DIGITAL ACCESS o0 HARVARD
SCHOLARSHIP sr HARVARD LIBRARY

DASH.HARVARD.EDU

Impact Factors of the Nephrectomy
Outcomes

Citation
Tang, Yuzhe. 2022. Impact Factors of the Nephrectomy Outcomes. Master's thesis,
Harvard Medical School.

Link
https://nrs.harvard.edu/URN-3:HUL.INSTREPOS:37371572

Terms of use

This article was downloaded from Harvard University’s DASH repository, and is made

available under the terms and conditions applicable to Other Posted Material (LAA), as set

forth at
https://harvardwiki.atlassian.net/wiki/external/NGY5NDE4ZjgzNTc5NDQzMGIzZWZhMGFIOWI2M2EwYTg

Accessibility
https://accessibility.huit.harvard.edu/digital-accessibility-policy

Share Your Story

The Harvard community has made this article openly available.
Please share how this access benefits you.l Submit a story |



https://dash.harvard.edu/submit-story?publicationId=13ef06c6-f46e-4b9b-962a-fef147cb4b26

Impact Factors of the Nephrectomy Outcomes

by

Yuzhe Tang

A Dissertation Submitted to the Faculty of Harvard Medical
School in Partial Fulfillment of

the Requirements for the Degree of Master of Medical Sciences in
Clinical Investigation (MMSCI)

Harvard University
Boston,

Massachusetts April

2022

Area of Concentration: Renal cell carcinoma, Nephrectomy, Surgical
Complications, Marital Status, Antithrombotic Drugs

Thesis Committee:

Primary Mentor: Dr. Steven Lee Chang

External Expert: Dr. Rus Korets

Content Advisor: Dr. Daniel Wollin

Program Representative: Dr. Enid Martinez

| have reviewed this thesis. It represents work done by the author under my
guidance/supervision.

Primary Mentor: Dr. Steven Lee Chang



Table of Contents

ACKNOWLEDGMENTS ... 3
OVERVIEW .t 4-5

MANUSCRIPT 1:

The Association of Marital Status with Kidney Cancer Surgery Morbidity

A. TITLE PAGE ... 6
D. ABSTRACT .. e e 7-8
C. INTRODUCGCTION ... 9-10

d. METHODS ... 10-12
€. RESULTS L. 13-15
f. DISCUSSION ... 15-20
g. TABLES AND FIGURES ... 21-27
N, SUPPLMENT ... 28

MANUSCRIPT 2:

The Association of Marital Status with Kidney Cancer Surgery Morbidity

A. TITLE PAGE ... e e 29
D. ABSTRACT .. 30-31
C. INTRODUCGCTION ... 32
d. METHODS ... 32-35
€. RESULTS L. 35-37
f. DISCUSSION ... 37-43
g. TABLES AND FIGURES ... 44-51
R, SUPPLMENT .. 52-53
SUMMARY OF RESULTS AND CONCLUSIONS ... 54
DISCUSSION AND PERSPECTIVES ......ccooiiiieeec e 55-56
BIBLIOGRAPHY ... 57-60



Acknowledgments:

| would like to express my appreciation and gratitude to my mentor Dr.
Steven Lee Chang, for his invaluable support and mentorship throughout these two
years. This work would not have been possible without his guidance. I'm thankful
and keen to the Chang Lab group for their help, kinship, and cooperation.

| would also like to thank my thesis committee members, Dr. Daniel Wollin,
Dr. Enid Martinez, and Dr. Rus Korets, for their guidance and contributions to my
thesis projects. Further, | would like to thank MMSCI leaders Dr. Ajay Singh, Dr.
Finnian Mc Causland, Dr. Martina McGrath, and Dr. Rosalyn Adam for their care,
guidance, support, and help through the two years. None of this would be possible
without the faculty directors and program leadership in MMSCI. | have learned and
grown as a clinical researcher and physician throughout this program. Thanks to
Dr. Steven Piantadosi and Dr. Julie Paik for the extraordinary course arrangement
and Dr. Brian Claggett, Dr. Luke Miratrix, Dr. Katharine Li, and Dr. Joy Shi for
supporting statistics and epidemiology. Thank Katie Cacioppo and Claire O'Connor
for their support during my two years. To the MMSCI Class of 2022, thank you for
the fantastic experience and community, and congratulations to everyone!
| want to thank all the support from the School of Medicine, Tsinghua University,
for sponsoring me to finish the MMSCI program.
At last, | want to thank my family for each second that has carried me to this point.
All that | have achieved is a result of your affection and consolation, and | am so

appreciative to have you.



Overview

Renal cell carcinoma (RCC) represents approximately 3% of all cancers
with a high incidence, especially in western countries(1). There has been an
increasing annual trend during the last two decades. Renal cell carcinomas
comprise a broad spectrum of histopathological entities: clear cell, papillary,
chromophobe RCC, and other renal tumors(2). For the localized RCC (T1-2NOMO),
partial nephrectomy (PN) and radical nephrectomy (RN) are the most common
surgical management(3). There are various factors associated with surgical
complications, which play an essential role in making treatment strategies. To
better understand the factors that impact the morbidity of kidney surgery for renal
masses and kidney cancer, we analyze an extensive administrative database to
understand better the questions we encountered in the clinic.

Surgical outcomes are influenced by a complex interplay of factors, some
more obvious than others. For example, a marital status which is one of the most
overlooked areas for clinicians in particular, has been shown to have a substantial
protective effect on survival and event-free rate in relative cancer survival for
certain less lethal cancers (4) and specific postoperative patients — including those
undergoing coronary revascularization and colorectal surgery (5, 6). However,
whether marital status offers this clinical benefit, specifically during kidney cancer
surgery, remains unknown.

Antithrombic drugs are commonly used to prevent thromboembolic events
such as myocardial infarction and stroke, But In addition to the therapeutic effect,
antithrombotic drugs will increase bleeding risk(7). Widely held belief that
antithrombotic drugs for those who underwent surgery will increase the bleeding
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risk. In some cases, surgeons do not have the choice to stop the AP/AC drugs,
especially for those who have a high risk of acute coronary syndrome (ACS) or
stroke (8). Whether perioperative oral antithrombotic drug use could increase
bleeding complications in partial nephrectomy is controversial.

We used a large, nationally representative database to analyze the
association between the predictors and surgical outcomes in nephrectomy patients

to answer the two questions above.



Manuscript 1:

The Association of Marital Status with Kidney Cancer Surgery Morbidity

Tang Y'2, Valovska MT?, Nolazco JI23, Yim K2, Chung BI#, Chang SL?

' Urology Department, Beijing Tsinghua Changgung Hospital, School of Clinical
Medicine, Tsinghua University, Beijing, China

2 Division of Urology, Brigham and Women's Hospital, Harvard Medical School,
Boston, MA

3 Servicio de Urologia, Hospital Universitario Austral, Universidad Austral, Pilar,
Argentina

4 Department of Urology, Stanford University Medical Center, Stanford, CA

Key Words
Marital Status; Kidney Cancer Surgery; Surgical Morbidity; Retrospective Cohort
Study



Abstract

Objective:
To better understand whether the marital status impacts 90-day postoperative

outcomes following kidney cancer surgery.

Methods:

We performed a retrospective cohort study of adult patients undergoing elective
partial or radical nephrectomy to manage kidney masses from 2003 to 2017 using
the Premier Hospital Database, a national hospital discharge dataset. Multinomial
logistic regression models controlling for a wide range of clinicodemographic,
surgical, and hospital characteristics were used to assess an association between
marital status and postoperative complications. The primary outcome was 90-day
complications, including minor complications (Clavien grades 1-2), non-fatal major
complications (Clavien grades 3-4), and mortality (Clavien grade 5). Secondary

outcomes included patient disposition and readmission rates.

Results:

The study cohort comprised 106,752 patients, of which 61,188 (57.32%) were
married. The overall incidence of minor complications, major complications, and
death was 24.04%, 6.00%, and 0.71%, respectively. Marriage was associated with
a significantly lower incidence of minor (OR 0.97; 95% CI: 0.94-0.99) complications
following open or radical nephrectomy and major complications (OR 0.89; 95% CI:

0.84-0.95) for all surgical types and approaches (Figure 1). There was no



association between marital status and mortality (OR 0.94; 95% CI: 0.81-1.10).

Conclusions:

Marriage is associated with a significant reduction in major complications following
kidney cancer surgery, likely because it is associated with greater social support,
which is beneficial in the postoperative phase of care. Marital status and social
support may play a role in the preoperative decision-making process and

counseling for patients considering kidney cancer surgery.



Introduction

Surgical outcomes are influenced by a complex interplay of factors, some more
obvious than others. Recent studies have suggested that social factors such as
socioeconomic status, social support, and living arrangement play an essential role
in surgical outcomes. Social support encompasses a variety of factors, including
the degree of social contact, the strength of relationships, faith, and marital status
(9). Marital status, in particular, has been shown to have a substantial protective
effect on survival and event-free rate in relative cancer survival for certain less
lethal cancers (4) and specific postoperative patients — including those undergoing

coronary revascularization and colorectal surgery (5, 6).

Prior studies suggest that this same benefit of marriage on outcomes also among
patients with kidney cancer. For example, one study by Li et al. of almost 100,000
patients with renal cell carcinoma (RCC) demonstrated that married patients
consistently had better 5-year overall survival (OS) and cancer-specific survival
(CSS) than unmarried patients, including those who were single,
divorced/separated, and widowed. Furthermore, the effect was persistent even
after adjusting for sex, age, ethnicity, tumor grade, insurance status, histological
type, stage, and therapy methods (10). Similar findings were demonstrated by
Marchioni et al., who found that male, widowed, and separated/divorced patients
had worse cancer control outcomes after treatment for stage T1-2 NO MO RCC
(11). However, whether marital status offers this clinical benefit, specifically during
kidney cancer surgery, remains unknown. Therefore, we used an extensive,
nationally representative database to test the hypothesis that marital status

9



improves outcomes after kidney cancer surgery to understand this potential

relationship better.

Methods

Data source and study cohort

We conducted a retrospective cohort study using the Premier Healthcare Database
(PHD, Premier Inc., Charlotte, NC), an extensive, US hospital-based, all-payer
database representing approximately 20% of annual United States inpatient
discharges at community and academic centers (12). The International
Classification of Diseases, ninth revision (ICD-9), and tenth revision (ICD-10)
procedure codes were used to identify patients who had undergone elective kidney
cancer surgery between the 15 years of study from 2003 to 2017 (Supplemental
Table 1). The cohort was then restricted based on appropriate ICD-9 and ICD-10
diagnosis codes to ensure that surgery was performed for a kidney mass
(Supplemental Table 1). The study cohort was also limited to adult patients (age
>18 years), "elective" cases based on administrative codes, as well as surgery on
hospital day zero or one to minimize outlier patients who could skew the surgical

outcomes (Figure 1).

Demographic and clinical characteristics of the study cohort

We extracted demographic information from administrative data included in the
PHD including age, gender, race, marital status, and insurance status. Clinical
information was derived from ICD-9 and ICD-10 codes and subsequently used to

calculate the Charlson comorbidity index, as has been previously described(13),

10



which was segregated into three categories: 1-2, 3-4, and 5 and greater. The
surgical characteristics, including the surgical approach (open, laparoscopic,
robotic) and operating time, were derived from a review of the Chargemaster data
in the PHD. Finally, surgeon and hospital cases were separated into quartiles per

year as a surrogate for surgeon experience and hospital volume, respectively.

Outcomes

The primary outcome of this study was the 90-day complication rate. Complication
rates were based on the Clavien-Dindo classification of surgical complications as
previously described (14) and divided into four categories: no complications, minor
complications (Clavien grades 1, 2), and non-fatal major complications (Clavien
grades 3, 4), and mortality (Clavien grade 5). Clinical systems also categorized
complications (bleeding, cardiac, endocrine, gastrointestinal, infection, neurology,
pulmonary, renal, soft tissue, urologic, venous thromboembolism) using Health
Care Cost and Utilization Project Clinical Classification Software Level Il or Il
designations(15); of note, the category for "surgical" complications was excluded
given that all complications captured in this analysis are considered surgical
complications. Secondary outcomes included patient disposition, length of hospital

stay, and readmission rate.

Statistical Analysis
Categorical data were compared using the Chi-squared test. Normally distributed
continuous data between married and unmarried groups were compared using the

t-test. Non-normally distributed continuous data were compared using the Mann-

11



Whitney U test. Standardized difference was used to compare the mean of the two
groups. For the primary categorical outcomes, the proportional odds assumption
was violated. A multivariable multinomial logistic regression model was used to
adjust for confounding variables chosen based on literature reports and stepwise
variable selection. All clinicodemographic and surgical variables were included in
the regression model, including age, gender, race, obesity, tobacco use, insurance
payor, Charlson Comorbidity Index categories, operation time, surgery type (open
vs. minimally invasive), nephrectomy type (radical vs. partial), surgeon volume
categories (quartiles), hospital region, hospital type (academic vs. community),
hospital volume categories (quartiles) and patients' comorbidities (chronic
obstructive pulmonary disease, myocardial infarction, congestive heart failure,
hypertension, cerebrovascular disease, liver disease, chronic kidney disease,
diabetes mellitus, peptic ulcer disease, hemiplegia, solid tumor). A multivariable
logistic regression model was used to adjust the same variables for the secondary
outcomes. Effect modification between age and marital status effect on patient
disposition was also assessed. A multivariable linear regression model was used
to adjust the same confounding variables for the continuous outcome, log-
transformed length of stay. Due to the small percentage of missing data, we used
the complete case analysis. Statistical analyses were conducted using Stata 16.1
(StataCorp LLC, College Station, TX, USA). All p-values were reported as two-

sided, and statistical significance was set to p<0.05.

Results
We identified 119,299 patients who underwent partial or radical nephrectomy
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between 2003 and 2017. A total of 12,547 patients were excluded based on
exclusion criteria, leaving a cohort of 106,752 eligible patients, of which 61,188
(57.32%) were married. A greater proportion of married patients were male and
Caucasian. Patient characteristics were shown in Table 1. Married patients also
tended to have a lower incidence of comorbidities, including smoking status,
diabetes, chronic kidney disease (CKD), congestive heart failure (CHF), and
chronic obstructive pulmonary disease (COPD) but not hypertension or coronary
artery disease (CAD). Rates of peripheral vascular disease were similar between

groups.

Our results showed that married patients had a lower likelihood of experiencing
both minor and major complications within the 90-day postoperative period, but
mortality was similar between groups. Univariable analysis showed that the
unadjusted odds ratio (OR) of minor and non-fatal major complications was 0.95
(95%Cl 0.92-0.98, p<0.01) and 0.83 (95%CI 0.79-0.88, p<0.01), respectively. The
unadjusted mortality OR was 0.89 (95%CI 0.77-1.02, p=0.10). After accounting for
potential confounding variables, the adjusted OR of minor and major complications
was 0.97 (95%Cl 0.94-0.99, p=0.04) and 0.89 (95%Cl 0.84-0.95, p<0.01),
respectively. The adjusted OR of mortality was 0.94 (95%CI 0.81-1.10, p=0.45).
The OR and 95%CI based on the adjusted multinomial logistic regression models

are illustrated in Table 2.

Multivariable multinomial logistic regression was also applied to subgroup analysis,
which focused on the type of surgery (radical and partial), surgical approach (open
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and minimally invasive), and an evaluation of complications by the clinical system.
Our analysis demonstrated that marriage was associated with fewer minor
complications following open or radical nephrectomy. In comparison, marriage was
associated with fewer major complications across all surgical and surgical
approaches (Figure 2). Furthermore, when evaluating the specific type of
complication by the clinical system, our model revealed that the predicted
probability for complication rates was statistically significantly lower in the married
group for all complication subtypes except for bleeding and venous
thromboembolism (VTE) complications where there were no differences between

married and unmarried patients (Figure 3).

Discharge disposition and readmission rate were also analyzed using the
multivariable logistic regression model; the same variables were used to adjust for
confounding. The model showed married patients were significantly more likely to
be discharged home compared to unmarried patients (OR: 2.92 [95%CI 2.21-3.85,
p<0.01]). This disparity in discharge disposition between married and unmarried
patients increased with advancing age such that unmarried patients were
significantly more likely to be discharged to a skilled nursing or rehabilitation facility
rather than home (Figure 4). A statistically significant length of stay between
married and unmarried patients was not clinically meaningful (Ratio of mean length
of stay 0.97 95%CI 0.96-0.97, p<0.01). There were no statistically significant
differences between the readmission rate for the two groups (OR 1.00; 95%ClI

0.97-1.03, p=0.99).
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Discussion

Our results showed that marriage is associated with approximately 3% lower odds
of a minor complication and 10% lower odds of non-fetal major complications
following kidney cancer surgery, but no appreciable difference in mortality.
Furthermore, these differences persisted in subgroup analyses with respect to
major complications but were attenuated for minimally invasive surgery and partial
nephrectomy concerning minor complications. Our study suggests that social
support likely plays an essential role in recovering from kidney cancer surgery. As
such, marital status and social support status should be incorporated into the
preoperative decision-making process and counseling for patients undergoing

kidney cancer surgery.

Although the association between marital status and improved surgical outcomes
have been previously identified in several studies (5, 10, 11), this is the first study
documenting this relationship in a large cohort of patients undergoing kidney
cancer surgery. However, our findings are consistent with other studies
investigating this association in patients undergoing surgery for genitourinary
malignancies. For example, Sammon et al. (2012) studied 14,859 patients who
underwent radical cystectomy for urothelial carcinoma of the urinary bladder; they
found that never-married males had a significantly higher rate of non-organ
confined disease at cystectomy and that separated, divorced, or widowed males
and females had significantly higher rates of bladder-cancer-specific mortality than
married males and females(16). More recently, Ruvolo et al. (2021) identified 8833
non-metastatic upper tract urothelial carcinoma patients treated with radical
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nephroureterectomy. In this study, unmarried male and female patients had
significantly higher overall mortality, though cancer-specific mortality was only

significantly higher in unmarried male patients(17).

The protective effects of marriage can be explained by several mechanisms, all
rooted in the fact that marriage can be a vital source of social support. First,
spouses of married patients may encourage their partners to seek earlier care or
pursue surgical treatment. Using surgery type as a surrogate of tumor stage, given
that partial nephrectomies are typically performed for smaller kidney masses than
radical nephrectomies, we found a slightly higher proportion of partial nephrectomy
in married patients (34.6% vs. 32%, p<0.01), raising the possibility that married
patients are diagnosed with kidney cancer at an earlier stage, or pursue surgical
treatment more expeditiously. Secondly, spouses can provide physical care and
emotional support pre-and post-operatively, accelerating recovery. Finally, the
partners of patients can influence their health-related behaviors. Our cohort found
that married patients were significantly less likely to smoke than married patients
(30.5% vs. 34%, p<0.01) and were less likely to have several comorbidities,
including diabetes, CKD, CHF, and COPD. Beyond optimizing the preoperative
health status, spouses can also beneficially influence postoperative recovery with
improved to adhere to post-surgical instructions and early detection of

postoperative complications.

Though marital status was associated with a lower incidence of minor and major
90-day complications, there was no association between marital status and
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postoperative mortality. There are two possible explanations for this finding. First,
while social support may be powerful enough to influence complication rates, its
impact may not be powerful enough to prevent mortality. There may be too few
deaths overall to discern a meaningful difference. Additional study will be
necessary to understand better why marital status is unrelated to postoperative
morality while there is a relationship with postoperative non-fatal morbidity.
Furthermore, we observed a consistent advantage among married patients to
postoperative major complications among open and minimally invasive surgery
and radical nephrectomy subgroups. Still, this difference was not uniform for minor
complications (Figure 2). It is plausible that our data more accurately captures
major complications that commonly require management within the hospital; in
contrast, minor complications that can be addressed in the outpatient setting (e.g.,
oral antibiotics) may not be captured in our dataset. Thus, we would fail to
appreciate any differences. A further study utilizing a database that
comprehensively includes outpatient data will be necessary to explain better the
absence of differences in postoperative minor complications for minimally invasive

surgery and partial nephrectomy.

Our results also conceal that marriage could decrease the major complication rate
but neither impact the readmission rate nor the length of stay. The main reason
may be that marriage reduces the incidence of major complications, which are
relatively low at 5.63%, unlike minor complications, and therefore do not affect the
overall readmission rate or reduce the average length of stay for the overall

population.
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In the immediate postoperative period, married patients were significantly more
likely to be discharged home than unmarried patients. This is because spouses
play a vital role in postoperative patient care, and therefore a patient with support
at home is more likely to be deemed safe for a home discharge. This disparity in
postoperative disposition was more pronounced with increasing age. The absolute
difference in probability of disposition home was 2.18% for 40-year-old patients,
4.49% for 60-year-old patients, and 6.67% for 80-year-old patients (Figure 4). This
is not particularly surprising since the likelihood for comorbidities and frailty rises
with age, thus raising the threshold for discharge home versus another care facility;
it is among these most at-risk patients that having the support of a spouse likely

has the most significant impact.

Overall, our study suggests that social support in the form of marriage plays a vital
role in reducing 90-day postoperative complications in patients undergoing kidney
cancer surgery. Therefore, marital status as a marker of a solid social support
system should be considered pre-operatively when assessing the risk-to-benefit
ratio for surgical intervention. In other words, surgeons should be aware that
unmarried patients undergoing kidney cancer surgery may be more likely to require
additional resources upon discharge, such as a visiting nurse association (VNA) or
home physical therapy (PT). These considerations may influence, for instance, the
decision for a technically challenging partial nephrectomy versus a radical
nephrectomy when other clinical issues (e.g., risk of postoperative chronic kidney
disease) are relatively equal between the two options. Of course, we recognize

18



that marital status in this study is merely a potential proxy for a support system,
and non-married patients may nevertheless have a robust social network.
Clinicians must recognize that similar support could be derived from myriad other

sources, which may vary on an individual basis.

There are, of course, several limitations to this study. First, this is a retrospective
cohort study based on administrative data with inherent biases and a lack of
control of unmeasured confounders; however, it is not feasible to conduct a
prospective controlled trial for a demographic characteristic such as marital status.
Second, the PHD dataset does not capture tumor characteristics, which precludes
adjustment for tumor complexity in our analysis. However, our findings were
consistent even in the subgroup analysis of partial nephrectomies, which likely
have the homogeneously low stage and favorable tumor characteristics,
suggesting that our conclusions were robust. Third, while there is no perfect
measure of surgeon skill and hospital resources, we controlled the annual surgeon
and hospital volume and overall hospital bed number to minimize unmeasured
biases. Fourth, the marriage status in our study only captures the status of married
vs. unmarried. There could be separated couples in the married group and
divorced or widowed in the unmarried group, which might differ from the other
people in the same category. We cannot distinguish between such groups, but
social support in marriage groups is often attenuated for separated partners. In
addition, social support from marriage is not available for widowed or divorced
people. Hence, our result is a conservative estimate. Lastly, social support is a
broad category that includes marriage and other factors, including family support,
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the strength of relationships, and the degree of social contact. Some married
patients may have strained relationships, whereas other unmarried patients may
have a robust social network. Because the mean age is above sixty in our study,
the social support from the marriage as an entity has evolved. Social support from
other sources, such as adult children, may also play an important role.
Nevertheless, our findings were consistent after adjusting for confounders and
subgroup analyses, supporting the notion that marital status is a reliable measure
of social support, impacting the perioperative course for patients undergoing

kidney cancer surgery.

Conclusion

Marriage is associated with a lower incidence of minor and major 90-day
complications in patients undergoing kidney cancer surgery. While marriage can
be a vital source of social support, its impact may not be substantial enough to
impact overall mortality. Marital status as a measure of general social support
should be considered when assessing surgical risk-to-benefit ratios, and unmarried
patients should be offered additional support in the perioperative period. Clinicians
should continue to consider all potential sources of social support when evaluating

a patient for surgery.
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Table 1. Baseline characteristics of patients, hospitals, and surgeons

Factor

Unmarried
45564 (42.7%)

Married
61188 (57.3%)

Standardized
Difference t

Patients Characteristics
age, mean (SD)
Gender
Male
Female
Race
White
Non-white
Obesity
No
Yes
Urban or Rural
Rural
Urban
Smoking
No
Yes
Charlson Index Category
0-2
3-4
5+
Hypertension
No
Yes
Diabetes
No
Yes
Chronic Kidney Disease
No
Yes
Coronary Artery Disease
No
Yes
Congestive Heart Failure
No
Yes
Chronic Obstructive
Pulmonary Disease
No
Yes
Peripheral Vascular
Disease
No

61.4 (13.8)

22646 (49.7%)
22918 (50.3%)

29505 (64.8%)
16059 (35.2%)

37873 (83.1%)
7691 (16.9%)

3127 (6.9%)
42437 (93.1%)

29927 (65.7%)
15637 (34.3%)

23686 (52.0%)
13236 (29.0%)
8642 (19.0%)

22532 (49.5%)
23032 (50.5%)

34505 (75.7%)
11059 (24.3%)

39267 (86.2%)
6297 (13.8%)

39590 (86.9%)
5974 (13.1%)

42784 (93.9%)
2780 (6.1%)

37702 (82.7%)
7862 (17.3%)

43578 (95.6%)
21

62.0 (12.0)

39949 (65.3%)
21239 (34.7%)

48388 (79.1%)
12800 (20.9%)

51516 (84.2%)
9672 (15.8%)

4863 (7.9%)
56325 (92.1%)

42445 (69.4%)
18743 (30.6%)

34168 (55.8%)
16835 (27.5%)
10185 (16.6%)

29527 (48.3%)
31661 (51.7%)

47072 (76.9%)
14116 (23.1%)

54170 (88.5%)
7018 (11.5%)

52656 (86.1%)
8532 (13.9%)

58267 (95.2%)
2921 (4.8%)

52809 (86.3%)
8379 (13.7%)

58767 (96.0%)

0.04
0.32

0.32

0.03

0.04

0.08

0.08

0.02

0.03

0.07

0.02

0.06

0.10

0.02



Yes
Metastasis
No
Yes
Insurance
Medicare
Medicaid
Managed Care
Commercial Insurance
Other Insurance
Hospital and Surgery
Characteristics
Region
Midwest
Northeast
South
West
Hospital Beds Volume
< 200
200-299
300-399
400-499
=500
Teaching Hospital
No
Yes
Hospital Volume
Q1
Q2
Q3
Q4
Surgeon Volume
Q1
Q2
Q3
Q4
Operation Time(h),
median (IQR)
Operation Type
Open
Minimally Invasive
Nephrectomy Type
Radical
Partial

1986 (4.4%)

45078 (98.9%)
486 (1.1%)

42771 (93.9%)
2793 (6.1%)
22178 (48.7%)
4464 (9.8%)
13115 (28.8%)

8774 (19.3%)
9226 (20.2%)
19689 (43.2%)
7875 (17.3%)

4468 (9.8%)
5970 (13.1%)
7436 (16.3%)
6797 (14.9%)
20893 (45.9%)

20682 (45.4%)
24882 (54.6%)

11614 (25.5%)
10857 (23.8%)
10711 (23.5%)
12382 (27.2%)

11792 (25.9%)
10709 (23.5%)
10647 (23.4%)
12416 (27.2%)
3.8 (2.9, 5.0)

22178 (48.7%)
18946 (41.6%)

30949 (67.9%)
14615 (32.1%)

2421 (4.0%)

60473 (98.8%)
715 (1.2%)

57324 (93.7%)
3864 (6.3%)
26592 (43.5%)
2122 (3.5%)
23846 (39.0%)

11708 (19.1%)
10585 (17.3%)
28805 (47.1%)
10090 (16.5%)

6259 (10.2%)
8384 (13.7%)
11486 (18.8%)
8610 (14.1%)
26449 (43.2%)

29738 (48.6%)
31450 (51.4%)

14964 (24.5%)
15620 (25.5%)
15842 (25.9%)
14762 (24.1%)

15570 (25.4%)
15154 (24.8%)
15424 (25.2%)
15040 (24.6%)
3.8 (2.9, 5.1)

26592 (43.5%)
28021 (45.8%)

40059 (65.5%)
21129 (34.5%)

0.01

0.14

0.02

0.05

0.06

0.02

0.02

0.01

0.09

0.05

1 Standardized difference greater than 0.1 indicates an imbalance
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Table 2. Adjusted OR and 95% ClI for different complications

OR 95% CI P value
Minor complications 0.97 0.94-0.99 0.04
Non-fetal major complications 0.90 0.84-0.95 <0.01
Mortality 0.94 0.81-1.10 0.45
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Figure 1. Consort Diagram
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Figure 2. Subgroup analysis for surgical approach (open versus minimally invasive
surgery) and type of surgery (radical nephrectomy versus partial nephrectomy) for

the association of marital status with 90-day minor and major complications.
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Figure 3. Analysis of postoperative complications categorized by clinical systems.
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Figure 4. The effect of age on the marital status and postoperative discharge

home.
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Supplemental table ICD-9 and ICD-10 codes for extracting the kidney surgery

cohort

ICD-9 codes

ICD-10 codes

Procedure codes

55.51, 55.52, 55.53, 55.54

0TTO00ZZ, 0TT10ZZ, 0TT04Z2Z,
0TT14ZZ, 0TB00ZZ, 0TB10ZZ,
0TB03ZZ, 0TB13ZZ, 0TB04ZZ,
0TB14ZZ,0TB07ZZ, 0TB17ZZ,
0TB08ZZ, 0TB18ZZ

Diagnosis codes

223.0, 223.1, 189.0,
189.8, 189.9, 198.0,
198.1, 236.91, 239.5,
593.2, 593.9, 753.10,
753.11, 753.19

C64.1, C64.2, C64.9, C79.0,
N28.1, Q61.00, Q61.01, Q61.02,
N28.89, D30.00, D30.01, D30.02,
D41.00, D41.01, D41.02,
D49.511, D49.512, D49.519,
D49.59
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Abstract

Objective: Commonly held belief that antithrombotic drugs will increase bleeding;
partial nephrectomy (PN) is a high-risk bleeding operation. Although whether
perioperative period oral antiplatelet (AP) and anticoagulant (AC) drugs use can
lead to bleeding in PN is controversial, in some cases, we do not have the choice
to stop the AP/AC drugs. Therefore, this study analyzes the association between
oral AP/AC use and bleeding complications in partial nephrectomy in a large

cohort.

Methods: Using the Premier Hospital Database, we performed a retrospective
cohort study of patients undergoing partial nephrectomy to manage kidney cancer
and renal masses from 2003 to 2020. The study cohort was limited to adult
patients undergoing elective surgery. Using administrative codes and billing, we
assessed for an association between AP/AC drug use and bleeding complication
using mixed-effects multiple logistic regression models controlling for a wide range
of clinical-demographic, surgical, and hospital factors. The primary outcome was
bleeding within 90 days in or after surgery. Secondary outcomes were mortality

rate 90 days after surgery and length of hospital stay.

Results: The study cohort comprised 48,112 partial nephrectomy patients, of
which 10.9% had bleeding complications. Mixed-effects multivariable logistic
regression models revealed that AP was associated with 31% increased odds for
bleeding (OR 1.31; 95% CI: 1.15-1.49; p<0.01) and AC was associated with 2.25
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times odds for bleeding compared with none users (OR 2.25; 95% CI: 1.85-2.74;
p<0.01), AP and AC combination group was associated with the most bleeding risk

(OR 3.09; 95% CI: 2.q4-4.74; p<0.01).

Conclusion: AC/AP use is associated with a significant increase in bleeding
complications following partial nephrectomy surgery; Compared with AP, AC
induces more probability of bleeding; AP and AC combination lead to even more

bleeding risk.
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Introduction:

Antithrombotic drugs represent antiplatelets (AP) and anticoagulants (AC),
commonly used to prevent thromboembolic events such as myocardial infarction
and stroke. But In addition to the therapeutic effect, antithrombotic drugs will
increase bleeding risk(7). Widely held belief that antithrombotic drugs for those
who underwent surgery will increase the bleeding risk. In some cases, surgeons do
not have the choice to stop the AP/AC drugs, especially for those who have a high
risk of acute coronary syndrome (ACS) or stroke (8). Past studies reported at least
one-third of noncardiac surgery patients received perioperative aspirin(18) of the
long-term antithrombotic drug users due to atrial fibrillation (19, 20).

Partial nephrectomy (PN) has become a safe, minimally invasive gold standard
treatment for T1 stage renal cell carcinoma(21), but PN is a high-risk bleeding
operation. Whether perioperative period oral AP and AC drugs used for partial
nephrectomy can lead to bleeding or not is still in controversy, some researchers
found continuous antiplatelet drug use could increase bleeding following partial
nephrectomy(22). In contrast, other studies do not(23, 24)—the same dispute
regarding the AC drug use(25, 26). The lack of consistency may be attributed to

the limited sample size and bias introduced to these studies.

To answer whether perioperative oral AP/AC use could increase bleeding
complications in partial nephrectomy or not, we conducted this retrospective study

in a large cohort.

Methods
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Data source and study cohort

We conducted a retrospective cohort study using the Premier Healthcare Database
(PHD, Premier Inc., Charlotte, NC), an extensive, US hospital-based, all-payer
database representing approximately 20% of annual United States inpatient
discharges at both community academic centers (12). The International
Classification of Diseases, ninth revision (ICD-9), and tenth revision (ICD-10)
procedure codes were used to identify patients who had undergone elective partial
nephrectomy surgery between the 18 years of study from 2003 to 2020. The cohort
was then restricted based on appropriate ICD-9 and ICD-10 diagnosis codes to
ensure that surgery was performed for a kidney mass. The study cohort was also
limited to adult patients (age >18 years), "elective" cases based on administrative
codes, as well as surgery on hospital day one to minimize outlier patients who
could skew the surgical outcomes. Our final analytic cohort consisted of 48,112

participants (Figure 1).

Demographic and clinical characteristics of the study cohort

We extracted demographic information from administrative data included in the
PHD, including age, gender, race, marital status, insurance status, etc. Clinical
information was derived from ICD-9 and ICD-10 codes and used to calculate the
Charlson comorbidity index, as previously described (12), segregated into 1-2, 3-4,
and 5 greater. The antithrombotic drug use and surgical characteristics, including
the surgical approach (open vs. minimally invasive) and operating time, were

derived from reviewing the Chargemaster data in the PHD.
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Outcomes

The primary outcome of this study was 90-day clinically significant intraoperative
and postoperative bleeding (ICD codes in supplementary table1). The secondary
outcome is the mortality rate within 90 days post-surgery and length of stay in
hospital—a subgroup analysis using red blood cell transfusion on top of bleeding

as three categories of the outcome.

Statistical Analysis

Categorical data were compared using the Chi-squared test. Normally distributed
continuous data between AP/AC drug user and non-user groups were compared
using the ANOVA test. Non-normally distributed continuous data were compared
using the Kruskal-Wallis test. A mixed-effects multivariable logistic regression
model was used for the primary outcome and mortality rate to adjust for
confounding variables chosen based on literature reports and stepwise variable
selection, which include age, gender, Charlson Comorbidity Index categories,
patients' comorbidities (myocardial infarction, renal disease, moderate to severe
liver disease, venous thromboembolism comorbidities), heparin use (bridge drug),
operation time, surgeon volume per year, hospital beds volume categories
(quartiles), hospital type (academic hospital or not). The random intercept was
used to account for within surgeon and hospital correlation. A mixed-effects
multivariable multinomial logistic regression model was used for the ordinal
bleeding with/without transfusion outcomes, for the proportional odds assumption
was violated. In addition, the mixed-effects linear regression model was also used
for the log-transformed length of stay by adjusting for confounders. Finally,
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propensity score-adjusted in the regression model and inverse probability
weighting method was used as a sensitivity analysis. We used the same variables
as the regression model to generate the propensity score. Due to the small
proportion of missing data, we used the complete case analysis. Statistical
analyses were conducted using Stata 17.0/BE (Stata Corp LLC, College Station,
TX, USA). All p-values were reported as two-sided, and statistical significance was

set to p<0.05.

Results

A total of 26,670,410 patients were in this dataset. Finally, after restricting the
population according to the inclusion criteria, 48,112 patients were included in the
final cohort. Of these patients, 45,136 (93.81%) were non-oral AP/AC drug users,
2,226 (4.63%) were oral AP only users, and 619 (1.29%) were oral AC only users,
131 (0.27%) were oral AP+AC users. The baseline characteristics were
unbalanced, which are shown in Table 1. The AP/AC group was older and had
more males and comorbidities, such as a history of myocardial infarction and
venous thromboembolism. Most oral anticoagulant drugs were warfarin (70.4%),

and most oral antiplatelet drugs were aspirin (89.82%).

Our results showed that AP/AC use had a higher likelihood of clinically significant
bleeding within or after surgery in 90 days. The univariable analysis showed the
unadjusted odds ratio (OR) of AP only group was 1.91 (95%CI 1.70-2.16, p<0.01),
AC only group was 3.68 (95%CI 3.06-4.44, p<0.01), AP+AC group was 5.66
(95%CI 3.87-8.28, p<0.01) compared with a non-drug user group. After adjusting
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for age, gender, Charlson Comorbidity Index categories, myocardial infarction,
renal disease, moderate to severe liver disease, venous thromboembolism
comorbidities, heparin use (bridge drug), operation time, surgeon volume per year,
hospital beds volume categories, academic hospital or not. The adjusted OR of AP
only group is 1.31 (95%CI 1.15-1.49, p<0.01), and AC only group is 2.25 (95%CI
1.85-2.74, p<0.01), the AP+AC group is 3.09 (95%CI 2.07-4.60, p<0.01).
Propensity score as a covariant and inverse probability weighting (IPW) was also
used for sensitivity analysis. The results are shown in Table 2, which gave not the

same but very similar results as the multivariable regression model.

We also used RBC transfusion on top of bleeding as an ordinal outcome. We
found that AP/AC use would increase moderate and severe bleeding. Oral AC drug
users had more moderate or severe bleeding probability than oral AP users.
AC+AP combination increased the bleeding risk even more. There were no
synergy effects between oral AC and AP drug users for bleeding complications

(table 3).

An effect modification of oral AP drug use and Myocardial infarction (MI) history
was detected, which is shown in Figure 2. The OR of oral AP drug users with Ml
history patients was 1.84 (95%Cl 1.47-2.30 p = 0.01), and the OR of oral AP drug
users without MI history patients was 1.21 (95%CI 1.04-1.41 p < 0.01), which
indicated oral AP drugs induced more bleeding risk in MI patients than non-MI

patients.
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The mortality rate between different groups was not statistically significant after
adjusting for various lists of confounders. The OR of the AP only group was 1.14
(95%CI 0.76-1.73, p=0.53), and the OR of the AC only group was 1.05 (95%ClI
0.50-2.19, p=0.90), the OR of AC+AP group was 0.94 (95%CI 0.22-4.01, p=0.93).
The AP only group increased by 13% lengths of hospital stay time compared to
non-users. The mean length of stay ratio was 1.13 (95%Cl 1.11-1.16, p<0.01). The
AC only group increased 64% the length of hospital stay time, and the ratio was
1.64 (95%Cl 1.58-1.70, p<0.01). And the mean length of hospital stays in the
AP+AC combination group was even more than two times that of non-users; the

ratio was 2.14 (95%CI 1.98-2.33, p<0.01).

The relationship between surgeon volume and bleeding risk was not linear but
presented as a "J" shape (Figure 3). As the surgeon volume increased, the
bleeding risk decreased. More than 33 cases/year for PN surgeons entered a

plateau phase and slightly increased the bleeding risk.

Discussion

Our results showed that perioperative oral AP drugs increased 22% higher odds of
bleeding than non-drug users. The use of oral AC drugs increased 96% higher
odds, and the combination of AC and AP combinations increased the bleeding risk
even more after PN surgery. A sensitivity analysis using propensity score and

inverse probability weighting also provided consistent results.

These results are very similar to the results of the POISE-2 study(27). In this
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Randomized study, the aspirin use group increased 37% more hazard of major
bleeding compared with the placebo group 30 days after surgery. Based on their
data, we can calculate that the OR of the aspirin group versus the control group is
1.24 (95%Cl 1.01-1.52, p = 0.03). Another retrospective study also found
continuous AP use was associated with bleeding within 30 days of surgery; the OR
of bleeding for AP use was 2.19 compared with non-users (22). In the subgroup
analysis, the aspirin users did not associate with bleeding, the estimate of bleeding
OR was 1.64 (95%CI 0.72-3.75). Considering the wide confidence interval, this can
be attributed to the underpowered limited sample size. Our results are consistent

with the two studies above.

There is no randomized trial comparing the oral AC use and placebo in bleeding
risk after surgery for the oral AC use drug use. However, a retrospective matched
cohort study showed oral AC users even had less intraoperative blood loss and
post hemoglobin change(25). This counterintuitive result is mainly due to the
selection bias and residual confounding, although the author had matched a
variety of confounders. In another study focused on AP/AC drug use in the robotic-
assisted partial nephrectomy, the author found AP/AC group had much higher
bleeding complications and transfusion rates than the control group(28). However,
the author only compared the AP/AC group with the non-drug use group, assuming
AC and AP had similar bleeding risks. These studies only compared oral AC or AP
use in a limited number of patients, but no studies compared AC and AP drug use
separately in a large cohort. Meanwhile, none of the retrospective studies have
adjusted for the perioperative bridging AC use, which is a strong confounder for
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bleeding. Based on the BRIDGE study, the long-term warfarin users with atrial
fibrillation, The OR of the Dalteparin bridging group is 1.94 (95%CI 1.49-2.53 p
<0.01) for minor bleeding and 2.53 (95%CI 1.23-5.47 p <0.01) for major bleeding
compared with a non-bridging group(29). Our study is the first large cohort study
that compares the AP/AC drug use in partial nephrectomy patients with sufficient

power and fully adjusting for confounding.

Our results present oral AC use would increase more bleeding risk than oral AP
use. Several randomized control trials (RCT) comparing AC and AP drugs did not
detect any difference in major bleeding risk between AP and AC groups(30, 31);
the reason is these trials were underpowered to detect the difference in the
bleeding events, which are not the primary endpoint in these studies, even though
the point estimate showed AC had more bleeding risk than AP group. A meta-
analysis that combined several RCT and cohort studies reported warfarin use
could lead to more risk of intracranial bleeding and any-severity bleeding than AP
in older patients with atrial fibrillation (32). Another meta-analysis also revealed
Intracranial or extracranial hemorrhage is more common with AC use than AP for
preventing stroke in patients with non-valvular atrial fibrillation and no history of

stroke or transient ischemic attacks (33).

Oral antiplatelet drugs inhibit the pathway of platelet aggregation, which can be
classified according to a different mechanism of action: nonsteroidal anti-
inflammatory drugs, P2Y 12 inhibitors, Glycoprotein IIB/IlIA inhibitors,
Phosphodiesterase inhibitors. Outside the platelets, anticoagulant drugs target the
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thrombin necessary for clot formation. The primary AC drugs are Vitamin K
antagonist (warfarin), direct oral anticoagulants (apixaban, rivaroxaban,
dabigatran, etc.), and injectable heparin. In theory, both AP and AC affect the
cascade of the thrombus formation. AP drugs block the pathway of platelet
activation, subsequent platelet aggregation, and granule release. AC drugs block
the coagulation cascade principally by tissue factor, thrombin generation, and
cross-linked fibrin formation (34). The platelet and coagulation cascade activation
are inseparable and present a mutually reinforcing effect on each other. So, the
combination of AP and AC drugs increases the bleeding risk even more due to the

additive effect on platelet function and coagulation cascade inactivation.

The effect modification for oral AP drug use in Ml patients can be explained by the
high prevalence of dual AP use in MI patients within 12 months after coronary stent
implantation via percutaneous coronary intervention (PCI) (8). Dual AP drug use
would significantly reduce the risk of stent thrombosis(35-38), but at the same time,
it increases bleeding risk dramatically. The POINT trial found that the HR of major
bleeding for dual AP and single AP groups is 2.32 (95%CI 1.10-4.87) in 90 days for
the population who had a history of stroke or TIA (39). The POPular-TAVI trial also
found that dual AP use will increase both the all-bleeding risk and non-procedure-
related bleeding risk; the risk ratio of single AP and dual AP for all bleeding is 0.57
(95%CI 0.42-0.77) for Non-procedure-related bleeding is 0.61 (95% 0.44-0.83),
respectively (40). So, the high prevalence of dual AP use in M| patients may
explain why oral AP use can lead to higher bleeding risk in M| patients than in non-
MI patients.
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Although oral AC/AP use increases the bleeding risk, it does not change the
mortality rate 90 days post-surgery. Meanwhile, AC/AP use can prolong hospital

stay length, mainly might attribute to postoperative bleeding complications.

Our result also showed that the bleeding complication decreased as the surgeon
volume increased. Surgeons will enter a plateau phase after more than 33
cases/year. As the surgeon's volume accumulates, the surgeon's skill will mature
to decrease both the bleeding risk and the surgery time. But after beyond the
threshold, the surgeon may tend to challenge more complicated cases such as T2
stage tumors or renal hilum tumors, etc., which would increase the bleeding risk
slightly. According to our results, if a surgeon has more than 30-35 PN cases per
year, they can be categorized as a high-volume surgeon. Although the surgeon
volume is based on "between" different surgeon evaluations, we can also use it to
estimate the "within" surgeon learning curve and conclude that after 30-35 cases,
surgeons' skills can navigate the learning curve to a mature, stable level for the

nephron-sparing surgery.

Despite all the above advantages, our results are not without limitations. Firstly,

we don't have the preadmission data to distinguish those patients as continuous
AP/AC drug users from discontinued users. So, our final estimates are a weighted
average of these two populations. In theory, continuous AP/AC drug users have
more bleeding risk than discontinued users, especially in high-risk bleeding

surgeries. However, the STRATEGEM study didn't find continuous aspirin use
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results in more major bleeding than discontinued users for the noncardiac
surgery(41), so our assumption is reasonable. Secondly, some confounders are
not available in this dataset, such as surgery complexity data like the R.E.N.A.L
score. However, we use the operation time as a surrogate of surgery complexity.
Meanwhile, we did several subgroup and sensitivity analyses, which gave us
similar results, proving our results were robust. Thirdly, our study combined
different AC or AP drugs into one category, which assumes that other AP/AC drugs
will lead to similar bleeding effects. Although, as we know, different kinds of AP/AC
drugs have various bleeding risks. The AUGUSTUS trial compared long-term use
of oral vitamin K antagonist versus apixaban in atrial fibrillation patients. The
hazard ratio of major bleeding in 6 months for apixaban vs. vitamin K antagonist is
0.69 (95%CI 0.58-0.81), which indicates warfarin has a higher bleeding risk than
direct oral anticoagulants (DOAC)(7). And different AP drug has various bleeding
risks as well; even prasugrel and clopidogrel all belong to the P2Y12 inhibitors.
The RCT trial found that prasugrel has more risk than clopidogrel in major and life-
threatening bleeding (42). In our study, most oral AC drugs are warfarin (70.4%),
and the majority of oral AP drugs are aspirin (89.82%). Due to the small proportion
of other AP/AC drugs, the combined calculation is reasonable and can increase
the detection power.

Despite these limitations, this study is the first large cohort study that provided
important information about the perioperative oral AP and AC users in decision
marking before nephron-sparing surgery. As a result, a balance between reducing
the risk of thromboembolism and preventing excessive bleeding should be reached
for each patient. The use of perioperative anticoagulants should be specified jointly
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by urologists and other specialists such as cardiologists according to the patient's
specific situation, especially for patients with a history of myocaridac infarction, the

use of perioperative drugs is particularly important.

Conclusion

oral AP and AC were associated with a significant increase in bleeding
complications following partial nephrectomy surgery. Compared with AP, AC drug
use induced more probability of bleeding. AP and AC combination led to even

more bleeding risk.
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Table 1 Comparison of preoperative characteristics

None AP only AC only AP + AC P-value
45136 2226 619 131
AC drugs categories -
Warfarin (Coumadin) - - 438 (70.8%) 90 (68.7%)
Apixaban (Eliquis) - - 101 (16.3%) 24 (18.3%)
Rivaroxaban (Xarelto) - - 63 (10.2%) 14 (10.7%)
Dabigatran (Pradaxa) - - 17 (2.7%) 3 (2.3%)
AP drugs categories -
) 2000 i 117
Aspirin (89.8%) (89.3%)
Dipyridamole (Persantine) - 1 (<1%) - 0 (0.0%)
Dipyridamole/Aspirin - 12 (0.5%) - 0 (0.0%)
Ticlopidine (Ticlid) - 2 (0.1%) - 0 (0.0%)
Ticagrelor (Brilinta) - 16 (0.7%) - 1 (0.8%)
Prasugrel (Effient) - 9 (0.4%) - 0 (0.0%)
Clopidogrel (Plavix) - 154 (6.9%) - 11 (8.4%)
Cilostazol (Pletal) - 32 (1.4%) - 2 (1.5%)
Age, mean (SD) 59.4 (12.3) 66.3 (9.4) 67.0(10.6) 67.9(9.4) <0.01
Gender <0.01
26152 1548
Male (57.9%) (69.5%) 410 (66.2%) 94 (71.8%)
18984
Female (42.1%) 678 (30.5%) 209 (33.8%) 37 (28.2%)
Race <0.01
32073 1634 100
White (71.1%) (73.4%) 479 (77.4%) (76.3%)
13063
None-white (28.9%) 592 (26.6%) 140 (22.6%) 31 (23.7%)
Urban or Rural <0.01
Rural 2920 (6.5%) 221 (9.9%) 27 (4.4%) 13 (9.9%)
42216 2005 118
Urban (93.5%) (90.1%) 592 (95.6%) (90.1%)
Charlson Index Category <0.01
27241
0-2 (60.4%) 711 (31.9%) 224 (36.2%) 25 (19.1%)
12586
3-4 (27.9%) 821 (36.9%) 201 (32.5%) 37 (28.2%)
5309
5+ (11.8%) 694 (31.2%) 194 (31.3%) 69 (52.7%)
Myocardial infarction <0.01
43100 1690
No (95.5%) (75.9%) 568 (91.8%) 97 (74.0%)

44



Yes
Moderate to severe liver
disease

No
Yes
Chronic kidney disease

No

Yes
Venous thromboembolism

No
Yes
Tumor

No

Yes
Non-oral AC (1 or 0)

No

Yes
Insurance

Medicare
Medicaid

Managed Care

Commercial Insurance

Other Insurance
Operation Time(hour),
median (IQR)

Surgery type
Open surgery

Minimal Invisive Surgery
Surgeon voluem per year,
median (IQR)

Hospital Beds Volume

less than 200

2036 (4.5%)

44824
(99.3%)
312 (0.7%)

40532
(89.8%)
4604

(10.2%)

45042
(99.8%)

94 (0.2%)

11346
(25.1%)
33790
(74.9%)

29023
(64.3%)
16113
(35.7%)

17301
(38.3%)
3522 (7.8%)
17160
(38.0%)
4628
(10.3%)
2525 (5.6%)

4.1(3.2,5.8)

17873
(39.6%)
27263
(60.4%)
13.0 (6.0,
26.0)

4321 (9.6%)

536 (24.1%)

2211
(99.3%)
15 (0.7%)

1731
(77.8%)

495 (22.2%)

2221
(99.8%)

5 (0.2%)

471 (21.2%)
1755
(78.8%)

1080
(48.5%)
1146
(51.5%)

1297
(58.3%)

149 (6.7%)
549 (24.7%)

145 (6.5%)
86 (3.9%)

4.5 (3.4,6.0)

970 (43.6%)
1256
(56.4%)
12.0 (5.0,
25.0)

212 (9.5%)
45

51 (8.2%)

612 (98.9%)
7 (1.1%)

464 (75.0%)

155 (25.0%)

589 (95.2%)
30 (4.8%)

128 (20.7%)

491 (79.3%)

149 (24.1%)

470 (75.9%)

392 (63.3%)
27 (4.4%)

137 (22.1%)
48 (7.8%)
15 (2.4%)

4.5 (3.5,
6.5)

327 (52.8%)
292 (47.2%)

9.0 (4.0,
18.0)

46 (7.4%)

34 (26.0%)

129
(98.5%)
2 (1.5%)

79 (60.3%)

52 (39.7%)

127
(96.9%)

4 (3.1%)

24 (18.3%)
107
(81.7%)

24 (18.3%)
107
(81.7%)

87 (66.4%)
6 (4.6%)

30 (22.9%)
7 (5.3%)
1(0.8%)

4.5 (3.5,
6.2)

64 (48.9%)
67 (51.1%)

7.0 (2.0,
21.0)

10 (7.6%)

0.39

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01
<0.01

<0.01
0.02



5802

200-299 (12.9%) 264 (11.9%) 56 (9.0%) 13 (9.9%)
7222
300-399 (16.0%) 343 (15.4%) 104 (16.8%) 13 (9.9%)
6213
400-499 (13.8%) 328 (14.7%) 104 (16.8%) 22 (16.8%)
21578 1079
more than 500 (47.8%) (48.5%) 309 (49.9%) 73 (55.7%)
Teaching Hospital 0.01
18595
No (41.2%) 848 (38.1%) 237 (38.3%) 49 (37.4%)
26541 1378
Yes (58.8%) (61.9%) 382 (61.7%) 82 (62.6%)
Length of hospital stay 6.0 (4.0, 8.0 (5.0,
(days), median (IQR) 3.0(2.0,4.0) 3.0(2.0,5.0) 8.0) 13.0) <0.01
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Table 2 Different modeling for the primary outcome

Regression PS 1 IPW t
Variable Unadjusted OR
Adjusted OR Adjusted OR Adjusted OR

APonly 1.91(1.70-2.16) 1.31(1.15-1.49)  1.31 (1.15-1.49) 1.34 (1.13-1.60)
AConly 3.68(3.06-4.44) 2.25(1.85-2.74) 2.38(1.96-2.90) 2.55 (1.86-3.47)

AP +AC 5.6 (3.87-8.28) 3.09 (2.07-4.60) 3.18 (2.14-4.74) 4.24 (1.88-9.55)

T Propensity Score
T Inverse Probability Weighting
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Table 3 Multivariable multinomial logistic regression results for the categorical

bleeding outcomes

Variable

Bleeding without transfusion

Adjusted OR

p-value

Bleeding with transfusion

Adjusted OR p-value

AP only

AC only

AP + AC

1.22 (1.04-1.42)

1.96 (1.54-2.49)

2.34 (1.42-3.85)

0.01

<0.01

<0.01

1.52 (1.25-1.86)  <0.01
3.01(2.28-3.98)  <0.01

4.27 (2.56-7.11)  <0.01
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Figure 1. Consort Diagram
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Figure 2. Effect modification between AP/AC use and Myocardial Infarction history

on bleeding
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Figure 3. The relationship between surgeon volume and bleeding risk after

adjusting for confounders

12 -

&
2 10
-
®
o]
o
o
[@)) |
£ 8
©
3 I
. :
6 |
1
1
1
1
' :

0 50 100 150
Surgeon volume (cases/year)

51



Supplementary table 1 ICD codes for bleeding

ICD Code ICD Description
ICD9 | 285.1 Acute posthemorrhagic anemia

531.00 Acute gastric ulcer with hemorrhage, without mention of obstruction

531.20 Acute gastric ulcer with hemorrhage and perforation, without mention of
obstruction

532.00 Acute duodenal ulcer with hemorrhage, without mention of obstruction

532.20 Acute duodenal ulcer with hemorrhage and perforation, without mention of
obstruction

533.00 Acute peptic ulcer of unspecified site with hemorrhage, without mention of
obstruction

533.20 Acute peptic ulcer of unspecified site with hemorrhage and perforation,
without mention of obstruction

534.00 Acute gastrojejunal ulcer with hemorrhage, without mention of obstruction

534.20 Acute gastrojejunal ulcer with hemorrhage and perforation, without
mention of obstruction

535.01 Acute gastritis, with hemorrhage

569.3 Hemorrhage of rectum and anus

568.81 Hemoperitoneum (nontraumatic)

578.0 Hematemesis

578.1 Blood in stool

578.9 Hemorrhage of gastrointestinal tract, unspecified

459.0 Hemorrhage, unspecified

Vv58.2 Blood transfusion, without reported diagnosis

998.11 Hemorrhage complicating a procedure

998.12 Hematoma complicating a procedure

ICD10 | D62 Acute posthaemorrhagic anaemia

D68.3 Haemorrhagic disorder due to circulating anticoagulants

K25.0 Gastric ulcer: Acute with haemorrhage

K25.2 Gastric ulcer: Acute with both haemorrhage and perforation

K26.0 Duodenal ulcer: Acute with haemorrhage

K26.2 Duodenal ulcer: Acute with both haemorrhage and perforation

K27.0 Peptic ulcer, site unspecified: Acute with haemorrhage

K27.2 Peptic ulcer, site unspecified: Acute with both haemorrhage and
perforation

K28.0 Gastrojejunal ulcer: Acute with haemorrhage

K28.2 Gastrojejunal ulcer: Acute with both haemorrhage and perforation

K29.01 Acute gastritis with bleeding

K62.5 Haemorrhage of anus and rectum

K66.1 Haemoperitoneum

K92.0 Haematemesis

K92.1 Melaena

K92.2 Gastrointestinal haemorrhage, unspecified

R58 Haemorrhage, not elsewhere classified

L76.22 Postprocedural hemorrhage of skin and subcutaneous tissue following

other procedure
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L76.32

M96.831

M96.841

N99.61

N99.820

N99.840

197.42

197.52

197.62

197.620

197.621

Postprocedural hematoma of skin and subcutaneous tissue following
other procedure

Postprocedural hemorrhage of a musculoskeletal structure following other
procedure

Postprocedural hematoma of a musculoskeletal structure following other
procedure

Intraoperative hemorrhage and hematoma of a genitourinary system
organ or structure complicating a genitourinary system procedure
Postprocedural hemorrhage of a genitourinary system organ or structure
following a genitourinary system procedure

Postprocedural hematoma of a genitourinary system organ or structure
following a genitourinary system procedure

Intraoperative hemorrhage and hematoma of a circulatory system organ
or structure complicating other procedure

Accidental puncture and laceration of a circulatory system organ or
structure during other procedure

Postprocedural hemorrhage, hematoma and seroma of a circulatory
system organ or structure following other procedure

Postprocedural hemorrhage of a circulatory system organ or structure
following other procedure

Postprocedural hematoma of a circulatory system organ or structure
following other procedure

53




Summary of Results and Conclusions

This body of work focuses on two predictors of nephrectomy and surgery
complications. We invest the association between marital status and different
nephrectomy complication categories in the first one. We explore the association
between antithrombotic drug use (antiplatelet/anticoagulants) and partial
within/post nephrectomy bleeding risk for the second project.

In project 1, we found marriage was associated with a lower incidence of
minor and major 90-day complications in patients undergoing kidney cancer
surgery. While marriage can be a strong source of social support, its impact may
not be substantial enough to impact overall mortality. Marital status as a measure
of general social support should be considered when assessing surgical risk-to-
benefit ratios, and unmarried patients should be offered additional support in the
perioperative period. Marriage was also associated with discharge home rate, and
age is an effect modifier. Clinicians should continue to consider all potential
sources of social support when evaluating a patient for surgery.

Following project 2, we also observed AC/AP use was associated with a
significant increase in bleeding complications following partial nephrectomy
surgery; Compared with AP, AC induced more probability of bleeding; AP and AC
combination led to even more bleeding risk. An effect modification was found
between the AP use and bleeding risk by MI history, which can be explained by the
high prevalence of dual antiplatelet drugs in Ml patients. We also find a "J" shape
relationship between surgeon volume and bleeding risk. As the surgeon volume
increased, the bleeding complication decreased. In more than 30-35 cases/year,
surgeons enter a plateau phase.
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Discussion and perspectives

Our study is the first most extensive cohort study to test the association
between nephrectomy complications and related risk factors. Our results are close
to both RCT trials and retrospective cohort studies(22, 25, 27). Compared with the
randomized trials, our study focuses on the partial/radical nephrectomy population
instead of different kinds of surgeries. To our knowledge, this is the largest cohort
study focusing on two different clinical questions. There are only several reports
with limited patient numbers for the marital status and nephrectomy complication
project. Besides, it is not feasible to conduct a randomized control trial on marital
status. Although several randomized trials for the antithrombotic drug use and
bleeding risk project, the bleeding risk is not considered a primary outcome but the
safety outcome that is underpowered to detect the difference. Our results are very
similar to the meta-analysis focusing on the bleeding risk (32, 33). Also, our
sensitivity analysis and subgroup analysis provide consistent results which prove
the robustness and reliability.

There are, of course, several limitations to this study. First, this is a
retrospective cohort study based on administrative data with inherent biases and a
lack of control of unmeasured confounders; however, it is not feasible to conduct a
prospective controlled trial for a demographic characteristic such as marital status.
Besides, it is unethical to conduct a placebo-controlled trial in partial nephrectomy
patients. Second, the PHD dataset does not capture tumor characteristics, which
precludes adjustment for tumor complexity in our analysis. However, we use the
operation time as a surrogate of surgery complexity. Meanwhile, our findings were
consistent even in the subgroup and sensitivity analyses, suggesting that our
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conclusions were robust.

Our work reflects a deep understanding of potential predictors and surgery
complications in nephrectomy patients. It will benefit both the patients and the
surgeons in the decision-making process. Improve treatment measures and
provide corresponding treatment countermeasures to prevent related

complications.
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