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Introduction: Patients with renal insufficiency are more prone to postoperative
complications (PCs). Studies have shown that minor changes in serum creatinine
(SCr), immediately post-surgery, can aid in assessing patients’ renal function. This
study aimed to explore the relationship between the changes in SCr and PCs in
patients with gastric cancer (GC).

Materials and methods: We prospectively collected data regarding the SCr of
530 GC patients, within 2 weeks before surgery and within 24 hours after surgery
in our hospital (2014-2016). The patients were divided into three groups
according to the level of SCr change after surgery: reduced (<10%), normal
(10%), and elevated (>10%) creatinine groups. Univariate and multivariate logistic
analysis were performed to evaluate its correlation with short-term PCs in the
patients. The R language was used to construct a nomogram.

Results: 83, 217, and 230 patients were assigned to the elevated, reduced, and
normal SCr groups, respectively. Multivariate analysis showed that the reduced
and elevated SCr groups were independently associated with the occurrence of
PCs and severe postoperative complications (SPCs), respectively. Additionally,
postsurgical SCr change, age, hypoalbuminemia, total gastrectomy, combined
resection, and laparoscopy, were independently related to PCs. Combining the
above influential factors, the predictive model can distinguish patients with PCs
more reliably (c-index is 0.715).

Conclusion: Post-surgery, reduced SCr is a protective factor for PCs, while
elevated serum creatinine is an independent risk factor for SPCs. Our nomogram
can identify GC patients with high risks of PCs.
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Introduction

Gastric cancer (GC) is one of the most commonly diagnosed
malignancies and the third leading cause of cancer-related deaths
worldwide (1). More than 20% of global new cancer cases and
cancer-related deaths occur in China (2). Radical gastrectomy with
D2 lymph node dissection is considered the standard treatment for
GC but carries a 12.8-14% incidence of postoperative complications
(PCs) (3-7). Postoperative complications (PCs) not only increase
costs and prolong hospital stays, but also affect subsequent
treatment, and may lead to poor long-term prognosis for GC
patients (8, 9). Hence, early identification and intervention for
high-risk GC are important.

The continuous improvement of medical standards has given
patients with chronic health problems, such as renal insufficiency,
the opportunity to be successfully treated through surgical
operations (10, 11). As an indicator of the risk in perioperative
surgery, preoperative renal insufficiency has also been reported to
affect the outcome of patients after surgery (12-14). Recent
literature states that the measurement of changes in the level of
serum creatinine (SCr) immediately after surgery is also related to
the patient’s renal function (15, 16). In our clinical work, we have
observed that some patients with gastric cancer have different
degrees of change in SCr after surgery. In the follow-up clinical
diagnosis and treatment process, we found that the clinical
prognosis of patients with varying degrees change in SCr,
undergoing radical gastric cancer surgery during the same period,
is not the same.

Currently, there are no reports on the influence of SCr level
changes on the clinical prognosis of GC patients. Thus, the purpose
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of this study was to explore the correlation between different
degrees of postoperative SCr changes and the short-term
outcomes of patients after radical gastrectomy.

Methods
Study patients

Overall, 595 GC patients were recruited at the First Affiliated
Hospital of Wenzhou Medical University from 2014 to 2016. The
exclusion criteria included: (1) history of uremia and severe
preoperative kidney function damage; (2) history of emergency
surgery; (3) incomplete medical records; (4) underwent palliative
gastrectomy; or (5) difference in pre- and postoperative diagnosis.
After screening, 65 patients were excluded and 530 patients who
underwent radical gastrectomy were included and analyzed in this
study. The experimental flow chart is shown in Figure 1. All eligible
participants were requested to provide written informed consent
before participating. All GC patients in this study received
conventional therapy complies with the Japanese Gastric Cancer
Treatment Guidelines (17).

Data collection

The relevant data were prospectively acquired and analyzed:
(1) age; sex; body mass index (BMI); concentration of albumin,
hemoglobin, and SCr; neutrophil/lymphocyte ratio (NLR); platelet/
lymphocyte ratio (PLR); diabetes mellitus; hypertension; abdominal

595 patients who diagnosis as
gastric cancer preoperatively

y
530 patients finally included and
analyzed

v

postoperative SCr level change
relative to baseline

‘Decrease >10% v Within > 10% l Increase > 10%
Reduced creatinine group Normal group Elevated creatinine group
(n=217) (n=230) (n=83)

A

A

1. Univariate and Multivariate Logistic Regression Analyses for PCs.
2. Construct a novel nomogram indicating the probability of PCs.
3. Univariate and Multivariate Logistic Regression Analyses for SPCs.

FIGURE 1
Block flow chart of experimental grouping
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surgery; comorbidities; American Society of Anesthesiologists
(ASA) grade; Nutritional Risk Screening 2002 (NRS 2002) score;
tumor location, size, pathological type and tumor-node-metastasis
(TNM) stage (preoperative patients and disease characteristics
aspect); (2) type of resection, combined resection, surgical
method, and type of reconstruction (operative details aspect); and
(3) PCs, length of postoperative hospital stay, and hospital costs
(postoperative outcomes aspect).

Two researchers recorded the grade of complications within one
month after surgery according to the Clavien-Dindo classification
(18), and PCs (> grade II) were analyzed in this study. Severe
postoperative complications (SPCs) were defined as Clavien-Dindo
classification > grade III.

Definition and grouping

The SCr levels were prospectively collected within two weeks
before surgery and within 24 hours after surgery in 530 patients
who underwent curative gastrectomy in our hospital. All
preoperative and postoperative SCr measurements were obtained
from the same biochemical laboratory. The primary independent
variable of interest was percent change in ASCr, calculated as
[(postoperative SCr — preoperative SCr)/preoperative SCr] x 100.
%ASCr was classified into three levels for purposes of analysis:
%ASCr decrease<10% (defined as the reduced SCr group), %ASCr
within 10% (defined as the normal SCr group), and %ASCr increase
>10% (defined as the elevated SCr group).

Statistical analysis

Categorical variables were expressed in terms of quantity
(percentage), while continuous variables conforming to normal
distribution are described by the mean (standard deviation);
otherwise, they are described by the median (interquartile range).
The Kolmogorov-Smirnov test was used to assess the normality of
continuous variables. In univariate analysis, Chi-square test and
Fisher’s exact test were used to analyze the differences in categorical
variables, while the independent t-test and Mann-Whitney U test
were used for continuous variables. In the subsequent multivariate
analysis, the variables with P <0.10 were included in the univariate
analysis into the multivariate logistic regression analysis to calculate
the odds ratio (OR) and 95% confidence interval (CI) of the
independent variables. A nomogram composed of independent
risk factors obtained by multivariate analysis is used to construct
a predictive model and calculate the probability of PCs (19).

Values of P < 0.05 were considered statistically significant and
all tests were two-tailed. All data analyses were performed using
SPSS software (version 22.0; SPSS Inc., Chicago, IL, USA). The
prediction model was constructed using the R statistical software
(The R Foundation, Vienna, Austria). The generated graphical
displays were analyzed using the rms package.
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Results
Patients

According to the percent change in ASCr, the remaining 530
patients were divided into three groups: 230 (43.4%) into the
normal SCr group, 83(15.7%) into the elevated SCr group, and
217 (40.9%) into the reduced SCr group. The detailed clinical
characteristics of the patients are shown in Table 1. There were
significant intergroup differences in age (P = 0.004), Charlson
comorbidity index (P = 0.017), intraoperative bleeding (P =
0.011), and
hospitalization expense (P = 0.027). Furthermore, the reduced

0.047), postoperative hospital stays (P =

SCr group had a lower mean hospitalization expense than the
normal group and elevated SCr groups (P < 0.05).

The detail of each complication

As seen in Table 2, 193 postoperative events occurred in 116
patients (21.9%). Among them, 55 (10.4%) patients had grade IITa
or higher PCs. Abdominal complications (mainly intra-abdominal
infections, postoperative bleeding, and bowel obstruction) and
pulmonary complications (mainly including pulmonary infections
and pleural effusions) were the most frequent postoperative events.

The number of patients with PCs and the incidence of
complications between the three groups are shown in Figure 2.
Patients with PCs had longer hospital stays (PCs vs. non-PCs:
25 vs. 12 days, P <0.001) and incurred higher hospital costs
(PCs vs. non-PCs: 78,781.4 ¥ vs. 54,790.1 ¥, P <0.001) than
those who did not.

Univariate and multivariate analyses logistic
regression analyses for PCs

The chi-square test was used to assess the relationship between
clinical characteristics of GC patients and the occurrence of PCs.
The univariate analysis results showed that age (P < 0.001), NRS
score (P = 0.01), hypoalbuminemia (P < 0.001), anemia (P = 0.086),
NLR (P = 0.029), Charlson comorbidity index (P = 0.001), ASA
score (P = 0.017), Charlson comorbidity index (P < 0.0001), ASA
(P = 0.008), tumor size (P = 0.001), TNM stages (P = 0.001), total
gastrectomy (P < 0.001), combined resection (P < 0.001), surgical
method (P < 0.001), reconstruction methods (P = 0.005),
intraoperative bleeding (P = 0.028), and postsurgical SCr change
(P =0.011) differed significantly (Table 3). Variables with a P value
< 0.1 on univariate analysis were included in the multivariate
logistic regression analysis. Age (OR = 1.785, P = 0.012),
hypoalbuminemia (OR = 4.506, P = 0.004), total gastrectomy (OR
=1.89 1, P = 0.005), combined resection (OR = 2.231, P = 0.020),
laparoscopic surgery (OR = 0.453, P = 0.013), and postsurgical SCr
change were independently associated with PCs.
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TABLE 1 Patient demographic and clinical characteristics.

Elevated
Normal creatinine Reduced creatinine P
Factors Total (n = 530) group (n=230) group (n=83) group (n=217) value
Age, median, years * 65 (58-73) 67 (59-74) 66 (60-74) 64 (56-70) 0.004 *
BMI, kg/cm2 * 22.2 (20.4-24.2) 22.4 (20.4-24.3) 21.7 (19.8-23.2) 22.5 (20.4-24.4) 0.435
Gender 0.180
Female 129 (24.3) 51 (22.2) 18 (21.7) 60 (27.6)
Male 401 (75.5) 179 (77.8) 65 (78.3) 157 (72.4)
Preoperative albumin, g/L* 38.5 (35.0-41.5) 38.3 (34.7-41.5) 37.2 (34.2-40.9) 39.1 (36.0-41.8) 0.697
Preoperative hemoglobin, g/L* 124 (108-138) 126 (107-139) 120 (100-133) 126 (111-140) 0.593
PLR* 144 (112-198) 144 (113-200) 163 (128-253) 124 (110-139) 0.092
NLR * 2.2 (1.7-3.1) 2.3 (1.7-3.1) 2.5(1.8-3.4) 2.1 (1.6-2.8) 0.068
Hypertension 0.057
No 393 (74.2) 164 (71.3) 57 (68.7) 172 (79.3)
Yes 137 (25.8) 66 (28.7) 26 (31.3) 45 (20.7)
Diabetes Mellitus 0.515
No 467 (88.1) 204 (88.7) 66 (79.5) 197 (90.8)
Yes 63 (11.9) 26 (11.3) 17 (20.5) 20 (9.2)
CCI 0.017 *
0 266 (50.2) 104 (45.2) 35 (42.2) 127 (58.5)
1-2 242 (45.7) 118 (51.2) 42 (50.6) 82 (37.8)
3-6 22 (4.2) 8(3.5) 6(7.2) 8(3.7)
ASA score 0.558
1-2 437 (82.5) 187 (81.3) 69 (83.1) 181 (83.4)
34 93 (17.5) 43 (18.7) 14 (16.9) 36 (16.4)
NRS score 0.318
1-2 332 (62.6) 144 (62.6) 48 (57.8) 140 (64.5)
3-4 160 (30.2) 67 (29.1) 25 (30.1) 68 (31.3)
5-6 38 (7.2) 19 (8.3) 10 (12.0) 9 (4.1)
Intraoperative Bleeding 0.047 ¥
No 450 (84.9) 189 (82.2) 68 (81.9) 193 (88.9)
Yes 80 (15.1) 41 (17.8) 15 (18.1) 24 (11.1)
Time of Operation, min 0.726
<210 287 (54.2) 128 (55.7) 46 (55.4) 113 (52.1)
>210 243 (45.8) 102 (44.3) 37 (44.6) 104 (47.9)
Intraoperative
blood transfusion 0.027
No 496 (93.6) 214 (93.0) 73 (88.0) 209 (96.3)
Yes 34 (6.4) 16 (7.0) 10 (12.0) 8 (3.7)
TNM stages 0.128
I 168 (31.7) 67 (29.1) 26 (31.3) 75 (34.6)
(Continued)
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TABLE 1 Continued
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Elevated
Normal creatinine Reduced creatinine P

Factors Total (n = 530) group (n=230) group (n=83) group (n=217) value

i 115 (21.7) 49 (21.3) 16 (19.3) 50 (23.0)

III 247 (46.6) 114 (49.6) 41 (49.4) 92 (42.4)
Postoperative hospital stays, 13 (10-16)
days * 13 (11-18) 14 (11-19) 13 (11-20) 0.011 *
Hospitalization expense, ¥ * 57366 (49674-69926) 59994 (50467-72863) 59558 (51137-75780) 55953 (48023-65539) 0.027 *

BMI, body mass index; PLR, platelet/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio; CCI, Charlson comorbidity index; ASA, American Society of Anesthesiologists; NRS, nutritional risk

screening; TNM, tumor-node-metastasis.

Values are number of patients and percent unless indicated otherwise; *Values are median (inter quartile range). ¥Values are statistically significant (P<0.05).

A nomogram based on independent risk factors was
constructed to predict the probability of PCs (> grade Ila)
(Figure 3). A discrimination concordance index of 0.715 indicated
a 71.5% correct ordering of risk across pairs of patients and a good
calibration of observed versus predicted PCs.

Univariate and multivariate analyses logistic
regression analyses for SPCs

The relationship between postsurgical SCr change and SPCs
was also evaluated in this study. The univariate analysis results
showed that age (P = 0.001), NRS score (P = 0.030), Charlson
comorbidity index (P = 0.070), ASA score (P = 0.061), TNM stage
(P = 0.037), total gastrectomy (P = 0.007), combined resection

TABLE 2 Actual number and frequency of each complication (Grade > Il).

(P < 0.001), laparoscopic surgery (P = 0.003), reconstruction
methods (P = 0.031), and intraoperative bleeding (P = 0.023)
differed significantly (Table 4). Variables with a P value < 0.1 on
univariate analysis were included in the multivariate logistic
regression analysis. In multivariate analysis, age, combined
resection, laparoscopic surgery, and postsurgical SCr change, were
independently associated with SPCs (all P < 0.05).

Discussion

The incidence of PCs was 21.9% in this study. The median
hospital stays in the PC group vs. the non-PC group was 25 vs. 12
days. Additionally, patients with PCs spent significantly more during
their hospitalization, which is consistent with the conclusions of

Complication Total (n=530) Normal Elevated creatinine  Reduced creatinine = P values
group (n=230) group (n=83) group (n=217)

Wound infection 6(1.2) 1(0.4) 1(12) 4(18) >0.05
Intra- 41 (7.8) 21 (9.1) 6(7.2) 15 (6.9) >0.05
abdominal infection

Pulmonary 47 (8.9) 22 (9.7) 14 (16.7) 11 (5.1) <0.01 F
Anastomotic leakage 9 (1.7) 6 (2.6) 2 (24) 1(0.5) >0.05
Thrombosis 17 (3.2) 11 (4.8) 4 (4.8) 2(0.9) <0.05*
Bowel obstruction 15 (2.8) 7 (3.0) 3(3.6) 5(2.3) <0.05 *
Postoperative bleeding 16 (3.0) 7 (3.0) 5 (6.0) 4(1.8) >0.05
Gastroparesis 6(1.2) 5(2.2) 0 (0.0) 1(0.5) >0.05
Hepatic 3(0.6) 1(04) 1(12) 1(05) >0.05
Lymphorrhagia 3 (0.6) 0 (0.0) 0 (0.0) 3(14) <0.05*
Renal 4(0.8) 2(0.9) 2 (2.4) 0 (0.0) >0.05
Heart 2(0.4) 1(0.4) 1(1.2) 0 (0.0) >0.05
Hypoalbuminemia 16 (3.0) 8 (3.5) 5 (6.0) 3(1.4) >0.05
Others * 8 (1.5) 2(0.9) 4 (4.8) 2(0.9) <0.05 *
Death 3(0.6) 1(04) 1(12) 1(05) >0.05

Values are number of each complication and percent unless indicated otherwise; *Others contain three severe complication (biliary fistula, Abdominal pseudocyst formation and pancreatic
fistula) and five mild complications (intractable hiccup, oral herpes, delirium, skin allergies and gout attack); #Values are statistically significant (P<0.05); The chi-square test is used for P values.
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FIGURE 2
The number of patients with PCs and the incidence of complications between the three groups. (A, C) The number of complication. (B, D) The
incidence of complication.

TABLE 3 Univariate and multivariate analysis associated with postoperative complications.

Factors Univariate Analysis Multivariate Analysis
Non- PC (n=116) P values OR (95% Cl) P values
PC (n=414)
Age, years <0.001*
<70 286 (69.1) 56 (48.3) 1
> 70 128 (30.9) 60 (51.7) 1.755 (1.118-2.753) 0.014 *
Gender 0.954
Female 101 (24.4) 28 (24.1)
Male 313 (75.6) 88 (75.9)
BMI, kg/cm2 0.665
<25 339 (81.9) 97 (83.6)
>25 75 (18.1) 19 (16.4)
NRS score 0.010 *
1-2 267 (64.5) 65 (56.0)
34 125 (30.2) 35 (30.2)
5-6 22 (5.3) 16 (13.8)
Hypoalbuminemia, g/L <0.001*
No 407 (98.3) 104 (89.7) 1
Yes 7 (1.7) 12 (10.3) 3.852 (1.350-10.994) 0.012 *
Anemia 0.086*
No 340 (82.1) 87 (75.0)
Yes 74 (17.9) 29 (25.0)
PLR 0.561
<928 51 (12.3) 12 (10.3)

(Continued)
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TABLE 3 Continued

Factors Univariate Analysis Multivariate Analysis
Non- PC (n=116) P values OR (95% Cl) P values
PC (n=414)
>92.8 363 (87.7) 104 (89.3)
NLR 0.029*
<275 294 (71.0) 70 (60.3)
>2.75 120 (29.0) 46 (39.7)
CCI 0.001 *
0 225 (54.3) 41 (35.3)
1-2 171 (41.8) 69 (59.5)
3-6 16 (3.9) 6 (5.2)
ASA score 0.017
1-2 350 (84.5) 87 (75.0)
3-4 64 (15.5) 29 (25.0)
Hypertension 0.335
No 311 (75.1) 82 (70.7)
Yes 103 (24.9) 34 (29.3)
Diabetes Mellitus 0.297
No 358 (88.9) 99 (85.3)
Yes 46 (11.1) 17 (14.7)
Tumor size, cm 0.001%
<475 282 (68.1) 60 (51.7)
>4.75 132 (31.9) 56 (48.3)
Tumor location 0.318
Cardia 53 (12.8) 16 (13.8)
Corpus 85 (20.5) 22 (19.0)
Pylorus 268 (64.7) 66 (56.9)
Total 8 (1.9) 12 (10.3)
Pathological type 0.860
Non-ulcerative 51 (12.3) 15 (12.9)
Ulcerative 363 (87.7) 101 (87.1)
TNM stages 0.001*
I 145 (35.0) 23 (19.8)
Il 90 (21.7) 25 (21.6)
11T 179 (43.2) 68 (58.6)
Total gastrectomy <0.001*
No 275 (66.4) 54 (46.6) 1
Yes 139 (33.6) 62 (53.4) 1.916 (1.229-2.988) 0.004 *
Combined resection <0.0017
No 388 (93.7) 96 (82.8) 1

(Continued)
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TABLE 3 Continued
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Factors Univariate Analysis Multivariate Analysis
Non- PC (n=116) P values OR (95% CI) P values
PC (n=414)

Yes 26 (6.3) 20 (17.2) 2.231 (1.132-4.398) 0.020 *
Surgical method <0.001*

Open 292 (70.5) 102 (87.9) 1

Laparoscopic 122 (29.5) 14 (12.1) 0.450 (0.241-0.840) 0.012 *
Time of Operation, min 0.830

<210 223 (53.9) 64 (55.2)

>210 191 (46.1) 52 (44.8)
Reconstruction methods 0.005*

Roux-en-Y 166 (40.1) 68 (58.6)

Billroth I 174 (42.0) 31 (26.7)

Billroth IT 74 (17.9) 17 (14.7)
Intraoperative Bleeding 0.028*

No 359 (86.7) 91 (78.4)

Yes 55 (13.3) 25 (21.6)
Intraoperative <0.001*
blood transfusion

No 398 (96.2) 98 (84.5) 1

Yes 16 (3.8) 18 (15.5) 2.649 (1.227-5.716) 0.013 *
Postsugery creatinine change 0.011 *

Normal group 173 (41.8) 57 (49.1) 1

Elevated creatinine group 56 (13.5) 27 (23.2) 1.367 (0.760-2.457) 0.296

Reduced creatinine group 185 (44.7) 32 (27.6) 0.572 (0.345-0.950) 0.031 *

SPC, severe postoperative complications; BMI, body mass index; PLR, platelet/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio; ASA, American Society of Anesthesiologists; CCI, Charlson

comorbidity index; NRS, nutritional risk screening; TNM, tumor-node-metastasis.

Values are number of patients and percent unless indicated otherwise; “Values are statistically significant (P<0.05).

previous studies (4-9). The emergence of PCs will prolong the
hospital stay, increase personal burden, reduce the trust between
doctors and patients, and make it more likely to have conflicts
between doctors and patients (20, 21). Therefore, it is particularly
important to identify and intervene in patients with complications
after radical GC surgery to reduce the occurrence of PCs.

The clinical indicators used to predict the short-term prognosis
of patients with GC have their own shortcomings, such as
sarcopenia, in assessing the physical function of patients through
imaging data, which require physicians to have a certain degree of
imaging knowledge (22-24). In contrast, calculating postoperative
changes in SCr levels is easier and more efficient, which can be
mastered only by short-term learning and more suitable for heavy
clinical work. Moreover, the novel predictive model, based on
postoperative creatinine changes, age, hypoalbuminemia, total
gastrectomy, combined resection, and laparoscopic surgery can be
used to assist surgeons in distinguishing low-risk and high-risk
patients, ensuring successful perioperative management, and
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postoperative rehabilitation to reduce the incidence of PCs in
high-risk patients (the discriminant consistency index is 0.715).
This is the first time we reported that elevated SCr is an
independent risk factor for SPCs (OR = 2475, P = 0.013) and
reduced SCr is an independent protective factor for PCs (OR =
0.559, P = 0.024), which is maintained after including multiple risk
indicators in the multivariate analysis. As a large part of the
population suffering from GC, elderly patients are more likely to
have hemodynamic instability after surgery, which can increase the
incidence of renal insufficiency and make patients more susceptible to
PCs (25, 26). Latest research shows that minor changes in SCr after
surgery are also closely related to the poor prognosis of patients (15,
16). However, most of the research in this area focuses on
cardiothoracic surgery research (27-29). No study to our
knowledge has found that slight changes in postoperative SCr is
related to the short-term prognosis of GC patients underwent
curative gastrectomy. Renal insufficiency will trigger the continuous
release of systemic pro-inflammatory factors and an
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FIGURE 3

A nomogram indicating the probability of PCs for young GC patients. An example of a nomogram-estimating PCs risk in resected gastric cancer.
Draw an upward vertical line from the covariate to the points bar to calculate points. Based on the sum of the covariate points, draw a downward

vertical line from the total points line to calculate risk of PCs.

TABLE 4 Univariate and multivariate analysis associated with severe postoperative complications.

Factors Univariate Analysis Multivariate Analysis
Non- SPC (n=55) P values OR (95% CI) P values
SPC (n=475)
Age, years 0.001* 0.008*
<70 318 (66.9) 24 (43.6) 1
>70 157 (33.1) 31 (56.4) 2.255 (1.242-4.095)
Gender 0.592
Female 114 (24.0) 15 (27.3)
Male 361 (76.0) 40 (72.7)
BMI, kg/cm2 0.513
<25 389 (81.9) 47 (85.5)
>25 86 (18.1) 8 (14.5)
NRS score 0.030*
1-2 302 (63.6) 30 (54.5)
3-4 144 (30.3) 16 (29.1)
5-6 29 (6.1) 9 (16.4)
Hypoalbuminemia, g/L 0.242
No 460 (96.8) 51 (92.7)
Yes 15 (3.2) 4(7.3)
Anemia 0.543
No 381 (80.2) 46 (83.6)
Yes 94 (19.8) 9 (16.4)
(Continued)
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TABLE 4 Continued

Factors Univariate Analysis Multivariate Analysis
Non- SPC (n=55) P values OR (95% CI) P values
SPC (n=475)

PLR 0.499
<928 58 (12.2) 5(9.1)
>92.8 517 (87.8) 50 (90.9)

NLR 0.586
<275 328 (69.1) 36 (65.5)
>2.75 147 (30.9) 19 (34.5)

CCI 0.070 ¥
0 245 (51.6) 21 (38.2)
1-2 211 (44.4) 31 (56.4)
3-6 19 (4.0) 3 (5.5)

ASA score 0.061*
1-2 393 (82.7) 44 (80.0)
34 82 (17.3) 11 (20.0)

Hypertension 0.799
No 353 (74.3) 40 (72.7)
Yes 122 (25.7) 15 (27.3)

Diabetes Mellitus 0.279
No 421 (88.6) 46 (83.6)
Yes 54 (11.4) 9 (16.4)

Tumor size, cm 0.181
<4.75 311 (65.5) 31 (56.4)
>4.75 164 (34.5) 24 (43.6)

Tumor location 0.661
Cardia 60 (12.6) 9 (16.4)
Corpus 97 (20.4) 10 (18.2)
Pylorus 305 (64.2) 29 (52.7)
Total 13 (2.7) 7 (12.7)

Pathological type 0.948
Non-ulcerative 59 (12.4) 7 (12.7)
Ulcerative 416 (87.6) 48 (87.3)

TNM stages 0.037*
I 157 (33.1) 11 (20.0)
11 103 (21.7) 12 (21.8)
1T 215 (45.3) 32 (58.2)

Total gastrectomy 0.007*
No 304 (64.0) 25 (45.5)
Yes 171 (36.0) 30 (54.5)

(Continued)
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TABLE 4 Continued

10.3389/fonc.2024.1416888

Factors Univariate Analysis Multivariate Analysis
Non- SPC (n=55) P values OR (95% Cl) P values
SPC (n=475)
Combined resection <0.001*
No 443 (93.3) 41 (74.5)
Yes 32 (6.7) 14 (25.5) 3.846 (1.830-8.082) <0.001*
Surgical method 0.003*
Open 344 (72.4) 50 (90.9) 1
Laparoscopic 131 (27.6) 5(9.1) 0.366 (0.139-0.962) 0.042°
Time of Operation, min 0.610
<210 259 (54.5) 28 (50.9)
> 210 216 (45.5) 27 (49.1)
Reconstruction methods 0.031*
Roux-en-Y 200 (42.1) 34 (61.8)
Billroth I 192 (40.4) 12 (23.6)
Billroth I 83 (17.5) 8 (14.5)
Intraoperative Bleeding 0.023*
No 409 (86.1) 41 (74.5)
Yes 66 (13.9) 14 (25.5)
Intraoperative 0.009*
Blood transfusion
No 449 47
Yes 28 6
Postsugery creatinine change 0.001*
Normal group 208 (43.8) 22 (40.0) 1
Elevated creatinine group 65 (13.7) 18 (32.7) 2.475 (1.207-5.057) 0.013*
Reduced creatinine group 202 (42.5) 15 (27.3) 0.791 (0.390-1.604) 0.515

SPC, severe postoperative complications; BMI, body mass index; PLR, platelet/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio; ASA, America; Society of Anesthesiologists; CCI, Charlson

comorbidity index; NRS, nutritional risk screening; TNM, tumor-node-metastasis.

Values are number of patients and percent unless indicated otherwise; #Values are statistically significant (P<0.05).

immunosuppressive state, making patients more prone to bone loss
and malnutrition (30), eventually leading to PCs. Meanwhile,
postoperative SCr decrease is likely related to hemodilution, which
is considered to be one of the protective factors of kidney function
(31, 32), and further related to the decrease in the incidence of PCs in
our experiment. However, it is worth noting that this study did not
find that elevated SCr is independently associated with PCs of GC.
This may be due to our insufficient sample size. In subsequent
studies, we should further expand the research volume to explore
whether the increase in SCr is related to PCs.

The results in Table 1 show that there were significant
differences in the postoperative hospital stay between the three
groups, and the reduced SCr group had significantly lower hospital
costs than the other two groups (P < 0.05). The previous data show
that the deterioration of renal function is associated with a
significantly longer hospital stay, an higher in hospital costs, and
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an increased risk of death in the hospital (33). Compared with the
other two groups, the reduced creatinine group had a lower
incidence of pulmonary complications, thrombosis, and intestinal
obstruction (Table 2). Interventions for these complications will
inevitably increase patient costs, but they can return to normal
status quickly after appropriate treatment, which may partly explain
why there is small difference in postoperative hospital stay between
the three groups of patients. We should strengthen early
postoperative monitoring of small changes in SCr levels in clinical
work, and initiate renal protective interventions to prevent
complications after radical GC surgery.

In this study, we also found that age, combined resection, and
non-laparoscopic surgery are not only independently related to the
occurrence of PCs in patients after radical GC surgery, but also
independent risk factors for severe PCs. Elderly patients have poor
tolerance to surgery (34), greater surgical trauma after combined
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organ resection (35), and better exposure to laparoscopic surgery
compared to open surgery for surgeon’s operations (36, 37),
resulting in differences in the incidence of surgery-related
complications. Therefore, for elderly patients with GC, we
recommend that under the premise of achieving radical resection,
the preoperative choice of endoscopic surgery is performed, and
intraoperative resection is as non-combined as possible to reduce
the occurrence of PCs. Previous studies have confirmed that GC
patients with preoperative hypoalbuminemia are more likely to
develop infections and are related to poor prognosis (38). In this
study, we found that preoperative hypoalbuminemia was related to
PCs, and not an independent risk factor for severe PCs. We
speculate that this may be related to the incidence of
hypoproteinemia in this experiment is only 3.5%, which is much
lower than the 6% reported in previous studies (23).

Several potential limitations still exist in our study and careful
consideration is required. This study only explored the relationship
between postoperative SCr changes and the short-term prognosis of
patients with GC, without the long-term prognosis. In the follow-up
work, we will supplement this part of the research. Moreover, the
research conclusions of this study come from a single-center subject
and lack the support of multi-center data. We will further improve
this in the follow-up research.

Conclusions

This is the first time we reported that minor changes in serum
creatinine is an independent risk factor for PCs. Post-surgery,
reduced SCr is a protective factor for PCs, while elevated serum
creatinine is an independent risk factor for SPCs. Calculating
postoperative changes in SCr levels is easier and more efficient,
which can be mastered only by short-term learning and more
suitable for heavy clinical work. Our nomogram is a simple and
practical instrument to identify patients at high risk of
surgical complications.
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