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ABSTRACT

Background. This study aimed to test for temporal trends
of in-hospital venous thromboembolism (VTE) and pulmo-
nary embolism (PE) after major urologic cancer surgery
(MUCS).

Methods. In the Nationwide Inpatient Sample (NIS) data-
base (2010-2019), this study identified non-metastatic
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radical cystectomy (RC), radical prostatectomy (RP), radical
nephrectomy (RN), and partial nephrectomy (PN) patients.
Temporal trends of VTE and PE and multivariable logistic
regression analyses (MLR) addressing VTE or PE, and mor-
tality with VTE or PE were performed.

Results. Of 196,915 patients, 1180 (1.0%) exhib-
ited VTE and 583 (0.3%) exhibited PE. The VTE rates
increased from 0.6 to 0.7% (estimated annual percent-
age change [EAPC] + 4.0%; p = 0.01). Conversely, the
PE rates decreased from 0.4 to 0.2% (EAPC — 4.5%; p =
0.01). No difference was observed in mortality with VTE
(EAPC - 2.1%; p = 0.7) or with PE (EAPC — 1.2%; p =
0.8). In MLR relative to RP, RC (odds ratio [OR] 5.1), RN
(OR 4.5), and PN (OR 3.6) were associated with higher VTE
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risk (all p < 0.001). Similarly in MLR relative to RP, RC
(OR 4.6), RN (OR 3.3), and PN (OR 3.9) were associated
with higher PE risk (all p < 0.001). In MLR, the risk of
mortality was higher when VTE or PE was present in RC
(VTE: OR 3.7, PE: OR 4.8; both p < 0.001) and RN (VTE:
OR 5.2, PE: OR 8.3; both p < 0.001).

Conclusions. RC, RN, and PN predisposes to a higher VTE
and PE rates than RP. Moreover, among RC and RN patients
with either VTE or PE, mortality is substantially higher than
among their VTE or PE-free counterparts.

Advanced age, surgery, and presence of malignant disease
represent major risk factors for venous thromboembolism
(VTE).! Within VTE, pulmonary embolism (PE) represents
a rare but dreaded major complication. Patients undergoing
major urologic cancer surgery (MUCS) are at a high risk
for VTE.?

Specific guidelines for thromboprophylaxis after urologic
surgery according to the risk of VTE and major bleeding
were developed.> However, the contemporary rates of in-
hospital VTE and PE in the four most frequent MUCSs,
namely, radical cystectomy (RC), radical prostatectomy
(RP), radical nephrectomy (RN), and partial nephrectomy
(PN) are unknown, especially when population-based
cohorts are used for data extraction. Moreover, it also is
unknown to what extent VTE or PE is associated with con-
temporary in-hospital mortality and if differences in the
magnitude of this association are observed when the four
MUCSs of interest are analyzed.

We addressed these knowledge gaps and hypothesized
that comparable rates of VTE and PE for patients under-
going MUCS may be expected over time. Moreover, we
hypothesized that moderate differences in association of
VTE and mortality, as well as in association of PE and mor-
tality, exist between the four MUCSs. To test these hypoth-
eses, we relied on the Nationwide Inpatient Sample (NIS)
database 2010-2019.

PATIENTS AND METHODS
Patients

From the NIS 2010-2019, we selected patients 18 years
old or older who underwent MUCS according to specific
International Classification of Diseases (ICD)-9 and ICD-
10 coding system (Table 1). Patients with metastatic cancer
and those who underwent inferior vena cava thrombectomy
(ICD-Procedure Coding System [PCS]-9: 380.7; ICD- PCS-
1006C.00ZZ, 06C.03ZZ, 06C.04ZZ) were excluded. Further
exclusion criteria ruled out unknown complications and sur-
vival data.’

Due to the anonymously coded design of the NIS, study-
specific ethics approval was waived by the institutional
review board.

Statistical Analysis

First, we evaluated temporal trends of in-hospital VTE as
well as in-hospital mortality with VTE in the NIS. Moreo-
ver, patient characteristics, namely, age of 69 years or older
(75th percentile), distribution of Charlson Comorbidity
Index (CCI), and a body mass index (BMI) rate of 30 kg/
m? or higher (obesity), for patients undergoing MUCS dur-
ing the study span were analyzed. Estimated annual per-
centage changes (EAPCs) were tested with least squares
linear regression. Second, multivariable logistic regres-
sion analyses tested for differences in VTE rates between
the four MUCSSs of interest. Third, uni- and multivariable
logistic regression models tested for differences in predic-
tion of mortality with VTE in the four MUCSs. Finally, the
aforementioned method was reapplied in analyses address-
ing PE rates and mortality with PE. All uni- and multivari-
able analyses were fitted after adjustment for clustering at
the hospital level using generalized estimation equation
methodology.

In all statistical analyses R software environment for sta-
tistical computing and graphics (R version 4.1.3, R Foun-
dation for Statical Computing, Vienna, Austria) was used.’
All tests were two sided, with a significance level set at a p
value lower than 0.05.

RESULTS
Descriptive Characteristics

Of the 196,915 study patients, 1180 (1.0%) exhibited
VTE after MUCS. The VTE patients were older at diagno-
sis (67 vs 63 years; p < 0.001), were more frequently female
(23% vs 14%; p < 0.001), exhibited a higher CCI (CCI 1
[22% vs 15%], CCI 2 [8% vs 3%], CCI >3 [20% vs 5%]; p
< 0.001), were more often treated with neoadjuvant chemo-
therapy (4.2% vs 1.2%; p < 0.001), were more frequently
smokers (25% vs 20%; p < 0.001), exhibited a higher rate of
obesity (18% vs 12%; p < 0.001) and were more frequently
treated in teaching hospitals (79% vs 75%; p < 0.001) than
their no-VTE counterparts. Conversely, the VTE patients
had private insurance status less frequently (33% vs 50%; p
< 0.001; Table 1).
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TABLE 1 Baseline
characteristics of 196,915
patients undergoing major
urological cancer surgery in
NIS 2010-2019 with versus
without in-hospital venous
thromboembolism (VTE)

Characteristic With VTE Without VTE p Value®
(n = 1,180, 1%)* (n =195,735, 99%)*
n (%) n (%)
Median age: years (IQR) 67 (60-74) 63 (57-69) < 0.001
Female sex 271 (23) 27,543 (14) < 0.001
Median hospital stay: days (IQR) 10 (6-17) 2 (1-4) < 0.001
Charlson Comorbidity Index < 0.001
0 584 (49) 149,923 (70)
1 274 (22) 29,891 (15)
2 88 (8) 5,489 (3)
>3 234 (20) 10,432 (5)
Neoadjuvant chemotherapy 49 (4.2) 2,284 (1,2) < 0.001
Smoking habit 299 (25) 38,817 (20) < 0.001
Obesity 215 (18) 24,286 (12) < 0.001
Race/ethnicity 0.09
Caucasian 846 (72) 136,407 (70)
African—American 144 (12) 22,204 (11)
Hispanic 72 (6) 13,924 (7)
Others 118 (10) 23,200 (12)
Insurance status <0.001
Private 389 (33) 95,526 (50)
Medicaid 74 (6) 9,229 (5)
Medicare 665 (56) 78,451 (40)
Others 52 (4) 9,529 (5)
Income 0.05
First quartile 315 (27) 46,698 (24)
Second quartile 293 (25) 46,693 (24)
Third quartile 284 (24) 50,359 (26)
Fourth quartile 288 (24) 51,985 (27)
High annual hospital volume 227 (19) 39,310 (20) 0.5
Region 0.03
Northeast 258 (22) 38,070 (19)
Midwest 302 (26) 46,558 (24)
South 406 (34) 73,005 (37)
West 214 (18) 38,102 (19)
Teaching hospital 936 (79) 146,773 (75) < 0.001

Abbreviations: NIS = Nationwide Inpatient Sample; IQR = interquartile range

YVTE disease codes: ICD-9-CM 453.4, 453.40, 453.41, 453.42, 453.8, 453.9, 415.x, 41511, 41512, 41519
and ICM-10-CM 182.210, 182.220, 182.23, 182.290, 182.4.xx, 182.6.xx, I82.A1.xx, 182.B1.xx, 182.C1.xx,
182.8.xx, 182.890, 182.90, 126.xx, 128.x.

"Wilcoxon rank sum test; Pearson’s chi-square test

In analyses focusing on PE, 583 (0.3%) of 196,915 study
patients had PE. The PE patients differed from the no-PE
patients with regard to age, female sex, hospital length of stay,

CCI, neoadjuvant chemotherapy, smoking habit, obesity, and
insurance in a fashion similar to that recorded in VTE and no-
VTE patient comparisons (Table 2).
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TABLE 2 .Baseline Characteristic With PE Without PE P Value®
characteristics of 196,915
patients undergoing major (n =583, 0.3%)* (n =196,332, 99.7%)*
urologic cancer surgery in n (%) n (%)
NIS 2010-2019 with versus
without in-hospital pulmonary Median age: years (IQR) 66 (58-73) 63 (57, 69) <0.001
embolism (PE) Female sex 120 21) 27,694 (14) <0.001
Median hospital stay: days (IQR) 10 (7-16) 2(1-4) < 0.001
Charlson Comorbidity Index < 0.001
0 299 (51) 150,208 (77)
1 131 (22) 30,034 (15)
2 44 (8) 5,533 (3)
>3 109 (19) 10,557 (6)
Neoaduvant chemotherapy 23 (4) 2,310 (1.2) < 0.001
Smoking habit 140 (24) 38,976 (20) 0.012
Obesity 106 (18) 24,395 (12) < 0.001
Race/ethnicity 0.003
Caucasian 417 (72) 136,836 (70)
African—American 80 (14) 22,268 (11)
Hispanic 29 (5) 13,967 (7)
Others 57 (10) 23,261 (12)
Insurance status < 0.001
Private 192 (33) 98,723 (50)
Medicaid 38 (7) 9,265 (5)
Medicare 327 (56) 78,789 (40)
Others 26 (4) 9,555 (5)
Income 0.1
First quartile 159 (27) 46,854 (24)
Second quartile 143 (25) 46,843 (24)
Third quartile 138 (24) 50,505 (26)
Fourth quartile 143 (25) 52,130 (27)
High annual hospital volume 100 (17) 39,437 (20) 0.3
Region 0.2
Northeast 133 (23) 38,195 (19)
Midwest 133 (23) 46,727 (24)
South 199 (34) 73,212 (37)
West 118 (20) 38,198 (19)
Teaching hospital 447 (77) 147,262 (75) 04

Abbreviations: NIS = Nationwide Inpatient Sample; IQR = interquartile range
2PE disease codes: ICD-9-CM 415.x, 41511, 41512, 41519 and ICD-10-CM 126.xx, 128.xx

bWilcoxon rank sum test; Pearson’s chi-square test

Annual Trends in Venous Thromboembolism and Mortality
with Venous Thromboembolism Among Patients
Undergoing Major Urologic Cancer Surgery

The rates of VTE for MUCS patients increased from 0.6 to
0.7%, between 2010 and 2019 (EAPC + 4.0%; 95% confidence
interval [CI] 1.4% to 6.7%; p = 0.01). However, no difference
in mortality with VTE was observed (EAPC — 2.1%; 95% CI
—11.1% to 7.5%; p = 0.7) (Fig. 1a).

Annual Trends in Pulmonary Embolism and Mortality
with Pulmonary Embolism Among Patients Undergoing
Major Urologic Cancer Surgery

The rates of PE after MUCS decreased from 0.4 to 0.2%
between 2010 and 2019 (EAPC — 4.5%; 95% CI — 6.3% to
2.7%; p = 0.01). Conversely, no difference in mortality with
PE was observed (EAPC — 1.2%; 95% CI — 12.0% to 10.2%;
p = 0.8; Fig. 1b).
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FIG.1 a Rates of in-hospital venous thromboembolism (VTE) and
in-hospital mortality with VTE and b rates of in-hospital pulmonary
embolism (PE) and in-hospital mortality with PE for patients under-

Annual Trends in the Charlson Comorbidity Index, Obesity,
and Age 69 Years or Older Among Patients Undergoing
Major Urologic Cancer Surgery

The rate of obesited patients increased from 8.1 to 16.3%
(EAPC + 6.4%; 95% CI 5.1-7.6%; p < 0.0001) between
2010 and 2019. Similarly, the rate of CCI >3 increased
from 5.0 to 6.7% (EAPC + 3.6;95% CI 2.1-5.1; p = 0.001)
during the same time period. Additionally, the rates for the
patients 69 years or older increased from 23.3 to 28.1%
(EAPC + 1.8%; 95% CI 1.2-2.5%; p < 0.001; Fig. 2a—c).

Distribution of Venous Thromboembolism and Pulmonary
Embolism Rates After Major Urologic Cancer Surgery

Of 196,915 study patients, 14,362 (7.3%) underwent RC
versus 43,885 (22.2%) RN versus 25,211 (12.8%) PN ver-
sus 113,457 (57.6%) RP. Specifically, the rates for the mini-
mally invasive surgical approach were highest in RP (75%),
followed by PN (54.6%), RC (28.2%), and RN (20.5%).

The VTE rates after MUCS were highest for RC
(377/14,362, 2.6%), followed by RN (472/43,885, 1.1%),
PN (160/25,211, 0.6%), and RP (171/113,457, 0.2%). The
differences in VTE rates between open and minimally inva-
sive MUCS also were recorded. Specifically, the VTE rates
were 2.7% versus 2.3% after open versus minimally invasive
RC, 1.1% versus 0.9% after open versus minimally invasive
RN, 0.8% versus 0.5% after open versus minimally inva-
sive PN, and 0.2% versus 0.1% after open versus minimally
invasive RP.

The PE rates after MUCS were highest for RC
(170/14,362, 1.2%), followed by RN (203/43,885, 0.5%),
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going major urologic cancer surgery (MUCS) in the Nationwide Inpa-
tient Sample (NIS) database from 2010 to 2019

PN (107/25,211, 0.4%) and RP (103/113,457, 0.1%). The
differences in PE rates between open and minimally inva-
sive MUCS also were recorded. Specifically, the PE rates
were 1.2% versus 1.1% after open vs. minimally invasive
RC, 0.5% versus 0.4% after open versus minimally invasive
RN, 0.5% versus 0.3% after open versus minimally invasive
PN, and 0.2% versus 0.007% after open versus minimally
invasive RP (Table 3).

Multivariable Logistic Regression Models Predicting
Venous Thromboembolism After Major Urologic Cancer
Surgery Relative to Radical Prostatectomy

In multivariable logistic regression models addressing
VTE, the RC (odds ratio [OR], 4.9; 95% CI 3.8-6.4; p <
0.001), RN (OR, 4.5; 95% CI 3.5-5.7; p < 0.001), and PN
(OR, 3.6; 95% CI 2.7-4.7; p < 0.001) patients exhibited a
higher risk of VTE than their RP counterparts (Table 4a).

Moreover, in multivariable logistic regression models
addressing VTE, obesity was associated with a higher risk
of VTE (OR, 1.3;95% CI 1.1-1.6; p < 0.001; not shown in
Table 4a).

Multivariable Logistic Regression Models Predicting
Pulmonary Embolism After Major Urologic Cancer
Surgery Relative to Radical Prostatectomy

In multivariable logistic regression models addressing
PE, the RC (hazard ratio [HR], 4.4; 95% CI1 3.1-6.2; p <
0.001), RN (HR, 3.2; 95% CI1 2.3-4.5; p < 0.001), and PN
(HR, 3.9; 95% CI 2.8-5.4; p < 0.001) patients exhibited
a higher risk of PE than their RP counterparts (Table 4b).
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FIG. 2 a Proportion of obese
patients (body mass index >30
kg/m?) undergoing major uro-
logic cancer surgery (MUCS) in
the Nationwide Inpatient Sam-
ple (NIS) database from 2010 to
2019. b Proportion of patients
with a Charlson Comorbid-

ity Index (CCI) >3 undergo-
ing MUCS in the Nationwide
Inpatient Sample (NIS)
database from 2010 to 2019. ¢
Proportions of patients age >69
years undergoing MUCS in the
Nationwide Inpatient Sample
(NIS) database from 2010 to
2019
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TABLE 3 In-hospital venous
thromboembolism (VTE) and
pulmonary embolism (PE) of

196,915 patients undergoing

major urologic cancer
surgery (radical cystectomy,
radical nephrectomy, partial
nephrectomy, radical
prostatectomy) in NIS
2010-2019

Surgery Overall With VTE With PE
(n=196,915, 100%)
n (%) n (%) n (%)
Radical cystectomy (RC)? 14,362 (7.3) 377/14,362 (2.6) 170/14,362 (1.2)
Open RC 10,319 (71.8) 283/10,319 (2.7) 124/10,319 (1.2)
Minimally invasive RC 4,043 (28.2) 94/4,043 (2.3) 46/4,043 (1.1)
Radical nephrectomy (RN)® 885 (22.2) 472/43,885 (1.1) 203/43,885 (0.5)
Open RN 34,877 (79.5) 393/34,877 (1.1) 169/34,877 (0.5)
Minimally invasive RN 9,008 (20.5) 79/9,008 (0.9) 34/9,008 (0.4)

Partial nephrectomy (PN)®
Open PN

Minimally invasive PN
Radical prostatectomy (RP)?
Open RP

Minimally invasive RP

25211 (12.8)
11,425 (45.3)
13,786 (54.6)

113,457 (57.6)
24,938 (22.0)
88,519 (78.0)

160/25,211 (0.6)
92/11,425 (0.8)
68/13,786 (0.5)

171/113,457 (0.2)
60/24,938 (0.2)
111/88,519 (0.1)

107/25,211 (0.4)
61/11,425 (0.5)
46/13,786 (0.3)

103/113,457 (0.09)
43/24,938 (0.2)
60/88,519 (0.07)

Abbreviations: NIS = Nationwide Inpatient Sample

“RC surgical-site codes: ICD-9-PCS 577, 577.1, 577.9 and ICD-10-PCS 0TT.B0ZZ, 0TR.B07Z, OTT.
B37Z7,0TT.B47ZZ, 0TT.B8ZZ, 0TR.B47Z, 0TT.B7ZZ, 0TR.BO7Z

PRN surgical-site codes: ICD-9-PCS 555, 555.1, 555.2, 555.4 and ICD-10-PCS OTT.00ZZ, 0TT.04ZZ,
0TT.10ZZ, 0TT.14ZZ, 00TT.20ZZ, 00TT.24ZZ

“PN surgical-site codes: ICD-9-PCS 554 and ICD-10-PCS 0TB.00ZZ, 0TB.03ZZ, 0TB.04ZZ, 0TB.07ZZ,
0TB.08ZZ, 0TB.10ZZ, 0TB.13Z2Z, 0TB.14ZZ, 0TB.17ZZ, 0TB.182Z

IRP surgical-site codes: ICD-9-PCS 604, 605, 606.2 and ICD-10-PCS 0VT.00ZZ, OVT.04ZZ, OVT.07ZZ,
0VT.08ZZ, 0V5.00ZZ, 0V5.03ZZ, 0V5.04ZZ

TABLE 4 (a) Multivariable logistic regression models predicting
in-hospital venous thromboembolism (VTE) after major urologic
cancer surgery (MUCS). (b) Multivariable logistic regression models
predicting in-hospital pulmonary embolism (PE) after major urologic
cancer surgery (MUCS)

Characteristic OR 95% CI  p Value
(@

Major urologic cancer surgery

Radical prostatectomy Reference - -
Radical cystectomy 4.9 3.8-6.4 < 0.001
Radical nephrectomy 4.5 3.5-5.7 < 0.001
Partial nephrectomy 3.6 2.7-4.7 < 0.001
(b)

Major urologic cancer surgery

Radical prostatectomy Reference - -
Radical cystectomy 44 3.1-6.2 < 0.001
Radical nephrectomy 32 2.3-4.5 < 0.001
Partial nephrectomy 39 2.8-54 < 0.001

Abbreviations: OR = odds ratio; CI = confidence interval

Moreover, in multivariable logistic regression models
addressing PE, obesity was associated with a higher risk
of VTE (OR, 1.4;95% CI 1.1-1.8; p < 0.001, not shown in
Table 4b).

Multivariable Logistic Regression Models Predicting
Mortality with Venous Thromboembolism After Major
Urologic Cancer Surgery

In multivariable logistics regression models, the pres-

ence of VTE was associated with a 3.7-fold higher mortal-
ity rate in RC (95% CI 2.3-5.8; p < 0.001) and a 5.2-fold
higher mortality rate in RN (95% CI 3.1-8.8; p < 0.001).
Due to the limited event rate for PN and RP, multivariable
analyses were not performed (Table 5a).

Multivariable Logistic Regression Models Predicting
Mortality with Pulmonary Embolism After Major Urologic
Cancer Surgery

In the multivariable logistics regression models, the
presence of PE was associated with a 4.9-fold higher
mortality rate in RC (95% CI 2.7-8.6; p < 0.001)
and an 8.3-fold higher mortality rate in RN (95% CI
4.2-16.5; p < 0.001). Due to the limited event rate in
PN and RP, multivariable analyses were not performed
(Table 5b).
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TABLE 5 Logistic regression analyses predicting (a) in-hospital mortality with venous thromboembolism (VTE) relative to in-hospital mortality without VTE (reference) and (b) in-hospital

mortality with pulmonary embolism (PE) relative to in-hospital mortality without PE (reference) after major urologic cancer surgery (MUCS)

(b) Pulmonary embolism (PE)

(a) Venous thromboembolism (VTE)

Multivariable®

Univariable

Multivariable® Mortality with PE (%)

Univariable

Mortality

p Value

OR (95% CI)

p Value

OR (95% CI)

p Value

OR (95% CI)

p Value

OR (95% CI)

with VTE (%)

< 0.001
< 0.001

4.9 (2.7-8.6)

< 0.001
< 0.001

7.9 (4.8-13.0)

8.0

< 0.001
7.1

< 0.001

3.7 (2.3-5.8)

< 0.001
< 0.001
< 0.001
< 0.001

6.0 (4.0-8.9)
12.4 (8.4-18.2)

24.5 (10.9-54.5)

13.1

Radical cystectomy

8.3 (4.2-16.5)

18.1 (11.1-29.4)

5.2(3.1-8.8)

11.2

Radical nephrectomy

32.1 (13.7-76.5)

11.5

134

Partial nephrectomy

95.4 (33.7-269.9)

7.7

72.6 (28.7-183.0)

9.6

Radical prostatectomy

#Covariables: age, year of diagnosis, length of stay, sex, race/ethnicity, smoking habit, obesity, annual hospital volume, institutional teaching status, CCI, region, surgical approach (minimally

invasive vs open), lymph node dissection, neoadjuvant chemotherapy

DISCUSSION

We examined contemporary trends in rates of in-hos-
pital VTE and PE in the four most frequent MUCSs (RC,
RP, RN, and PN) in a population-based cohort in NIS
2010-2019. We made several important observations.

First, we identified 1180 contemporary NIS 2010-2019
patients with in-hospital VTE when all four MUCSs were
examined (RC, RN, PN, RP). The risk of VTE is non-negli-
gible after MUCS.? It represents a life-threating complica-
tion after most cancer surgeries, including the four examined
MUCSs.®1” However in the current study, the presence of
VTE was identified in only 1% (n = 1180) of all the patients.
Moreover, we identified 583 contemporary MUCS patients
(0.3%) with PE. Data addressing rates of PE without com-
bining it with deep vein thrombosis (DVT) are limited due
to the rarity of PE after MUCS.!! Consequently, the current
rate of PE cannot be directly compared with previous reports
originating from population-based data repositories because
such contemporary reports focusing on in-hospital PE rates
do not exist. Therefore, population-based data repositories
such as the NIS or the National Surgical Quality Improve-
ment Program (NSQIP) are essential to study rare events
associated with elevated fatality rates, especially when mul-
tivariable analyses are required.

Second, we observed a statistically significant increase
in in-hospital VTE rates after MUCS (EAPC + 4.0%;
p = 0.01). However, this increase was only marginal at
best (from 0.6 to 0.7%) and may have no bearing in indi-
vidual patient considerations. The recorded increase in in-
hospital VTE rates may also suggest that more high-risk
patients underwent MUCS. Indeed, the proportion of obese
patients (BMI >30 kg/m?) increased from 8.1 to 16.3%
(EAPC + 6.4%; p < 0.001). Moreover, the proportion of
patients with a CCI of 3 or higher increased from 5.0 to
6.7% (EAPC + 3.6; p = 0.001). Finally, the proportion of
MUCS patients age 69 years or older also increased from
23.3 to 28.1% (EAPC + 1.8%; p < 0.001). All three vari-
ables, namely, obesity (BMI >30 kg/mz), CCI (> 3), and
advanced age (> 69 years) represent VTE risk factors.!!>~13
Specifically, obesity, which represents a potentially modi-
fiable risk factor, was associated with higher risk of VTE
(OR 1.3; p < 0.001) and PE (OR 1,4; p = 0.003) in the
current study. Despite the consistent increase in VTE risk
after MUCS, the VTE rate did not increase in a clinically
meaningful fashion (from 0.6 to 0.7%). Similarly, mortality
with VTE after MUCS did not increase (p = 0.8). These
observations may be indicative of an improvement in quality
of care over time.'®"!° Therefore, it may be hypothesized that
despite a higher patient risk profile and higher VTE rates,
current VTE prevention and management strategies did not
result in a mortality increase.
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Third, we observed a statistically significant decrease
in in-hospital PE rates after MUCS (EAPC — 4.5%; 95%
CI — 6.3 to — 2.7%; p = 0.01). Although the absolute PE
rate decrease was marginal at best (from 0.4 to 0.2%) and
may have no bearing in individual patient considerations,
a statistically significant decrease in such life-threatening
complication is clearly encouraging. Consequently, as for
VTE, such a decrease may be indicative of an improvement
in quality of care over time, especially in light of the afore-
mentioned increases in risk factors for VTE and vascular
events in general.'®~1

Fourth, we observed important differences in in-hos-
pital VTE rates between the four MUCSs (RC versus RN
versus PN versus RP). The rate of VTE was highest after
RC (2.6%), followed by RN (1.1%), then PN (0.6%), and
finally was lowest for RP (0.2%). In multivariable analyses
addressing VTE rate and quantifying the magnitude of the
differences between the four MUCSs, remarkably similar
ORs were recorded for each of the three MUCSs that were
compared with RP (OR of 4.9 for RC versus 4.5 for RN
versus 3.6 for PN). This observation suggests that each of
these three MUCSs (RC, RN, PN) should be considered as
an equally important VTE risk factor. Consequently, RC,
RN, and PN may be given virtually the same consideration
in VTE strategies. The current results cannot be directly
compared with previous reports because they did not focus
on in-hospital VTE rates. Moreover, previous reports did not
compare VTE risk after RC, RN, or PN relative to RP, which
is known for its lowest VTE rate. Similarly, when PE rates
were considered, remarkably similar ORs were recorded for
the three MUCSs compared with RP (OR of 4.4 for RC ver-
sus 3.3 for RN versus 3.9 for PN).

Fifth, we have provided the most contemporary relative
rates of mortality with VTE and PE. The specific multivari-
able increase in mortality with VTE was 3.7-fold for RC and
5.2-fold for RN. Similarly, the specific increase in mortality
with PE was 4.9-fold for RC and 8.3-fold for RN. Unfortu-
nately, multivariable rates could not be computed for PN and
RP due to insufficient numbers of observations. The current
findings cannot be directly compared with previous reports.
To the best of our knowledge, we are the first to report the
association between mortality and VTE in multivariable
analyses for RC and RN patients.

Taken together, we observed increased rates of known
VTE risk factors such as increased rates of obesity, CCI
of 3 or higher, and age of 69 years or older. However, no
substantial increase in VTE and PE rates and no increase
in mortality with VTE or with PE were observed. Con-
sequently, it may be postulated that VTE prevention and
management strategies have improved over time. The same
hypothesis may be proposed for PE. Moreover, it is also of
interest to know that VTE risk was remarkably similar after
RC (OR 5.1), RN (OR 4.5), and PN (OR 3.6) relative to

RP, even after the most detailed multivariable adjustments.
Based on these findings, clinicians should not underestimate
the risk of VTE, even after RN and PN, which are consid-
ered as lower VTE risk interventions.>* Finally even after
most detailed multivariable adjustments, the presence of
VTE increased the mortality risk after RC in fourfold fash-
ion, and after RN in fivefold fashion. Similarly, even after
the most detailed multivariable adjustments, the presence of
PE increased mortality risk after RC in fivefold fashion and
after RN in eightfold fashion. These observations illustrate
that even in contemporary MUCS patients, whose prophy-
lactic and therapeutic interventions are standard of care, the
increase in mortality is very substantial, and assessment of
VTE status and of PE status even more so is crucial. This
consideration applies not only to open RC and open RN, but
also to minimally invasive RC and minimally invasive RN,
which may be considered a lower-risk surgical approach by
some, 12:13.20.21

Despite its novelty, the current study had several limita-
tions. First, we relied on the large-scale retrospective NIS
database. All previous large-scale reports that addressed this
topic also were retrospective.'>*?~2* However, the current
study relied on the most contemporary cohort (2010-2019),
for which higher rates of minimally invasive MUCS, espe-
cially for RC, were observed. Second, our analyses relied
on a limited number of events. Specifically, for PN and RP,
multivariable analyses were not possible due to insufficient
numbers of observations. Consequently, ideally even larger-
scale databases than NIS could potentially provide more
robust results. Third, the NIS provides exclusively in-hospital
complication and mortality data. However, VTE and PE may
occur after discharge. Consequently, in-hospital data may sig-
nificantly underestimate true VTE and PE rates, as well as
associated mortality, when the end point consists of outcomes
with longer follow-up evaluation than the duration of the hos-
pital stay.”?!>>?6 Fourth, multivariable adjustment relied on
important patient and hospital characteristics available in the
NIS. It is possible that other characteristics, such as personal
or family history of VTE, use of thromboprophylaxis, and
tumor status may have provided a better assessment of true
VTE and PE rates. However, such additional characteristics
were not available in the NIS and could not be considered.

CONCLUSIONS

In the current study, RC, RN and PN predispose to higher
VTE and PE rates than RP. Moreover, among RC and RN
patients with either VTE or PE, mortality is substantially
higher than among their VTE- or PE-free counterparts.
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