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Abstract

Purpose

Patients with chronic kidney disease (CKD) and end-stage renal disease (ESRD) have been

noted to face increased cancer incidence. Yet, the impact of concomitant renal dysfunction

on acute outcomes following elective surgery for cancer remains to be elucidated.

Methods

All adult hospitalizations entailing elective resection for lung, esophageal, gastric, pancre-

atic, hepatic, or colon cancer were identified in the 2016–2020 National Inpatient Sample.

Based on stage of renal dysfunction, CKD patients were sub-classified as CKD1-3, CKD4-

5, or ESRD (others: Non-CKD). Multivariable regression models were developed to assess

the association of comorbid CKD/ESRD with in-hospital mortality, perioperative complica-

tions, and resource utilization.

Results

Of ~515,145 patients, 32,195 (6.2%) had CKD (5.1% CKD1-3, 0.7% CKD4-5, 0.5% ESRD).

The incidence of CKD among patients undergoing cancer resection increased from 5.3% in

2016 to 7.3% in 2020 (P<0.001). Following risk adjustment, CKD1-3 and CKD4-5 remained

linked with similar likelihood of mortality and hospitalization costs, but greater need for blood

transfusion (CKD1-3 AOR 1.21, CI 1.09–1.35; CKD4-5 AOR 1.73 CI 1.38–2.18). CKD4-5

was also associated with greater odds of infection (AOR 1.88, CI 1.34–2.62) and respiratory

sequelae (AOR 1.36, CI 1.05–1.77). Further, ESRD was linked with greater odds of in-hos-

pital mortality (AOR 2.74, CI 1.69–4.45), infection (AOR 2.31, CI 1.62–3.30) and respiratory

complications (AOR 1.72, CI 1.31–2.26), as well as greater resource utilization, relative to

Non-CKD.
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Conclusion

Comorbid renal dysfunction was linked with inferior clinical and financial outcomes following

elective cancer resection. Future work is needed to develop optimal management strategies

and recovery pathways for this complex cohort.

Introduction

Chronic kidney disease (CKD) is a growing public health concern, with global incidence

increasing by 89% since 1990 [1]. Despite improvements in medical management [2], CKD

affects>14% of the U.S. population and has been linked with greater morbidity and reduced

quality of life [3, 4]. Notably, considerable evidence has reported elevated risk of certain malig-

nancies among CKD patients [5–11]. In a study of ~400,000 patients with renal dysfunction,

Lees et al. found a ~15% increased incidence of cancer among those with mild kidney disease

and a ~19% increased risk in patients moderate or severe dysfunction [12]. Prior work has sug-

gested this observation to be attributable to underlying disease, long-term immunosuppressive

therapies, lifestyle factors, closer monitoring, or advancements in dialysis that permit greater

life expectancy [13, 14]. Altogether, cancer has become the second leading cause of death in

this population [12].

Definitive surgical resection remains the standard of care for select patients with localized

neoplasms. While some have reported CKD patients to face increased risk of mortality and

complications following surgical procedures [15–17], prior literature evaluating outcomes of

cancer resection among CKD patients has yielded conflicting results. Several single-institution

series have suggested similar postoperative outcomes following colectomy, gastrectomy, hepa-

tectomy, or lobectomy [18–20]. However, others have noted increased hazards of mortality in

both the short- and long-term [9, 21, 22]. In addition to evaluating heterogeneous populations

and limited cohorts, available literature has relied on decades-old datasets and may not be gen-

eralizable to the contemporary oncologic landscape. Accurate characterization of perioperative

outcomes for cancer surgery may better inform risk stratification, patient counseling, and

shared decision-making among those with CKD.

The present study examined the association of comorbid CKD with clinical and financial

outcomes of major surgical resection for several malignancies. We hypothesized increasing

degree of renal dysfunction to be associated with a stepwise increase in the risk of death and

complications as well as costs.

Methods

Data source and study cohort

All elective adult (�18 years) hospitalization records entailing for resection of colon, hepatic,

gastric, esophageal, lung, or pancreatic cancer were tabulated from the 2016–2020 National

Inpatient Sample (NIS) using relevant International Classification of Diseases, Tenth Revision
(ICD) diagnosis and procedure codes [23]. As the largest all-payer database in the US, the NIS

samples from hospitals participating in the Healthcare Cost and Utilization Project (HCUP)

and provides accurate estimates for approximately 97% of all hospitalizations, each year [24].

Records were included for analysis if they contained both a diagnosis code for cancer and a

concordant procedure code for resection. Using previously-validated ICD codes and in line

with criteria established by the National Kidney Foundation criteria, patients were
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subsequently grouped by stage of renal dysfunction as CKD1-3, CKD4-5, or ESRD (others:

Non-CKD) [17, 25]. Those missing key data regarding age, sex, or mortality were not evalu-

ated (Fig 1).

Variable definitions and study outcomes

The HCUP Data Dictionary was used to define relevant patient and hospital characteristics

[26]. Patient burden of chronic disease was numerically depicted via the van Walraven modifi-

cation of the Elixhauser Comorbidity Index. Comorbidities and perioperative complications

were identified using appropriate ICD codes, as reported in prior work [27]. Complications

were classified as cardiac (cardiac arrest, myocardial infarction, tamponade, ventricular fibril-

lation, ventricular tachycardia, tamponade), cerebrovascular (acute ischemic events, intracra-

nial hemorrhage, stroke), infectious (sepsis or surgical site infection), intraoperative

(accidental puncture or hemorrhage), and respiratory (acute respiratory distress syndrome,

pneumonia, pneumothorax, prolonged ventilation, respiratory failure), or acute kidney injury

(AKI). Operative approach was classified as open or minimally-invasive.

Hospitalization costs were ascertained by application of center-specific cost-to-charge ratios

to overall charges followed by inflation adjustment using the 2020 Personal Healthcare Price

Index [28].

The primary outcome of this study was in-hospital mortality following cancer resection.

We secondarily considered incidence of perioperative complications, duration of hospitaliza-

tion (LOS), costs, and discharge to non-home facilities.

Statistical analysis

Normally-distributed continuous variables are reported as means with standard deviation

(SD), while non-normally distributed factors are detailed as medians with interquartile range

(IQR). Categorical variables are presented as group proportions (%). The significance of inter-

group comparisons was assessed via the Mann-Whitney U, adjusted Wald, and Pearson χ2

tests, as appropriate. Similarly, the significance of temporal trends was considered using

Cuzick’s nonparametric test (nptrend) [29].

Fig 1. CONSORT diagram of survey-weighted estimates. Of an estimated 515,145 hospitalizations for elective cancer

resection identified in the 2016–2020 NIS, 32,195 (6%) presented with comorbid CKD (others: Non-CKD). Among

patients with CKD, 81% had Stage 1–3 disease, 11% Stage 4–5 disease, and 8% End-Stage Renal Disease. All estimates

represent survey-weighted methodology. *NIS, National Inpatient Sample; CKD, Chronic Kidney Disease; ESRD,

End-Stage Renal Disease.

https://doi.org/10.1371/journal.pone.0317085.g001
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Multivariable models were fit to consider the independent association of comorbid CKD

with clinical and financial outcomes of interest. Covariates were chosen for inclusion using

elastic net regularization, which minimizes factor collinearity and model overfitting via a

penalized least-squares approach [30]. Factors included in regression models were patient age,

sex, Elixhauser comorbidity index, income, race, insurance coverage, cancer resection type,

frailty, hospital teaching status, and the presence of comorbid congestive heart failure, cardiac

arrhythmias, coagulopathic disorders, cerebrovascular disease, pulmonary circulation disor-

ders, or peripheral vascular disease.

Goodness of fit was assessed using model receiver operating characteristics or the coeffi-

cient of determination, as appropriate. Outcomes are reported as adjusted odds ratio (AOR) or

β-coefficient (β) for logistic and linear regression models, respectively.

As a sensitivity analysis, we applied entropy balancing to address potential differences in

innate cohort characteristics and generate two balanced groups for analysis. In short, entropy

balancing utilizes pseudo-propensity scores to search for optimal sample weights to balance

covariates, while retaining all patients for analysis [31]. This method has been demonstrated to

offer a more robust, and less biased, approach to covariate balance than propensity matching

[32].

All statistical analyses were performed using Stata 16.1 (StataCorp, LLC, College Station,

TX). Statistical significance was set at α = 0.05. As the NIS is fully deidentified, this study was

deemed exempt from full review by the Institutional Review Board at the University of Califor-

nia, Los Angeles.

Results

Patient characteristics

Of an estimated 515,145 hospitalizations identified within the 2016–2020 NIS, 32,195 (6.2%)

had concomitant CKD. Among the CKD cohort, 26,105 (81.1%) had CKD1-3 disease, 3,510

(10.9%) CKD4-5 disease, and 2,580 (8.0%) ESRD. The proportion of patients presenting for

elective cancer resection with concurrent CKD increased significantly from 5.3% in 2016 to

7.3% in 2020 (P for trend<0.001). Specifically, the proportion with CKD1-3 and CKD4-5, but

not ESRD, increased from 2016 to 2020 (Fig 2).

Compared to Non-CKD, CKD patients were, on average, older (CKD1-3 75 [69–81] vs

CKD4-5 74 [67–81] vs ESRD 68 [62–74] vs Non-CKD 67 years [59–74], P<0.001), less fre-

quently female (41.0 vs 42.5 vs 34.1 vs 49.1%, P<0.001), and more commonly of Black race

(11.5 vs 15.6 vs 30.6 vs 9.3%, P<0.001). CKD patients had a higher median Elixhauser comor-

bidity index, compared to Non-CKD (5 [4–6] vs 6 [5–7] vs 5 [5–7] vs 3 [2–4], P<0.001). Addi-

tionally, the CKD group more frequently presented with comorbid coronary artery disease

(28.5 vs 29.3 vs 23.1 vs 14.4%, P<0.001), diabetes (42.3 vs 47.3 vs 50.6 vs 21.8%, P<0.001), and

peripheral vascular disease (11.1 vs 9.8 vs 8.1 vs 4.9%, P<0.001). Further, the CKD cohort was

more often treated at metropolitan non-teaching instructions, relative to Non-CKD (15.2 vs

15.7 vs 15.5 vs 14.1%, P = 0.005).

Patients with CKD more frequently underwent colectomy for colon cancer (56.4 vs 62.7 vs

58.1 vs 51.9%, P<0.001) and hepatectomy for hepatocellular carcinoma (3.1 vs 3.3 vs 5.0 vs

2.9%, P<0.001). A complete characterization of the study cohort is reported in Table 1.

Unadjusted outcomes

Bivariate analysis is detailed in S1 Table. Stepwise increases in mortality, perioperative compli-

cations, and non-home discharge were noted with advancing degree of CKD. Similarly,
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median hospitalization costs increased from $21,600 (Non-CKD) to $23,900 (CKD1-3) to

$25,200 (CKD4-5) to $26,900 (ESRD).

Risk-adjusted outcomes

Following risk adjustment, comorbid CKD remained independently associated with several

perioperative outcomes of interest (Fig 3).

CKD1-3 was linked with similar in-hospital mortality (AOR 1.13, CI 0.89–1.43) and

reduced odds of thrombotic complications (AOR 0.51, CI 0.31–0.82), but greater need for

blood transfusion (AOR 1.21, CI 1.09–1.35). Additionally, these patients faced similar LOS

and costs but higher odds of non-home discharge (AOR 1.16, CI 1.06–1.28). CKD4-5 was asso-

ciated with greater odds of infection (AOR 1.88, CI 1.34–2.62), respiratory sequelae (AOR

1.36, CI 1.05–1.77), and need for blood transfusion (AOR 1.73 CI 1.38–2.18). Further, these

patients experienced incremental increases in LOS (β+1.34 days, CI +0.73–1.95) and hospitali-

zation expenditures (β+ $5,200, CI +$3,000–7,410), and greater likelihood of non-home dis-

charge (AOR 1.65, CI 1.32–2.05). Lastly, ESRD remained associated with increased odds of in-

hospital mortality (AOR 2.74, CI 1.69–4.45), as well as infectious (AOR 2.31, CI 1.62–3.30)

and respiratory (AOR 1.72, CI 1.31–2.26) complications and need for blood transfusion (AOR

1.42, CI 1.07–1.90). These patients demonstrated significant increases in adjusted LOS (β
+ 5.20 days; CI +3.00–7.41), costs (β+ $25,330; CI +$14,210–36,440), and likelihood of non-

home discharge (AOR 2.75, CI 2.16–3.49) (Table 2).

Outcomes stratified by resection type

Subsequently we considered the association of CKD with risk-adjusted rates of in-hospital

mortality and costs, stratified by cancer resection type. Relative to Non-CKD, increasing renal

Fig 2. Trends of comorbid chronic kidney disease among patients undergoing elective cancer resection. The

overall proportion of patients presenting with comorbid CKD increased over the study period, from 5.3% in 2016 to

7.3% in 2020 (P for trend<0.001, yellow line). Specifically, the proportion of patients undergoing cancer resection with

concurrent CKD1-3 increased from 4.1 to 6.1% (P for trend<0.001), while the proportion with CKD4-5 increased

from 0.6% to 0.7% (P for trend = 0.05). There was no significant change in the proportion of patients presenting with

ESRD from 2016 to 2020 (0.5 to 0.5%, P for trend = 0.13). * indicates statistical significance, p<0.01.

https://doi.org/10.1371/journal.pone.0317085.g002
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Table 1. Demographic, clinical, and hospital characteristics stratified by degree of CKD.

Non-CKD
(n = 482,950)

CKD 1–3
(n = 26,105)

CKD 4–5
(n = 3,510)

ESRD
(n = 2,580)

P-value

Age (years [IQR]) 67 [59–74] 75 [69–81] 74 [67–81] 68 [62–74]

Female (%) 49.1 41.0 42.5 34.1 <0.001

Elixhauser Comorbidity Index (median [IQR]) 3 [2–4] 5 [4–6] 6 [5–7] 5 [5–7]

Frail (%) 7.9 11.9 13.0 15.5 <0.001

Resection Type (%) <0.001

Colectomy for Colon Cancer 51.9 56.4 62.7 58.1

Esophagectomy for Esophageal Cancer 1.4 0.7 0.4 0.8

Gastrectomy for Gastric Cancer 7.2 6.1 5.4 9.1

Hepatectomy for Hepatocellular Cancer 2.9 3.1 3.3 5.0

Lobectomy for Lung Cancer 26.3 25.2 23.6 19.6

Pancreatectomy for Pancreatic Cancer 10.3 8.4 4.6 7.4

Race (%) <0.001

White 76.6 77.7 74.4 51.6

Black 9.3 11.5 15.6 30.6

Hispanic 7.0 5.5 5.2 10.5

Asian/Pacific Islander 4.0 3.0 2.4 4.5

Other 3.1 2.3 2.5 2.8

Income percentile (%) <0.001

>75% 24.5 22.2 22.0 17.4

51–75% 25.4 27.0 21.6 24.3

26–50% 26.2 27.2 27.8 25.2

0–25% 23.9 23.6 28.5 33.1

Insurance coverage (%) <0.001

Private 34.5 13.9 13.8 13.4

Medicare 55.2 81.4 80.6 82.2

Medicaid 6.7 2.6 4.6 2.7

Other Payer 3.5 2.0 1.0 1.7

Comorbidities (%)
Coronary artery disease 14.4 28.5 29.3 23.1 <0.001

Congestive heart failure 5.4 20.8 31.8 28.7 <0.001

Diabetes 21.8 42.3 47.3 50.6 <0.001

Peripheral vascular disease 4.9 11.1 9.8 8.1 <0.001

Pulmonary circulation disorders 1.7 3.7 5.7 6.0 <0.001

Cardiac arrhythmias 18.2 30.1 29.2 22.5 <0.001

Anemia 6.2 11.6 11.3 5.6 <0.001

Coagulopathy 3.5 5.5 5.7 7.9 <0.001

Cerebrovascular disorders 3.1 4.9 7.7 9.1 <0.001

Hospital teaching status (%) 0.005

Non-Metropolitan 5.5 6.5 5.8 4.1

Metropolitan Non-Teaching 14.1 15.2 15.7 15.5

Metropolitan Teaching 80.4 78.2 78.5 80.4

Reported as proportions unless otherwise noted. Statistical significance was set at α = 0.05.

*IQR, interquartile range; CKD, Chronic Kidney Disease; ESRD, End-Stage Renal Disease

https://doi.org/10.1371/journal.pone.0317085.t001
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dysfunction was linked with greater in-hospital mortality following colectomy (CKD1-3 1.7 vs

CKD4-5 2.9 vs ESRD 3.6 vs Non-CKD 0.7%, P<0.001), hepatectomy (3.4 vs 5.8 vs 8.9 vs 2.3%,

P<0.001), lobectomy (1.9 vs 2.9 vs 5.2 vs 1.0%, P<0.001), and pancreatectomy (2.8 vs 3.7 vs

8.0 vs 1.5%, P<0.001). ESRD was also associated with greater mortality following esophagect-

omy (ESRD 20.4 vs Non-CKD 3.7%, P<0.001) and gastrectomy (12.5 vs 2.4%, P<0.001)

(Fig 4).

Fig 3. Association of CKD with perioperative outcomes. Following risk adjustment and with Non-CKD as reference,

comorbid CKD was linked with greater likelihood of certain perioperative complications, need for blood transfusion,

and non-home discharge, following elective cancer resection. * indicates statistical significance, P<0.05. Error bars

represent 95% confidence intervals. *CKD, Chronic Kidney Disease.

https://doi.org/10.1371/journal.pone.0317085.g003

Table 2. Adjusted patient outcomes stratified by degree of CKD.

CKD 1–3 P-value CKD 4–5 P-value ESRD P-value
Clinical outcomes

In-hospital mortality 1.13 [0.89–1.43] 0.32 1.44 [0.86–2.39] 0.16 2.74 [1.69–4.45] <0.001

Acute kidney injury 3.18 [2.92–3.46] <0.001 6.49 [5.42–7.77] <0.001 - -

Cardiac complications 1.09 [0.87–1.37] 0.46 1.50 [0.91–2.48] 0.11 1.76 [1.01–3.09] 0.05

Infectious complications 1.08 [0.91–1.28] 0.37 1.88 [1.34–2.62] <0.001 2.31 [1.62–3.30] <0.001

Respiratory complications 1.10 [0.98–1.23] 0.12 1.36 [1.05–1.77] 0.02 1.72 [1.31–2.26] <0.001

Blood transfusion 1.21 [1.09–1.35] <0.001 1.73 [1.38–2.18] <0.001 1.42 [1.07–1.90] 0.02

Thrombotic complication 0.51 [0.31–0.82] 0.006 0.51 [0.21–1.26] 0.15 0.36 [0.13–1.01] 0.05

Stroke complications 1.42 [0.83–2.41] 0.20 1.40 [0.44–4.49] 0.57 1.35 [0.33–5.51] 0.67

Non-home discharge 1.16 [1.06–1.28] 0.001 1.65 [1.32–2.05] <0.001 2.75 [2.16–3.49] <0.001

Resource utilization

Length of stay (days) [IQR] +0.00 [-0.19, 0.19] 1.00 +1.34 [0.73, 1.95] <0.001 +5.20 [3.00, 7.41] <0.001

Cost (USD $1,000) [IQR] +0.52

[-0.27, 1.32]

0.20 +3.60

[0.91, 6.28]

0.009 +25.33

[+14.21, 36.44]

<0.001

Outcomes reported as Adjusted Odds Ratio (AOR) with 95% confidence intervals (95% CI). ESRD omitted from regression models for acute kidney injury due to

collinearity.

*IQR, interquartile range; USD, United States dollar; CKD, Chronic Kidney Disease; ESRD, End-Stage Renal Disease

https://doi.org/10.1371/journal.pone.0317085.t002
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Evaluating costs, stepwise increases in renal disease were linked with greater costs for

colectomy (CKD1-3 $25,947 vs CKD4-5 30,620 vs ESRD 52,496 vs Non-CKD 21,938,

P<0.001), lobectomy ($31,273 vs 35,078 vs 59,193 vs 28,177, P<0.001), and pancreatectomy

($45,203 vs 49,595 vs 74,176 vs 42,007, P<0.001). Relative to Non-CKD, ESRD was addition-

ally associated with greater costs for esophagectomy (ESRD $94,787 vs Non-CKD 61,751,

P<0.001), gastrectomy ($79,921 vs 47,223, P<0.001), and hepatectomy ($64,812 vs 34,953,

P<0.001) (Fig 5).

Fig 4. Risk-adjusted mortality of CKD cohorts stratified by resection type. A stepwise increase was noted in the

adjusted risk of in-hospital mortality with greater degree of kidney disease. * indicates significance, P<0.001. *CKD,

Chronic Kidney Disease; ESRD, End-Stage Renal Disease.

https://doi.org/10.1371/journal.pone.0317085.g004

Fig 5. Risk-adjusted costs of CKD cohorts stratified by resection type. Increasing degree of renal dysfunction was

associated with stepwise increases in hospitalization expenditures following colectomy, lobectomy, and

pancreatectomy. Comorbid ESRD remained linked with greater costs across operations. * indicates statistical

significance, P<0.001. *CKD, Chronic Kidney Disease; ESRD, End-Stage Renal Disease.

https://doi.org/10.1371/journal.pone.0317085.g005
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Sensitivity analysis

Following entropy balancing, comorbid CKD or ESRD remained significantly associated with

greater odds of in-hospital mortality (AOR 1.44, CI 1.18–1.76), as well as perioperative infec-

tion (AOR 1.48, CI 1.28–1.71), respiratory complications (AOR 1.25, CI 1.13–1.37), and

required blood transfusion (AOR 1.27, CI 1.14–1.42). No difference in likelihood of cardiac

complications (AOR 1.15, CI 0.93–1.43) or thromboembolism (AOR 0.71, CI 0.50–1.01) was

noted. In addition to a 28% increase in relative risk of non-home discharge (AOR 1.28, CI

1.18–1.39), concurrent CKD/ESRD was linked with greater LOS (β +0.71 days, CI +0.45–0.98)

and hospitalization costs (β +$3,800, CI +$2,600–5,000).

Discussion

In the present work, we characterized the association of comorbid renal disease with select

acute clinical and financial outcomes following elective resection for cancer. After adjusting

for relevant patient and hospital factors, increasing CKD burden remained linked with greater

odds of perioperative complications and need for blood transfusion. Additionally, advanced

renal dysfunction and ESD were associated with greater resource utilization and likelihood of

non-home discharge. Given the rising national prevalence of CKD, several of these findings

merit further discussion.

Patients with chronic renal disease represent a growing, and complex, oncologic surgical

cohort. CKD is well recognized to have multi-organ repercussions, with disruptions in intra-

cellular fluid balance and alterations in acid/base dynamics engendering full-body physiologic

consequences. Assumed to face increased postoperative morbidity risk due to broad metabolic

and coagulopathic dysfunction, these patients also present with myriad conditions that may

underlie or contribute to renal failure [16]. Indeed, in line with prior work [33, 34], we found

patients with renal dysfunction to present with significantly greater comorbidity burden, rela-

tive to those without kidney disease. After adjusting for such comorbidities and stratifying by

operation, we noted CKD patients to demonstrate a trend towards increasing mortality, with

the greatest risk among ESRD patients.

In addition, we report advanced CKD and ESRD to be associated with increased odds of

postoperative infection and pulmonary sequelae. These findings build on prior work that has

associated CKD with three to four fold elevation in the incidence of infection, relative to the

general population [35, 36]. This dramatic risk is thought to stem from uremia-induced

depression of both the innate and adaptive immune systems, complicated by malnutrition,

impaired glucose metabolism, and iron overload, as well as long-term use of powerful immu-

nosuppressive drugs to control underlying disease [37]. While patients reliant on dialysis face

greatest risk due to required vascular access [38], susceptibility to infection has been demon-

strated across the range of CKD severity [39] Similarly, with reduced ability to manage overall

fluid balance, these patients face baseline elevated risk for pulmonary edema, which can

quickly advance to acute respiratory distress syndrome or pneumonia. Given this established

vulnerability, future work is needed to optimize hospital practices and reduce the intra-hospi-

tal incidence and spread of infection. For example, the development and implementation of

electronic health record-based order sets could guide decisions regarding appropriate periop-

erative antibiotic prophylaxis. Similarly, the establishment of postsurgical protocols regarding

pulmonary hygiene and fluid management could help mitigate risk of pulmonary sequelae. In

addition, given low reported vaccination rates among those with CKD, clinicians should

actively encourage patients to get vaccinated against known fomites, such as pneumococcal

pneumonia or influenza. Combined, these efforts could lead to reduce infection transmission

and severity among these at-risk patients [40, 41].
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Notably, we identified CKD patients to demonstrate significantly greater need for blood

transfusions. While largely expected due to preexisting anemia and coagulopathy that may

arise from platelet dysfunction [42, 43], this finding also suggests an opportunity for improve-

ment in pre- and intraoperative management. Preoperative utilization of erythropoietin to

maintain appropriate hemoglobin levels, or preemptive transfusion in combination with dialy-

sis have both been used successfully in patients with advanced kidney disease [44]. Reducing

overall transfusion volume or frequency may be especially beneficial for patients undergoing

resection for cancer, given that blood transfusions have been independently linked with infe-

rior outcomes [45]. Ultimately, future prospective research is warranted to identify optimal

multimodal preoperative management, red blood cell transfusion strategies, and potentially

improved hemostasis for surgical patients with CKD. These findings could subsequently be

integrated into standardized in-hospital perioperative blood transfusion protocols, which

could be implemented upon patient admission for surgical management. Greater vigilance

regarding perioperative fluid balance may also mitigate the expected increase in relative risk of

acute kidney injury faced by CKD patients [46]. As the development of acute renal injury has

been independently linked with faster progression of renal dysfunction [47], interventions to

mitigate AKI incidence during hospitalization could have significant implications for patients’

renal function in the longer term. Further, as our study exclusively considered acute in-hospi-

tal outcomes, future investigations could build on our findings and more broadly evaluate the

association of CKD with longer-term complications and survival.

Finally, we found moderate/severe renal disease and ESRD to be linked with significantly

greater resource utilization. In particular, ESRD was associated with a 5-day incremental

increase in duration of hospitalization and a ~$25,000 median increase in per-patient costs.

We attribute much of this cost differential to more intensive medical and surgical manage-

ment, including the need for in-hospital dialysis or admission to the intensive care unit [48].

The development and implementation of in-hospital pathways to optimize care, including

infection prophylaxis, more active pulmonary toilet, and improved blood transfusion proto-

cols, may contribute to lowering this cost burden. Importantly, patients of increasing CKD

severity also faced higher adjusted risk of non-home discharge. This finding suggests potential

for the early, preoperative identification of individuals who are most likely to require discharge

to skilled nursing or acute rehabilitation facilities. With earlier discharge planning, post-hospi-

tal arrangements could be made without unnecessarily prolonging hospitalization [49]. This

may benefit patients in two distinct manners: First, in eliminating extended exposure to the

risk of nosocomial infections in the hospital, and second, in reducing overall expenditures

[50]. While we did not assess readmission in the present work, future studies could consider

the impact of comprehensive discharge planning on outcomes, re-hospitalization, and follow-

up care.

This work presents with certain limitations inherent to its retrospective design. As a

national database, the NIS permits a large, representative sample for analysis, but does not cap-

ture granular physiologic or laboratory data points. Individual glomerular filtration rates and

serum creatinine values were unavailable, as was duration of renal dysfunction. However, we

used previously-validated administrative codes for CKD stage to stratify subgroups by degree

of kidney disease. The NIS does not include information regarding hospital-specific care path-

ways, perioperative optimization strategies, or nurse-to-patient ratios, and so we could not

consider these factors in our analysis. We could not evaluate factors before hospital admission,

including the influence of insurance coverage on access to CKD or cancer care. Additionally,

data beyond hospital discharge was not recorded. Building on our work, future studies are

needed to consider the association of CKD with longer-term sequelae of major oncologic

resections. Despite these limitations, we applied robust statistical methods among a large,
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nationally-representative sample to consider the association of comorbid CKD on outcomes

following elective cancer operations.

Conclusion

Comorbid CKD was linked with greater perioperative complications and non-home discharge

following elective cancer resection. Further, ESRD was associated with significantly increased

odds of mortality and resource utilization, relative to patients without renal dysfunction. Ulti-

mately, our work contributes a contemporary perspective on the risk of acute morbidity fol-

lowing cancer resection among patients with CKD. Yet, given the growing population of

patients with renal disease, novel strategies and care pathways are needed to improve perioper-

ative outcomes among those undergoing resection for cancer.
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