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OBJECTIVE

METHODS

RESULTS

CONCLUSION

To compare postoperative outcomes of 3 types of endourologic surgeries (trans-urethral resection
of the prostate [TURP], laser vaporization [LVP], and laser enucleation [LEP]) for benign pro-
static hypertrophy (BPH) treatment using the ACS-NSQIP database.

The ACS-NSQIP database was queried for men who underwent TURP, PVP, and LEP for
treatment of BPH from 2011 till 2019. Demographics, clinical, operative characteristics, and 30-
day outcomes were compared. Univariate and multivariate regression models were constructed.
Propensity score matching was then performed as a sensitivity analysis.

A total of 74,273 patients underwent endourologic surgeries for BPH, 65.4% had TURP, 28.6%
PVP, and 5.9% LEP. Patients undergoing TURP were more likely to be older with higher ASA
class, abnormal labs, and comorbidities (diabetic, congestive heart failure, and bleeding requiring
transfusion) (P-value <.001). After adjusting for covariates and propensity score matching, LVP
demonstrated shorter hospital stays, shorter operative times, less reoperation rates, decreased DVT/
PE risk, with, however, higher odds of urinary tract infection and sepsis as compared to TURP (P-
value < .028). Furthermore, LEP was found to have shorter hospital stays, longer operative times,
and decreased odds of urinary tract infections and sepsis as compared to TURP (P-value < .006).
LVP and LEP showed better surgical outcomes and characteristics as compared to TURP.
Further research is needed to account for longer duration of follow-up and patient-specific ur-
ologic outcomes, such as prostate size, urinary incontinence, erectile dysfunction, and retrograde

ejaculation. UROLOGY 177: 148-155, 2023. © 2023 Elsevier Inc. All rights reserved.

enign prostatic hypertrophy (BPH) is a common
pathology in men over 50 with an estimated in-
cidence of 11.26 million cases in 2019 increasing
from 5.48 million in 1990." BPH can be asymptomatic in
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some men but may lead to benign prostatic obstruction
(BPO) which manifests in lower urinary tract symptoms
(LUTS), urinary retention, urinary tract infections
(UTI), and in severe cases may result in renal failure.”

Trans-urethral resection of the prostate (TURP) has
been considered the gold standard surgical treatment
since its start in 1901. TURP comes with various com-
plications such as TUR syndrome, bleeding, bladder neck
stenosis, and infectious complications.” Throughout the
years, the number of TURP procedures has decreased due
to alternative techniques, better office-based medicine
and better understanding of indications for surgery.’
Nowadays, several novel approaches have been devel-
oped with the aim of reducing postoperative complica-
tions and improving patient outcomes. Notable of these
approaches is the laser technology adapted in 1986 and
evolved into 2 main techniques: Laser Vaporization of
the Prostate (LVP) and Laser Enucleation of the Prostate
(LEP). Studies comparing LVP or LEP to TURP have
already established the safety and efficacy of these
techniques and their advantages.””°

© 2023 Elsevier Inc. All rights reserved.
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The aim of this study is to compare the postoperative
outcomes of these 3 different types of endourologic sur-
geries for BPH treatment using the American College of
Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) database.

MATERIALS AND METHODS

Study Design and Data Retrieval

The ACS-NSQIP dataset was used to collect data on patients
that underwent an endourologic surgery between the years
2011 and 2019. The corresponding current procedural termi-
nology (CPT) codes 52601 (TURP), 52648 (LVP), and 52649
(LEP) were used. The ACS-NSQIP database is a nationally
validated, risk-adjusted, outcomes-based program.
compasses 963 centers and more than 65 collaboratives both
inside and outside the United States. The dataset does not
include any human subject research; hence, IRB (Institutional
Review Board) approval was not needed.

It en-

Patients and Covariates

Patients with laboratory-confirmed prostate cancer with a di-
agnosis recorded as the ICD-10 code “C61” were excluded,
because such malignancy may present bias to the outcomes of
interest.

Patient demographics, laboratory values, and comorbidities
were collected from the dataset. Patient demographics in-
cluded age, race, body mass index (BMI), smoking, and
American Society of Anesthesiology (ASA) class. Patient la-
boratory values included abnormal creatinine defined as serum
creatinine >1.5 mg/dL, leukocytosis defined as white blood cell
(WBC) count > 11 x 107 cells/L, thrombocytopenia defined as
platelet count< 150 x 10° platelets per microliter of blood,
hypoalbuminemia is albumin < 3.4 g/dL, and anemia defined as
hematocrit < 41%. Furthermore, operative time (mins) was
collected. Patient comorbidities and pre-operative events in-
clude history of diabetes mellitus, insulin-dependent diabetes,
chronic obstructive pulmonary disease (COPD), steroid use for
chronic condition, bleeding disorders, hypertension (requiring
medication), disseminated cancer, weight loss (defined as 10%
loss of body weight in last 6 months), dyspnea, dialysis (cur-
rently, preoperatively), congestive heart failure (CHF), and
prior blood transfusions. Furthermore, operative time (mins)
was collected.

We also reported on 30-day postoperative outcomes which
included length of hospital stay (days), bleeding requiring
transfusion post-operatively, UTI, pneumonia, pulmonary em-
bolism (PE) and deep vein thrombosis (DVT), readmissions,
renal complications (renal failure and renal insufficiency),
sepsis, and major adverse cardiovascular event (MACE) that
includes myocardial infarction, cerebrovascular accidence, or
death.” Postoperative outcomes were also reported and com-
pared using the Clavien-Dindo (CD) staging system that was
adapted to the NSQIP (Supplement Table 1).%7 We also
compared 30-day postoperative reintervention causes that in-
cluded cystourethroscopy with irrigation and evacuation of
multiple obstructing clots, catheter insertion, bladder drain
with suprapubic catheter or cystostomy, urethral dilation or
meatotomy, and resection of prostatic tissue left after a previous
surgery. These outcomes were determined using their applicable
CPT codes (Supplement Table 2).
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Statistical Analysis

Categorical variables were compared using the chi-square test
and presented as counts and percentages while continuous
variables were analyzed using 1-way analysis of variance
(ANOVA) and presented as mean and standard error of the
mean (SEM).

Logistic regression was used for categorical outcomes, while
linear regression was employed to assess continuous outcomes.
Both types of regressions where run with enter, backward and
forward regression to assess sensitivity. Multivariable regression
models were adjusted for age, race, BMI, current smoker, ASA
class, abnormal creatinine, leukocytosis, hypoalbuminemia,
anemia, diabetes (Insulin and non-insulin dependent), history
of severe COPD, bleeding disorder, hypertension, disseminated

cancer, dyspnea, transfusion preoperatively, and history

of CHF.

Propensity Score Matching

As a sensitivity analysis, we performed a 1:1 propensity score
matching between the procedures. Propensity score matching
can only be performed for 2 groups at a time; hence, we per-
formed propensity score matching between TURP and LVP
followed by an analysis between TURP and LEP. After pro-
pensity score matching, all pre-operative baseline demo-
graphics, lab values, comorbidities, and events were matched
without differences between the groups.

For all aforementioned tests, 2-sided statistical significance
was set for a P-value <.05. All analyses were conducted using
the statistical analysis software platform (IBM SPSS) version
28.0.0.0 (190).

RESULTS

Patients’ Characteristics
The database was managed and yielded a total of 74,273 pa-
tients who underwent endourologic surgeries between 2011 and
2019 of whom 48,609 (65.4%) had undergone TURP, 21,271
(28.6%) had LVP, and 4393 (5.9%) had undergone LEP.
Patients who underwent TURP were found to be older, with
a higher ASA class, more likely to have abnormal labs, and
more likely to have comorbidities such as diabetes, insulin-
dependent diabetes, and bleeding requiring transfusion (P-
value < .001). LVP and LEP were more likely to have higher
BMI, history of COPD, bleeding disorders, and hypertension
requiring medication (P-value <.001) (Table 1).

Outcomes of Interest

TURP patients showed longer length of stay (1.9 + 0.02 days)
and higher cases of bleeding requiring transfusion (1.7%), PE/
DVT (0.4%), MACE (0.9%), and renal complications (0.4%)
as compared to LVP and LEP (P-value <.049). LEP showed
longer operative times (102.21 + 0.92 mins) as compared to
TURP and LVP (P-value < .001). Finally, LVP showed higher
cases of UTI (5.7%) and sepsis (1.1%) as compared to TURP
and LEP (P-value <.001). LVP and LEP also showed decreased
rates of CD complications [-V as compared to TURP (P-
value < .001) (Table 2). Regarding reintervention causes, LVP
showed lower odds of cystourethroscopy with irrigation and
evacuation of multiple obstructing clots and resection of pro-
static tissue left after a previous surgery as compared to TURP
(Table 2).

149

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on April 03,
2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



Table 1. Patient demographics, pre-operative labs, medical comorbidities, and pre-operative events stratified by type of

endourologic surgery between the years 2011 and 2019

Procedure Type

TURP
(N = 48,609)
N = 74,273 N (%)
Demographics
Age <50 648 (1.3)
50-59 4496 (9.2)
60-69 15,162 (31.2)
70-79 18,036 (37.1)
>80 10,267 (21.1)
Race Black 2980 (8.5)
White 30,264 (86.2)
Others 1859 (5.3)
BMI <25 13,123 (27)
25-29.9 20,316 (41.8)
30-34.9 10,356 (21.3)
35-39.9 3425 (7)
> 40 1389 (2.9)
Smoker 5299 (10.9)
ASA Class >2 26,415 (54.3)
Pre-operative Labs
Abnormal Creatinine 5498 (11.3)
(> 1.5 mg/dL)
Leukocytosis 3202 (6.6)
Thrombocytopenia 4292 (8.8)
Hypoalbuminemia 3263 (6.7)

Anemia (HCT <41%)
Medical Comorbidities and Pre-operative Events
Diabetes 10,627 (21.9)

Insulin-Dependent Diabetes 3179 (6.5)

History of severe COPD 3023 (6.2)

Steroid use for chronic 1255 (2.6)
condition

Bleeding disorders 1470 (3)

Hypertension requiring 29,234 (60.1)

medication
Disseminated cancer 660 (1.4)
Weight loss 300 (0.6)
Dyspnea 3047 (6.3)
Dialysis 246 (0.5)
Congestive Heart Failure 507 (1)
Bleeding Requiring 358 (0.7)

Transfusion

Laser Vaporization Laser Enucleation

(N = 21,271) (N = 4393)
N (%) N (%) P-Value
196 (0.9) 49 (1.1) <.001*
1947 (9.2) 483 (11)

6517 (30.6) 1659 (37.8)

7970 (37.5) 1604 (36.5)

4641 (21.8) 598 (13.6)

1041 (6.3) 240 (5.9) <.001*
14,763 (89.7) 3600 (88.7)

656 (4) 218 (5.4)

5564 (26.2) 983 (22.4) <.001*
8932 (42) 1891 (43)

4609 (21.7) 998 (22.7)

1496 (7) 378 (8.6)

670 (3.1) 143 (3.3)

2017 (9.5) 389 (8.9) <.001*
11,518 (54.1) 2050 (46.7) <.001*
2171 (10.2) 381 (8.7) <.001*
1075 (5.1) 206 (4.7) <.001*
1944 (9.1) 371 (8.4) 232
1191 (5.6) 183 (4.2) <.001*
7770 (36.5) 1403 (31.9) <.001*
4527 (21.3) 833 (19) <.001*
1291 (6.1) 246 (5.6) .007*
1366 (6.4) 174 (4) <.001*
576 (2.7) 106 (2.4) 444
962 (4.5) 129 (2.9) <.001*
13,041 (61.3) 2509 (57.1) <.001*
149 (0.7) 26 (0.6) <.001*
118 (0.6) 19 (0.4) 232
1429 (6.7) 193 (4.4) <.001*
112 (0.5) 16 (0.4) 38
215 (1) 21 (0.5) <.001*
75 (0.4) 6 (0.1) <.001*

BMI indicates body mass index (kg/m?); ASA indicates American Society of Anesthesiologists; Abnormal Creatinine is serum creatinine
>1.5 mg/dL; Leukocytosis is WBC> 11 cells/L; Thrombocytopenia is platelet count< 150 x 10% platelets per microliter of blood:;
Hypoalbuminemia is albumin < 3.4 g/dL; Anemia indicates hematocrit < 41%; COPD indicates chronic obstructive pulmonary disease; Blood
Transfusion is receiving packed red blood cells 72 h before surgery; Weight loss is defined as > 10% loss body weight in last 6 months.

* Significant P < .05.

Regression Analysis

LVP and LEP showed shorter length of stay as compared to
TURP (P-value <.001). Furthermore, LVP showed shorter
operative times (—3.46 mins), higher odds of UTI (OR = 1.13),
lower odds of bleeding transfusion (OR = 0.28), and lower odds
of PE/DVT (OR = 0.54) as compared to TURP (P-value <
.001). In addition, LEP showed longer operative times
(39.64 mins), lower odds of UTI (OR = 0.61), and lower odds
of sepsis (OR = 0.45) as compared to TURP (P-value <.001).
LVP also showed decrease odds of CD III complications
(OR = 0.72) whereas LEP showed decrease odds of CD I, II, &
I complications (OR = 0.71 and 0.57, respectively) as com-
pared to TURP (P-value <.004) (Table 3).

150

Propensity Score Matching
After propensity score matching, TURP and LVP matched
analysis yielded 15,357 matched individuals for each group.
LVP still showed shorter operative times (=0.92 mins), shorter
length of stay (-3.27 days), lower odds of bleeding transfusion
(OR = 0.21), PE/DVT (OR = 0.52), MACE (OR = 0.76), and
readmissions (OR = 0.64), and higher odds of UTI (OR = 1.15)
as compared to TURP (P-value <.041). Furthermore, LVP
showed decreased odds of CD III and V complications
(OR = 0.36 and 0.52, respectively) as compared to TURP (P-
value <.002) (Table 3).

Next propensity score matching was performed for TURP
and LEP and the matched analysis yielded 3971 matched
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individuals for each group. LEP showed longer operative times
(39.1 mins), shorter length of stay (-0.46 days), and lower odds
of UTI (OR = 0.58), bleeding transfusion (OR = 0.55), PE/
DVT (OR = 0.40), MACE (OR = 0.38), and readmissions
(OR = 0.09) (P-value <.006). In addition, LEP showed de-
creased odds of all CD complications as compared to TURP (P-
value < .04) (Table 3).

Regarding reintervention causes, both LVP and LEP showed
lower odds of cystourethroscopy with irrigation and evacuation
of multiple obstructing clots and resection of prostatic tissue
left after a previous surgery as compared to TURP (Table 3).

DISCUSSION

This study is unique in comparing 3 different surgical
methods for BPH treatment in a large real-life cohort
with more than 900 centers reflecting the current prac-
tice in the US and other international centers who are
part of the NSQIP database.

Patients with bleeding disorders or hypertension un-
derwent LVP more frequently which demonstrated a
lower incidence of bleeding requiring transfusion as
compared to TURP. In addition, LEP also demonstrated
lower incidence of bleeding requiring transfusion as
compared to TURP. In fact, LEP using either Holmium
or Thulium laser has been extensively investigated and
has proven better short-term outcomes with respect to
blood drop and blood transfusion as compared to
TURP.”'%"" An added advantage to LVP is the ability
to operate on patients on anticoagulants or with bleeding
disorders. Several studies aimed to assess the safety and
efficacy of greenlight LVP in patients taking oral antic-
oagulants (OA) and at risk of bleeding. These studies
showed that LVP performed similarly when used on pa-
tients on or off anticoagulants.”'* Patients who under-
went Greenlight LVP had similar postoperative
outcomes, with no significant differences in post-
operative hematuria, bleeding complications or clot re-
tention between patients on or off OA."” In our study,
patients in the LVP and LEP groups demonstrated lower
odds of DVT/PE which is probably related to continua-
tion of OA during the period of surgery in this higher risk
population. Both the American Urologic Association
(AUA) and European Urologic Association (EAU) re-
commend laser techniques for treating patients with
BPO who are at higher risk of bleeding or receiving
antiplatelets or oral anticoagulation with, however, a
weak level of strength.'”'® This demonstrates the im-
portance of further evidence in this subset of patients in
particular who pose a challenge in our daily practice,
especially with the global population aging.

Despite this fact, we found in our study population that
patients with comorbidities (CHF, diabetes, disseminated
cancer, history of severe COPD, and smoking) were more
likely to undergo TURP. It could be hypothesized that
physicians and patients are more comfortable with estab-
lished techniques and resistant towards more novel ones
when patients exhibit a multitude of comorbidities. In this
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context, Lee et al. reviewed attitudes of physicians and
trends in BPH treatment; they found that urologists pre-
ferred to use techniques that are minimally invasive and
have adequate clinical outcomes.'” Furthermore, the type
of surgery chosen was found to be dependent on the
hospital setting and availability of training and equip-
ment.'” Indeed, whereas TURP is acquired during re-
sidency training, LVP and LEP are not an integral part of
the training in many centers. Furthermore, the learning
curve of LVP has been reported to be around 100 cases,'”
while LEP requires a steeper learning curve and con-
tinuous improvement in outcomes was observed with a
plateau after 270 cases.'”

In our analysis, patients undergoing LVP showed higher
rates of UTI, whereas patients undergoing LEP showed a
lower trend of UTI. when compared to TURP. LEP was
previously found to have a decreased risk of infections
including fever, UT], sepsis, septic shock, or pneumonia as
compared to TURP.” Nevertheless, LVP has been shown
to have similar risks of infections when compared to
TURP.%”"*? Indeed, very few articles have addressed LVP
as having a higher infectious rate as compared to TURP.”’
No clear conclusion could be reached regarding UTI rates
when comparing LVP to TURP. Risk factors for infection
include pre-operative infections, procedure duration, ca-
theter discontinuation, and length of stay, some of which
are not included within our dataset and so could not be
explored.”* However, LVP is known to reduce catheter
time and hospital stay and our study showed that the
duration of surgery is the shortest compared to TURP and
LEP. One hypothesis could be that the residual necrotic
tissue in the transitional zone following LVP could be a
nidus for bacterial infection. Based on this finding, we
recommend prophylactic antibiotic treatment in the peri-
operative setting.

Unsurprisingly, LVP and LEP showed decreased mor-
bidity and shorter length of stays in our study population.
In fact, it has been well documented that both LVP and
LEP present with less postoperative complications and
morbidities, incurring early catheter removal and shorter
hospital stay as compared to TURP.””

Regarding reintervention causes, our analysis demon-
strated that both LEP and LVP showed decreased odds of
clot evacuation and resection of prostatic left after sur-
gery in comparison to TURP. LEP and LVP have been
previously shown to decrease rates of clot retention and
evacuation when compared to TURP.”**® In fact, a de-
creased incidence of bleeding witnessed in laser proce-
dures leads to a decreased incidence of clot
retention.”””” In addition, TURP has been found to
leave behind a significant amount of adenoma post-re-
section.”” On the other hand, LEP has demonstrated a
lower incidence of prostatic adenoma recurrence and a
more complete resection as compared to TURP.”***
Hypothetically, laser techniques, such as LEP, allow for a
more complete removal of prostatic adenoma and a
deeper en-bloc resection at the level of the capsule.”’
LVP, on the other hand, has not been previously
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described as advantageous in terms of residual adeno-
matous tissue and further studies are still required to
prove if an advantage exists.

Operative time was found to be similar between TURP
and LVP at the univariate level whereas after our analysis
LVP showed slightly shorter operative times. Conversely,
various articles have described LVP as having longer
operative times when compared to TURP.””*” It is
known that operative times highly depend on prostate
size, laser energy, and surgeon’s experience and results
will vary when comparing different institutions with
different surgeon expertise.”” As for LEP, it is evident
that it needed a longer operative time with respect to the
other 2 techniques. This was also seen in several studies
whereby LEP required longer operative time since it is
used for larger prostates and includes the additional step
of prostate tissue morcellation adding around 20 mins to
the operative time.”"”

LIMITATIONS

This study is not without limitations. Firstly, the ACS-
NSQIP database does not provide patient-related ur-
ological such as international prostate
symptom score (IPSS), maximum flow rate (Qmax),
post-void residue (PVR), and prostate volume (PV)
which may limit the objective assessment of different
surgical methods. In addition, the ACS-NSQIP database
does not report certain specific urological complications
such as acute urinary retention, retrograde ejaculation,
urinary incontinence, and erectile dysfunction. The
presence of pre-operative catheterization is not recorded
within the NSQIP dataset, and this might influence
postoperative infection rates. Furthermore, NSQIP da-
tasets capture 30-day postoperative complications hence
long-term complications are not recorded within this
dataset. Finally, the NSQIP data set is a collaboration of
different centers; hence, criteria used to select type of
operation, expertise, and surgical techniques could vary
between different centers and such differences are not

outcomes

described nor accounted for in the dataset.

CONCLUSION

In conclusion, our study demonstrated that in a large
cohort of patients LVP and LEP vyielded better post-
operative outcomes than TURP. LVP had shorter op-
erative times and hospital stays, less complications,
decreased odds reintervention, but a higher risk of UTI.
On the other hand, LEP was found to have longer op-
erative times, shorter hospital stays, lower risk of com-
plications, and reintervention.

INFORMED CONSENT
The de-identified database (ACS-NSQIP) does not

constitute human subject research; therefore, no consent

154

to participate or institutional review board (IRB) ap-
proval was required or attained.

CREDIT AUTHORSHIP CONTRIBUTION
STATEMENT

CH Ayoub: Project development, Data collection or
management, Data analysis, Manuscript writing/editing. R
Haber: Project development, Data collection or manage-
ment, Data analysis, Manuscript writing/editing. R
Amine: Data collection or management, Data analysis,
Manuscript writing. D Mikati: Data collection or man-
agement, Data analysis, Manuscript writing. ZR Mahfoud:
Data collection or management, Data analysis,
Manuscript writing. A El Hajj: Project development,
Manuscript writing/editing, Supervised the study progress.

DATA AVAILABILITY

The (ACS-NSQIP) data are subject to a data use agreement.
To access the dataset, a request to the ACS-NSQIP parti-
cipant use form should be placed at the following link
(https://www.facs.org/quality-programs/acs-nsqip/participant-
use). The American University of Beirut Medical Center is
enrolled in ACS-NSQIP as a participating center. As such,
the data were made available by the ACS-NSQIP center
and the AUBMC Department of Surgery after signing the
data use agreement.

DECLARATION OF COMPETING INTEREST

The authors declare no conflict of interest.

Acknowledgment. CH Ayoub, R Haber, R Amine, and D
Mikati would like to acknowledge the training received under
the Scholars in HeAlth Research Program (SHARP) that set the
foundations for a career in clinical and translational research.
Research reported in this publication was supported by the
Fogarty International Center and Office of Dietary Supplements
of the National Institutes of Health under Award Number D43
TWO009118. The content is solely the responsibility of the
authors and does not necessarily represent the official views of
the National Institutes of Health).

APPENDIX A. SUPPORTING INFORMATION

Supplementary data associated with this article can be
found in the online version at doi:10.1016/j.urology.
2023.05.004.

References

1. Xu XF, Liu GX, Guo YS, et al. Global, regional, and national in-
cidence and year lived with disability for benign prostatic hyper-
plasia from 1990 to 2019. Am ] Mens Health. 2021;15
15579883211036786.

UROLOGY 177, 2023

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on April 03,
2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



10.

11.

12.

13.

14.

15.

. Patel ND, Parsons JK. Epidemiology and etiology of benign pro-

static hyperplasia and bladder outlet obstruction. Indian ] Urol.
2014;30:170-176.

. Heidar NA, Labban M, Misrai V, Mailhac A, Tamim H, El-Hajj A.

Laser enucleation of the prostate versus transurethral resection of
the prostate: perioperative outcomes from the ACS NSQIP data-
base. World ] Urol. 2020;38:2891-2897.

. Jr JAS, Howards SS, Preminger GM, Dmochowski RR. Hinman'’s

Atlas of Urologic Surgery. Elsevier; 2016.

. Yin L, Teng J, Huang CJ, Zhang X, Xu D. Holmium laser en-

ucleation of the prostate versus transurethral resection of the
prostate: a systematic review and meta-analysis of randomized
controlled trials. ] Endourol. 2013;27:604—611.

. Malik RD, Wang CE, Lapin B, Gerber GS, Helfand BT.

Comparison of patients undergoing laser vaporization of the pros-
tate versus TURP using the ACS-NSQIP database. Prostate Cancer
Prostatic Dis. 2015;18:18-24.

. Ayoub CH, El-Asmar JM, Abou Heidar NF, et al. A novel radical

prostatectomy specific index (PSI) for the prediction of major
cardiovascular events Urol  Nephrol.
2022;54:3069-3078.

following surgery. Int

. Dindo D, Demartines N, Clavien PA. Classification of surgical

complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg. 2004;240:205-213.

. Shahait M, Labban M, Dobbs RW, et al. A 5-Item Frailty Index for

predicting morbidity and mortality after radical prostatectomy: an
analysis of the American College of Surgeons National Surgical
Quality  Improvement  Program  Database. ]  Endourol.
2021;35:483-489.

Gupta N, Sivaramakrishna, Kumar R, Dogra PN, Seth A.
Comparison of standard transurethral resection, transurethral va-
pour resection and holmium laser enucleation of the prostate for
managing benign prostatic hyperplasia of >40 g. BJU Int.
2006;97:85-89.

Tyson MD, Lerner LB. Safety of holmium laser enucleation of the
prostate in anticoagulated patients. ] Endourol. 2009;23:
1343-1346.

Swiniarski PP, Stepied S, Dudzic W, Kesy S, Blewniewski M,
Rézanski W. Thulium laser enucleation of the prostate (TmLEP)
vs. transurethral resection of the prostate (TURP): evaluation of
early results. Cent Eur ] Urol. 2012;65:130-134.

Ruszat R, Wyler S, Forster T, et al. Safety and effectiveness of
photoselective vaporization of the prostate (PVP) in patients on
ongoing  oral  anticoagulation.  Eur  Urol. 2007;51:
1031-1038.discussion 8-41.

Lee DJ, Rieken M, Halpern ], et al. Laser vaporization of the
prostate with the 180-W XPS-Greenlight laser in patients with
ongoing platelet aggregation inhibition and oral anticoagulation.
Urology. 2016;91:167-173.

Lerner LB, McVary KT, Barry M], et al. Management of lower
urinary tract symptoms attributed to benign prostatic hyperplasia:
AUA GUIDELINE PART Il-surgical evaluation and treatment. ]
Urol. 2021;206:818-826.

UROLOGY 177, 2023

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on April 03,
2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

Gravas (Chair) INC S, Gacci M, Gratzke C, et al. EAU guidelines
on management of non-neurogenic male lower urinary tract
symptoms (LUTS), including benign prostatic obstruction (BPO).
Eur Assoc Urol. 2022;1:30—44.

Lee NG, Xue H, Lerner LB. Trends and attitudes in surgical
management of benign prostatic hyperplasia. Can ] Urol.
2012;19:6170.

Bastard C, Zorn K, Peyronnet B, et al. Assessment of learning
curves for 180-W GreenLight XPS photoselective vaporisation of
the prostate: a multicentre study. Eur Urol Focus. 2019;5:266-272.
Khene ZE, Peyronnet B, Vincendeau S, et al. The surgical learning
curve for endoscopic GreenLight™ laser enucleation of the pros-
tate: an international multicentre study. BJU Int. 2020;125:
153-159.

Fu WJ, Zhang X, Yang Y, et al. Comparison of 2-microm con-
tinuous wave laser vaporesection of the prostate and transurethral
resection of the prostate: a prospective nonrandomized trial with 1-
year follow-up. Urology. 2010;75:194-199.

Xia SJ, Zhuo ], Sun XW, Han BM, Shao Y, Zhang YN. Thulium
laser versus standard transurethral resection of the prostate: a
randomized prospective trial. Eur Urol. 2008;53:382-389.

Lai S, Peng P, Diao T, et al. Comparison of photoselective green
light laser vaporisation versus traditional transurethral resection for
benign prostate hyperplasia: an updated systematic review and
meta-analysis of randomised controlled trials and prospective stu-
dies. BMJ Open. 2019;9:¢028855.

Bouchier-Hayes DM, Anderson P, Van Appledorn S, Bugeja P,
Costello AJ. KTP laser versus transurethral resection: early results
of a randomized trial. ] Endourol. 2006;20:580-585.

Rassweiler ], Teber D, Kuntz R, Hofmann R. Complications of
transurethral resection of the prostate (TURP) — incidence,
management, and prevention. Eur Urol. 2006;50:969-980.

Wang YB, Yan SY, Xu XF, et al. Comparison on the efficacy and
safety of different surgical treatments for benign prostatic hyper-
plasia with volume >60 mL: a systematic review and Bayesian
Network Meta-Analysis of randomized controlled trials. Am ] Mens
Health. 2021;15.15579883211067086.

Huang SW, Tsai CY, Tseng CS, et al. Comparative efficacy and
safety of new surgical treatments for benign prostatic hyperplasia:
systematic review and network meta-analysis. BMJ. 2019;367:
15919.

Olapade-Olaopa, Ahiaku,  Chiverton.
Haematuria and clot retention after transurethral resection of the
prostate: a pilot study. Br J Urol. 1998;82:624-6217.

Shimizu Y, Hiraoka Y, Iwamoto K, Takahashi H, Abe H.
Measurement of residual adenoma after transurethral resection of
the prostate by transurethral enucleation technique. Urol Int.
2005;74:102-107.

Oh SJ. Current surgical techniques of enucleation in holmium laser
enucleation of the prostate. Investig Clin Urol. 2019;60:333-342.
Monn MF, El Tayeb M, Bhojani N, et al. Predictors of enucleation
and morcellation time during Holmium laser enucleation of the

prostate. Urology (Ridgewood, NJ). 2015;86:338-342.

Solomon,  Carter,

155



	Comparison of Postoperative Outcomes of Trans-urethral Resection of the Prostate, Laser Vaporization, and Laser Enucleation:...
	MATERIALS AND METHODS
	Study Design and Data Retrieval
	Patients and Covariates
	Statistical Analysis
	Propensity Score Matching

	RESULTS
	Patients’ Characteristics
	Outcomes of Interest
	Regression Analysis
	Propensity Score Matching

	DISCUSSION
	LIMITATIONS
	CONCLUSION
	INFORMED CONSENT
	CREDIT AUTHORSHIP CONTRIBUTION STATEMENT
	DATA AVAILABILITY
	DECLARATION OF COMPETING INTEREST
	Acknowledgment
	APPENDIX A. SUPPORTING INFORMATION
	References




