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The geriatric nutritional risk index predicts complications 
after nephrectomy for renal cancer
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ABSTRACT
 

Purpose: We examined if malnutrition, as defined by the Geriatric Nutritional Risk 
Index (GNRI), is independently associated with 30-day postoperative complications in 
patients undergoing nephrectomy for the treatment of renal cancer.
Materials and methods: Using the American College of Surgeons National Surgical 
Quality Improvement Program database from 2006-2019, we identified patients ≥65 
years old who underwent nephrectomy for renal cancer. The following formula for 
GNRI was used to define preoperative nutritional status: 1.489 x serum albumin (g/L) + 
41.7 x (current body weight [kg]/ ideal body weight [kg]). Based on the GNRI, patients 
were classified as having no (> 98), moderate (92-98), or severe malnutrition (< 92). Af-
ter adjusting for potential confounders, multivariable logistic regression analyses were 
performed to assess the association between GNRI and 30-day postoperative complica-
tions. Odds ratios (OR) with 95% confidence intervals (CI) were reported. 
Results: A total of 7,683 patients were identified, of which 1,241 (16.2%) and 872 
(11.3%) had moderate and severe malnutrition, respectively. Compared to normal nu-
trition, moderate and severe malnutrition were significantly associated with a greater 
odds of superficial surgical site infection, progressive renal insufficiency, readmission, 
extended length of stay, and non-home discharge. Severe malnutrition was also asso-
ciated with urinary tract infection (OR 2.10, 95% CI 1.31-3.35) and septic shock (OR 
2.93, 95% CI 1.21-7.07).
Conclusion: Malnutrition, as defined by a GNRI ≤ 98, is an independent predictor of 
30-day complications following nephrectomy. The GNRI could be used to counsel el-
derly patients with renal cancer prior to nephrectomy.
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INTRODUCTION

In 2020, more than 430,000 people were 
diagnosed with renal cancer and approximately 
180,000 people died from this disease worldwide 
(1). The incidence of kidney cancer is strongly re-
lated to age. Approximately 50% of new diagno-
ses are in elderly patients (≥ 65 years of age) (2). 
Nephrectomy remains the gold standard treatment 

in most cases (3). Overall complication rates for 
nephrectomy range between 10 and 30% depen-
ding on the surgical approach and extent (4).

Perioperative malnutrition is a known in-
dependent predictor of poor postoperative ou-
tcomes in general surgery, especially among the 
elderly (5). Malnutrition can be as high as 70% in 
elderly oncology patients (6-8). Screening tools 
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can aid in identifying nutritional status among 
older patients undergoing oncological surgery, 
but the abundance of questionnaires and calcu-
lators has impeded widespread implementation 
of perioperative nutritional assessment in clini-
cal practice (5, 9, 10).

Among the many tools available to assess 
preoperative nutritional status in the elderly, the 
Geriatric Nutritional Risk Index (GNRI) is simple 
to calculate, as it utilizes changes in height and 
weight, in addition to serum albumin (11). Whi-
le the GNRI was first developed for predicting 
nutrition-related risk of morbidity and mortality 
among hospitalized geriatric patients, it has also 
been found to be an independent predictor of ou-
tcomes among elderly patients with cancer (11-13). 
In renal cancer, the GNRI has been shown to be an 
independent predictor of overall, cancer-specific, 
and recurrence-free survival (14, 15). However, 
the role of GNRI in predicting short-term outco-
mes after nephrectomy has not been thoroughly 
evaluated (16). We postulated that malnutrition, 
as defined by GNRI, may be independently as-
sociated with worse 30-day outcomes following 
nephrectomy for renal cancer. To test this hypo-
thesis, we performed a retrospective cohort stu-
dy of patients undergoing nephrectomy for renal 
cancer, evaluating the association between GNRI 
and 30-day postoperative outcomes.

MATERIALS AND METHODS

Study design
After receiving exempt status from our 

Institutional Review Board (#202101589), we que-
ried the American College of Surgeons National 
Surgical Quality Improvement Program (ACS-NS-
QIP) database. Using data from 2006 to 2019, we 
identified patients ≥ 65 years old with a diagnosis 
of renal cancer (International Coding of Diseases, 
Ninth Revision [ICD-9] codes 189.x and ICD-10 
codes C64.x) undergoing radical (Current Procedu-
ral Terminology [CPT] codes 50220, 50225, 50230, 
50545, 50546) and partial nephrectomy (CPT co-
des 50240 and 50543). To account for the half-life 
of albumin, only patients who had serum albumin 
levels measured within 30 days prior to surgery 
were included. Patients with an American Society 

of Anesthesiologists (ASA) classification score of 
5, ascites, preoperative sepsis, or ventilator depen-
dence at the time of surgery were excluded. We 
also excluded emergency cases and patients with 
missing data, except for patients with missing race 
or ethnicity data.

Variables
Patient preoperative profiles included age, 

sex, body mass index (BMI), functional status, 
ASA classification, 5-item modified frailty index 
(5i-mFI), smoking status, comorbidities (diabetes 
mellitus [DM], hypertension [HT], congestive he-
art failure [CHF], severe chronic obstructive pul-
monary disease [COPD], dyspnea, disseminated 
cancer, > 10% body weight loss in the 6 months 
preceding surgery, chronic steroid use, bleeding 
disorder, preoperative dialysis, acute renal fai-
lure), and preoperative laboratory values (serum 
creatinine, hematocrit, white blood cell count, and 
platelet count). All preoperative laboratory values 
included were measured within 30 days prior to 
surgery. According to NSQIP, bleeding disorder 
is defined as “increased risk of bleeding due to 
an underlying hematological disorder or chronic 
anticoagulation” (17). Operative data included ne-
phrectomy extent (partial or radical), surgical ap-
proach (open or minimally invasive [MI]), wound 
classification (I – clean, II clean/contaminated, III 
– contaminated, IV – dirty/infected), and opera-
tive time. CPT codes 50220, 50225, 50230, and 
50240 were classified as open while CPT codes 
50545, 50546, and 50543 were classified as MI. 
ASA classification was dichotomized into two ca-
tegories: ≤ Class 2 and > Class 2. The 5i-mFI has 
been observed to predict postoperative complica-
tions following urologic surgery (18, 19). It is cal-
culated based on the presence of the following: 
DM, HT requiring medication, CHF, respiratory 
disease (COPD or pneumonia), and partial/total 
dependence prior to surgery (20).

Nutritional Assessment
According to previously published literatu-

re, malnutrition was defined based on BMI < 18.5 
kg/m², serum albumin < 3.5 g/dL, and > 10% body 
weight loss in the last 6 months (5). Nutritional 
status according to the GNRI was calculated using 
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the following variables: weight, height, and preo-
perative serum albumin. GNRI was calculated as: 
(1.489 x serum albumin [g/L]) + (41.7 x [current 
body weight (CBW)/ ideal body weight (IBW)]) (11). 
IBW was calculated as: (height x height) x 22, and 
it was capped at 1 if it exceeded the CBW (11, 21). 
Following a similar classification to that used by 
Bouillane et al., we categorized patients into three 
groups: severe malnutrition (GNRI < 92), moderate 
malnutrition (GNRI 92 - 98), and normal nutritio-
nal status (GNRI > 98) (11).

Endpoints
The primary outcome was rate of any 

NSQIP complication, defined as: cardiac arrest 
requiring cardiopulmonary resuscitation, myo-
cardial infarction, death, pneumonia, unplanned 
intubation, failure to wean from ventilator, pul-
monary embolism (PE), deep venous thrombosis 
(DVT) requiring therapy, stroke, intraoperative or 
postoperative transfusion, sepsis or septic sho-
ck, acute renal failure, progressive renal insu-
fficiency, urinary tract infection (UTI), wound 
dehiscence, or surgical site infection (SSI) [super-
ficial, deep incisional, or organ/space]. Seconda-
ry endpoints were: major complications (defined 
as Clavien-Dindo [CD] III and IV), extended leng-
th of stay (LOS), readmission, reoperation, and 
non-home discharge (22).

Major complications included cardiac ar-
rest requiring cardiopulmonary resuscitation, 
myocardial infarction, unplanned intubation, fai-
lure to wean from ventilator, PE, stroke, sepsis or 
septic shock, acute renal failure, deep incisional 
SSI, and organ/space SSI. Extended LOS was defi-
ned as hospital stay > 75th percentile (partial ne-
phrectomy > 4 days and radical nephrectomy > 
6 days). Non-home discharge was defined as any 
discharge destination that was not ‘home’ or ‘fa-
cility which was home’. Complications were also 
reported and analyzed individually.

Statistical analysis

Categorical variables were reported as fre-
quencies (%) while continuous variables were re-
ported as median with interquartile range (IQR). 
Chi-square and Kruskal-Wallis tests were used 

where appropriate for categorical and continuous 
variables. Multivariable logistic regression analy-
ses (MLRA) were used to determine if GNRI was 
an independent predictor of 30-day complications 
following nephrectomy. Besides GNRI, the other 
confounders used in the models were age (conti-
nuous), sex (male vs. female), race (Caucasian vs. 
African American, Other, or Unknown), ASA clas-
sification (< 2 vs. ≥ 3), BMI (continuous), 5i-mFI 
(0 vs. 1, 2, or ≥ 3), bleeding disorder (no vs. yes), 
dyspnea (no vs. yes), steroid/immunosuppressant 
for a chronic condition (no vs. yes), smoker (no 
vs. yes), disseminated cancer (no vs. yes); preope-
rative blood transfusion (no vs. yes), acute renal 
failure (no vs. yes), dialysis requirement (no vs. 
yes), hematocrit (continuous), creatinine (conti-
nuous), hematocrit (continuous), white blood cell 
count (continuous), platelet count (continuous), 
nephrectomy type (radical vs. partial), surgical 
approach (open vs. MI), wound classification (I vs. 
II, or III, or IV), and operative time (continuous).

Two sets of MLRA models were executed: 
one with GNRI as a categorical variable (GNRI > 
98 as the reference group vs. GNRI 92 - 98 or GNRI 
< 92), and the other one with GNRI as a decrea-
sing continuous variable. Results of the analyses 
were reported as odds ratios (OR) with their cor-
responding 95% confidence intervals (95% CI). 
The variance inflation factor (VIF) was examined 
to check for multicollinearity among the models. 
Variables with a VIF ≥ 2.5 were considered signi-
ficantly multicollinear and were eliminated from 
the models. Because patients with disseminated 
cancer were included in the original cohort, we 
performed a sensitivity analysis without patients 
undergoing cytoreductive nephrectomy to inves-
tigate whether statistically significant differen-
ces could be attributed to metastatic disease. All 
statistical analyses were performed using the EZR 
plugin for R (23). Statistical significance was set at 
p-value < 0.05, and all tests were two-tailed.

RESULTS

A total of 7,683 cases met the inclusion 
criteria with 241 (16.2%) and 872 (11.3%) identi-
fied as having moderate (GNRI 92 - 98) or severe 
malnutrition (GNRI < 92) respectively (Figure-1). 
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Figure 1 - Flowchart for patient selection.

The demographic and operative profiles of all 
patients were summarized (Table-1). The number 
of patients meeting the definition of malnutri-
tion according to BMI (< 18.5 kg/m²) and serum 
albumin (< 3.5 g/dL) was 58 (0.7%) and 1,039 
(13.2%), respectively. Additionally, 184 (2.3%) 
patients were classified as having lost more than 
10% of their body weight within 6 months prior 
to surgery. Overall, patients with a BMI < 18.5 
kg/m², serum albumin < 3.5 g/dL, and > 10% 
body weight loss had significantly lower GNRI 
scores compared to their counterparts (Figure-2).

Comparisons of unadjusted 30-day outco-
mes following nephrectomy among the three study 
groups were performed (Table-2). Thirty-day ou-
tcomes were generally worse for the moderate and 
severe malnutrition groups compared to patients 
with a normal nutritional status. The unadjusted 
30-day postoperative complication rates were sig-
nificantly worsened as the severity of malnutrition 
increased. Overall, malnourished patients (GNRI ≤ 
98) had higher rates of a complication compared 
to patients with a normal nutritional status (GNRI 
> 98). Likewise, rates of 30-day mortality and ma-
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Table 1 - Patient Demographics and Surgical Procedure Characteristics.

Variables
All patients

(n=7863)

GNRI <92

(n=872)

GNRI 92-98

(n=1241)

GNRI >98

(n=5750)

Sex

Male 4948 (62.9%) 511 (58.6%) 754 (60.8%) 3683 (64.1%)

Female 2915 (37.1%) 361 (41.4%) 487 (39.2%) 2067 (35.9%)

Race

Caucasian 6233 (79.3%) 672 (77.1%) 952 (76.7%) 4609 (80.2%)

African American 609 (7.7%) 81 (9.3%) 118 (9.5%) 410 (7.1%)

Other 264 (3.4%) 35 (4.0%) 37 (3.0%) 192 (3.3%)

Unknown 757 (9.6%) 84 (9.6%) 134 (10.8%) 539 (9.4%)

Hispanic ethnicity

Yes 437 (5.6%) 48 (5.5%) 69 (5.6%) 320 (5.6%)

No 6730 (85.6%) 721 (82.7%) 1051 (84.7%) 4958 (86.2%)

Unknown 696 (8.9%) 103 (11.8%) 121 (9.8%) 472 (8.2%)

Age (years)
71.00 [68.00 - 

76.00]
72.00 [68.00 - 77.00]

72.00 [68.00 - 

77.00]

71.00 [67.00 - 

75.00]

BMI (kg/m²)
29.01 [25.69 - 

33.17]
27.08 [23.51 - 32.14]

28.89 [25.11 - 

33.73]

29.25 [26.11 - 

33.20]

Weight loss (%) 184 (2.3%) 92 (10.6%) 38 (3.1%) 54 (0.9%)

ASA

≤2 1934 (24.6%) 128 (14.7%) 230 (18.5%) 1576 (27.4%)

>2 5929 (75.4%) 744 (85.3%) 1011 (81.5%) 4174 (72.6%)

Functional Status

Independent 7715 (98.1%) 819 (93.9%) 1204 (97.0%) 5692 (99.0%)

Dependent 148 (1.9%) 53 (6.1%) 37 (3.0%) 58 (1.0%)

5i-MFI

0 1471 (18.7%) 171 (19.6%) 219 (17.6%) 1081 (18.8%)

1 4091 (52.0%) 406 (46.6%) 628 (50.6%) 3057 (53.2%)

2 2090 (26.6%) 243 (27.9%) 355 (28.6%) 1492 (25.9%)

≥3 211 (2.7%) 52 (6.0%) 39 (3.1%) 120 (2.1%)

Current smoker 856 (10.9%) 108 (12.4%) 152 (12.2%) 596 (10.4%)
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Albumin (g/dL) 4.10 [3.70 - 4.30] 3.10 [2.75 - 3.20] 3.60 [3.50 - 3.70] 4.20 [4.00 - 4.40]

Creatinine (mg/dL) 1.01 [0.84 - 1.30] 1.10 [0.85 - 1.41] 1.04 [0.87 - 1.33] 1.00 [0.83 - 1.25]

Hematocrit (%)
40.00 [36.20 - 

43.10]
33.40 [29.60 - 37.50]

38.00 [34.20 - 
41.90]

41.00 [37.90 - 
43.70]

Platelets (mm³)
230.00 [189.00 - 

282.00]
271.50 [210.75 - 

368.25]
234.00 [189.00 - 

293.00]
225.00 [187.00 - 

272.00]

White blood cells (mm³) 7.10 [5.90 - 8.60] 7.90 [6.33 - 9.80] 7.30 [6.00 - 8.70] 7.00 [5.80 - 8.40]

Diabetes mellitus 2129 (27.1%) 243 (27.9%) 366 (29.5%) 1520 (26.4%)

Steroid use 290 (3.7%) 34 (3.9%) 49 (3.9%) 207 (3.6%)

Congestive heart failure 79 (1.0%) 29 (3.3%) 14 (1.1%) 36 (0.6%)

Hypertension 6073 (77.2%) 654 (75.0%) 947 (76.3%) 4472 (77.8%)

COPD 481 (6.1%) 70 (8.0%) 95 (7.7%) 316 (5.5%)

Dyspnea at rest/exertion 717 (9.1%) 126 (14.4%) 151 (12.2%) 440 (7.7%)

Preoperative blood transfusion 79 (1.0%) 48 (5.5%) 12 (1.0%) 19 (0.3%)

Bleeding disorder 261 (3.3%) 57 (6.5%) 57 (4.6%) 147 (2.6%)

Disseminated cancer 513 (6.5%) 143 (16.4%) 109 (8.8%) 261 (4.5%)

Preoperative AKI 33 (0.4%) 9 (1.0%) 6 (0.5%) 18 (0.3%)

Dialysis 210 (2.7%) 67 (7.7%) 50 (4.0%) 93 (1.6%)

Nephrectomy type

Partial 4661 (59.3%) 3076 (53.5%) 859 (69.2%) 726 (83.3%)

Radical 3202 (40.7%) 2674 (46.5%) 382 (30.8%) 146 (16.7%)

Surgical approach

Robotic/Laparoscopic 2540 (32.3%) 414 (47.5%) 446 (35.9%) 1680 (29.2%)

Open 5323 (67.7%) 458 (52.5%) 795 (64.1%) 4070 (70.8%)

Wound classification

I - Clean 1653 (21.0%) 199 (22.8%) 256 (20.6%) 1198 (20.8%)

II - Clean/Contaminated 6126 (77.9%) 655 (75.1%) 957 (77.1%) 4514 (78.5%)

III - Contaminated 69 (0.9%) 11 (1.3%) 24 (1.9%) 34 (0.6%)

IV - Dirty/Infected 15 (0.2%) 7 (0.8%) 4 (0.3%) 4 (0.1%)

Operative time (min)
166.00 [122.00 - 

219.00]
169.50 [120.75 - 

224.25]
169.00 [123.00 - 

224.00]
165.00 [123.00 - 

217.00]

GNRI = geriatric nutritional risk index; BMI = body mass index; ASA = American Society of Anesthesiologists; 5i-mFI = 5-item modified frailty index; COPD = chronic 
obstructive pulmonary disease; AKI = acute kidney injury
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Figure 2 - Boxplots for GNRI score compared to low albumin (< 3.5 g/dL), low BMI (< 18.5 kg/m²), and > 10% body weight 
loss in the last 6 months prior to nephrectomy.

jor complications (CD III/IV) were significantly hi-
gher in malnourished patients compared to those 
with a normal nutritional status.

A MLRA for GNRI defined as a categori-
cal variable was performed (Table-3). After con-

trolling for the confounding variables previously 
mentioned, malnutrition was found to be indepen-
dently associated with any readmission (moderate 
malnutrition: OR 1.30, 95% CI 1.03 – 1.64, p = 
0.029; severe malnutrition: OR 1.50, 95% CI 1.14 
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Table 2 - Patient postoperative 30-day outcomes.

Variables
All patients
(n=7863)

GNRI <92
(n=872)

GNRI 92-98
(n=1241)

GNRI >98
(n=5750)

p value

Acute Renal Failure 80 (1.0%) 9 (1.0%) 15 (1.2%) 56 (1.0%) 0.8

Any NSQIP Complication 1556 (19.8%) 367 (42.1%) 312 (25.1%) 877 (15.3%) <0.001

Any Readmission 565 (7.2%) 104 (11.9%) 111 (8.9%) 350 (6.1%) <0.001

Any Reoperation 196 (2.5%) 27 (3.1%) 34 (2.7%) 135 (2.3%) 0.3

Cardiac Arrest Requiring CPR 43 (0.5%) 7 (0.8%) 12 (1.0%) 24 (0.4%) 0.033

Death (CD V) 61 (0.8%) 18 (2.1%) 15 (1.2%) 28 (0.5%) <0.001

Deep Incisional SSI 13 (0.2%) 2 (0.2%) 3 (0.2%) 8 (0.1%) 0.6

DVT Requiring Therapy 71 (0.9%) 19 (2.2%) 13 (1.0%) 39 (0.7%) <0.001

Extended Length of Stay 1529 (19.4%) 322 (36.9%) 304 (24.5%) 903 (15.7%) <0.001

Major Complications (CD III/IV) 406 (5.2%) 78 (8.9%) 85 (6.8%) 243 (4.2%) <0.001

Myocardial Infarction 74 (0.9%) 10 (1.1%) 15 (1.2%) 49 (0.9%) 0.4

Non-Home Discharge 581 (7.4%) 165 (18.9%) 131 (10.6%) 285 (5.0%) <0.001

Organ/Space SSI 54 (0.7%) 10 (1.1%) 8 (0.6%) 36 (0.6%) 0.2

Pneumonia 155 (2.0%) 28 (3.2%) 29 (2.3%) 98 (1.7%) 0.007

Progressive Renal Insufficiency 94 (1.2%) 18 (2.1%) 25 (2.0%) 51 (0.9%) <0.001

Pulmonary Embolism 53 (0.7%) 15 (1.7%) 11 (0.9%) 27 (0.5%) <0.001

Sepsis 72 (0.9%) 11 (1.3%) 15 (1.2%) 46 (0.8%) 0.2

Septic Shock 40 (0.5%) 12 (1.4%) 10 (0.8%) 18 (0.3%) <0.001

Stroke/CVA 26 (0.3%) 4 (0.5%) 3 (0.2%) 19 (0.3%) 0.7

Superficial Incisional SSI 83 (1.1%) 17 (1.9%) 20 (1.6%) 46 (0.8%) 0.001

Transfusions 1039 (13.2%) 290 (33.3%) 207 (16.7%) 542 (9.4%) <0.001

Unplanned Intubation 104 (1.3%) 25 (2.9%) 25 (2.0%) 54 (0.9%) <0.001

Urinary Tract Infection 159 (2.0%) 34 (3.9%) 26 (2.1%) 99 (1.7%) <0.001

Ventilator greater than 48 Hours 84 (1.1%) 24 (2.8%) 15 (1.2%) 45 (0.8%) <0.001

Wound Disruption 23 (0.3%) 6 (0.7%) 3 (0.2%) 14 (0.2%) 0.072

GNRI = geriatric nutritional risk index; CPR = cardiopulmonary resuscitation; CD = Clavien-Dindo; SSI = surgical site infection; CVA = cerebrovascular accident
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Table 3 - Multivariable analysis of complications with GNRI as a categorical variable.

Complication
GNRI 92-98 GNRI <92

OR [95% CI] p value OR [95% CI] p value

Acute Renal Failure 1.05 [0.56-1.97] 0.9

 

1.70 [0.75-3.88] 0.20

Any NSQIP Complication 1.10 [0.93-1.31] 0.3 1.35 [1.10-1.65] 0.004

Any Readmission 1.30 [1.03-1.64] 0.029 1.50 [1.14-1.98] 0.004

Any Reoperation 1.06 [0.71-1.58] 0.8 1.09 [0.67-1.77] 0.7

Cardiac Arrest Requiring CPR 0.59 [0.28-1.23] 0.16 1.07 [0.40-2.81] 0.9

Death (CD V) 1.46 [0.75-2.85] 0.3 1.27 [0.61-2.65] 0.5

Deep Incisional SSI 0.65 [0.16-2.61] 0.5 0.86 [0.12-6.08] 0.9

DVT Requiring Therapy 0.97 [0.49-1.90] 0.9 0.60 [0.30-1.20] 0.15

Extended Length of Stay 1.50 [1.27-1.78] <0.001 2.33 [1.91-2.85] <0.001

Major Complication (CD III/IV) 1.17 [0.89-1.54] 0.3 1.09 [0.79-1.52] 0.6

Myocardial Infarction 0.96 [0.52-1.77] 0.9 1.31 [0.60-2.86] 0.5

Non-Home Discharge 1.54 [1.22-1.95] <0.001 2.34 [1.81-3.03] <0.001

Organ/Space SSI 0.89 [0.40-1.99] 0.8 1.29 [0.55-3.03] 0.6

Pneumonia 0.91 [0.58-1.42] 0.7 0.89 [0.53-1.48] 0.6

Progressive Renal Insufficiency 2.08 [1.24-3.49] 0.006 2.03 [1.07-3.84] 0.030

Pulmonary Embolism 1.37 [0.65-2.91] 0.4 1.89 [0.85-4.23] 0.12

Reintubation 1.42 [0.85-2.37] 0.18 1.30 [0.72-2.35] 0.4

Sepsis 1.12 [0.61-2.08] 0.7 0.84 [0.39-1.82] 0.7

Septic Shock 1.84 [0.80-4.25] 0.15 2.93 [1.21-7.07] 0.017

Stroke/CVA 0.55 [0.15-1.93] 0.3 0.75 [0.21-2.66] 0.7

Superficial Incisional SSI 1.77 [1.02-3.08] 0.044 2.04 [1.04-3.99] 0.037

Transfusions/Intraop/Postop 0.94 [0.75-1.16] 0.5 1.17 [0.93-1.48] 0.18

Urinary Tract Infection 1.10 [0.70-1.73] 0.7 2.10 [1.31-3.35] 0.002

Ventilator greater than 48 Hours 0.78 [0.40-1.52] 0.5 1.23 [0.65-2.34] 0.5

Wound Disruption 0.77 [0.21-2.87] 0.7 2.13 [0.70-6.52] 0.19

GNRI as a categorical variable with the reference category as "Normal GNRI". 
OR = odds ratio; CI = confidence interval; GNRI = geriatric nutritional risk index; NSQIP = National Surgical Quality Improvement Program; CPR = cardiopulmonary 
resuscitation; CD = Clavien-Dindo; SSI = surgical site infection; CVA - cerebrovascular accident
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– 1.98, p = 0.004), progressive renal insufficiency 
(moderate malnutrition: OR 2.08, 95% CI 1.24 – 
3.49, p = 0.006; severe malnutrition: OR 2.03, 
95% CI 1.07 – 3.84, p = 0.030), superficial inci-
sional SSI (moderate malnutrition: OR 1.77, 95% 
CI 1.02 – 3.08, p = 0.044; severe malnutrition: OR 
2.04, 95% CI 1.04 – 3.99, p = 0.037), extended 
LOS (moderate malnutrition: OR 1.50, 95% CI 1.27 
– 1.78, p < 0.001; severe malnutrition: OR 2.33, 
95% CI 1.91 – 2.85, p < 0.001), and non-home 
discharge (moderate malnutrition: OR 1.54, 95% 
CI 1.22 – 1.95, p < 0.001; severe malnutrition: OR 
2.34, 95% CI 1.81 – 3.03, p < 0.001). Any NSQIP 
complication (OR 1.35, 95% CI 1.10 – 1.65, p = 
0.004), septic shock (OR 2.93, 95% CI 1.21 – 7.07, 
p = 0.017), and UTI (OR 2.10, 95% CI 1.31 – 3.35, 
p = 0.002) were independently associated with se-
vere malnutrition. None of the other postoperative 
complications were significantly associated with 
malnutrition. The 30-day outcomes that were in-
dependently associated with moderate and severe 
malnutrition were also statistically significant for 
the MLRA models using GNRI as a continuous va-
riable (Figure-3). None of the MLRA models had 
variables with high multicollinearity (VIF ≥ 2.5).

A sensitivity analysis was performed after 
excluding 513 (6.5%) patients who had dissemi-
nated cancer at the time of nephrectomy (Supple-
mentary Table-1). Progressive renal insufficiency, 
extended LOS, and non-home discharge remained 
independently associated with moderate and se-
vere malnutrition. Likewise, septic shock and UTI 
continued to be independently associated with 
severe malnutrition. Readmission was indepen-
dently associated with severe malnutrition only. 
Superficial incisional SSI was not independently 
associated with either moderate or severe malnu-
trition.

DISCUSSION

Complications after nephrectomy place a 
significant burden on both the oncological patient 
and the health care system. The use of predictors 
for adverse postoperative outcomes is crucial in 
value-based healthcare as it can aid in better re-
source management. Although preoperative mal-
nutrition is a well-recognized predictor of poor 

outcomes following major oncologic surgery, the 
role of GNRI in evaluating malnutrition and its 
association with 30-day outcomes following ne-
phrectomy for renal cancer has not been thorou-
ghly studied before (5, 16). As defined by a GNRI 
≤ 98, the prevalence of malnutrition in our cohort 
was 27.3%, which falls within the range of pre-
viously reported data (6).

Using MLRA, we found that GNRI was in-
dependently associated with readmission, progres-
sive renal insufficiency, superficial incisional SSI, 
septic shock, UTI, extended LOS, and non-home 
discharge. After excluding patients with dissemi-
nated cancer, the sensitivity analysis yielded si-
milar results with the exceptions of readmission 
and superficial incisional SSI no longer being in-
dependently associated with either moderate or 
severe malnutrition. This data suggests that mal-
nutrition impacts on 30-day outcomes after ne-
phrectomy, regardless of metastatic disease. The 
study by May et al. using NSQIP to describe rates 
of 30-day complications after cytoreductive ne-
phrectomy found malnutrition is not an indepen-
dent predictor of severe or overall postoperative 
morbidity; however, their definition was based on 
a BMI < 18.5 kg/m² (24).

Malnutrition is not only associated with 
poor postoperative outcomes, but also worse long-
-term survival, quality of life, and chemotherapy 
toxicity among oncology patients (25, 26). Expert 
consensus recommends perioperative nutrition 
screening in elderly patients with the Mini Nutri-
tional Assessment Short Form (MNA-SF) (27). Ho-
wever, this assessment utilizes questions that rely 
on patient-reported data which translates to poor 
interobserver reliability. The MNA-SF also requi-
res training to administer, and is not readily avai-
lable once the patient arrives to the hospital (28). 
In contrast, the GNRI relies on objective data that 
could be easily accessible for most patients perio-
peratively (11). The GNRI also employs a standar-
dized formula that does not require training and 
could potentially be administered by any health 
care team member. Gu et al. found that the GNRI 
was superior to the MNA-SF for risk discrimina-
tion regarding overall mortality in patients with 
renal cancer (14). Other studies have found the 
GNRI to be an independent predictor of both short 
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Figure 3 - Multivariable logistic regression analysis for complications after adjusting for covariates. GNRI was classified as 
a continuous variable (per 1 unit decrease). 

and long-term outcomes following nephrectomy 
for renal cancer (15, 16).

Although the present study uses a lar-
ge population to evaluate GNRI as a predictor of 
complications following nephrectomy, it has inhe-
rent limitations that apply to the usage of large 

clinical databases. First, the NSQIP database limits 
follow-up to 30 days after the procedure of in-
terest; thus, complications that occur either past 
30 days or long-term cannot be analyzed. Second, 
the cohort is limited to patients with complete an-
thropometric data and serum albumin measured 

OR = odds ratio; GNRI = geriatric nutritional risk index; CPR = cardiopulmonary resuscitation; CD = Clavien-Dindo; SSI = surgical site infection; CVA = cerebrovascular accident
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within 30 days prior to nephrectomy; this exclu-
des more than 10,000 patients from being poten-
tially included in our study. Third, the general 
NSQIP file does not collect data on TNM staging, 
histologic features, or adjuvant therapy, which are 
prognostic factors that influence outcomes in pa-
tients with renal cancer (3, 29, 30). Fourth, NSQIP 
does not have data on nephrectomy-specific com-
plications which hinders a more granular analy-
sis of postoperative complications. Our findings 
could be more accurately evaluated in prospective 
studies, which should systematically include the 
assessment of the missing variables in question.

CONCLUSIONS

In the setting of nephrectomy for renal 
cancer, a GNRI ≤ 98 is an independent predictor 
of 30-day readmission, progressive renal insu-
fficiency, superficial incisional SSI, septic sho-
ck, UTI, extended LOS, and non-home discharge. 
GNRI could be used to assess nutritional status 
in elderly patients with renal cancer and counsel 
them prior to nephrectomy.

ABBREVIATIONS

MI = minimally invasive
GNRI = Geriatric Nutritional Risk Index 
ACS-NSQIP = American College of Surgeons Na-
tional Surgical Quality Improvement Program 
ICD = International Coding of Diseases
CPT = Current Procedural Terminology
ASA = American Society of Anesthesiology
BMI = body mass index
5i-Mfi = 5-item modified frailty index
DM = diabetes mellitus 
HT = hypertension 
CHF = congestive heart failure 
COPD = chronic obstructive pulmonary disease 
CBW = current body weight 
IBW = ideal body weight 
PE = pulmonary embolism 
DVT = deep venous thrombosis
UTI = urinary tract infection 
SSI = surgical site infection 
CD = Clavien-Dindo

LOS = length of stay
IQR = interquartile range 
MLRA = Multivariable logistic regression analysis 
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