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Abstract
Purpose  To compare the perioperative outcomes associated with laser enucleation of the prostate (LEP) and transurethral 
resection of the prostate (TURP) using a national database.
Methods  The American College of Surgeons National Surgical Quality Improvement Program database was reviewed for 
patients who underwent TURP or LEP from 2008 to 2016. Baseline demographics, comorbidities, and predisposition to 
bleeding were compared between TURP and LEP. The 30-day perioperative outcomes including operative time, length of 
hospital stay (LOS), return to the operating room (OR), bleeding requiring transfusion, and organ system-specific complica-
tions were compared between the procedures. A multivariate logistic regression analysis was performed, adjusting for the 
type of surgery and other covariates.
Results  The series included 37,577 TURP and 2869 LEP procedures. While TURP was associated with a shorter oper-
ative time (55.20 ± 37.80 min) than LEP (102.80 ± 62.30 min), the latter was associated with a shorter hospital stay 
(1.29 ± 2.73 days) than TURP (2.05 ± 5.20 days). Compared to TURP, LEP had 0.52 (0.47–0.58) times the odds of a 
LOS > 1 day and 0.67 (0.54–0.83) times the odds of developing urinary tract infections. Nevertheless, no difference was 
found for other postoperative complications, need for transfusion, and return to OR.
Conclusion  Real-life data from a large national database confirmed that LEP is a safe and reproducible procedure to treat 
benign prostatic obstruction. Compared to TURP, LEP was associated with a lower rate of infectious complications and a 
shorter LOS at the expense of an increased operative time.

Keywords  Benign prostatic obstruction · Laser enucleation of the prostate · Prostatic adenoma · Transurethral resection of 
the prostate

Introduction

Aging male patients often complain of lower urinary tract 
symptoms (LUTS) that are commonly attributed to benign 
prostatic obstruction (BPO), which are classically man-
aged with either monopolar transurethral resection of the 
prostate (TURP) or open simple prostatectomy (OP) [1, 2]. 
Although monopolar TURP has stood the test of time, it is 
not risk free, with complications including bleeding, tran-
surethral syndrome (TUR syndrome), bladder neck stenosis, 
and postoperative urinary tract infections (UTIs). This has 
prompted the adoption of different energy-producing tech-
niques as possible alternatives to conventional monopolar 
TURP [3]. The dawn of laser technology opened the door 
for newer endoscopic techniques, including enucleation, 
vaporization, and resection. The most advanced of these 
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techniques is laser enucleation of the prostate (LEP), which 
entails surgically removing the adenoma from the prostatic 
capsule, emulating the traditional OP [4]. Other new modali-
ties include urethral lift, convective water vapor, and water 
jet ablation [5, 6].

LEP is safer than monopolar TURP for small to medium-
sized prostate glands due to reduced catheter time and 
reduced risk of bleeding, even in patients receiving antico-
agulation or antiplatelet therapy [7]. Published meta-anal-
yses of LEP series have demonstrated that this procedure 
is associated with shorter hospital stay, less bleeding, and 
lower transfusion requirements than TURP [8, 9]. However, 
these series involved a limited number of cases performed by 
highly experienced surgeons and might not reflect real-life 
outcomes on a broader scale. Therefore, there is a current 
knowledge gap regarding the surgical outcomes of the men-
tioned procedures and their generalizability.

Large datasets, such as the American College of Surgeons 
National Surgical Quality Improvement Program (ACS 
NSQIP), allow researchers to investigate the outcomes of 
surgical procedures on large cohorts to attempt to address 
discrepancies between expert series reported in the literature 
and real life. In the current study, we sought to compare the 
perioperative outcomes associated with LEP and TURP.

Methods

The NSQIP is a prospectively filled and validated 30-day 
outcomes registry that provided feedback to over 600 par-
ticipating hospitals in 2015 [10, 11]. The de-identified data-
base does not constitute human subject research; hence, no 
institutional review board approval was required from the 
participating sites. We retrieved data collected by surgical 
clinical reviewers (SCRs) who had received online train-
ing from the ACS; this information included demograph-
ics, comorbidities, and 30-day postoperative outcomes. The 
NSQIP data from 2008 to 2016 were filtered for the current 
procedural terminology (CPT) codes of TURP (52601) and 
LEP (52649) without other concomitant procedures. Even 
though the specific type of TURP (monopolar vs. bipolar) 
is not mentioned in the NSQIP database, most TURPs are 
carried using monopolar diathermy [12]. Similarly, the CPT 
code for LEP encompasses all sources of energy; yet, Hol-
mium is the most commonly used energy source [13].

The perioperative parameters collected included demo-
graphic variables and comorbidities: age, race, American 
Society of Anesthesiologists (ASA) class, body mass index 
(BMI), diabetes, hypertension, smoking status, current 
functional status, chronic obstructive pulmonary disease 
(COPD), disseminated cancer, and documented sepsis 48 h 
prior to either procedures. Moreover, we incorporated vari-
ables such as bleeding disorder (defined as any chronic or 

persistent condition that places the patient at risk of exces-
sive bleeding, including chronic anticoagulation that has not 
been discontinued prior to the procedure) as well as preop-
erative blood loss or anemia requiring at least one unit of 
blood transfusion in the 72 h prior to surgery. Preoperative 
blood transfusion may imply an underlying disease process 
or nutritional deficiency that may impact the patient’s surgi-
cal outcome [14]. We also included the additional param-
eters captured in the inpatient settings, including serum 
creatinine, preoperative hematocrit level, operative time, 
and length of hospital stay. Then we reported on complica-
tions including blood transfusion intraoperatively and up to 
72 h postoperatively; need to return to the operating room; 
UTIs; cardiac, pulmonary, neurologic, and thromboembolic 
morbidities. All the outcomes were captured within 30 days 
after the procedure.

We compared demographics, comorbidities, laboratory 
markers, and perioperative factors between TURP and LEP 
using the independent t test for continuous variables and the 
chi-squared test for categorical variables. Bivariate analysis 
was run between the postoperative outcomes and the type 
of surgery. Then a backward conditional multivariate logis-
tic regression was run for the perioperative outcomes that 
were significant at the bivariate level: urinary tract infection, 
length of hospital stay > 1 day, operative time > 60 min, car-
diac complications, pneumonia, and sepsis. For each of these 
variables, the model was adjusted for age, race, BMI, smok-
ing, functional status, ASA class, diabetes, hypertension, 
history of COPD, history of disseminated cancer at the time 
of surgery, bleeding disorder (including chronic use of anti-
coagulants), preoperative sepsis, preoperative transfusion in 
the 72 h prior to surgery, preoperative hematocrit, preopera-
tive creatinine, and whether the surgery was performed in an 
emergency context. The odds ratios for LEP were reported 
with TURP as a reference. All analyses were performed 
using Statistical Analysis Software (SAS) version 9.4, and 
a two-sided p value < 0.05 was defined as significant.

Results

In the period included, 40,446 patients across all hospi-
tals participating in the NSQIP underwent either TURP 
(n = 37,577) or LEP (n = 2869). Patients who underwent 
TURP were older (71.73 ± 9.60) than those who underwent 
LEP (69.37 ± 8.95; p value < 0.0001) and were more likely 
to be partially or totally dependent1 (p < 0.0001) and to be 

1  Partially dependent patients require assistance from another per-
son for activities of daily activities. This category also includes those 
relying on prosthetics and devices. Totally dependent patients require 
total assistance for all activities.
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smokers (p = 0.0003). They were also more likely to have 
comorbidities such as a higher ASA class (p < 0.0001), 
diabetes (p < 0.0001), hypertension (p = 0.0003), COPD 
(p = 0.0004), and actively treated disseminated cancer 
(p < 0.0001) (Table 1).

Moreover, TURP was associated with higher preoperative 
transfusion and preoperative sepsis than LEP (p < 0.0001 for 
both variables) (Table 1). Consistent with the previous find-
ings, LEP was less likely than TURP to be performed as an 
emergency intervention (p < 0.0001) (Table 2).

Moreover, although TURP was associated with a 
shorter operative time (55.2 ± 37.80  min) than LEP 
(102.8 ± 62.30 min, p < 0.0001), the latter was associated 
with a shorter hospital stay (1.29 ± 2.73 days) than TURP 
(2.05 ± 5.20 days; p < 0.0001).

LEP was associated with reduced rates of postoperative 
cardiac events (p = 0.03), pneumonia (p = 0.047), sepsis 
(p = 0.0003), and UTIs (p < 0.0001). However, the two sur-
geries had similar neurologic and thromboembolic postop-
erative morbidity. Additionally, patients who underwent 
TURP and those who underwent LEP had comparable rates 
of return to the operating room and comparable postopera-
tive transfusion requirements (Table 2).

In the multivariate analysis, patients undergoing LEP 
had 0.67 (0.54–0.83) times the odds of UTIs in compari-
son to those who had TURP (Table 3). Nevertheless, other 

postoperative complications such as cardiac problems, pneu-
monia, and sepsis were significant solely at the univariate 
level. Additionally, relative to TURP, LEP surgery was asso-
ciated with 0.52 (0.47–0.58) times the odds of > 1 day of 
hospitalization. However, compared to TURP, laser enuclea-
tion was associated with 5.4 (5.0–5.9) times the odds of an 
operative time exceeding 1 h.

Discussion

In this NSQIP study, we examined the predictors of hospi-
talization for > 1 day, operative time, and postoperative com-
plications. We reported the outcomes of LEP in comparison 
to TURP while adjusting for demographics, preoperative 
comorbidities, and laboratory markers. We found that LEP 
was associated with a lower rate of UTIs, longer operative 
time, and shorter postoperative hospital stays than TURP. 
While cardiac complications, pneumonia, and sepsis were 
significant at the univariate level, these variables lost sig-
nificance after accounting for patient-specific risk factors, 
which were more prevalent among the TURP group than 
among the LEP group. Moreover, the two procedures had 
similar bleeding complications, which is mainly attributed 
to the discrepancy in prostate size, as LEP is usually favored 
for larger glands.

Table 1   Baseline demographics, 
preoperative comorbidities, and 
laboratory markers of patients 
undergoing transurethral 
resection of the prostate 
(TURP) versus laser enucleation 
of the prostate (LEP)

ASA American Society of Anesthesiologists, COPD chronic obstructive pulmonary disease
a Preoperative transfusion captures patients who had four or more transfusions in the 72 h prior to surgery

Variables TURP (N = 37,577) LEP (N = 2869) p value

n (%) /  
−

x ± SD n (%) / 
−

x ± SD

Age 71.73 ± 9.60 69.37 ± 8.95 < 0.0001
Body mass index 28.24 ± 5.29 28.64 ± 5.29 < 0.0001
White race 24,036 (87.0) 2424 (90.4) < 0.0001
Partially or totally dependent 1296 (3.5) 53 (1.7) < 0.0001
ASA class
Class I 1198 (3.2) 82 (2.9) < 0.0001
Class II 15,959 (42.6) 1458 (50.8)
Class III 18,450 (49.3) 1237 (43.1)
Class IV 1840 (4.9) 89 (3.1)
Class V 4 (0.01) 2 (0.07)
Diabetes 8157 (21.7) 523 (18.3) < 0.0001
Hypertension 22,805 (60.7) 1643 (57.2) 0.0003
Current smoker 4280 (11.4) 265 (9.2) 0.0004
COPD 2495 (6.6) 115 (4.0) < 0.0001
Disseminated cancer 695 (1.85) 20 (0.7) < 0.0001
Bleeding disorders 1123 (3.0) 88 (3.1) 0.81
Preoperative transfusiona 329 (0.9) 6 (0.2) < 0.0001
Systemic sepsis 452 (1.2) 7 (0.2) < 0.0001
Mean creatinine 1.18 ± 0.72 1.14 ± 0.54 0.0014
Mean hematocrit 40.34 ± 5.30 41.00 ± 5.00 < 0.0001
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A previous NSQIP study for the years 2006–2011 
examined similar outcomes; however, that study included 
only 126 patients undergoing enucleation, whereas ours 
included 2869 [15]. In contrast to our current findings, 

the previous study found that LEP was associated with 
fewer overall complications, less need for transfusion, and 
a lower rate of reintervention than TURP.

Table 2   30-Day perioperative 
incidence of complications 
following transurethral resection 
of the prostate (TURP) versus 
laser enucleation of the prostate 
(LEP)

OR, operating room
a Includes both cardiac arrest requiring cardiopulmonary resuscitation and myocardial infarction
b Includes stroke or cerebrovascular accident with neurological deficit, coma for more than 24  h, and 
peripheral nerve injury
c Includes pulmonary embolism, deep vein thrombosis, and thrombophlebitis
d Includes bleeding requiring transfusion

Complications TURP (N = 37,577) LEP (N = 2869) p value

n (%) / 
−

x ± SD n (%) / 
−

x ± SD

Emergency 873 (2.3) 11 (0.4) < 0.0001
Operative time (min) 55.20 ± 37.80 102.80 ± 62.30 < 0.0001
Hospital stay (days) 2.05 ± 5.20 1.29 ± 2.73 < 0.0001
Cardiaca 150 (0.4) 4 (0.1) 0.030
Respiratory 211 (0.6) 9 (0.3) 0.08
Pneumonia 138 (0.4) 4 (0.1) 0.047
Unplanned intubation 79 (0.2) 6 (0.2) 0.99
Ventilator > 48 h 41 (0.1) 0 (0.0) 0.07
Neurologicalb 21 (0.2) 0 (0.0) 0.2352
Renal 140 (0.4) 6 (0.2) 0.16
Progressive renal insufficiency 90 (0.2) 3 (0.1) 0.15
Acute renal failure 54 (0.1) 3 (0.1) 0.59
Thromboembolicc 152 (0.4) 8 (0.3) 0.3
Sepsis/septic shock 412 (1.1) 11 (0.4) 0.0003
Sepsis 316 (0.8) 8 (0.3) 0.0011
Septic shock 100 (0.3) 3 (0.1) 0.0979
Urinary tract infection 1827 (4.9) 88 (3) < 0.0001
Transfusiond 682 (1.81) 38 (1.32) 0.055
Return to OR 833 (2.2) 54 (1.9) 0.24

Table 3   Association between 
laser enucleation of the prostate 
(LEP) and perioperative 
outcomes in comparison to 
transurethral resection of the 
prostate (TURP)

UTI urinary tract infection, LOS postoperative length of stay
For each of the perioperative outcomes, the model was adjusted for age, race, body mass index (BMI), 
smoking, functional status, American Society of Anesthesiologists (ASA) class, diabetes, hypertension, 
history of chronic obstructive pulmonary disease (COPD), history of disseminated cancer, preoperative 
sepsis, preoperative transfusion (pRBC), preoperative hematocrit, preoperative creatinine, and whether the 
surgery was performed in an emergency context

Perioperative risk factors and 
complications

TURP surgery LEP surgery

Unadjusted odds ratios Adjusted odds ratios

OR (95% CI) OR (95% CI)

UTI Reference 0.62 (0.50–0.77) 0.67 (0.54–0.83)
LOS > 1 Reference 0.44 (0.40–0.49) 0.52 (0.47–0.58)
LOS > 2 Reference 0.58 (0.50–0.66) 0.79 (0.68–0.91)
Operative time > 60 min Reference 5.51 (5.1–6.0) 5.4 (5.0–5.9)
Cardiac complications Reference 0.35 (0.13–0.94) *
Pneumonia Reference 0.38 (0.14–1.02) *
Sepsis Reference 0.35 (0.19–0.63) *
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Although the 2011–2015 NSQIP study published by 
Anderson et al. included a considerable number of LEP pro-
cedures (N = 1717), the authors reported only on the yearly 
trends. The authors showed how the operative time for LEP 
improved over the years (136–101 min) but remained, on 
average, 25 min longer than that of TURP [16]. A series of 
six RCTs reported in a meta-analysis also confirmed these 
results [8]. The difference in operative time is because LEP 
tends to be performed on larger prostates and is more tech-
nically complex than traditional TURP. Furthermore, LEP 
procedures entail intravesical prostatic tissue morcellation, 
which increases the operative time by approximately 20 min 
[17]. Since LEP is highly operator dependent, our study aver-
ages the operative times on a national level (60–107 min) to 
account for different experience levels among centers and 
physicians [18–20].

In their meta-analysis, Yin et al. demonstrated that LEP 
is associated with less intraoperative blood loss and lower 
transfusion rates, as well as shorter catheterization and hos-
pitalization times, than TURP [8, 9]. However, a large ret-
rospective study conducted in Germany by Gilfrich et al. 
showed that LEP was associated with an increased rate of 
reintervention for bleeding [21]. In contrast, in our retrospec-
tive cohort, there was no statistically significant difference in 
terms of transfusion rate, although the numbers favored LEP. 
Although LEP is conceptually superior for hemostasis, there 
are multifactorial reasons why this theoretical advantage was 
evident in the cohort at hand. One reason is that prostatic 
size, a principal confounder, is not included in the NSQIP 
database, as there is generally a preference to perform LEP 
on larger prostates to avoid TUR syndrome. Another rea-
son is that the need for blood transfusion is a rare outcome 
that is likely to diminish further with experience. Therefore, 
a yearly analysis of more recent data could show different 
results. Furthermore, the data reported in the literature are 
based on the experience of high-volume centers, which 
might not reflect the outcomes in a broader population and 
among differently trained urologists [5, 8, 9].

In our population, LEP was associated with reduced odds 
of postoperative UTIs even after adjusting for demographics 
and comorbidities. Although the rate of UTI complications 
was reported yearly in the NSQIP study by Anderson et al., 
the authors did not perform a multivariate analysis. Our study 
confirms that the difference in UTI remains valid even after 
accounting for other confounders. However, other confounders 
not included in the ACS NSQIP database, such as preoperative 
catheterization, perioperative antibiotics, and postoperative 
duration of catheter use, could alter infectious outcomes. Fur-
thermore, a meta-analysis by Cornu et al. in 2015 showed that 
patients undergoing LEP had a shorter catheterization time 
than those undergoing TURP [5]. Although the ACS NSQIP 
does not gather information regarding catheterization time, a 

shorter hospital stay among those who undergo LEP suggests 
a shorter catheterization time.

Other NSQIP studies examined LEP versus laser vaporiza-
tion of the prostate (LVP) as well as LVP versus TURP [22, 
23]. We report that although LEP was introduced more than 
a decade ago with favorable results, urologists still perform 
TURP at a higher rate, possibly due to the perceived steeper 
learning curve of the LEP procedure. Nonetheless, a recent 
meta-analysis concluded that LEP is adequately learned once 
the surgeon has performed 50 procedures [24].

Limitations

Since the ACS NSQIP database follows a standardized collec-
tion of various perioperative variables, it lacks variables that 
are specific to BPO surgery. A limitation inherent to the data-
base is the lack of information about prostate size. Although 
the American Urological Association currently suggests LEP 
as a suitable option regardless of prostate size, LEP is often 
chosen for larger prostates, while TURP is safely performed 
on small to medium-sized prostates [25, 26]. Despite the pos-
sible discrepancy in prostate size, LEP was a reliable and safe 
procedure in this series. Other unavailable variables include 
previous operations, intraoperative use of irrigation, postop-
erative urine flow rates, decreases in prostate-specific antigen, 
International Prostate Symptom Scores, and incidence of TUR 
syndrome. Another limitation is the grouping of both monopo-
lar and bipolar TURP procedures under the same CPT code. 
Nevertheless, bipolar TURP is associated with only a slight 
reduction in TUR syndrome and blood transfusion events all 
while having similar urological outcome to monopolar TURP 
[27]. Furthermore, the variable of bleeding disorder is hetero-
geneous, as patients with a genetic predisposition to bleeding 
are grouped with patients who are on chronic anticoagulation. 
Additionally, since the transfusion rate is highly dependent 
on the preoperative hemoglobin level and hospital transfu-
sion protocol, a more sensitive way to capture the burden of 
surgery-specific bleeding is through either the amount of blood 
loss or the change in hemoglobin. However, these variables are 
not available in this database.

Despite the mentioned limitations, our study features the 
largest reported number of LEP surgeries (N = 2869) in a 
non-selected patient cohort operated by a large number of 
urologists with different levels of experience. This study’s 
results reflect the real-life outcomes of LEP compared to 
TURP.

Conclusion

We report the perioperative outcomes of LEP and TURP for 
BPO in a large real-life cohort of patients. LEP is a safe and 
reproducible procedure to treat BPO on a national level. In 
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comparison to TURP, LEP is associated with reduced uri-
nary infectious complications and a reduced length of hospi-
talization at the expense of an extended operative time. Fur-
ther, larger and more recent systematic reviews are needed 
to validate our findings.
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