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Abstract Objective: Prostate cancer (PCa) patients might experience lower urinary tract
symptoms as those diagnosed with benign prostatic hyperplasia (BPH). Some of them might
be treated for their lower urinary tract symptoms instead of PCa. We aimed to test the effect
of PCa versus BPH on surgical outcomes after transurethral prostate surgery, namely complica-
tion and mortality rates.
Methods: Within the American College of Surgeons National Surgical Quality Improvement Pro-
gram database (2011e2016), we identified patients who underwent transurethral resection of
the prostate, photoselective vaporization, or laser enucleation. Patients were stratified ac-
cording to postoperative diagnosis (PCa vs. BPH). Univariable and multivariable logistic regres-
sion models evaluated the predictors of perioperative morbidity and mortality. A formal test of
interaction between diagnosis and surgical technique used was performed.
Results: Overall, 34 542 patients were included. Of all, 2008 (5.8%) had a diagnosis of PCa.
The multivariable logistic regression model failed to show statistically significant higher rates
of postoperative complications in PCa patients (odds ratio: 0.9, 95% confidence interval:
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0.7e1.1; pZ0.252). Moreover, similar rates of perioperative mortality (pZ0.255), major
acute cardiovascular events (pZ0.581), transfusions (pZ0.933), and length of stay of more
than or equal to 30 days (pZ0.174) were found. Additionally, all tests failed to show an inter-
action between post-operative diagnosis and surgical technique used.
Conclusion: Patients diagnosed with PCa do not experience higher perioperative morbidity or
mortality after transurethral prostate surgery when compared to their BPH counterparts.
Moreover, the diagnosis seems to not influence surgical technique outcomes.
ª 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
1. Introduction

Transurethral resection or enucleation, as well as laser
prostate surgery, represents elective treatments among
unresponsive patients to medical therapy with lower urinary
tract symptoms associated with bladder outlet obstruction
[1,2]. As a consequence of recommendation against
prostate-specific antigen screening, the incidence rate of
incidental and advanced prostate cancer (PCa) has increased
[3e5]. Importantly, those with very low- or high-risk disease
might not benefit from radical prostatectomy [6e9], but still
be affected by lower urinary tract symptoms [10].

To date, most literature has focused on the outcomes of
transurethral prostate surgery for bladder outlet obstruction
due to benign conditions [11]. However, cancer patients are
at higher risk of non-surgical complications, including car-
diovascular ones, even after non-cancer-related surgical
procedures, and thromboprophylaxis is highly recommended
for those undergoing surgery [12,13]. Current guidelines
recommend specific caution in patients diagnosed with PCa
undergoing major surgery [14], but no specific recommen-
dations are available for transurethral prostate surgery in
patients with PCa. In literature, there is a lack of studies
extensively examining the risk of complications in PCa pa-
tients undergoing bladder outlet obstruction surgery.

We aimed to test the effect of PCa on surgical and
medical complications after transurethral surgery. We hy-
pothesized that PCa patients might experience higher
complication rates compared to their benign prostatic hy-
perplasia (BPH) counterparts, due to inherent differences
associated with PCa. To test this hypothesis, we assessed
the outcomes of prostate surgery performed in patients
with a diagnosis of PCa compared to those with BPH, by
analyzing a large surgical quality national dataset.
2. Patients and methods

2.1. Data source and study population

Data extraction was performed through Current Procedural
Terminology (CPT) codes for principal transurethral pros-
tate procedures. Patients who underwent transurethral
resection of the prostate (TURP) (CPT code: 52601, 52630),
photo-selective vaporization of the prostate (PVP) (CPT
code: 52648), and prostate enucleation (CPT code: 52649)
between 2011 and 2016 were abstracted from the American
College of Surgeons National Surgical Quality Improvement
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Program (ACS-NSQIP) registry. Authors had the permission
to use the ACS-NSQIP registry.

After exclusion of patientswithmissing information about
principal anesthesia, age, and American Society of Anes-
thesiologists (ASA) score, only those who underwent elective
surgery were included. Patients with a diagnosis of dissemi-
nated cancer were also excluded. The resulting cohort was
stratified according to the International Classification of
Diseases (ICD)-9 and ICD-10 in two groups namely BPH (ICD-9
codes: 600.xx and ICD-10 codes: N40.xx) and PCa (ICD-9
codes: 185 and ICD-10 codes: C61) [11].Within theACS-NSQIP
the ICD codes capture information regarding the indication
for the principal operative procedure defined as the diag-
nosis code which corresponds to the patient’s condition.

2.2. Covariates of interest

Baseline characteristics considered were: age at the time
of surgery (�75 years and >75 years), year of surgery
(2011e2013 and 2014e2016), race (Caucasian, African-
American, and other), body mass index (underweight,
normal, overweight, obese, and unknown), functional sta-
tus (independent, partially dependent, totally dependent,
and unknown), and current smoker status.

Comorbidities of interest were diabetes (no diabetes,
insulin-dependent, and non-insulin-dependent), hyperten-
sion, respiratory disorders, congestive heart failure, chronic
steroid use, bodyweight loss of more than 10%, bleeding
disorders, preoperative transfusions, preoperative systemic
inflammatory response syndrome or sepsis, and renal
disorders.

Perioperative covariates of interest were ASA score (�2
and >2), anesthesia type (general, locoregional, and
others), inpatient status, and operation time (�90 min and
>90 min).

2.3. Outcomes and complication definition

Postoperative complication rates represented our main
outcome of interest. Secondary outcomes of interest were
perioperative mortality, transfusion rates, prolonged hos-
pital stay (>30 days), and major cardiovascular events,
which were defined as a composite of cerebrovascular
events, cardiac arrest, myocardial infarction, deep venous
thrombosis, or pulmonary embolism as defined within the
ACS-NSQIP database.

Moreover, we described the main complications that
occurred after surgery [15], namely postoperative
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pneumonia, intubation, acute renal failure, urinary tract
infection, intra- and post-operative transfusions, septic
shock, and sepsis. All complications were recorded up to
postoperative Day 30.

Hospital readmission and reoperation within the first 30
postoperative days were also recorded. Hospital admissions
were divided into unplanned ones and those related to the
principal procedure.

2.4. Statistical analysis

Descriptive statics relied on mean and standard deviation
for continuous variables and frequency and percentage for
categorical variables. After patients’ stratification, ac-
cording to diagnosis (PCa vs. BPH), differences in means
were ascertained by Student’s t-test, while differences in
frequencies were determined with Pearson’s c2 test.

Multivariable logistic regression models tested differ-
ences in primary and secondary outcomes rates. Covariates
selection for multivariable logistic regression model was
performed with a stepwise selection of covariates in both
directions (forward and backward). All the possible models
were forced to include the diagnosis as a covariate.
Possible covariates within the model were those that pre-
operatively showed a statistically significant difference
between the two groups, namely surgery type, age at sur-
gery, race, current smoker status, hypertension, chronic
steroid use, preoperative transfusions, ASA score, inpatient
status, and operative time. In the final multivariable lo-
gistic regression model, only variables that ensure a model
performance improvement, as indicated by the Akaike In-
formation Criterion, were included [16].

All tests were two-sided, and a level of statistical sig-
nificance was set at p-value of less than 0.05. Analyses were
performed using the R software environment for statistical
computing and graphics (version 4.0.0; http://www.r-
project.org/).

3. Results

Overall, 34 542 patients were included in the analysis. Of
these, 2008 (5.8%) had a diagnosis of PCa. Most of the pa-
tients underwent surgery between 2014 and 2016 (65.9%),
and the most performed procedure was TURP (63.6%).
Moreover, patients were more frequently aged less than or
equal to 75 years (66.6%), Caucasian (69.4%), and over-
weight (41.8%). Included patients were generally healthy
and classified as independent (96.7%); the most frequent
comorbidity was hypertension (60.2%).

Compared to BPH patients, PCa patients were more
frequently older than 75 years (44.9% vs. 32.7%, p<0.001),
African-American race (9.2% vs. 5.3%, p<0.001), and with a
smoking history (12.0% vs. 10.3%, pZ0.014). Furthermore,
PCa patients had more frequently hypertension (62.4% vs.
60.0%, pZ0.036) and needed preoperative transfusions
(0.3% vs. 0.1%, pZ0.002). No statistically significant dif-
ferences in most of the examined comorbidities were found
between PCa and BPH patients. However, PCa patients
were more frequently classified as ASA score of more than 2
(58.6% vs. 50.1%, p<0.001) and underwent inpatient re-
covery (40.1% vs. 31.8%, p<0.001). TURP was more
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frequently performed in PCa than BPH patients (78.4% vs.
62.7%, p<0.001). Operative time over 90 min was also more
common in PCa than BPH patients (17.5% vs. 14.7%,
p<0.001) (Table 1).

PCa patients required longer hospitalization (1.4 vs. 1.1
days in mean, p<0.001) and had more frequently intra- and
post-operative transfusions (1.3% vs. 0.8%, pZ0.027). How-
ever, no statistically significant differences were found in
terms of other complications (Table 2). Readmission rates
were similar between the two groups. About 3.5% of patients
required at least one readmission related to the procedure.
The cause of readmission related to the procedure was
available in 821 (67.8%) cases. The most frequent reason for
readmission related to the procedure was hematuria or
bleeding, in 416 (50.7%) cases. Readmission-related di-
agnoses, coded according to the ICD-9 and ICD-10 classifi-
cation, are reported in Supplementary material 1.
Reoperation rates were also similar between the two groups.
Of 598 patients readmitted for unplanned surgery,
343 (57.4%) had a related diagnosis. The most frequent
reason for reoperation was hematuria, in 193 (56.3%) cases.
Related diagnoses, coded according to the ICD-9 and ICD-10
classifications are reported in Supplementary material 2.

After multivariable adjustment, no statistically signifi-
cant differences were found in terms of postoperative
complication rates between PCa and BPH patients (odds
ratio: 0.9, 95% CI: 0.7e1.1; pZ0.252). Similarly, compara-
ble rates of perioperative mortality (pZ0.255), major
acute cardiovascular events (pZ0.581), transfusions
(pZ0.933), and length of stay of more than or equal to 30
days (pZ0.174) were shown in multivariable logistic
regression models (Table 3).

After stratification according to the surgical technique
used (Supplementary material 3), enucleation showed the
lowest complication rate (5.1%) compared to TURP and PVP
(6.4% and 6.6%, respectively; pZ0.043). Conversely, PVP
showed the lowest transfusion rate (0.3%) compared to TURP
and enucleation (1.1% and 1.2%, respectively; p<0.001).
However, in logistic regression models, all interaction tests
failed to find any statistically significant interaction between
diagnosis and procedure type for all outcomes of interest (all
p>0.05).
4. Discussion

We hypothesized that patients harboring PCa might experi-
ence higher surgical and non-surgical complication rates.
We explored several outcomes, including composite out-
comes namely major cardiovascular events. Our analysis,
after adjusting for several possible confounders showed that
this might not be the case and confirmed the safeness of
transurethral surgery, even in PCa patients. Our results raise
several interesting and clinically meaningful points of
discussion.

First, within the ACS-NSQIP database up to 6% of tran-
surethral prostate surgery procedures were performed in
PCa patients. Most of the PCa patients were treated by
TURP (78.4%) and TURP was more frequently used in those
with PCa than BPH (78.4% vs. 62.7%). These results reflect
surgeon preference for TURP in presence of PCa corrobo-
rating results from more historical studies. Tan and



Table 2 Descriptive post-operative outcomes and com-
plications in patients who underwent transurethral surgery
of the prostate stratified according to diagnosis (BPH
vs. PCa).

Outcome BPH
(nZ32 534)

PCa
(nZ2008)

p-Valuea

Length of stayb, day 1.1�3.5 1.4�3.0 <0.001c

Postoperative
pneumoniad

71 (0.2) 4 (0.2) 0.859

Intubationd 55 (0.2) 2 (0.1) 0.457
Acute renal failured 28 (0.1) 3 (0.1) 0.358
Urinary tract infectiond 1499 (4.6) 78 (3.9) 0.132
Intra- and

post-operative
transfusionsd

269 (0.8) 26 (1.3) 0.027

Sepsisd 221 (0.7) 8 (0.4) 0.132
Septic shockd 48 (0.1) 2 (0.1) 0.583
Reoperationd 568 (1.7) 30 (1.5) 0.401
Readmissiond 1624 (5.0) 110 (5.5) 0.333
Unplanned 1429 (4.4) 90 (4.5) 0.849
Related to the
procedure

1136 (3.5) 75 (3.7) 0.565

Deathd 71 (0.2) 3 (0.1) 0.517

BPH, benign prostatic hyperplasia; PCa, prostate cancer.
a p-Value from c2 test.
b Values are presented as mean�standard deviation.
c Student t-test for unpaired data BPH versus PCa.
d Values are presented as n (%).

Table 1 Descriptive pre- and intra-operative character-
istics of patients undergoing transurethral surgery of the
prostate stratified according to diagnosis (BPH vs. PCa).

Feature, n (%) BPH
(nZ32 534)

PCa
(nZ2008)

p-Valuea

Surgical procedure <0.001
TURP 20 408 (62.7) 1574 (78.4)
PVP 10 326 (31.7) 231 (11.5)
Enucleation 1800 (5.5) 203 (10.1)

Age (>75 years) 10 645 (32.7) 901 (44.9) <0.001
Year of surgery 0.360

2011e2013 11 082 (34.1) 704 (35.1)
2014e2016 21 452 (65.9) 1304 (64.9)

Race <0.001
Caucasian 22 612 (69.5) 1356 (67.5)
African-American 1710 (5.3) 184 (9.2)
Other 7057 (21.7) 389 (19.4)
Unknown 1155 (3.6) 79 (3.9)

BMI, kg/m2 0.968
Normal 8166 (25.1) 507 (25.2)
Underweight 261 (0.8) 16 (0.8)
Overweight 13 613 (41.8) 841 (41.9)
Obese 10 292 (31.6) 629 (31.3)
Unknown 202 (0.6) 15 (0.7)

Functional status 0.505
Independent 31 460 (96.7) 1946 (96.9)
Partially dependent 686 (2.1) 45 (2.2)
Totally dependent 70 (0.2) 4 (0.2)
Unknown 318 (1.0) 13 (0.6)

Smoking history 3343 (10.3) 241 (12.0) 0.014
Diabetes 0.560

No 25 743 (79.1) 1569 (78.1)
Insulin dependent 1949 (6.0) 124 (6.2)
Non-insulin
dependent

4842 (14.9) 315 (15.7)

Hypertension 19 532 (60.0) 1253 (62.4) 0.036
Respiratory disorders 3373 (10.4) 234 (11.7) 0.067
Recent congestive

heart failure
237 (0.7) 11 (0.5) 0.352

Chronic steroid use 745 (2.3) 73 (3.6) <0.001
Weight loss (>10%) 135 (0.4) 10 (0.5) 0.576
Bleeding disorders 1022 (3.1) 49 (2.4) 0.079
Preoperative

transfusions
27 (0.1) 6 (0.3) 0.002

SIRS or sepsis 72 (0.2) 5 (0.2) 0.798
Renal disorders 172 (0.5) 17 (0.8) 0.061
ASA score >2 16 289 (50.1) 1177 (58.6) <0.001
Anesthesia 0.947

General 25 335 (77.9) 1560 (77.7)
Locoregional 6529 (20.1) 408 (20.3)
Others 670 (2.1) 40 (2.0)

Inpatients status 10 357 (31.8) 806 (40.1) <0.001
Operation time, min <0.001

�90 27 765 (85.3) 1657 (82.5)
>90 4769 (14.7) 351 (17.5)

BPH, benign prostatic hyperplasia; PCa, prostate cancer; TURP,
transurethral resection of the prostate; PVP, photoselective
vaporization prostate; BMI, body mass index; SIRS, systemic in-
flammatory response syndrome; ASA, American Society of
Anesthesiologists.

a p-Value from c2 test.
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colleagues [10] reported that 35% of patients diagnosed
with de novo metastatic PCa require local palliative treat-
ments, and 13% are due to acute urinary retention. Authors
also reported that the most frequently performed proced-
ure, up to 89% of cases, is TURP [10]. It is of note that Tan
et al. [10] investigated the use of TURP in a palliative
setting with no comparison to TURP performed for benign
conditions. Differently, we excluded patients with a diag-
nosis of disseminated cancer to reduce inherent differences
between patients with BPH and PCa. Indeed, patients with
symptomatic metastatic PCa might also be affected by
hematuria (27%), renal impairment (17%), and other con-
ditions not-related to bladder obstruction [10]. In these
cases, TURP could be performed only for bleeding control
and not to obtain satisfactory bladder outlet unblocking.
Our aim was instead to explore the effect of PCa diagnosis
on surgery safeness, avoiding the confounding effect of
cancer complications. However, it is of note that also in our
cohort, even after applying different selection criteria
TURP was more frequently used in PCa patients.

Moreover, our analyses showed that PCa patients do not
experience higher complication rates compared to their
BPH counterpart (6.2% vs. 6.4%). Lack of evidence of dif-
ferences in complication rates after surgery was confirmed
in multivariable models adjusting for baseline patients’
characteristics. In addition, models including formal inter-
action test between diagnosis and surgical technique used
failed to show any differential effect of surgical technique
on outcomes of interest, based on the diagnosis. These
findings are of crucial importance suggesting all techniques
could apply to PCa patients, with no detrimental effect on



Table 3 Multivariable logistic regression model comparing event rates between BPH and PCa patients.

Outcome of interest Events, n (%) Multivariable logistic
regression model
(BPH as reference)

BPH (nZ32 534) PCa (nZ2008) OR (95% CI) p-Value

Primary outcome
Postoperative complications 2076 (6.4) 124 (6.2) 0.9 (0.7e1.1) 0.252

Secondary outcome
Perioperative mortality 71 (0.2) 3 (0.1) 0.5 (0.1e1.4) 0.255
Major acute cardiovascular event 207 (0.6) 17 (0.8) 1.2 (0.7e1.8) 0.581
Transfusion 269 (0.8) 26 (1.3) 1.0 (0.7e1.5) 0.933
Length of stay �30 days 63 (0.2) 8 (0.4) 1.7 (0.7e3.3) 0.174

BPH, benign prostatic hyperplasia; PCa, prostate cancer; OR, odds ratio; CI, confidence interval.
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complications. The latter allows a surgeon to choose the
preferable technique also in these patients, based on their
experience and patients’ characteristics.

In this regard, Jibara et al. [17] reported results of pho-
toselective vaporization of the prostate with the GreenLight
XPS 180 W Laser System. The authors included 71 patients in
active surveillance for PCa in their analyses and reported
only two cases of Grade III complications according to the
Clavien-Dindo classification. Similarly, Choi et al. [18]
reviewed data of 83 patients diagnosed with PCa who un-
derwent palliative TURP, that were compared to those who
did not. Investigators highlighted the feasibility of TURP in
advanced PCa patients, with acceptable complication rates
(about 17% at 90 days) and no death reported. The feasibility
and safety of palliative TURP were also investigated by Pel-
letier et al. [19] in a cohort of 58 patients. The authors re-
ported only four cases of Clavien-Dindo Grade III
complications corroborating our results on transurethral
prostate surgery safeness. Taken together all these results
with ours suggest that transurethral surgery of the prostate is
feasible even in PCa patients. Still, our analyses showed
different safeness profile in terms of overall complications
and transfusion rates and a more favorable profile of
enucleation and PVP. Such results are in line with those by
Kumar et al. [20] that showedan advantage of PVP in terms of
perioperative blood loss, need for postoperative irrigation,
duration of postoperative irrigation, and catheterization
compared to TURP counterpart. These findings suggest that
treatment type choice could be guided based on prostate
size [21] and bleeding risk as for BPH [1].

Our analyses, along with previous studies, show that
surgical outcomes of transurethral prostate surgery seem to
be not influenced by the underlying disease. Nevertheless,
we need to acknowledge several limitations such as the
retrospective nature of this study and the intrinsic limits of
a national database. Data granularity did not allow us to
include important covariates and address several critical
confounders namely baseline prostate-specific antigen,
prostate size, tumor grade, and stage. Some of these
covariates have been demonstrated to play an important
role in surgical outcomes and could be important con-
founders [22]. Moreover, ICD codes correspond to the con-
dition noted as the postoperative diagnosis and might
include diagnosis obtained after pathology report return.
Therefore, a proportion of patients might have been
52
diagnosed as incidental PCa. Unfortunately, ACS-NSQIP
dataset does not include data about previous prostate bi-
opsy; therefore, no adjustment or stratification could be
performed to control such confounding bias. However, it is
of note that the proportion of patients with diagnosis of PCa
who underwent PVP or enucleation in our cohort is quite
similar (11.5% vs. 10.1%). Previous studies reported a
significantly higher percentage of incidental PCa after
enucleation than TURP (23.3% vs. 8.3%) [23]. In addition,
pathology specimens after PVP, depending on the approach
used, might be too scarce for obtaining a diagnosis [24].
Thus, we might conclude that differences in technique use
truly reflect surgeons’ choice and that the proportion of
incidental PCa represents a minority of PCa arm. In addi-
tion, we must consider that the hypothesis tested was that
PCa patients have higher complication rates due to the
inherent nature of cancer. Such hypothesis test is not
affected by the incidental nature of PCa diagnosis. In
addition, lack of oncological data also does not affect the
study design since we did not aim to test any oncological
outcome. Therefore, even if we acknowledge that
comprehensive analyses including oncological data are
warranted, the present study did not aim to explore also
that field. Still, the lack of data about previous, contem-
porary, or subsequent treatments for PCa represents a
minor limitation of our study since our focus is still
exploring surgical outcomes and not oncological ones.
Previous studies exploring oncological safeness of tran-
surethral prostate surgery showed controversial results.
Indeed, in patients with localized disease few cases of
progression were reported (7/71) and high probability of
active surveillance persistence were recorded (up to 93% at
3-year) [17]. Conversely, in more advanced disease TURP
patients had shorter cancer-specific and overall survival,
even after propensity score matching [18]. Therefore,
concerns about oncological safeness and cytoreductive ef-
fect of transurethral surgery remain, even if in well-
selected patients such approach is feasible.

In addition, ACS-NSQIP granularity did not allow us to be
specific about the energy source used during TURP or PVP
(i.e., monopolar, bipolar, and laser type). Finally, we could
explore only perioperative complication, while studies with
more mature follow-up are needed to test the effect of PCa
on long-term complications, including bladder neck
contracture [25]. Nevertheless, to the best of our
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knowledge, this represents the largest study comparing
surgical outcomes after transurethral prostate surgery be-
tween BPH and PCa which relied on thousands of patients.

5. Conclusion

Within a large national dataset, transurethral prostate sur-
gery seems to provide comparable surgical outcomes either
performed for BPH or PCa. Moreover, no effect of underlying
diagnosis has been shown on surgical performance. As a
consequence, surgeons are allowed to use the surgical
technique that they reputemore appropriate for every single
patient or the one that they are more confident with.
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