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Introduction: We examine the incidence and predictors
of readmission after major urologic cancer surgery using
a national, prospective-maintained database specifically
developed to assess quality of surgical care.

Materials and methods: Patients undergoing major
urologic cancer surgery (radical prostatectomy [RP],
radical nephrectomy [RNx], partial nephrectomy [PNx]),
radical cystectomy [RC]) in 2011 were identified using
the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) using
Current Procedural Terminology (CPT) codes. Those
readmitted within 30 days after surgery were identified.
Multivariable logistic regression models examined the
association between patient characteristics and the odds
of readmission.

Results: Overall, we identified 5356 RP, 1301 RNx,
918 PNx and 623 RC patients, of which 206 (3.8%), 533

(6.8%), 348 (6.3%) and 129 (20.7%) were readmitted
within 30 days respectively. Independent predictors of
readmission for RP included age (Odds Ratio [OR]: 1.02,
p = 0.02), American Society of Anesthesiology (ASA)
score 3-5 (versus 1-2, OR: 1.35, p = 0.04), smoking
status (OR: 1.53, p = 0.04), and the occurrence of wound
complications (OR: 9.31, p < 0.001), thromboembolic (OR:
14.7, p < 0.001), and renal failure (OR: 1.62, p = 0.01)
complications during the index hospitalization. For
RC patients, the only predictor of readmission was age
(OR: 0.98, p = 0.04). Predictors of readmission for
RNx included higher ASA score (OR: 1.77, p = 0.03),
and the presence of any complications during the index
hospitalization (OR: 2.21, p = 0.03).

Conclusions: Several patient characteristics have a
significant impact on the risk of 30 day readmission after
major urologic cancer surgery. Our data suggests that
improving prevention and management of complications
during the index hospitalization may lead to a substantial
decrease in readmission rates.
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Introduction

In recent years, health policymakers and legislators
have developed numerous initiatives to reduce hospital
readmissions as a means of lowering health expenditures
and, more importantly, improving quality-of-care.'? In
2012, the Center for Medicare and Medicaid Services
(CMS) initiated the Hospital Readmissions Reduction
Program, reducing overall hospital reimbursements to
hospitals with above-average risk-adjusted readmission
rates for several medical conditions, such as congestive
heart failure and pneumonia. Moreover, there are plans
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to expand covered conditions and increase penalties
by 2014.3* As such, several studies have attempted
to identify predictors of readmissions, which in turn
would allow targeted preventive measures for high
risk patients.>* However, such efforts have been
mainly limited to medical and non-urological surgical
conditions,*® and relatively few studies evaluated the
risk of readmissions after major urologic surgery. This
is exceptionally relevant for major urologic cancer
procedures such as radical prostatectomy (RP), radical
nephrectomy (RNx), partial nephrectomy (PNx), and
radical cystectomy (RC), which are associated with
substantial postoperative morbidity, and thus represent
potential areas for substantial quality improvement in
urological care.”*

Considering the paucity of data, we sought to assess
the rates and predictors of readmissions after major
urologic cancer procedures using the American College
of Surgeons National Surgical Quality Improvement
Program (ACSNSQIP), alarge prospectively-maintained
surgical outcomes program that was specifically
developed to assess the quality of surgical care, and
prospectively collects perioperative data on preoperative
risk factors, intraoperative variables, and 30 day
postoperative morbidity for patients undergoing major
surgical procedures in the United States.”

Materials and methods

Data source

The ACS NSQIP collects a sample of risk-adjusted
surgical patient data from member hospitals to facilitate
the assessment of outcome measures after surgery.
Trained Surgical Clinical Reviewers prospectively collect
data in a standardized format from clinical records.”
Validated data from patients’ medical charts allows
quantification of 30 day risk-adjusted surgical outcomes,
including post-discharge information. Researchers are
able to use de-identified data from the Participant Use
File released by the ACS NSQIP. We utilized the 2011
Participant User File containing data from over 315
participating sites with more than 442,149 cases.

Study population

Using Current Procedural Terminology (CPT) codes,
we identified patients who underwent major urologic
cancer surgery. Overall, there were a total of 10,298
patients who underwent RP (CPT codes: 55821; 55801;
55810; 55812; 55815; 55831; 55840; 55842; 55845; 55866),
RNx (CPT codes: 50220-50236; 50545; 50546; 50548),
PNx (CPT codes: 50240; 50543) and RC (CPT codes:
51590; 51595; 51596), during 2011. Extraction was
limited to patients with a postoperative diagnosis of
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prostate cancer (International Classification of Disease
9t edition [ICD-9]: 185), and kidney cancer (ICD-9: 189),
and bladder cancer (ICD-9: 188). This resulted in a final
cohort of 8198 patients.

Covariates and outcomes

For each patient, data on age at surgery, gender (male,
female), race (White, Other), American Society of
Anesthesiology (ASA) physical status (1-2, 3-5), body
mass index (BMI) (< 25, 25-30, > 30), smoking status
(non-smoker, current smoker), alcohol use (< 2 or 2
2 drinks/day), preoperative comorbidities (diabetes
mellitus, hypertension, cardiovascular disease, other),
and postoperative complications that occurred during
the index hospitalization (urinary tract infection [UTI],
wound, cardiovascular, pulmonary, thromboembolic,
renal failure, sepsis/shock) were collected. For
patients treated with RC, the type of urinary diversion
(continent diversion versus incontinent ileal conduit)
was identified. The type of surgery was categorized in
open versus minimally invasive. The primary outcome
was the occurrence of readmission within 30 days
after surgery, which was defined dichotomously and
reported by participants to the NSQIP for procedures
beginning January 2011.

Statistical analyses

Descriptive statistics of categorical variables focused
on frequencies and proportions. Means, medians and
interquartile ranges were reported for continuously
coded variables. The chi-square and t-tests were used
to compare proportions and medians, respectively.

Subsequently, multivariable logistic regression
models were used to examine the association between
preoperative covariates and the odds of 30 day
readmission. Covariates consisted of age, gender (not
for RP), race, ASA score, BMI, smoking status, type
of urinary diversion (for RC), and type of surgical
approach (open versus minimally invasive, not for
RC). For RP, we also adjusted for the presence of each
postoperative complication during the index admission.
For the other three procedures (RNx, PNx and RC), due
to the smaller number of readmission and complication
events, we grouped all postoperative complications and
adjusted for the presence of any complications.

As previously described, 30 day readmission is
captured by NSQIP from the day of operation, not the
day of discharge, inadvertently leading to immortal
person-time bias where patients are not at risk of
readmission (“immortal”) until discharge.* Including
immortal person-time equal to postoperative length of
stay can underestimate the true 30 day post-discharge
readmission rate. To circumvent this potential bias, we
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performed sensitivity analyses by excluding patients
with a length of stay of over 14 days (n = 175), allowing
most 30 day post-discharge readmissions to accrue,
especially when most readmissions have been shown
to occur in the 1% week post-discharge.'

All statistical analyses were performed using the
R statistical package (R Foundation for Statistical
Computing, Vienna, Austria), with a two-sided
significance level setat p < 0.05. An institutional review
board waiver was obtained prior to conducting this
study, in accordance with institutional regulation when
dealing with de-identified administrative data.

Results

Baseline characteristics
Overall, 5356 patients treated with RP, 1301 with RNx, 918
with PNx and 623 with RC during the year 2011 within
the NSQIP database were identified. Of these, 206 (3.8%),
533 (6.8%), 348 (6.3%) and 129 (20.7%) patients treated
with RP, RNx, PNx and RC experienced readmission after
surgery, respectively. Table 1a-1d depicts the baseline
characteristics of patients included in the study.
Among patients treated with RP, men who were
readmitted within 30 days postoperatively were

TABLE 1a. Baseline characteristics for 5356 patients treated with radical prostatectomy during 2011 in National
Surgical Quality Improvement Program (NSQIP) hospitals

Total Readmitted Not readmitted p value
(n = 5356) (n =206, 3.8%) (n = 5150, 96.2%)
Mean age at surgery (SD) 61.8 (7.2) 63.3(7.7) 61.8 (7.1) 0.003
Race, n (%) 0.60
White 4230 (79.0) 166 (80.6) 4064 (78.9)
Other 1126 (21.0) 40 (19.4) 1086 (21.1)
ASA score, n (%) 0.001
1-2 3554 (66.4) 113 (54.9) 3441 (66.8)
3-5 1802 (33.6) 93 (45.1) 1709 (33.2)
Body mass index (kg/m?), n (%) 0.06
<25 1133 (21.2) 47 (22.8) 1086 (21.1)
25-30 2473 (46.2) 79 (38.3) 2394 (46.5)
> 30 1750 (32.7) 80 (38.8) 1670 (32.4)
Smoking status, n (%) 0.03
Non smoker 4753 (88.7) 173 (84.0) 4580 (88.9)
Current smoker 603 (11.3) 33 (16.0) 570 (11.1)
Alcohol intake, n (%) 0.20
<2 drinks/day 5225 (97.6) 198 (96.1) 5027 (97.6)
> 2 drinks/day 131 (2.4) 8(3.9) 123 (2.4)
Preoperative comorbidities, n (%)
Diabetes mellitus 582 (10.9) 32 (15.5) 550 (10.7) 0.04
Hypertension 2692 (50.3) 124 (60.2) 2568 (49.9) 0.004
Cardiovascular disease 157 (2.9) 10 (4.9) 147 (2.9) 0.10
Other medical comorbidities 216 (4.0) 15 (7.3) 201 (3.9) 0.03
Minimally invasive surgery 4309 (80.5) 150 (72.8) 4159 (80.8) 0.01
Postoperative complications during hospitalization
Overall 104 (1.9) 28 (13.6) 76 (1.5) < 0.001
Urinary tract infection 10 (0.2) 1(0.5) 9(0.2) 0.30
Wound complications 57 (1.1) 17 (8.3) 40 (0.8) <0.001
Cardiovascular 8 (0.1) 2 (1.0) 6 (0.1) 0.03
Pulmonary 13 (0.2) 1(0.5) 12 (0.2) 0.40
Thromboembolic events 11 (0.2) 4(1.9) 7 (0.1) 0.001
Renal failure 19 (0.4) 5(2.4) 14 (0.3) 0.001
Sepsis/shock 16 (0.3) 3(1.5) 13 (0.3) 0.02
7539 © The Canadian Journal of Urology™,; 21(6); December 2014
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TABLE 1b. Baseline characteristics for 1301 patients treated with radical nephrectomy during 2011 in National

Surgical Quality Improvement Program (NSQIP) hospitals

Total
(n =1301)

Mean age at surgery (SD) 63.3 (12.3)
Gender, n (%)

Female 452 (34.8)

Male 849 (65.2)
Race, n (%)

White 1042 (80.1)

Other 259 (19.9)
ASA Score, n (%)

1-2 438 (33.7)

3-5 863 (66.3)
Body mass index (kg/m?), n (%)

<25 297 (22.8)

25-30 446 (34.3)

> 30 558 (42.9)
Smoking status, n (%)

Non smoker 1053 (80.9)

Current smoker 248 (19.1)
Alcohol intake, n (%)

< 2 drinks/day 1287 (98.9)

> 2 drinks/day 13 (1.1)
Preoperative comorbidities, n (%)

Diabetes mellitus 270 (20.8)

Hypertension 869 (66.8)

Cardiovascular disease 65 (5.0)

Other medical comorbidities 183 (14.1)
Minimally invasive surgery 777 (59.7)

Postoperative complications during hospitalization

Overall 92 (7.1)
Urinary tract infection 5(0.4)

Wound complications 27 (2.1)
Cardiovascular 15 (1.2)
Pulmonary 33 (2.5)
Thromboembolic events 13 (1.0)
Renal failure 26 (2.0)
Sepsis/shock 15 (1.2)

Readmitted Not readmitted p value
(n =87, 6.8%) (n = 1214, 93.2%)
63.9 (14.2) 63.3 (12.1) 0.20

0.70
32(36.8) 420 (34.6)
55 (63.2) 794 (65.4)

0.80
71 (81.6) 971 (80.0)
16 (18.4) 243 (20.0)

0.03
20 (23.0) 418 (34.4)
67 (77.0) 796 (65.6)

0.50
22 (25.3) 275 (22.7)
25 (28.7) 421 (34.7)
40 (46.0) 518 (42.7)

0.40
86 (85.1) 1201 (80.6)
1(14.9) 13 (19.4)

0.80
516 (98.9) 7206 (98.9)
6(1.1) 78 (1.1)
24 (27,6) 246 (20.3) 0.10
62 (71.3) 807 (66.5) 0.40
7(8.0) 58 (4.8) 0.20
13 (14.9) 170 (14.0) 0.70
51 (58.6) 726 (59.8) 0.60
12 (13.8) 80 (6.6) 0.02
1(1.1) 4(0.3) 0.30
4 (4.6) 23 (1.9) 0.10
3(34) 12 (1.0) 0.07
1(1.1) 32(2.6) 0.70
2(2.3) 11 (0.9) 0.20
3(3.4) 23 (1.9) 0.20
2(2.3) 13 (1.1) 0.30

older current smokers, who had higher ASA scores,
lower use of minimally invasive surgery, and higher
prevalence of preoperative comorbidities and overall
postoperative complications compared to their
counterparts who were not readmitted, Table 1a; all
p <0.05.

As for patients treated with RNXx, compared to those
were not readmitted, readmitted patients had higher
ASA Scores, and higher rates of overall postoperative
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complications, Table 1b; all p < 0.03). For patients
treated with PNx, readmitted patients were younger
but had higher rates of diabetes mellitus compared to
their counterparts who did not experience readmission
after surgery, Table 1c; all p <0.03). Lastly, among RC
patients, readmitted ones were younger, had higher
rates of continent diversion and occurrence of sepsis/
shock compared to those who did not experience a
readmission, Table 1d; all p < 0.03).
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TABLE 1c. Baseline characteristics for 918 patients treated with partial nephrectomy during 2011 in National

Surgical Quality Improvement Program (NSQIP) hospitals

Total
(n =918)

Mean age at surgery (SD) 59.1 (12.5)
Gender, n (%)

Female 361 (39.3)

Male 557 (60.7)
Race, n (%)

White 744 (81.0)

Other 174 (19.0)
ASA score, n (%)

1-2 386 (42.0)

3-5 532 (58.0)
Body mass index (kg/m?), n (%)

<25 168 (18.3)

25-30 326 (35.5)

> 30 424 (46.2)
Smoking status, n (%)

Non smoker 718 (78.2)

Current smoker 200 (21.8)
Alcohol intake, n (%)

< 2 drinks/day 904 (98.5)

> 2 drinks/day 14 (1.5)
Preoperative comorbidities, n (%)

Diabetes mellitus 156 (17.0)

Hypertension 552 (60.1)

Cardiovascular disease 24 (2.6)

Other medical comorbidities 80 (8.7)
Minimally invasive surgery 529 (57.6)
Postoperative complications
during hospitalization

Overall 45 (4.9)

Urinary tract infection 2(0.2)

Wound complications 10 (1.1)

Cardiovascular 10 (1.1)

Pulmonary 16 (1.7)

Thromboembolic events 3(0.3)

Renal failure 12 (1.3)

Sepsis/shock 5(0.5)

Readmitted Not readmitted p value
(n =58, 6.3%) (n = 860, 94.7%)
57.1(13.4) 59.2 (12.4) 0.03

0.80
24 (41.4) 337 (39.2)
34 (58.6) 523 (60.8)

0.30
44 (75.9) 700 (81.4)
14 (24.1) 160 (18.6)

0.50
27 (46.6) 359 (41.7)
31 (53.4) 501 (58.3)

0.90
11 (19.0) 157 (18.3)
19 (32.8) 307 (35.7)
28 (48.3) 396 (46.0)

0.60
44 (75.9) 674 (78.4)
14 (24.1) 186 (21.6)

NA
58 (100) 846 (98.4)
0(0) 14 (1.6)
17 (29.3) 139 (16.2) 0.01
33 (56.9) 519 (60.3) 0.60
1(1.7) 23 (2.7) 0.90
5(8.6) 75 (8.7) 0.90
30 (51.7) 499 (58.0) 0.40
4(6.9) 41 (4.8) 0.50
0(0) 2(0.2) NA
1(1.7) 9(1.0) 0.40
1(1.7) 9 (1.0) 0.40
1(1.7) 15 (1.7) 0.99
0(0) 3(0.3) NA
1(1.7) 11 (1.3) 0.50
0(0) 5(0.6) NA

Multivariable analyses

Among patients treated with RP, age at surgery, ASA
score, smoking status, and postoperative complications
represented the only independent predictors of
readmission. Particularly, older patients (Odds Ratio
[OR]: 1.02; 95% Confidence Intervals [CI]: 1.004-1.04;
p = 0.02), those with ASA score 3-5 (versus ASA score

7541

1-2, OR: 1.35; 95% CI: 1.00-1.82; p = 0.04), and smokers
(OR:1.53;95% CI: 1.02-2.30; p = 0.04) were more likely
to be readmitted. Additionally, the occurrence of
wound complications, cardiovascular complications,
thromboembolic events, and renal failure during the
index hospitalization was significantly associated with
increased odds of readmission, Table 2; all p < 0.01).
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TABLE 1d. Baseline characteristics for 623 patients treated with radical cystectomy during 2011 in National
Surgical Quality Improvement Program (NSQIP) hospitals

Total
(n =623)

Mean age at surgery (SD) 67.8 (10.9)
Gender, n (%)

Female 124 (19.9)

Male 499 (80.1)
Race, n (%)

White 534 (85.7)

Other 89 (14.3)
ASA score, n (%)

1-2 159 (25.5)

3-5 464 (74.5)
Body mass index (kg/m?), n (%)

<25 195 (31.3)

25-30 237 (38.0)

> 30 191 (30.7)
Smoking status, n (%)

Non smoker 614 (76.5)

Current smoker 9 (23.6)
Alcohol intake, n (%)

< 2 drinks/day 3684 (98.6)

> 2 drinks/day 54 (1.4)
Preoperative comorbidities, n (%)

Diabetes mellitus 118 (18.9)

Hypertension 381 (61.2)

Cardiovascular disease 43 (6.9)

Other medical comorbidities 83 (13.3)

Postoperative complications during first hospitalization

Overall 132 (21.2)
Urinary tract infection 25 (4.0)
Wound complications 71 (11.4)
Cardiovascular 11 (1.8)
Pulmonary 29 (4.7)
Thromboembolic events 12 (1.9)
Renal failure 18 (2.9)
Sepsis/shock 41 (6.6)
Type of urinary diversion, n (%)

Incontinent ileal conduit 479 (76.9)
Continent diversion 144 (23.1)

Readmitted Not readmitted p value
(n =129, 20.7%) (n =494, 79.3%)
65.1 (11.9) 68.5 (10.6) <0.001

0.80
26 (20.2) 98 (19.8)
103 (79.8) 396 (80.2)

0.10
116 (89.9) 418 (84.6)
13 (10.1) 76 (15.4)

0.10
40 (31.0) 119 (24.1)
89 (69.0) 375 (75.9)

0.10
34 (26.4) 161 (32.6)
47 (36.4) 190 (38.5)
48 (37.2) 143 (28.9)

0.90
127 (76.0) 487 (76.5)
2(24.0) 7(23.5)

0.90
762 (98.4) 2922 (98.6)
12 (1.6) 42 (1.4)
27 (20.9) 91 (18.4) 0.50
81 (62.8) 300 (60.7) 0.70
5(3.9) 38(7.7) 0.10
13 (10.1) 70 (14.2) 0.20
29 (22.5) 103 (20.9) 0.70
4(3.1) 21 (4.3) 0.80
14 (10.9) 57 (11.5) 0.99
1(0.8) 10 (2.0) 0.50
4(3.1) 25(5.1) 0.50
3(2.3) 9(1.8) 0.70
4(3.1) 14 (2.8) 0.80
3(2.3) 38(7.7) 0.03

0.01
87 (67.4) 392 (79.4)
42 (32.6) 102 (20.6)

As for those treated with RNx, ASA score 3-5
(versus 1-2, OR: 1.77; 95% CI: 1.35-2.32; p = 0.03)
and the occurrence of postoperative complications
during the first hospitalization (OR: 2.21; 95% CI:
1.56-3.14; p = 0.03) represented the only independent
predictors of readmission, Table 2. Our multivariate
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logistic regression model failed to identify significant
predictors of readmission among patients treated with
PNx, Table 2; all p > 0.4). Finally, in patients treated
with RC, younger age at surgery (OR: 0.98; 95% CIL:
0.96-0.99; p = 0.04) represented the only independent
predictor of readmission, Table 2.
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TABLE 2. Multivariable logistic regression analyses for 30 day readmission in patients treated with radical
prostatectomy (RP), radical cystectomy (RC), radical nephrectomy (RN), and partial nephrectomy (PN) during 2011

RP RN PN RC
(n = 5356) p (n =1301) p (n =918) p (n = 623) p
OR (95% CI) value OR (95% CI) value OR (95% CI) value OR (95% CI) value
Age at surgery 1.02 (1.00-1.05)  0.02 0.99 (0.98-1.00) 0.20 0.99 (0.97-1.01) 0.30 0.98 (0.96-0.99) 0.04
Gender
Female NA NA 1 (ref) 1 (ref) 1 (ref)
Male 0.89 (0.56-1.41) 0.60  0.93 (0.54-1.62) 0.80 0.95 (0.57-1.57) 0.80
Race
White 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Other 0.86 (0.59-1.23) 0.40 0.87(0.65-1.16) 0.60 1.39 (0.74-2.61) 0.30 0.63 (0.34-1.20) 0.20
ASA score
1-2 1 (ref) 1 (ref) 1 (ref) 1 (ref)
3-5 1.35(1.00-1.82) 0.04 1.77(1.35-2.32) 0.03 0.86(0.49-1.52) 0.60 0.76 (0.49-1.20) 0.20
Body mass
index (kg/m?)
<25 1 (ref) 1 (ref) 1 (ref) 1 (ref)
25-30 0.79 (0.54-1.15)  0.20 0.74 (0.54-1.01) 0.30 0.91 (0.41-1.98) 0.80 1.04 (0.63-1.74) 0.90
> 30 1.02 (0.69-1.51) 090 0.84 (0.63-1.12) 0.50 1.01(0.47-2.11) 0.90 1.39(0.83-2.36) 0.20
Smoking status
Non smoker 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Current smoker 1.53 (1.02-2.30) 0.04 0.73 (0.51-1.03) 0.90 1.11(0.57-2.14) 0.80 0.87 (0.53-1.43) 0.60
Type of urinary diversion
Incontinent NA NA NA NA NA NA 1 (ref)
ileal conduit
Continent diversion 1.48 (0.93-2.39) 0.10
Minimally 0.78 (0.56-1.10) 0.10 1.05(0.83-1.32) 0.90 0.79 (0.46-1.37) 0.40 NA NA
invasive surgery
Any postoperative NA NA 2.21(1.56-3.14) 0.02 1.46(0.49-4.34) 0.50 1.04 (0.64-1.67) 0.90
complication during
index admission
Urinary tract  0.11 (0.006-1.58) 0.10
infection
Wound 9.31 (4.85-17.85) < 0.001
complications
Cardiovascular 12.66 (2.21-72.53) 0.004
Pulmonary 0.16 (0.01-2.35) 0.20 NA NA NA NA NA NA
Thromboembolic14.70 (3.64-59.31) < 0.001
events
Renal failure  5.22 (1.51-18.06) 0.01
Sepsis/shock  1.62(0.27-9.65)  0.60
In sensitivity analyses excluding patients with Discussion

length of stay > 14 days, the results were similar (data

not shown). For RC, age was no longer a statistically
significant predictor for readmissions (OR: 0.98; 95%

CI: 0.96-1.002; p = 0.07).
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The National Committee for Quality Assurance has
identified readmission following hospitalization
as a target for health care quality improvement.”
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Hospital readmissions may represent failures in
discharge planning and follow up care, as well as
missed opportunities for effective and coordinated
managed care. Moreover, readmissions may indicate
poor quality of care during the index admission, and
are associated with increased perioperative morbidity
and mortality. Taken together, readmissions lead to
substantial - and potentially avoidable — health care
expenditures.” In this light, the CMS have started
publically reporting risk-adjusted readmission rates.'®
Additionally, a simple integer-based model consisting
of ASA class and length of stay has recently been
developed to identify individuals at higher risk of
readmission after general, vascular, and thoracic
surgery.* Conversely, evidence is scarce regarding
the rates and predictors of readmission following
major urologic cancer procedures. In this context, we
sought to examine readmission rates and predictors of
readmission in a large contemporary cohort of patients
included in the ACS NSQIP undergoing major urologic
cancer procedures.

Our findings are several-fold. First, we found
substantial variations in the 30 day readmission rates
across patients treated with RP, RNx, PNx and RC.
Specifically, the incidence of 30 day readmissions was
3.8%, 6.8%, 6.3% and 20.7% for RP, RNx, PNx, and RC
respectively. These figures corroborate findings from
single,'*"! multi-institutional series"” and nationally
representative series.' For example, a retrospective
cohort study of patients who underwent inpatient
urologic cancer surgery between 2003 and 2007 across
61 hospitals in the state of Washington recorded 30-
day readmissions rates after RP, RNx and RC of 3.0%,
6.9% and 23.7% respectively.” Taken together, these
study findings highlight the need for substantial
efforts to reduce the risk of postoperative readmission
in urological patients, particularly for RC where the
readmission rate was the highest among all four
procedures.

Second, several predictors of 30 day readmission
were identified in patients treated with RP. Although
many of these represent non-modifiable factors,
namely age and ASA status, others are potentially
modifiable. For example, our findings indicate that
current smokers are at substantially higher odds of
experiencing 30 day readmission after RP relative to
their non-smoking counterparts. Smoking cessation
prior to surgery, recommended by the American
College of Surgeons, may decrease readmission rates.
This might be mediated by decreased postoperative
complications;" studies have found that preoperative
smoking cessations reduces postoperative morbidity,
with at least 4 weeks of abstinence reducing respiratory
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and wound complications.” Most importantly, the
occurrence of postoperative complications during the
index hospitalization was an independent predictor
of 30 day readmission after surgery. These findings
suggest that prevention and appropriate management
of inpatient complications may avert subsequent
readmissions.**! More specifically, we showed that
wound, cardiovascular, thromboembolic, and renal
events were independently associated with 30 day
readmissions in patients treated with RP. Of these,
the strongest predictor of readmission was the
occurrence of thromboembolic complications during
the index hospitalization, with a 15-fold increased
likelihood of readmission. As such, prevention of
thromboembolic events through evidence-based
process measures (e.g. thromboembolic prevention
protocols) may result in lower readmission rates and
prevent these undesirable expenditures. However,
a study examining the association between hospital
performance on Medicare’s Hospital Compare process
quality measures and 30 day readmission rates for
patients undergoing major surgery showed that
hospitals with greater compliance to standards did not
achieve lower 30 day readmission rates.” The 9 process
of care quality measures specific to surgery derived
from CMS’ Surgical Care Improvement Project all
relate to perioperative care, e.g. receipt of prophylactic
antibiotic 1 hr prior to incision and postoperative
venous thromboembolism prophylaxis. This
underscores that other mechanisms or interventions
in preventing readmissions (e.g. discharge planning,
home health services, outpatient follow up, care
coordination) warrant further investigation.’#*
Third, for RNx, we again demonstrated that the
occurrence of any postoperative complication predicted
subsequent readmission. Patients who suffered any
type of complication during their index admission
for RNx had approximately 2-fold higher odds of
readmission relative to those who did not experience
any complication, Table 2. This phenomenon is similar
to what has been observed in the general surgery
literature, where postoperative complications have
been identified to be the most significant independent
risk factor.® A recent ACS-NSQIP study on the 20
procedures that account for the greatest number of
readmissions showed that by reducing complication
rates by just 5% would prevent 2092 readmissions
and would to Medicare savings of $31.0 million
annually.* Another approach to reduce postoperative
complications after surgery, and consequently to
reduce the risk of readmission, is the selective referral
to specialized tertiary centers.* Unfortunately, the
lack of data on hospital characteristics (e.g. hospital
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volume) in the ACS NSQIP prevented us from
comprehensively addressing this issue. On the other
hand, a recent study has found that hospitals with
high surgical volume and low surgical mortality have
lower rates of surgical readmissions,” thus highlighting
the role of centralization of care for complex surgical
procedures, such as RP, RNx, PNx and RC.» For RP,
which is commonly being performed in the community,
alternative approaches for decreasing complications
may be necessary, such as shared learning of improve
processes through regional surgical collaborative
efforts.”

Fourth, patient selection plays an important role
in outcomes after major urologic cancer surgery.
We note that a substantial proportion of procedures
were performed on old (all mean ages > 60), smoking
(up to 23.6%) with high ASA scores (33.6% for RP,
66.3% for RNx, 58% for PNx and 74.5% for RC)
and other comorbidities, Tables 1a-1d. More than
80% of RPs were minimally invasive procedures.
Improved patient selection and being operated on
by high-volume surgeons and hospitals may reduce
complications and thereby readmissions.

Despite its strengths, our study is not devoid of
limitations. First, the relatively small sample size
and the low rate of events prevented us to identify
independent predictors of readmission after RC
and PNx. This was likely because ACS NSQIP only
started collecting readmission data starting 2011.
Nevertheless, for PNx, this finding was congruent
with another recent SEER-Medicare study that found
that laparoscopic PNx was not associated with lower
readmission rates compared to open PNx.*” Second,
the ACS NSQIP assesses the occurrence of readmission
within 30 days after surgery. However, a non-
negligible proportion of patients might experience
readmission after a longer time interval. Additionally,
as previously reported, the lack of data on hospital
characteristics prevented us to adjust our analyses
for this important covariate. As such, it should be
highlighted that the voluntary participation in ACS
NSQIP requires resources, which may select for larger,
high-volume institutions,®known to have lower rates
of complications after surgery. That said, the ACS
NSQIP consists of a wide variety of institutions from
tertiary care centers, to smaller community hospitals.
Third, for postoperative complications, we were
not able to report the recommended standardized
Clavien classification system,” nor were we able to
report specific ones such as urine leak after PNx or
lymphoceles and strictures after RP. Finally, although
we utilized numerous important patient-level
demographic and clinical factors in our multivariable
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model, we are limited by data captured by ACS NSQIP.
There exists a risk of misclassification bias where
procedures or diagnoses may be coded inaccurately.
Additionally, several unmeasured confounders that
may be associated with readmission include 1) disease
severity (e.g. tumor stage or grade); 2) health care
factors (e.g. perioperative care, nursing, discharge
planning) and 3) social factors (e.g. discharge setting,
informal caregivers, social support).>**

While these limitations are important, the ACS
NSQIP represents a prospectively collected cohort
of patients that circumvents the potential pitfalls
of previous studies relying on smaller institutional
series or other population-based cohorts that utilize
administrative data. Readmission data captured by
the ACS NSQIP has also been externally validated
at Northwestern Memorial Hospital,* showing very
high agreement with chart review for identifying
all-cause readmission events. The advantage of
a clinical database like ACS NSQIP lies also in its
ability to identify causes of readmission, as evidenced
by strong concordance with chart review, while an
administrative dataset was found to be much poorer.®
These results can be used as baseline values for future
quality initiatives and pay-for-performance standards.

Conclusions

Our study demonstrates that the risk of experiencing
readmission after surgical procedures for urological
malignancies is non-negligible, with the highest rates
seen in RC. Preoperative patient characteristics have
a significant impact on the risk of 30 day readmission.
In addition, preventing in-hospital complications may
reduce the incidence of readmissions after discharge,
particularly for RP and RNx. U
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