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ABSTRACT

Objective. The aim of this study was to test for the associa-
tion between paraplegia and perioperative complications as
well as in-hospital mortality after radical cystectomy (RC)
for non-metastatic bladder cancer.

Methods. Perioperative complications and in-hospital mor-
tality were tabulated in RC patients with or without paraple-
gia in the National Inpatient Sample (2000-2019).
Results. Of 25,527 RC patients, 185 (0.7%) were paraple-
gic. Paraplegic RC patients were younger (<70 years of age;
75 vs. 53%), more frequently female (28 vs. 19%), and more
frequently harbored Charlson Comorbidity Index >3 (56 vs.
18%). Of paraplegic vs. non-paraplegic RC patients, 141 ver-
sus 15,112 (76 vs. 60%) experienced overall complications,
38 versus 2794 (21 vs. 11%) pulmonary complications, 36
versus 3525 (19 vs. 14%) genitourinary complications, 33
versus 3087 (18 vs. 12%) intraoperative complications, 21
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versus 1035 (11 vs. 4%) infections, and 17 versus 1343 (9
vs. 5%) wound complications, while 62 versus 6267 (34 vs.
25%) received blood transfusions, 47 versus 3044 (25 vs.
12%) received critical care therapy (CCT), and intrahospi-
tal mortality was recorded in 13 versus 456 (7.0 vs. 1.8%)
patients. In multivariable logistic regression models, para-
plegic status independently predicted higher overall CCT
use (odds ratio [OR] 2.1, p < 0.001) as well as fourfold
higher in-hospital mortality (p < 0.001), higher infection
rate (OR 2.5, p < 0.001), higher blood transfusion rate
(OR 1.45, p = 0.009), and higher intraoperative (OR 1.56,
p = 0.02), wound (OR 1.89, p =0.01), and pulmonary (OR
1.72, p = 0.004) complication rates.

Conclusion. Paraplegic patients contemplating RC should
be counseled about fourfold higher risk of in-hospital mor-
tality and higher rates of other untoward effects.

Keywords Bladder - NIS - ICU - Surgery - Morbidity

Radical cystectomy (RC) is guideline-recommended
standard treatment in non-metastatic muscle-invasive blad-
der cancer.? In rare instances, paraplegic patients may
require RC.*™ It is known that paraplegic patients harbored
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higher proportions of invasive and aggressive tumors.®

Moreover, it is also known that the paraplegia status may
predispose to higher rates of complications and even poten-
tially higher mortality after RC.>® Unfortunately, those data
were from such small sample sizes that lack in representativ-
ity nowadays; >~ however, it is unknown what the magnitude
of morbidity and mortality increase is in paraplegic patients
relative to non-paraplegic RC patients. To address this
knowledge gap, we tested for differences in perioperative
complications and in-hospital mortality between paraplegic
and non-paraplegic RC patients with non-metastatic bladder
cancer. Specifically, we relied on a large-scale population-
based cohort of RC patients within the National Inpatient
Sample (NIS, 2000-2019).

METHODS
Data Source

To test for perioperative complications and in-hospital
mortality after RC, we relied on discharge data from the NIS
(2000-2019). The NIS is a set of longitudinal hospital inpa-
tient databases included in the Healthcare Cost and Utiliza-
tion Project (HCUP) and formed by the Agency for Health-
care Research and Quality (AHRQ) through a Federal-State
partnership.” All diagnoses and procedures were coded using
the International Classification of Diseases (ICD) 9th Revi-
sion Clinical Modification (ICD-9-CM), ICD 10th Revision
Clinical Modification (ICD-10-CM), and the ICD 10th Revi-
sion Procedure Coding System (ICD-10-PCS).

Study Population

We focused on patients with a primary diagnosis of non-
metastatic bladder cancer (ICD-9-CM codes 188.0-188.6,
188.8, 188.9, and ICD-10-CM codes C67.0-C67.6, C67.8,
C67.9) aged >18 years. Only patients treated with RC were
included according to previously reported methodology. %2
Patients with a diagnosis of lymph node invasion or meta-
static stage (ICD-9-CM codes 196.x, 197.x, 198.x, and
ICD-10-CM codes C77.x, C78.x, C79.x) were excluded.'""'?
Additionally, patients were stratified according to paraplegia
status (ICD-9-CM codes 344.1, 342.x, 334.1, 342.x, 343 x,
344.0-344.6, 344.9, and ICD-10-CM codes G04.1, G11.4,
G80.1, G80.2, G81.x, G82.x, G83.0-G83.4, G83.9)."

Definition of Variables for Analyses

Study endpoints consisted of intraoperative and postop-
erative complications (infections, pulmonary, genitourinary,
wound, cardiac, vascular, gastrointestinal complications and
blood transfusions),'"'* length of stay, in-hospital mortal-
ity, and use of critical care therapies (CCTs) that consisted

of invasive mechanical ventilation (IMV), total parenteral
nutrition (TPN), percutaneous endoscopic gastrostomy
tube, and dialysis for acute kidney failure or tracheostomy,
identified by ICD-9 and ICD-10 codes according to previ-
ously established methodology.!>'® The Deyo modification
of CCI was used to account for comorbidities as well as
complications according to previous methodology relying
on the NIS.!"2! We relied on coding algorithms for defining
comorbidities in ICD-9-CM and ICD-10-CM codes reported
by Quan et al.'® Covariates consisted of patient characteris-
tics, including age at admission (years, continuously coded),
sex (female vs. male), and Charlson Comorbidity Index
(CCI, 0-2 vs. >3), as well as hospital characteristics, includ-
ing teaching hospital status (teaching vs. non-teaching) and
hospital size (large [>400 beds] vs. medium [200-399 beds]
vs. small [<200 beds]).

Statistical Analyses

First, patient and hospital characteristics as well as perio-
perative length of stay, perioperative complications, and in-
hospital mortality rates were tabulated. Medians and inter-
quartile ranges (IQRs) were recorded for continuously coded
variables, while frequencies and proportions were recorded
for categorical variables. The Wilcoxon rank-sum test, Pear-
son Chi-square test, and Fisher’s exact test were applied.
Second, univariable and multivariable logistic regression
models (LRMs) predicting perioperative complications,
overall CCT use, as well as specific CCT components,
such as IMV and TPN, and in-hospital mortality were fitted
after adjustment for clustering at the hospital level using
generalized estimation equation methodology.'""!> Specifi-
cally, percutaneous endoscopic gastrostomy tube, dialysis
for acute kidney failure, or tracheostomy that accounted for
1.3% of all CCT use were excluded from further analyses.
All analyses and their reporting followed the NIS reporting
guidelines.’ Due to an NIS data reporting agreement, only
patient subgroups of at least 11 patients could be reported.
In consequence, for patient subgroups of <11 observations,
counts and associated proportions were reported as <11. All
tests were two sided, with a significance level set at p < 0.05.
R software environment was used for statistical computing
and graphics (R version 4.2.2; R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS
Descriptive Characteristics of the Study Population

Within the NIS 2000-2019, we identified 25,527 non-
metastatic bladder cancer patients who underwent RC
between 2000 and 2019, of whom 185 (0.7%) were para-
plegic (Table 1). Paraplegic patients were younger (median
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TABLE 1 Descriptive characteristics of 25,527 non-metastatic bladder cancer patients undergoing radical cystectomy according to paraplegia

status within the Nationwide Inpatient Sample from 2000 to 2019

Paraplegic Non-paraplegic, p-Value®
[N =185 (0.7%)] [N =25,342 (99.3%)]
Age at admission, years [median (IQR)] 64 (54,71) 70 (62, 76) < 0.001
Sex Male 133 (72) 20,471 (81) 0.002
Female 52 (28) 4871 (19)
Charleson Comorbidity Index >3 104 (56) 4654 (18) < 0.001
Teaching hospital status 184 (80) 19,720 (78) 0.5
Hospital size Large 131 (71) 17,874 (71) 0.6
(=400 beds)
Medium 40 (22) 4813 (19)
(200-399 beds)
Small 14 (7) 2655 (10)
(<200 beds)

Data are expressed as n (%) unless otherwise specified
“Pearson’s Chi-square test, Fisher’s exact test

IQR Interquartile range

age 64 vs. 70 years; p < 0.001), more frequently female (28
vs. 19%; p = 0.002), and more frequently harbored CCI >3
(56 vs.18%; p < 0.001).

Perioperative Complications, Length of Stay,
and In-Hospital Mortality Rates

Regarding perioperative complications in paraplegic
versus non-paraplegic RC patients, 141 vs. 15,112 (76 vs.
60%; p < 0.001) experienced overall complications; 38
versus 2794 (21 vs. 11%; p < 0.001) experienced pulmo-
nary complications; 36 versus 3525 (19 vs. 14%; p = 0.03)
experienced genitourinary complications; 33 versus 3087
(18 vs. 12%; p < 0.001) experienced intraoperative com-
plications; 21 versus 1035 (11 vs. 4%; p < 0.001) expe-
rienced infections; 17 versus 1343 (9 vs. 5%; p = 0.02)
experienced wound complications; 62 versus 6267 (34 vs.
25%; p < 0.001) received blood transfusions; 47 versus 3044
(25 vs. 12%; p < 0.001) received CCT; 22 versus 1044 (12
vs. 4.1%) required IMV; and 26 versus 2047 (14 vs. 8.1%)
required TPN after RC. Paraplegic RC patients exhibited
higher length of stay (10 vs. 8 days) compared with their
non-paraplegic counterparts (p < 0.001). In-hospital mortal-
ity was recorded in 13 versus 456 (7.0 vs. 1.8%; p < 0.001)
patients (Table 2).

Multivariable Logistic Regression Models Predicting
Perioperative Complications and Mortality

In multivariable LRM (Table 3), paraplegic status inde-
pendently predicted higher in-hospital mortality (odds ratio
[OR] 3.97; p < 0.001), higher rates of infections (OR 2.57;
p < 0.001), higher rates of IMV use (OR 2.51; p < 0.001),

higher rates of overall CCT use (OR 2.18; p < 0.001), higher
rates of overall complications (OR 1.99; p < 0.001), higher
rates of wound complications (OR 1.89; p = 0.01), higher
rates of TPN use (OR 1.75; p = 0.008), higher rates of pul-
monary complications (OR 1.72; p = 0.004), intraopera-
tive complications (OR 1.56; p = 0.02), blood transfusions
(OR 1.45; p = 0.009), and longer length of stay (OR 1.31;
p < 0.001) after RC. Conversely, no statically significant
association was recorded between paraplegic status and
genitourinary complications after RC (p = 0.07).

DISCUSSION

In non-metastatic bladder cancer patients undergoing
RC, the magnitude of morbidity and mortality increase in
paraplegic patients relative to non-paraplegic RC patients
is unknown. To address this knowledge gap, we relied
on a large-scale population-based cohort within the NIS
(2000-2019) and made several noteworthy observations.

First, we identified important differences in the descrip-
tive characteristics between RC patients with and with-
out paraplegia. Specifically, paraplegic RC patients were
younger (64 vs. 70 years of age; p < 0.001) and sicker (CCI
>3: 56 vs. 18%; p < 0.001). Unexpectedly, a higher pro-
portion of paraplegic patients were female (28 vs. 19%;
p = 0.002). Based on these differences, analyses addressing
adverse intraoperative and hospital outcomes, such as the
current analyses, require detailed multivariable adjustment
for baseline patient variables, as was done in the present
study.

Second, we postulated that adverse in-hospital outcomes
will be significantly higher in paraplegic versus non-para-
plegic RC patients. The most important adverse outcome
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TABLE 2 Perioperative

e Paraplegic Non-paraplegic, p-Value?
compllcatlon§ of 25,527 [N = 185 (0.7%)] [N = 25,342 (99.3%)]
non-metastatic bladder cancer
patients undergoing radical Overall complications 141 (76) 15,112 (60) <0.001
;z:;iﬁz:og?;ys?;g]osrc\gintﬁi?the Intraoperative complications 33 (18.0) 3087 (12.0) <0.001
Nationwide Inpatient Sample Postoperative complications
from 2000 to 2019 Infections 21(11.0) 1035 (4.0) <0.001

Pulmonary complications 38 (21.0) 2794 (11.0) <0.001
Genitourinary complications 36 (19.0) 3525 (14.0) 0.03
Wound complications 17.(9.2) 1343 (5.3) 0.02
Cardiac complications 19 (10.0) 2677 (11.0) 0.9
Vascular complications <11 (5.9 698 (2.8) 0.7
Gastrointestinal complications 54 (29.0) 6285 (25.0) 0.2
Blood transfusion 62 (34.0) 6267 (25.0) 0.006
CCT overall 47 (25.0) 3044 (12.0) <0.001
MV 22 (12) 1044 (4.1) <0.001
TPN 26 (14) 2047 (8.1) 0.003
Length of stay, days [median (IQR)] 10.0 (8.0, 16.0) 8.0 (6.0, 11.0) <0.001
In-hospital mortality 13 (7.0) 456 (1.8) <0.001

Data are expressed as n (%) unless otherwise specified

#*Wilcoxon rank-sum test, Pearson’s Chi-square test, Fisher’s exact test

CCT critical care therapy, IMV invasive-mechanical ventilation, /QR interquartile range, TPN total paren-

teral nutrition

TABLE 3 Univariable and

o - . Outcomes of interest Univariable Multivariable®
multivariable logistic regression
models predicting the RR/OR (95% CI) p-value RR/OR (95% CI) p-value
association between paraplegia
status on perioperative Overall complications 2.31 (1.60-3.32) <0.001 1.99 (1.38-2.87) <0.001
complications, critical care Intraoperative complications 1.56 (1.08-2.25) 0.02 1.56 (1.08-2.26) 0.02
therap Yy use, in-hospital . Postoperative complications
mortality, and length of stay in .
25.527 non-metastatic bladder Infections 2.96 (1.89-4.65) <0.001 2.57 (1.62-4.08) <0.001
cancer patients undergoing Wound complications 1.81 (1.10-2.97) 0.02 1.89 (1.14-3.12) 0.01
radical cystectomy after Pulmonary complications 2.02 (1.40-2.91) <0.001 1.72 (1.19-2.49) 0.004
adjustment for clustering Genitourinary complications 1.51 (1.05-2.16) 0.02 1.39 (0.97-2.01) 0.07
at the hospital level using A
generalized estimation equation Blood transfusion 1.56 (1.18-2.05) 0.001 1.45 (1.09-1.92) 0.009
methodology CCT overall 2.40 (1.72-3.35) <0.001 2.18 (1.55-3.08) <0.001
MV 3.07 (1.97-4.77) <0.001 2.51 (1.60-3.95) <0.001
TPN 1.78 (1.19-2.67) 0.005 1.75 (1.16-2.64) 0.008
Length of stay 1.34 (1.17-1.52) <0.001 1.31 (1.15-1.50) <0.001
In-hospital mortality 4.06 (2.30-7.16) <0.001 3.97 (2.19-7.19) <0.001

*Adjusted for age at admission, sex, and Charlson Comorbidity Index

CCT critical care therapy, CI confidence interval, IMV invasive-mechanical ventilation, RR rate ratio, OR
odds ratio, TPN total parenteral nutrition

consists of in-hospital mortality. Testing for in-hospital
mortality rates revealed that paraplegic RC patients had
fourfold higher mortality than their non-paraplegic coun-
terparts (7.0 vs. 1.8%; p < 0.001; multivariable OR 3.97;
p < 0.001). These observations emphasized the need for
preoperative counseling in paraplegic RC candidates. These
individuals should be aware that the risk of in-hospital death

is significantly more frequent than their non-paraplegic
counterparts. In consequence, paraplegic patients should be
optimized to the best possible extent prior to RC. Preopera-
tive optimization in such patients is even more important
than in their non-paraplegic counterparts due to the recorded
fourfold higher in-hospital mortality risk. Moreover, it is
of utmost importance to improve the screening of this
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population as a high priority. It is well known that para-
plegic patients, due to their method of bladder emptying,
are sharply more exposed to bladder cancer incidence at an
advanced stage.®?? In consequence, follow-up and screen-
ing approaches must therefore be intensified as long as the
paraplegic status exists.

Third, we also addressed rates of intra- and postoperative
complications. Unlike the fourfold increase in in-hospital
mortality, the rates of excess complications were not as pro-
nounced; specifically, they ranged from 1.4 to 2.5. The three
complication categories with the highest increase in para-
plegic patients were infections (OR 2.57; p < 0.001), wound
(OR 1.89; p = 0.01) and pulmonary (OR 1.72; p = 0.004).
The potential explanation of these negative results may be
related to prolonged bed-ridden status, poor mobility, and
the more difficult cleaning for paraplegic RC patients that
invariably has worsened by the paraplegic status itself. In
consequence, paraplegic patients should be counseled pre-
operatively about these three possibly higher specific com-
plication categories.

Fourth, we also examined overall CCT rates as well as
specific CCT components, such as IMV and TPN. Paraplegic
patients exhibited a twofold higher rate of overall CCT, rela-
tive to their non-paraplegic counterparts. Specifically, these
patients exhibited a substantially (2.5-fold) higher risk of
IMV as well as a (1.7-fold) higher risk of TPN. The paraple-
gic RC candidates should be counseled preoperatively about
the twofold higher CCT risk. Of CCT components, IMV and
TPN were most frequent in that order. The remaining CCT
modalities that included percutaneous endoscopic gastros-
tomy tube, dialysis for acute kidney failure, or tracheostomy
accounted for 1.3% of all CCT use. In consequence, optimi-
zation of the cardiorespiratory status as well as gastrointes-
tinal function should be invariably included in preoperative
assessment of paraplegic RC candidates.

Taken together, although paraplegic RC patients were
younger, they exhibited higher comorbidity burden (CCI
>3). Moreover, paraplegic RC patients exhibited a four-
fold higher in-hospital mortality rate. They also exhibited
1.4- to 2.5-fold higher rates of various complications, as
well as twofold higher overall CCT use that predominantly
consisted of IMV and TPN. These increases in risk should
be addressed at preoperative counseling and patient opti-
mization. Moreover, it is of utmost importance to improve
the screening of this population as a high priority. It is well
known that paraplegic patients, due to their method of blad-
der emptying, are sharply more exposed to bladder cancer
incidence at an advanced stage.%>? In consequence, follow-
up and screening approaches must therefore be intensified
as long as the paraplegic status exists.

Despite the novelty of our observations, the present
study has inherent limitations. First, it was a retrospective
study with selection and reporting biases, as in previous

NIS!#1520.23 ¢ Surveillance Epidemiology, and End Results

studies.?*® Second, the counts of paraplegic patients are
relatively small due to their rarity. Despite this aspect, the
current population-based study includes a larger number of
paraplegic patients than those analyzed in single-institution
repositories.s’(”22 Third, details of RC, such as timing and/or
duration of surgery or type of urinary diversion performed
after RC, are unavailable. Fourth, surgical and/or institu-
tional expertise cannot be accounted for. Finally, within the
NIS, only in-hospital data are available. Nevertheless, the
present study provides important and new insights into the
perioperative risks of paraplegic RC patients.

CONCLUSION

Paraplegic patients contemplating RC should be coun-
seled about the fourfold higher risk of in-hospital mortal-
ity and higher rates of other untoward effects. Moreover,
screening of paraplegic patients should gain importance in
order to prevent the advent of adverse in-hospital outcomes
when RC becomes mandatory. In consequence, physicians
must provide stricter follow-up, and screening approaches
must therefore be intensified as long as the paraplegic status
occurs.
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