retro-
spectively analyze the association between the severity of CKD and 
the development of morbidity after gastrectomy for gastric cancer, 
and to elucidate the effect of CKD on surgical outcomes in elderly 
gastric cancer patients.

2  | MATERIAL S AND METHODS

2.1 | Patients

From January 2009 to August 2018, a total of 776 patients under-
went a gastrectomy for gastric cancer at Kobe University Hospital. 
Of these, the patients who underwent a proximal gastrectomy, 
which had less postoperative morbidities in comparison with other 
type of gastrectomy, and those who received preoperative chemo-
therapy, which has a potential to increase morbidities, were ex-
cluded. We analyzed the cases of the remaining 560 patients who 
underwent a distal or total gastrectomy with curative intent, using 
the patients' clinicopathological and treatment data extracted from 
medical charts. Each patient's preoperative physical status was 
assessed by age, gender, body mass index (BMI), serum albumin 

concentration, American Society of Anesthesiologists Performance 
Status (ASA-PS), Charlson comorbidity index (CCI), and the presence 
or absence of diabetes mellitus, pulmonary disease, cardiovascular 
disease, and a history of anticoagulant agent(s) use. Tumor stage 
was classified according to the Japanese Classification of Gastric 
Carcinoma.18 Surgical procedures were performed according to the 
Japanese Gastric Cancer Treatment Guidelines.19

Postoperative morbidities diagnosed as grade II or higher on the 
Clavien-Dindo classification were defined as procedure-related or 
procedure-unrelated morbidities.20 Severe morbidities were defined 
as morbidities diagnosed as grade III or higher. Procedure-related 
morbidities included anastomotic leakage, pancreatic fistula, intra-
abdominal abscess, intra-abdominal bleeding, anastomotic bleeding, 
delayed gastric emptying, anastomotic stricture, small bowel ob-
struction, and wound infection. The procedure-unrelated morbidi-
ties were categorized as follows: cardiovascular morbidity (including 
arrhythmia, ischemic heart disease, heart failure, and stroke), pulmo-
nary morbidity (including pneumonia, atelectasis, pleural effusion, 
and edema), other-site infectious morbidity (including cholecystitis, 
urinary tract infection, enterocolitis, and catheter-related infection), 
and hemostatic morbidity (including venous thromboembolism and 
intestinal bleeding). All procedures followed were in accordance 
with the ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the Declaration 
of Helsinki.

2.2 | The classification of CKD severity

Renal function was assessed as the eGFR calculated by the 
Modification of Diet in Renal Disease Study equation that was modi-
fied for a Japanese population as follows: eGFR (ml/min/1.73 m2) 
= 194 × Cr−1.094 ×  age−0.287 (×0.739 if female).21 CKD was defined 
as an eGFR < 60 ml/min/1.73 m2 for ≥ 3 months according to the 
2012 Kidney Disease Improving Global Outcomes (KDIGO) guide-
line.17 Based on the patient's eGFR measured at his or her first visit 
to our hospital, we classified the patients into the following four 
groups: stage 1/2 CKD (normal to mild CKD: eGFR ≥ 60 ml/min/1.73 
m2), stage 3a CKD (mild to moderate CKD: eGFR 45 to  <  60  ml/
min/1.73 m2), stage 3b CKD (moderate to severe CKD: eGFR 30 
to < 45 ml/min/1.73 m2), and stage 4/5 CKD (severe to end-stage 
CKD: eGFR < 30 ml/min/1.73 m2).

2.3 | Statistical analyses

Statistical comparisons among different groups were performed 
with the Mann-Whitney U-test and Spearman rank correlation for 
categorical variables, and with an analysis of variance (ANOVA) or 
Kruskal-Wallis test for continuous variables, as appropriate. Potential 
risk factors for postoperative morbidities were evaluated by a logis-
tic regression analysis. Factors with a probability level ≤ 0.05 were 
adopted for the subsequent multivariate analysis. Independent risk 



     |  521SUZUKI et al.

factors were considered appropriate at a probability level < 0.05. All 
statistical analyses were performed using JMP statistical software, 
version 11 (SAS, Cary, NC, USA).

3  | RESULTS

3.1 | Clinicopathological characteristics

The study cohort consisted of 415 males (74.1%) and 145 females 
(25.9%) with the mean age 70.3 ± 10.3 years (range 36-93 years). The 
560 patients were assigned to the stage 1/2 CKD group (n = 375, 
67.0%), the stage 3a CKD group (n = 122, 21.8%), the stage 3b CKD 
group (n = 43, 7.7%), and the stage 4/5 CKD group (n = 20, 3.6%). 
In the stage 4/5 CKD group, eight patients were on hemodialysis 
preoperatively. The patient characteristics of the four groups are 
summarized in Table 1.

The stage 1/2 group had a significantly younger mean age and a 
significantly lower proportion of males compared to the other three 
groups (P  <  .001 and P  =  .016, respectively). The serum albumin 
concentrations in the stage 3b and 4/5 groups were significantly 
lower than those in the stage 1/2 and 3a groups (P < .001). Patients 
with higher ASA-PS and with higher CCI values were significantly 
more common in the stage 3b and 4/5 groups than in the stage 1/2 
and 3a groups (both P <  .001). Patients with advanced stage CKD 
showed significant increases of concomitant diabetes mellitus and 
cardiovascular disease (P = .012 and P < .001, respectively), but not 
pulmonary disease. Patients with stages 1 or 2 were less likely to 
take anticoagulant agents than those with the other three stages 
(P < .001). The stage 3a, stage 3b, and stage 4/5 groups had a histo-
logically differentiated tumor significantly more frequently than the 
stage 1/2 group (P = .008).

With respect to surgical procedures, laparoscopic-approach sur-
gery significantly decreased with stage progression (P = .004). The 
extent of gastrectomy or lymph node dissection did not differ among 
the four groups.

3.2 | Postoperative morbidity

The patients' CKD stages and postoperative morbidity data are 
summarized in Table  2. Postoperative morbidity developed in 
157 patients (28.0%) after gastrectomy. Among them, 75 pa-
tients (13.4%) suffered from severe morbidities. The incidences 
of overall morbidity and severe morbidity increased significantly 
in parallel with the CKD stage progression (both P  <  .001). The 
multivariate analysis revealed that an eGFR  <  60 (odds ratio 
[OR] 1.65, 95% confidence interval [CI] 1. 03-2.63, P  =  .039), 
age ≥ 75 years (OR 2.15, 95% CI 1.37-3.40, P < .001), male gender 
(OR 2.41, 95% CI 1.42-4.24, P  =  .001) ASA-PS 3 (OR 3.10, 95% 
CI 1.60-5.90, P < .001), pulmonary comorbidity (OR 2.13, 95% CI 
1.15-3.91, P = .016), D2 lymph node dissection (OR 1.66, 95% CI 
1.03-2.68, P = .039), and operation time ≥ 300 min (OR 1.87, 95% 

CI 1.17-3.00, P = .008) were independently associated with overall 
morbidity (Table 3).

The odds of overall morbidity were elevated in the stage 3a group 
(OR 1.87, 95% CI 1.19-2.92, P = .007), stage 3b group (OR 3.86, 95% 
CI 2.02-7.42, P < .001), and stage 4/5 group (OR 8.60, 95% CI 3.34-
24.95, P <  .001) compared to the stage 1/2 CKD group (Figure 1). 
The incidences of overall procedure-related morbidity, anastomotic 
leakage, and pancreatic fistula increased with CKD stage progres-
sion (P =  .002, P =  .005, and P =  .035, respectively). The odds of 
procedure-related morbidity, relative to stage 1/2 CKD, were 1.34 
for stage 3a (95% CI 0.78‒2.24, P =  .285), 2.93 for stage 3b (95% 
CI 1.44‒5.76, P =  .004), and 2.94 for stage 4/5 (95% CI 1.07‒7.51, 
P = .038). The odds elevated sharply from stage 3a to stage 3b CKD.

The incidences of overall procedure-unrelated morbidity, pul-
monary events, and cardiovascular events rose with CKD stage pro-
gression (P <  .001, P <  .001, and P =  .007, respectively). The odds 
of procedure-unrelated morbidity, relative to stage 1/2 CKD, were 
2.77 for stage 3a (95% CI 1.52-5.00, P = .001), 3.62 for stage 3b (95% 
CI 1.56-7.88, P =  .004), and 9.76 for stage 4/5 (95% CI 3.67-25.55, 
P <  .001). The odds elevated substantially from stage 1/2 to stage 
3a CKD.

3.3 | Elderly patients

Elderly patients (i.e. those aged  ≥  75  years) accounted for 35% 
(n = 196) of the total cohort, and 54.6% (n = 107) of the elderly pa-
tients had CKD. Overall morbidity significantly increased with CKD 
stage progression among the elderly patients (P = .01, Table 4). Both 
procedure-related and procedure-unrelated morbidities were signif-
icantly associated with CKD stage progression in this patient group 
(P  =  .047 and P  =  .007, respectively). Severe morbidity showed a 
tendency to increase with CKD stage progression, but the difference 
did not reach significance.

4  | DISCUSSION

As most previous articles merely reported that the incidence of mor-
bidity after gastrectomy increased in gastric cancer patients with 
CKD, the effects of the severity of CKD on what type of morbidity 
remain unclear. To our knowledge, the present study is the first re-
port that demonstrates a graded association between distinct CKD 
stages and the incidence and type of morbidity after gastrectomy. 
A possible explanation for the strong positive correlation between 
CKD progression and adverse outcomes is that the severity of CKD 
may reflect a patient's health impairment as well as his or her renal 
dysfunction. We observed that CKD stage progression was associ-
ated with higher ASA-PS, higher CCI values, and the presence of co-
morbidities. This finding is in accord with a report demonstrating that 
frailty was strongly associated with all stages of CKD.22 Moreover, 
CKD is considered to be a cause of sarcopenia, and malnutrition is 
often concurrent.23-26 Considering these findings, the progression of 
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TA B L E  1   Patient characteristics

Variables Stage ½ (n = 375) Stage 3a (n = 122) Stage 3b (n = 43) Stage 4/5 (n = 20)
P 
value

Age, yrs, mean ± SD 67.5 ± 10.3 74.9 ± 8.4 78.4 ± 8.7 73.8 ± 7.8 <.001

Gender

Male 267 (71.2) 98 (80.3) 35 (81.4) 15 (75) .016

Female 108 (28.8) 24 (19.7) 8 (18.6) 5 (25)

BMI, mean ± SD 22.3 ± 3.2 22.0 ± 3.1 23.0 ± 3.1 23.6 ± 2.3 .089

Albumin, mean ± SD 3.9 ± 0.6 3.8 ± 0.5 3.6 ± 0.7 3.6 ± 0.6 <.001

ASA-PS

≤2 346 (92.3) 112 (91.8) 36 (83.7) 6 (30) <.001

3 29 (7.7) 10 (8.2) 7 (16.3) 14 (70)

CCI

≤2 363 (96.8) 118 (96.7) 22 (51.2) 5 (25) <.001

≥3 12 (3.2) 4 (3.3) 21 (48.8) 15 (75)

Diabetes mellitus

Absent 307 (81.9) 93 (76.2) 31 (72.1) 12 (60) .012

Present 68 (18.1) 29 (23.8) 12 (27.9) 8 (40)

Pulmonary disease

Absent 340 (90.7) 109 (89.3) 36 (83.7) 17 (85) .190

Present 35 (9.3) 13 (10.7) 7 (16.3) 3 (15)

Cardiovascular disease

Absent 334 (89.1) 90 (73.8) 31 (72.1) 13 (65) <.001

Present 41 (10.9) 32 (26.2) 12 (27.9) 7 (35)

Anticoagulant agent(s)

Absent 311 (82.9) 87 (71.3) 30 (69.8) 10 (50) <.001

Present 64 (17.1) 35 (29.8) 13 (30.2) 10 (50)

Histology

Differentiated 189 (50.4) 70 (57.4) 27 (62.8) 16 (80) .008

Undifferentiated 186 (49.6) 52 (42.6) 16 (37.2) 4 (20)

Tumor invasion

pT1 219 (58.4) 75 (61.5) 18 (43.9) 11 (55) .750

pT2 40 (10.7) 9 (7.4) 6 (14.6) 5 (25)

pT3 56 (14.9) 25 (20.5) 9 (22.0) 2 (10)

pT4 60 (16) 13 (10.7) 8 (19.5) 2 (10)

Lymph node metastasis

pN0 253 (67.5) 84 (68.9) 22 (53.7) 12 (60) .130

pN1 46 (12.3) 12 (9.8) 6 (14.6) 5 (25)

pN2 32 (8.5) 16 (13.1) 7 (17.1) 1 (5)

pN3 44 (11.7) 10 (8.2) 6 (14.6) 2 (10)

Pathological stage

I 243 (64.8) 80 (65.6) 20 (48.8) 11 (55) .340

II 56 (14.9) 18 (14.8) 8 (19.5) 8 (40)

III 58 (15.5) 22 (18.0) 10 (24.3) 1 (5)

IV 18 (4.8) 2 (1.6) 3 (7.3) 0 (0)

(Continues)
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Variables Stage ½ (n = 375) Stage 3a (n = 122) Stage 3b (n = 43) Stage 4/5 (n = 20)
P 
value

Surgical approach

Open 97 (25.9) 36 (29.5) 20 (46.5) 10 (50) .004

Laparoscopic 278 (74.1) 86 (70.5) 23 (53.5) 10 (50)

Type of gastrectomy

Total 115 (30.7) 36 (29.5) 16 (37.2) 7 (35) .640

Distal 260 (69.3) 86 (70.5) 27 (62.3) 13 (65)

Splenectomy 33 (8.8) 6 (4.9) 4 (9.3) 0 (0) .120

Lymphadenectomy

≤D1+ 220 (58.9) 72 (59.0) 20 (46.5) 8 (40) .160

≥D2 155 (41.1) 50 (41.0) 23 (53.5) 12 (60)

Operative time, min

Median (range) 328 (158‒773) 307.5 (139‒680) 316 (142‒501) 333.5 (167‒702) .420

Blood loss, mL

median (range) 60 (5‒4365) 59.5 (5‒1740) 270 (10‒1800) 250 (10‒2250) .067

Abbreviations: ASA-PS, American Society of Anesthesiologists Physical Status; BMI, body mass index; CCI, Charlson comorbidity index; SD, Standard 
deviation.

TA B L E  1   (Continued)

Variables
Stage 1/2 
(n = 375)

Stage 3a 
(n = 122)

Stage 3b 
(n = 43)

Stage 4/5 
(n = 20)

P 
value

Overall 80 (21.3) 41 (33.6) 22 (51.2) 14 (70) <.001

Severe (≥ Grade III) 38 (10.1) 22 (18.0) 9 (20.9) 6 (30) <.001

Both procedure-related 
and -unrelated

9 (2.4) 5 (4.1) 2 (4.7) 2 (10) .085

Procedure-related

Overall 59 (15.7) 24 (19.7) 15 (34.9) 7 (35) .002

Anastomotic leakage 10 (2.7) 6 (4.9) 4 (9.3) 3 (15) .005

Pancreatic fistula 33 (8.8) 12 (9.8) 9 (20.9) 4 (20) .035

Intra-abdominal 
abscess

3 (0.8) 1 (0.8) 1 (2.3) 0 (0) .696

Intra-abdominal 
bleeding

3 (0.8) 1 (0.8) 0 (0) 1 (5) .619

Anastomotic bleeding 1 (0.3) 0 (0) 0 (0) 0 (0) .491

Delayed gastric 
emptying

4 (1.1) 0 (0) 2 (4.7) 1 (5) .286

Others 7 (1.9) 7 (5.7) 0 (0) 0 (0) .370

Procedure-unrelated

Overall 28 (7.5) 23 (18.9) 11 (25.6) 9 (45) <.001

Pulmonary 10 (2.7) 14 (11.5) 6 (14.0) 8 (40) <.001

Other site infection 11 (2.9) 2 (1.6) 1 (2.3) 2 (10) .142

Cardiovascular 5 (1.3) 5 (4.1) 2 (4.7) 2 (10) .007

Venous 
thromboembolism

3 (0.8) 3 (2.5) 1 (2.3) 0 (0) .224

Intestinal bleeding 1 (0.3) 1 (0.8) 1 (2.3) 0 (0) .193

Others 1 (0.3) 4 (3.3) 0 (0) 1 (5) .014

Note: The data are number (%).

TA B L E  2   Postoperative morbidities 
stratified by CKD stage in whole cohort
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renal dysfunction in concert with health impairment may contribute 
to increased postoperative morbidity. ASA-PS, which reflects a pa-
tient's health condition, has been well established as a reliable surro-
gate for preoperative risk.27-29 ASA-PS is assessed subjectively, and 

only 16.3% of patients were classified with ASA-PS of 3 or higher in 
our stage 3b CKD group. As renal function declines, accumulated 
uremic toxins are thought to lead to inflammation, immune dysfunc-
tion, bacterial translocation, atherosclerosis, platelet dysfunction, 

Variables

Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI
P 
value

Age ≥ 75 years 2.60 1.78‒3.81 <.001 2.15 1.37‒3.40 .001

Male gender 2.53 1.57‒4.22 <.001 2.41 1.42‒4.24 .001

BMI ˂18.5 0.98 0.49‒1.87 .952

BMI ≥ 25 1.18 0.48‒1.86 .476

Albumin < 3.5g/dL 2.01 1.30‒3.10 .002 1.19 0.71‒1.97 .511

eGFR < 60 ml/
min/1.73m2

2.43 1.66‒3.58 <.001 1.65 1.03‒2.63 .039

ASA-PS 3 3.86 2.23‒6.75 <.001 3.10 1.60‒5.90 <.001

CCI ≥ 3 3.00 1.67‒5.40 <.001 1.01 0.49‒2.12 .972

Diabetes mellitus 1.52 0.98‒2.34 .062

Pulmonary disease 2.52 1.45‒4.34 .001 2.13 1.15‒3.91 .016

Cardiovascular 
disease

2.16 1.35‒3.43 .002 1.57 0.81‒3.03 .177

Anticoagulant agents 1.59 1.03‒2.43 .038 1.18 0.65‒2.20 .595

pStage II,III,IV 1.53 1.05‒2.24 .027 1.41 0.91‒2.18 .123

Open approach 
surgery

2.20 1.49‒3.25 <.001 1.09 0.57‒2.09 .799

Total gastrectomy 1.91 1.29‒2.80 .001 1.43 0.89‒2.28 .135

Splenectomy 1.76 0.91‒3.32 .090

D2 Lymph node 
dissection

2.03 1.40‒2.96 <.001 1.66 1.03‒2.68 .039

Operation 
time ≥ 300 min

1.95 1.32‒2.91 <.001 1.87 1.17‒3.00 .008

Blood loss ≥ 300 ml 2.46 1.65‒3.65 <.001 1.37 0.73‒2.56 .323

Abbreviations: ASA-PS, American Society of Anesthesiologists Physical Status; BMI, body mass 
index; CCI, Charlson comorbidity index; CI, confidence interval; eGFR, estimate glomerular 
filtration rate; OR, odds ratio.

TA B L E  3   Logistic regression analyses 
for postoperative morbidity

F I G U R E  1   Morbidities at each CKD 
stage. The odds ratio for procedure-
related, procedure-unrelated, and overall 
morbidity at each CKD stage is compared
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and altered drug metabolism.30,31The severity of a patient's CKD 
may reflect the patient's vulnerability objectively and may have the 
potential to predict postoperative morbidity sensitively in compari-
son with ASA-PS.

Our present results confirm and extend the findings of a previous 
investigation in which anastomotic leakage, pulmonary morbidities, 
and cardiovascular morbidities were frequently observed in patients 
with stage 3 or severe CKD.11 Our findings about graded association 
further demonstrated that the increase in the risk of postoperative 
morbidity with CKD progression is not linear, and varies with the 
type of morbidities. Stage 3 CKD (mild to severe renal dysfunction) 
was subdivided in the updated guidelines into stage 3a (mild to mod-
erate dysfunction) and stage 3b (moderate to severe dysfunction), 
based on the risks of mortality and other outcomes.17 A significant 
risk of procedure-related morbidity was not confirmed in stage 3a 
CKD by our analyses, but a risk of procedure-unrelated morbidity 
was detected. These findings cannot be fully explained. The preva-
lence rates of comorbidities such as diabetes mellitus, cardiovascular 
disease, and the use of anticoagulant agents (all of which are likely 
to strongly affect developing pulmonary and cardiovascular morbid-
ities) were more frequent in our stage 3a and severe CKD groups 
compared to those in the stage 1/2 CKD group. The development 
of systemic morbidity may be highly susceptible to impairments of 
physical status and may be affected by earlier phases of renal dys-
function. On the other hand, procedure-related morbidities, such 
as anastomotic leakage and pancreatic fistula, may be directly af-
fected by local conditions, such as impaired wound healing due to 
decreased blood flow and tissue edema due to atherosclerosis and 
hypoalbuminemia, with advanced CKD. These findings may provide 
helpful information to surgeons regarding the indications for modi-
fied surgery, such as limited lymphadenectomy, or for the shortening 
of operation time, to prevent postoperative morbidity, especially for 
patients with more than moderate CKD. Several studies reported the 
efficacy of preoperative nutritional support for the patients who un-
derwent gastrectomy in clinical trial. On the other hand, the restric-
tion of protein intake is recommended for control CKD progression. 

Excessive ingestion of protein has a possibility for decline in eGFR 
and the progression of CKD stage shows an increased risk of death. 
Therefore, nutritional intervention for CKD patients has a dilemma 
for prevention of morbidity and CKD progression. The efficacy of 
nutritional therapy with protein restriction for CKD patients who 
undergoing gastrectomy is uncertain.

The severity of CKD is defined by the GFR value. The GFR tends 
to decline with aging. In the present patient cohort, the proportion 
of CKD patients among elderly patients was much higher than that 
in non-elderly patients (54.6% vs 21.4%). It is doubtful whether a de-
cline in the GFR represents CKD in the elderly. CKD is known to in-
crease the all-death rate and the rate of death due to cardiovascular 
causes in the elderly as well as the non-elderly, and a decline in the 
GFR is an independent risk factor for cardiovascular death separate 
from age.32 Similarly, CKD was identified as a risk factor for develop-
ing postoperative morbidity independently of age in our multivariate 
analysis. We also observed a graded association between CKD stage 
progression and postoperative morbidity in elderly patients. GFR-
based CKD can be a graded risk factor for adverse outcomes after 
gastrectomy across age groups.

This retrospective study at a single institution had several lim-
itations. First, the number of patients was relatively small, and there 
were a small number of stage 4/5 CKD patients, resulting in limited 
statistical power. Secondly, our cohort included diverse patients 
with various physical conditions and disease statuses other than 
CKD. The frailer patients tended to undergo less invasive proce-
dures, which affect the development of postoperative morbidities. 
The confirmation of these findings requires a larger study, but our 
results provide a strategic concept for gastric cancer surgery in CKD 
patients.

In conclusion, the severity of CKD can be used to predict the 
likelihood and type of morbidity after gastrectomy across age cate-
gories. The risk for procedure-unrelated morbidity was evident even 
at the mild stage of CKD. The risk for both procedure-related and 
-unrelated morbidities increased notably at the moderate stage of 
CKD with an eGFR < 45 ml/min/1.73 m2. CKD progression for the 

Variables
Stage 1/2 
(n = 89)

Stage 3a 
(n = 65)

Stage 3b 
(n = 30)

Stage 4/5 
(n = 12)

P 
value

Overall 27 (30.3) 28 (43.1) 16 (53.3) 9 (75) .001

Severe (≥ Grade III) 11 (12.4) 12 (18.5) 6 (20) 3 (25) .148

In-hospital death 2 (2.2) 0 (0) 1 (3.3) 0 (0) .692

Procedure-related

Overall 16 (18.0) 14 (23.1) 8 (26.7) 6 (50) .047

Anastomotic 
leakage

3 (3.4) 4 (6.2) 3 (10.3) 2 (16.7) .062

Pancreatic fistula 6 (6.7) 5 (7.7) 4 (13.3) 4 (33.3) .040

Procedure-unrelated

Overall 13 (14.6) 19 (29.2) 9 (30) 5 (41.7) .007

Pulmonary 5 (5.6) 11 (16.9) 6 (20) 4 (33.3) .002

Cardiovascular 1 (1.1) 5 (7.7) 1 (3.3) 1 (6.7) .121

TA B L E  4   Postoperative morbidities 
stratified by CKD stage in the elderly
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risk stratification of patients undergoing gastric cancer surgery can 
guide the decision of surgical procedures.

CONFLIC T OF INTERE S T
Authors declare no conflict of interests for this article.

E THIC AL APPROVAL
The protocol for this research project has been approved by a suit-
ably constituted Ethics Committee of the institution and it con-
forms to the provisions of the Declaration of Helsinki. Institutional 
Review Board of the Graduate School of Medicine, Kobe University. 
Approval No. B200084.

ORCID
Satoshi Suzuki   https://orcid.org/0000-0002-7287-6998 
Shingo Kanaji   https://orcid.org/0000-0002-8698-8923 
Hiroshi Hasegawa   https://orcid.org/0000-0003-1545-0509 
Taro Oshikiri   https://orcid.org/0000-0003-0635-3432 
Yoshihiro Kakeji   https://orcid.org/0000-0002-2727-0241 

R E FE R E N C E S
	 1.	 Cutsem EV, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric 

cancer. Lancet. 2016;388:2654–64.
	 2.	 Tokunaga M, Tanizawa Y, Bando E, Kawamura T, Terashima M. Poor 

survival rate in patients with postoperative intra-abdominal infec-
tious complications following curative gastrectomy for gastric can-
cer. Ann Surg Oncol. 2013;20:1575–83.

	 3.	 Hayashi T, Yoshikawa T, Aoyama T, Hasegawa S, Yamada T, Tsuchida 
K, et al. Impact of infectious complications on gastric cancer recur-
rence. Gastric Cancer. 2015;18:368–74.

	 4.	 Suzuki S, Kanaji S, Matsuda Y, Yamamoto M, Hasegawa H, 
Yamashita K, et al. Long-term impact of postoperative pneumonia 
after curative gastrectomy for elderly gastric cancer patients. Ann 
Gatroenterol Surg. 2017;2:72–8.

	 5.	 Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. 
Prevalence of chronic kidney disease in the United States. JAMA. 
2007;298:2038–47.

	 6.	 Webster AC, Nagler EV, Morton RL, Masson P. Chronic Kidney 
Disease. Lancet. 2017;389:1238–52.

	 7.	 United States Renal Data System.Annual Data Reports: 2013, Atlas 
of CKD & ESRD, Vol 2 Atlas of ESRD, chapter 12. International 
comparisons. http://www.usrds.org/2013/pdf/v2_ch12_13.pdf. 
February 3, 2020

	 8.	 Imai E, Horio M, Iseki K, Yamagata K, Watanabe T, Hara S, et al. 
Prevalence of chronic kidney disease (CKD) in the Japanese gen-
eral population predicted by the MDRD equation modified by a 
Japanese coefficient. Clin Exp Nephrol. 2007;11:156–63.

	 9.	 Oh HJ, Le HA, Moon CM, Ryu DR. Incidence risk of various types 
of digestive cancers in patients with pre-dialytic chronic kidney 
disease: A nationwide population-based cohort study. PLoS One. 
2018. https://doi.org/10.1371/journ​al.pone.0207756

	10.	 Liu YY, Tsai CY, Yeh CN, et al. Gastric Cancer patients with end-
stage renal disease who underwent radical gastrectomy. Anticancer 
Res. 2015;35:2263–8.

	11.	 Matsumoto S, Takayama T, Wakatsuki K, Tanaka T, Migita K, 
Nakajima Y. Short-term and long-term outcomes after gastrectomy 
for gastric cancer in patients with chronic kidney disease. World J 
Surg. 2014;38:1453–60.

	12.	 Nozawa H, Kitayama J, Sunami E, Watanabe T. Impact of chronic 
kidney disease on outcomes of surgical resection for primary 

colorectal cancer: a retrospective cohort review. Dis Colon Rectum. 
2012;55:948–56.

	13.	 Antoniak D, Are C, Vokoun C, Samson K, Smith L, Shiffermiller 
J. The relationship between age and chronic kidney disease in 
patients undergoing pancreatic resection. J Gastrointest Surg. 
2018;22:1376–84.

	14.	 Squires MH, Mehta VV, Fisher SB, Lad NL, Kooby DA, Sarmiento 
JM, et al. Effect of preoperative renal insufficiency on postop-
erative outcomes after pancreatic resection: a single institu-
tion experience of 1,061 consecutive patients. J Am Col Surg. 
2014;218:92–100.

	15.	 Choi YK, Ahn JY, Na HK, Jung KW, Kim DH, Lee JH, et al. Outcomes 
of endoscopic submucosal dissection for gastric epithelial neo-
plasm in chronic kidney disease patients: propensity score-matched 
case-control analysis. Gastric Cancer. 2019;22:164–71.

	16.	 Wakahara T, Ueno N, Komatsu S, Ashitani H, Tsuchida S, Toyokawa 
A. Outcome of gastric cancer surgery in patients with chronic kid-
ney disease. Dig Surg. 2017;34:241–6.

	17.	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work 
Group. KDIGO. Clinical practice guideline for the evaluation 
and management of chronic kidney disease. Kidney Int Suppl. 
2012;2013:1–150.

	18.	 Japanese Gastric Cancer Association. Japanese classification of gas-
tric carcinoma: 3rd English edition. Gastric Cancer. 2011;14:101–12.

	19.	 Japanese Gastric Cancer Association. Japanese gastric cancer 
treatment guidelines 2014 (ver. 4). Gastric Cancer 2017;20:1–19.

	20.	 Dindo D, Demartines N, Clavian PA. Classification of surgical com-
plications: a new proposal with evaluation in a cohort of 6336 pa-
tients and results of a survey. Ann Surg. 2004;240:205–13.

	21.	 Mstuo S, Imai E, Horio M, Yasuda Y. Collaborators developing the 
Japanese equation for estimated GFR from serum creatinine in 
Japan. Am J Kidney Dis. 2009;53:982–92.

	22.	 Wilhelm-Leen ER, Hall YN, Tamura MK, Chertow GM. Frailty and 
chronic kidney disease: the third national health and nutrition eval-
uation survey. Am J Med. 2009;122:664–71.

	23.	 Kim JK, Choi SR, Choi MJ, et al. Prevalence of and factors associ-
ated with sarcopenia in elderly patients and end-stage renal dis-
ease. Clin Nutr. 2014;33:64–8.

	24.	 Zhou Y, Hellberg M, Svensson P, Höglund P, Clyne N, et al. 
Sarcopenia and relationships between muscle mass, measured glo-
merular filtration rate and physical function in patients with chronic 
kidney disease stages 3–5. Nephrol Dial Transplant. 2018;338–55.

	25.	 Sharma D, Hawkins M, Abramowitz MK. Association of sarcopenia 
with eGFR and misclassification of obesity in adults with CKD in the 
united State. Clin J Am Soc Nephrol. 2014;9:2079–88.

	26.	 Moon SJ, Kim TH, Yoon SY, Chung JH, Hwang HJ. Relationship 
between stage of chronic kidney disease and sarcopenia in Korea 
aged 40 years and older using Korea national health and nutrition 
examination surveys (KNHANE IV-2, 3, and V-1, 2), 2008–2011. 
PLoS One. 2015;10:e0130740. https://doi.org/10.1371/journ​
al.pone.0130740

	27.	 Hackett NJ, De Oliveria GS, Jain UK, Kim JY. ASA class is a reliable 
independent predictor of medical complications and mortality fol-
lowing surgery. Int J Surg. 2015;18:184–90.

	28.	 Kurita N, Miyata H, Gotoh M, Shimada M, Imura S, Kimura W, 
et al. Risk model for distal gastrectomy when treating gastric can-
cer on the basis of data from 33,917 Japanese patients collected 
using a nationwide web-based data entry system. Ann Surg. 
2015;262:295–303.

	29.	 Watanabe M, Miyata H, Gotoh M, et al. Total gatrectomy risk model: 
data from 20,011 Japanese patients in a nationwide internet-based 
database. Ann Surg. 2014;260:1034–9.

	30.	 Anders HJ, Andersen K, Stecher B. The intestinal microbiota, a 
leaky gut, and abnormal immunity in kidney disease. Kidney Int. 
2013;83(6):1010–6.

https://orcid.org/0000-0002-7287-6998
https://orcid.org/0000-0002-7287-6998
https://orcid.org/0000-0002-8698-8923
https://orcid.org/0000-0002-8698-8923
https://orcid.org/0000-0003-1545-0509
https://orcid.org/0000-0003-1545-0509
https://orcid.org/0000-0003-0635-3432
https://orcid.org/0000-0003-0635-3432
https://orcid.org/0000-0002-2727-0241
https://orcid.org/0000-0002-2727-0241
http://www.usrds.org/2013/pdf/v2_ch12_13.pdf
https://doi.org/10.1371/journal.pone.0207756
https://doi.org/10.1371/journal.pone.0130740
https://doi.org/10.1371/journal.pone.0130740


     |  527SUZUKI et al.

	31.	 Vanholder R, Baurmeister U, Brunet P, Cohen G, Glorieux G, 
Jankowaki J. A bench to bedside view of uremic toxins. J Am Soc 
Nephrol. 2008;19:863–70.

	32.	 Levey AS, de Jong PE, Coresh J, Nahas ME, Astor BC, Matsushita 
K, et al. The definition, classification, and prognosis of chronic kid-
ney disease: a KDIGO controversies conference report. Kidney Int. 
2011;80:17–28.

How to cite this article: Suzuki S, Kanaji S, Urakawa N, et al. 
Impact of chronic kidney disease stage on morbidity after 
gastrectomy for gastric cancer. Ann Gastroenterol Surg. 
2021;5:519–527. https://doi.org/10.1002/ags3.12441

https://doi.org/10.1002/ags3.12441

