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Abstract

Objective To compare the perioperative morbidity of robotic-assisted simple prostatectomy (RASP), anatomical 
endoscopic enucleation of the prostate (AEEP) and open simple prostatectomy (OSP) for the treatment of benign 
prostatic obstruction (BPO).

Methods The national surgical quality improvement program database was queried for AEEP, RASP, and OSP 
procedures. Clavien-Dindo-graded complications, length of hospital stay (LOS), and operative time were compared 
among the procedures. To control for the potentially confounding variables, we first conducted a multivariate 
backward conditional logistic regression, and then resorted to propensity score matching. 

Results We identified 2867 AEEP, 234 RASP, and 1492 OSP procedures. After matching, the risk of pulmonary, 
renal, infectious, and thromboembolic adverse events was lower after AEEP but not RASP in comparison with OSP  
(P < 0.05). In comparison with RASP, AEEP had lower cardiac and thromboembolic events (P < 0.05). When compared 
with OSP, AEEP had reduced odds of Clavien-Dindo grade I (OR = 0.12; 95% CI 0.10 to 0.16) and II (OR = 0.38; 95% 
CI 0.24 to 9.58) complications. Also, AEEP had lower odds for grade I and II as well as grade IV complications (OR = 
0.30; 95% CI 0.19 to 0.48, and OR = 0.05; 95% CI 0.01 to 0.24, respectively) compared with RASP. 

Conclusion AEEP and RASP were associated with fewer perioperative adverse events, a shorter LOS and a reduced 
risk of transfusion compared with OSP. AEEP was associated with overall lower complication rates than RASP  
and OSP. 

Introduction

Benign prostatic obstruction (BPO) is a common cause of lower urinary tract symptoms with a 75% prevalence 
in men older than 50 years[1]. BPO significantly impacts quality of life, often necessitating medical or 
surgical treatment[2]. The current standard of care advocates for anatomical endoscopic enucleation of the 
prostate (AEEP) of smaller prostates (< 80 grams) and recommends AEEP or simple prostatectomy for the 
treatment of larger prostates (> 80 grams)[3]. Nevertheless, open simple prostatectomy (OSP) remains the gold-
standard treatment for large glands[4]. Recently, robotic-assisted simple prostatectomy (RASP) has gained 
popularity among robotic surgeons as a minimally invasive method to enucleate large prostatic adenomas.  
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It has similar functional outcome to OSP, while 
potentially limiting postoperative morbidity, especially 
bleeding and length of hospital stay[5–7]. 

The AEEP imitates the traditional Millins procedure 
by endoscopically enucleating the prostatic adenoma. 
Holium laser enucleation of the prostate (HoLEP) 
was first described by Gilling in 1998. In comparison 
to OSP, AEEP has demonstrated similar functional 
outcomes and efficacy in larger prostates, but reduced 
rate of overall complications and postoperative 
transfusion[8–10]. Currently, AEEP, RASP, and OSP 
are part of the surgical armamentarium when dealing 
with large prostates, and proponents of each technique 
defend its superiority over the others; however, there 
are no large studies comparing the 3 procedures, and 
certainly no randomized clinical trials. Umari et al. 
showed that RASP has comparable functional outcomes 
to AEEP, while Zhang et al. showed that AEEP conferred 
a shorter hospital stay, reduced catheter time, and 
had lower transfusion rates than RASP[11–13]. Both 
studies showed similar complication rates between 
RASP and AEEP. Nevertheless, both studies are small 
retrospective series. Sorokin et al. and Mourmouris et al. 
retrospectively compared RASP and OSP and found that 
despite having comparable functional outcomes, RASP 
had reduced blood loss and catheterization time at the 
expense of a longer operative time[7,14]. The systematic 
review of RASP by Kordan et al. incorporated several 
single-center retrospective studies, which included a 
limited number of RASP procedures[15]. Therefore, 
using a large multi-institutional real-world dataset, 
we sought to compare head-to-head the perioperative 
surgical outcomes of AEEP, RASP, and OSP using diffe rent 
statistical methods to cross-validate our findings.

Materials and Methods
The American College of Surgeons National Surgical 
Quality Improvement Program is a prospectively 
filled, risk-adjusted, and validated 30-day outcome 
registry with contributions from 703 different hospitals, 
most of which are in the United States[16]. Since our 

institution is a participating hospital, access to the de-
identified database is granted and formal consent is not 
required. The database includes information on patients’ 
demographics, comorbidities, and 30-day postoperative 
outcomes that are entered by American College of 
Surgeons (ACS) trained surgical clinical reviewers. The 
database was queried for AEEP, RASP, and OSP without 
any concurrent procedures performed between 2008 
and 2017. Since there is no dedicated current procedural 
terminology (CPT) code for RASP, the CPT code for 

Abbreviations 
AEEP anatomical endoscopic enucleation of the prostate
BPO benign prostatic obstruction
COPD chronic obstructive pulmonary disease
CPT current procedural terminology
HoLEP Holium laser enucleation of the prostate
LOS length of stay
MACE major adverse cardiac event
OSP open simple prostatectomy
RASP robotic-assisted simple prostatectomy FIGURE 1. 

Flowchart describing the selection criteria for patients 
who underwent anatomic endoscopic enucleation 
of the prostate (AEEP) or robotic-assisted simple 
prostatectomy (RASP) or open simple prostatectomy 
(OSP) from the national surgical quality improvement 
program (NSQIP)

Patients registered in ACS NSQIP 
database 2008–2017  

N = 6 274 508

COMPARISION OF THE PERIOPERATIVE MORBIDITY

AEEP-Group RASP-Group OSP-Group

Address procedure selection bias
Propensity score matching based on age, ASA class, 

BMI, predisposition to bleeding, COPD, 
congestive heart failure, functional status, 

hypertension, and diabetes, and operative year 

4593 Patients underwent either EEP 
or RASP or OSP between 2008 and 2017

49 371 patients were 
excluded if procedure 
was not done for benign 
prostatic obstruction 
(ICD 9: 600.0-600.9) 
or because of concurrent 
procedures

CPT 52 649 (EEP = 2880) or CPT 55 866 (RASP = 49 299) 
or CPT 55 821 (OSP = 1140) or CPT 55 831 (OSP = 645 ) 

N = 53 964
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RARP (55866) is used by surgeons. To select procedures 
done for BPO, all cases were filtered by the International 
Classification of Diseases -9 (ICD-9) codes 600.00-
600.90 or ICD-10 N40.00-N40.90, corresponding to the 
postoperative diagnosis of BPO procured from either 
brief postoperative note, operative report, and/or the 
pathology reports (Figure 1). The CPT codes for AEEP 
(52649) and OSP (55821 & 55831) were also selected. 
Even though the energy source for AEEP cannot be 
extracted from the database, HoLEP is currently the 
most commonly used energy source for AEEP in the 
United States[17]. As a primary endpoint, this study 
aimed to compare 30-day perioperative surgical 
complications and early mortality between AEEP, RASP, 
and OSP.

Baseline patient demographics, comorbidities, 
and laboratory markers were collected and managed. 
Comorbidities included American Society of 
Anesthesiologists (ASA) class ≥ 3, corresponding 
to patients with severe systemic disease, diabetes, 
hypertension, being partially or totally physically 
dependent, chronic obstructive pulmonary disease 
(COPD), history of heart failure, myocardial infarction, 
and disseminated cancer. Additionally, the variables 
bleeding diathesis and long-term pharmaceutical 
steroid or immunosuppressant use were added. The 
variable bleeding diathesis incorporated patients on 
chronic anticoagulation therapy that had not been 
discontinued prior to the procedure, and patients with 
genetic hematological diseases. The variable chronic 
steroid use included patients who had regular intake 
of oral or parenteral corticosteroid medications or 
immunosuppressants for a chronic medical condition. 
We investigated the rate of anemia (hematocrit < 35%), 
thrombocytopenia (< 150 × 103/µL), and elevated serum 
creatinine (creatinine > 1 mg/dL). 

We performed 3 comparisons: (1) OSP versus AEEP, 
(2) OSP versus RASP, and (3) RASP versus AEEP. 
First, using a backward conditional logistic regression, 
we compared the 30-day perioperative procedural 
outcomes factored by organ system, prolonged 
operative time, and extended length of hospital 
stay (LOS > 1 day) of the 3 procedures (RASP, AEEP, 
and OSP). Second, to mitigate the effect of procedure 
selection bias and potential confounding variables, 
propensity score matching (PSM) with replacement 
(giving priority to exact matches) was used to assess 
procedure-specific outcomes. This method would 
further decrease bias especially when dealing with very 
different numbers between the 3 arms[18]. Baseline 
demographics before and after matching are found in 
Supplementary Table 1. We defined major adverse 
cardiac event (MACE) as the incidence of one or 
more of the following: myocardial infarction, stroke/
cardiovascular events, cardiac arrest necessitating 

cardiopulmonary resuscitation (CPR), and death[19]. 
The pulmonary complications captured pneumonia 
and unplanned intubation events. We also identified 
patients with acute or progressive postoperative renal 
insufficiency requiring dialysis. Then, we gathered 
the occurrences of urinary tract infections, sepsis, 
and septic shock under infectious outcomes, and 
pulmonary embolism and deep venous thrombosis 
under venous thromboembolism (VTE). We also 
explored the rate of intraoperative and postoperative 
bleeding within the first 72 hours of surgery starting 
time. Moreover, we designated composite morbidity 
as the combination of pulmonary, renal, infectious, 
MACE, VTE, and transfusion outcomes. We 
further categorized ACS-National Surgical Quality 
Improvement Program (NSQIP) surgical outcomes in 
Clavien-Dindo grades according to previously published 
studies[20,21]. Clavien-Dindo grade I and grade II 
represent occurrences of surgical site infection (SSI), 
deep incisional SSI, organ space SSI, fascial dehiscence, 
pneumonia, urinary tract infections, deep venous 
thrombosis, progressive renal insufficiency, bleeding 
requiring transfusion. Grade III represents reoperation. 
Grade IV encompasses sepsis, septic shock, pulmonary 
embolism, myocardial infarction, cardiac arrest 
necessitating CPR, unplanned intubation, ventilator 
dependence > 48 hours, acute renal failure necessitating 
dialysis, stroke, and coma. Grade V represents death. 

Statistics
We compared patient demographics, comorbidities, 
and preoperative laboratory markers, and computed 
outcomes between the 3 procedures using Mann-
Whitney U test for continuous variables and chi-
square test or Fisher exact test for categorical variables. 
Furthermore, a multivariate conditional backward 
logistic regression was constructed for each of the 
designated outcomes and adjusted for demographics, 
comorbidities, surgical procedure and the year the 
procedure was performed in. 

Since observational studies are subject to treatment-
selection bias, PSM allows estimation of treatment 
effect based on treatment assignment conditional to the 
accounted covariates[18,22]. Propensity score matching 
was used to adjust for covariates that could influence the 
choice of treatment of BPO: age, ASA class, body mass 
index, COPD, congestive heart failure, functional status, 
diabetes, hypertension, predisposition for bleeding, 
and the year of surgery to account for possible effect of 
the learning curve and changes in technique across the 
years. Using the generated propensity scores, weighted 
logistic regression analysis was conducted for the same 
outcomes. All analyses were conducted using the SPSS 
Statistics for Windows, version 25 (IBM Corp., Armonk, 
NY, US).
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Results
This series included 2867 AEEP, 234 RASP, and 1492 
OSP procedures. Figure 2 depicts the annual trends for 
the different procedures. While RASP has a constant 
proportion over the years, OSP caseload decreased at 
the expense of more AEEP procedures. A total of 24.3%, 
25.2%, and 27.3% of patients undergoing AEEP, RASP, 
and OSP, respectively, had an average age > 75. Patient 
demographics and comorbidities were similar for all 
3 procedures, except a higher proportion of patients 
undergoing AEEP had disseminated cancer (0.7%), 
were on chronic steroid treatment (2.5%), or were on 
anticoagulation (3.1%); (P = 0.019, P = 0.015, P = 0.012, 
respectively) (Table 1). There was also no difference 
in the rates of diabetes, hypertension, and COPD 
(P = 0.967, P = 0.470, and P = 0.304, respectively). In our 
cohort, there was an equal proportion of patients (0.4%) 
on dialysis who underwent either of AEEP or OSP (P > 
0.05). Additionally, the AEEP group had the highest 
proportion of patients with hematocrit < 35% (22.9%) 
and platelet count < 150K (26.3%) while the OSP group 
had the highest proportion of patients with INR ≥ 1.1 
(19.1%) (P < 0.001 for all variables). 

AEEP had the shortest median (interquartile range) 
operative time of the 3 procedures: 93 (59 to 131) 
minutes for AEEP versus 184 (149 to 234) minutes for 
RASP and 109 (82 to 152) minutes for OSP (P < 0.001; 
Table 2). At the univariate level, fewer complications 
were observed with AEEP and RASP compared to OSP, 
yet there was no significant difference in rates of return 
to the operating room and 30-day mortality among the 3 
procedures (P > 0.05). 

After adjusting for other covariates, AEEP had 
decreased odds of postoperative pulmonary, renal, 
infectious, cardiac, and thromboembolic complications 
in comparison with OSP (P < 0.05) (Table 3). AEEP 
versus RASP conferred lower odds of MACE (OR = 0.18; 
95% CI 0.04 to 0.75) and VTE (OR = 0.22; 95% CI 0.06 
to 0.82). These findings were echoed in the PSM model. 
Furthermore, after matching, AEEP had lower odds 
of Clavien-Dindo grade I & II adverse events (AEEP 
versus OSP, OR = 0.14; 95% CI 0.10 to 0.20, and AEEP 
versus RASP, OR = 0.40; 95% CI 0.26 to 0.62) (Table 4). 
AEEP also had reduced odds of grade IV complications 
(AEEP versus RASP, OR = 0.20; 95% CI 0.09 to 0.45, 
and AEEP versus OSP, OR = 0.29; 95% CI 0.12 to 0.71) 
in comparison with OSP and RASP, respectively. 
Nevertheless, the type of surgery did not predict early 
postoperative mortality (Clavien-Dindo grade V). 
Despite having the largest proportion of patients with 
bleeding diathesis (3.1%), AEEP was associated with 
a significantly lower risk for bleeding necessitating 
blood product transfusion than both OSP and AEEP; 
(AEEP versus OSP, OR = 0.06; 95% CI 0.04 to 0.11, and 

AEEP versus RASP, OR = 0.18; 95% CI 0.10 to 0.35). 
Additionally, AEEP was associated with a shorter LOS 
and decreased risk of overall morbidity than both OSP 
and RASP (P < 0.05). Similarly, the odds of operative 
time exceeding 90 minutes were lower for AEEP (AEEP 
versus OSP, OR = 0.56; 95% CI 0.45 to 0.70; AEEP versus 
RASP OR = 0.08; 95% CI 0.05 to 0.14). 

Discussion 
We used a real-world national database to provide 
objective operative outcome comparison between 
AEEP, RASP, and OSP: 3 procedures dedicated for the 
surgical management of symptomatic large prostates. 
When taking OSP as a reference, both AEEP and RASP 
had a shorter hospital stay and lower transfusion rates. 
Additionally, in comparison with OSP and RASP, 
AEEP had shorter operative time, shorter LOS, lower 
transfusion rates, and decreased odds of grade I and II as 
well as grade IV complications.

BPO resulting from large adenomas poses a more 
challenging decision-making process. The American 
Urological Association 2020 guidelines indicate 
that treatment options for large glands include 
open, laparoscopic, or robotically assisted simple 
prostatectomy, and that laser enucleation with RASP 
and AEEP have a lower risk profile because of their 
minimally invasive nature[4]. Meyer et al. documented 
the shift in numbers from OSP to RASP in the last 
decade, which they speculate occurred because the 
availability of robotics has made this the most cost-
effective approach and it requires no further training[23].  
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Annual trends for endoscopic enucleation of 
the prostate (AEEP) or robotic-assisted simple 
prostatectomy (RASP) or open simple prostatectomy 
(OSP)
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TABLE 1. 

Baseline demographics, comorbidities, and laboratory markers among patients who have benign prostate 
obstruction who underwent anatomic endoscopic enucleation of the prostate (AEEP) or robotic assisted simple 
prostatectomy (RASP) or open simple prostatectomy (OSP)

Variable AEEP (N = 2867)
n (%)

RASP (N = 234)
n (%)

OSP (N =1492)
n (%) P-value

Non-White 259 (9.7) 32 (14.2) 210 (15.4) < 0.0001

≤65 962 (33.9) 66 (28.2) 407 (27.4) < 0.0001

65 – ≤75 1187 (41.8) 109 (46.6) 674 (45.3)

>75 692 (24.3) 59 (25.2) 406 (27.3)

ASA ≥ 3 1331 (46.4) 101 (43.2) 706 (47.3) 0.485

BMI ≥ 30 986 (34.4) 72 (30.8) 546 (36.6) 0.137

Diabetes 522 (18.2) 44 (18.8) 270 (18.1) 0.967

Smoker 265 (9.2) 20 (8.5) 130 (8.7) 0.816

Dependenta 52 (1.8) 2 (0.9) 20 (1.3) 0.396

COPD 115 (4.0) 7 (3.0) 47 (3.2) 0.304

Heart failure 12 (0.4) 0 (0.0) 4 (0.3) 0.747

Hypertension 1,646 (57.4) 144 (61.5) 861 (57.7) 0.470

Dialysis 11 (0.4) 0 (0.0) 6 (0.4) 1.0000

Disseminated cancer 20 (0.7) 0 (0) 2 (0.1) 0.019

Chronic steroid 73 (2.5) 4 (1.7) 19 (1.3) 0.015

Myocardial infarction 2 (0.1) 0 (0.0) 0 (0.0) 0.603

Bleeding diathesisb 89 (3.1) 2 (0.9) 28 (1.9) 0.012

Creatinine >1 1,235 (43.1) 105 (44.9) 686 (46.0) 0.182

Albumin < 3.5 744 (26.0) 91 (38.9) 537 (36.0) < 0.0001

Leukocyte > 6.5K 1,314 (45.8) 125 (53.4) 858 (57.5) < 0.0001

Hematocrit < 35% 656 (22.9) 29 (12.4) 249 (16.7) < 0.0001

Platelet < 150K 753 (26.3) 44 (18.8) 196 (13.1) < 0.0001

INR ≥ 1.1 366 (12.8) 31 (13.2) 285 (19.1) < 0.0001

ASA: American Society of Anesthesiology; BMI: body mass index; COPD: chronic obstructive pulmonary disorder;  
INR: international normalized ratio.
aDependent patients require partial or total assistance from another person for daily activities.  
b Bleeding diathesis is defined as any chronic or persistent condition that places the patient at risk of excessive bleeding, including chronic 
anticoagulation that has not been discontinued prior to the procedure.
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Our results ref lect the findings of a meta-analysis 
compiling 37 observational studies that explored the role 
of minimally invasive technique in simple prostatectomy 
and revealed that this procedure offers decreased blood 
loss and shorter LOS with comparable functional 
outcomes to OSP[24]. The largest reported outcome 
series for laparoscopic simple prostatectomy and RASP 
(n = 1330) was from an American-European multicenter 
study[25]. The cohort had a median operative time of 100 
minutes, a median estimated blood loss of 200 mL, and a 
median LOS of 4 days[25]. Besides, 10.6% of the patients 
had a Clavien-Dindo grade l or grade ll complication[25]. 

Although the findings are consistent with our results, no 
large studies have compared RASP with AEEP. 

The patients in our cohort undergoing either 
procedure were similar in baseline characteristics with 
patient ≥ 75 representing around a quarter of patients 
undergoing any of the 3 procedures[26]. On the other 
hand, patients on chronic anticoagulation were more 
likely to undergo AEEP. Although the risk of bleeding 
was considerable for patients on anticoagulation, 
the rate of transfusion was significantly lower with 
AEEP than with either OSP or RASP. This could be 

TABLE 2. 

Univariate analysis for postoperative outcomes following anatomic endoscopic enucleation of the prostate (AEEP), 
robotic-assisted simple prostatectomy (RASP), and open simple prostatectomy (OSP) for benign prostatic obstruction 

Variable
AEEP 

(N = 2867)
n (%)

RASP 
(N = 234)

n (%)

OSP
(N =1492) 

n (%)
P-value

Pulmonarya 8 (0.3) 2 (0.9) 26 (1.7) < 0.0001

Renalb 6 (0.2) 0 (0.0) 14 (0.9) 0.003

Infectiousc 93 (3.2) 12 (5.1) 98 (6.6) < 0.0001

MACEd 8 (0.3) 3 (1.3) 15 (1.0) 0.002

VTEe 8 (0.3) 3 (1.3) 29 (1.9) < 0.0001

Transfusionf 38 (1.3) 16 (6.8) 275 (18.4) < 0.0001

LOS > 1 day 441 (15.4) 157 (67.1) 1 338 (89.7) < 0.0001

Operative time 93 (59 – 131) 184 (149 – 234) 109 (82 – 152) < 0.0001

Return to OR 54 (1.9) 6 (2.6) 45 (3.0) 0.057

mortality 3 (1.3) 1 (0.4) 3 (0.2) 0.227

Composite morbidityg 150 (5.2) 32 (13.7) 389 (26.1) < 0.0001

MACE: major adverse cardiac event; VTE: venous thromboembolism; LOS: length of hospital stay; OR: operating room. 
apneumonia and unplanned intubation; bacute and progressive renal failure; curinary infections, sepsis, and septic shock; dmyocardial infarction, stroke/
cardiovascular events, cardiac arrest necessitating cardiopulmonary resuscitation, and death; epulmonary embolism and deep venous thrombosis; 
fbleeding requiring transfusion; gpulmonary, renal, infectious, MACE, VTE, transfusion outcomes. 
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TABLE 3. 

Multivariate backward conditional logistic regression comparing the perioperative outcomes of endoscopic  
anatomic enucleation of the prostate (AEEP), robotic-assisted simple prostatectomy (RASP),and open simple 
prostatectomy (OSP) 

Postoperative 
Outcomes OSP AEEP

OR (95%CI)
RASP

OR (95%CI) RASP AEEP
OR (95%CI)

Pulmonarya Reference 0.19 (0.09 – 0.44) 
P < 0.001

0.62 (0.14 – 2.68) 
P = 0.52 Reference –

Renalb Reference 0.14 (0.04 – 0.47)  
P = 0.002 – Reference –

Infectiousc Reference 0.49 (0.36 – 0.66) 
P < 0.001

0.89 (0.48 – 1.66) 
P = 0.71 Reference 0.54 (0.29 – 1.01)  

P = 0.05

MACEd Reference 0.27 (0.11 – 0.67) 
P = 0.005

1.12 (0.30 – 4.19) 
P = 0.87 Reference 0.18 (0.04 – 0.75)  

P = 0.02

VTEe Reference 0.16 (0.07 – 0.35) 
P < 0.001

0.59 (0.17 – 2.03) 
P = 0.40 Reference 0.22 (0.06 – 0.82)  

P = 0.03

OT > 90 min Reference 0.48 (0.42 – 0.56) 
P < 0.001

7.36 (4.32 – 12.53) 
P < 0.001 Reference 0.09 (0.05 – 0.15) 

P < 0.001

Transfusionf Reference 0.04 (0.03 – 0.07) 
P < 0.001

0.30 (0.17 – 0.52) 
P < 0.001 Reference 0.14 (0.07 – 0.27)  

P < 0.001

LOS > 1 day Reference 0.02 (0.01 – 0.03)  
P < 0.001

0.18 (0.13 – 0.27) 
P < 0.001 Reference 0.08 (0.06 – 0.12) 

P < 0.001

Composite  
morbidityg Reference 0.14 (0.11 – 0.18)  

P < 0.001
0.45 (0.30 – 0.68)  

P < 0.001 Reference 0.30 (0.20 – 0.46);  
P < 0.001

 Clavien-Dindo Grade Complications

Grade I & II CD Reference 0.12 (0.10 – 0.16) 
P < 0.001

0.38 (0.24 – 9.58)  
P < 0.001 Reference 0.30 (0.19 – 0.48)  

P < 0.001

Return to OR Reference – – Reference –

Grade IV CD Reference 0.26 (0.16 – 0.42);  
P < 0.001 – Reference 0.05 (0.01 – 0.24)  

P < 0.001

Mortality Reference – – Reference –

CD: Clavien-Dindo; CI: confidence interval MACE: major adverse cardiac event; VTE: venous thromboembolism; OR: odds ratio; OT: operative time
apneumonia and unplanned intubation; bacute and progressive renal failure; curinary infections, sepsis, and septic shock; dmyocardial infarction, stroke/
cardiovascular events, cardiac arrest necessitating cardiopulmonary resuscitation, and death; epulmonary embolism and deep venous thrombosis; 
fbleeding requiring transfusion; gpulmonary, renal, infectious, MACE, VTE, transfusion outcomes. Logistic regression model adjusted for race, age,  
American Society of Anesthesiology (ASA) class, functional dependence, body mass index (BMI), smoking, diabetes, hypertension, predisposition to 
bleeding (includes anticoagulation), chronic obstructive pulmonary disease (COPD), history of heart failure, dialysis dependence, chronic steroid use,  
history of disseminated cancer, laboratory markers (creatinine, leukocyte count, hematocrit, platelet count), and surgical procedure (AEEP versus RASP 
versus OSP), and year of operation.
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TABLE 4. 

Propensity score matching comparing the perioperative outcomes of anatomic endoscopic enucleation of the 
prostate (AEEP), robotic-assisted simple prostatectomy (RASP), and open simple prostatectomy (OSP) 

Postoperative  
Outcomes OSP AEEP

OR (95%CI)
RASP

OR (95%CI) RASP AEEP
OR (95%CI)

Pulmonarya Reference 0.15 (0.04 – 0.60) 
P = 0.007

0.45 (0.09 – 2.28) 
P = 0.336 Reference 0.36 (0.07 – 1.92) 

P = 0.228

Renalb Reference 0.12 (0.02 – 0.90) 
P = 0.04 - Reference -

Infectiousc Reference 0.47 (0.28 – 0.77) 
P = 0.003

0.79 (0.41 – 1.54) 
P = 0.493 Reference 0.61 (0.32 – 1.17) 

P = 0.608

MACEd Reference 0.26 (0.06 – 1.15) 
P = 0.08

1.32 (0.35 – 5.00) 
P = 0.681 Reference 0.22 (0.05 – 0.87) 

P = 0.03

VTEe Reference 0.13 (0.03 – 0.50) 
P = 0.003

0.67 (0.18 – 2.44) 
P = 0.544 Reference 0.26 (0.09 – 0.92) 

P = 0.03

OT > 90 min Reference 0.56 (0.45 – 0.70) 
P < 0.001

6.01 (3.45 – 10.45) 
P < 0.001 Reference 0.08 (0.05 – 0.14) 

P < 0.001

Transfusionf Reference 0.06 (0.04 – 0.11) 
P < 0.001

0.33 (0.19 – 0.59) 
P < 0.001 Reference 0.18 (0.10 – 0.35) 

P < 0.001

LOS > 1 day Reference 0.02 (0.01 – 0.03) 
P < 0.001

0.24 (0.17 – 0.35) 
P < 0.001 Reference 0.09 (0.06 – 0.12) 

P < 0.001

Composite  
morbidityg Reference 0.15 (0.11 – 0.22) 

P < 0.001
0.46 (0.30 – 0.71) 

P < 0.001 Reference 0.35 (0.22 – 0.53) 
P < 0.001

 Clavien-Dindo Grade Complications

Grade I & II Reference 0.14 (0.10 – 0.20) 
P < 0.001

0.40 (0.26 – 0.62) 
P < 0.001 Reference 0.36 (0.23 – 0.56) 

P < 0.001

Return to OR Reference – – Reference –

Grade IV Reference 0.20 (0.09 – 0.45) 
P < 0.001

0.76 (0.32 -1.79) 
P = 0.527 Reference 0.29 (0.12 – 0.71) 

P = 0.007

Mortality Reference 0.56 (0.03 – 9.86) 
P = 0.693

2.19 (0.20 – 23.36) 
P = 0.518 Reference 0.23 (0.02 – 2.39) 

P = 0.220

CD: Clavien-Dindo; CI: confidence interval; MACE: major adverse cardiac event; VTE: venous thromboembolism; OR: odds ratio; OT: 
operative time. Covariates included in the PSM model were age category, ASA class, BMI, COPD, congestive heart failure, hypertension, 
diabetes, functional status, predisposition to bleeding, and year of operation.
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attributed to the use of lasers, with the ability to heat  
well-vascularized tissue thereby counteracting 
bleeding[27]. Further, a high power (80 to 100 W) 
energy source can achieve simultaneous cutting 
and coagulation[27]. Consequently, AEEP is a safer 
modality than RASP for the treatment of patients 
on anticoagulation[28,29]. Furthermore, our results 
echo the findings of other studies that show AEEP 
is associated with the least blood loss among the 3 
modalities[8,30]. 

In our study, AEEP is also associated with a 
shorter operative time and shorter hospital stay. These 
findings are in concordance with the literature where 
a prolonged operative time is attributable to technical 
factors of robotic surgery, such as applying the ports 
and docking the robot[11–13]. In our study, the median 
operative time for RASP is slightly longer (184 [149 to 
234] minutes) than reported in the literature (150 to 
160 minutes). A systematic review by Kordan et al. also 
revealed a shorter average operative time for OSP (79 to 
93 minutes) depending on the surgical series[15]. This is 
probably because the ACS NSQIP database reflects real-
world outcomes of different levels of surgical expertise 
[23,25]. No information is available on catheterization 
time, but if we assume that the LOS is a surrogate for 
catheterization time, AEEP should have a shorter 
catheterization time[12,13,25]. An increased need for 
continuous bladder irrigation because of bleeding 
may also lengthen hospital stay after RASP and OSP 
compared with AEEP.

RASP is estimated to be more costly than its open 
counterpart and costs twice as much as AEEP[31]. The 
case has been made that the procurement of AEEP to 
hospitals is costly and necessitates a steeper learning 
curve[23]. However, diverse endonucleation techniques 
have an acceptable learning curve of 25 to 50 cases with 
similar perioperative and functional outcomes[32,33]. 
Therefore, the availability of the modality and the 
surgeon’s level of comfort would dictate the type of 
surgery offered to patients. Hence, AEEP and RASP 
have both mitigated the risks associated with OSP 
while conserving equivalent functional outcomes; 
however, AEEP offers the advantage of a shorter 
operative time, reduced LOS, and safer profile than 
RASP[34]. In comparison to transurethral resection of 
the prostate, AEEP has also demonstrated superiority 
as it reduces the risk of postoperative urinary tract 
infections and decreases the LOS[35]. Therefore, 
AEEP could be preferable for large adenomas except 
in the presence of co-existing conditions such as large 
bladder calculi that would require a long operative time 
to eradicate endoscopically, or diverticula where the 

robotic technique would more efficiently manage both 
conditions concomitantly[23,36]. 

Treatment cost encompasses surgical instruments, 
complications, and hospital stay among others.  
In comparison to OSP, RASP has higher operating 
expenses (USD 2797), but its safer profile (decreased 
transfusion rate and shorter LOS) might render it 
more cost-effective than its open counterpart[15,37].  
On the other hand, AEEP (HoLEP) was found to be  
9.6% (EUR 2356) cheaper than OSP[38]. The surgeons’ 
expertise and the institution caseload directly impact the 
perioperative and functional outcomes, which in turn 
influence costs. Costs also vary according to country, 
type of institution (public versus private, military versus 
civil), and type of cost analysis conducted. Further 
studies with more precise comparisons are needed to 
assess the costs of the 3 procedures[15].

Our study is limited by its retrospective nature. 
While national databases like NSQIP allow outcome 
comparison among a large sample population, they 
might not include surgery-specific clinical data such 
as prostate size, average gram resected per minute, 
and functional outcomes such as post-void residual, 
International Prostate Symptom Score, quality of life 
scores, and incontinence rates. Additionally, large  
databases do not consider surgeon experience and  
learning curve on the outcome. Another limitation 
inherent to the database is the inability to capture 
events occurring more than 30 days after the procedure. 
Moreover, we were not able to assess continence, lower 
urinary tract symptoms, and sexual function because 
they are not captured in NSQIP. Furthermore, we were 
unable to control for the selection bias that results from 
the choice of procedure being highly dependent on 
the expertise available in each institution. However, 
we conducted 2 forms of analysis to cross-check our 
results. Our methodology might not have captured 
all RASP procedures performed in the study period. 
Nonetheless, this study provides an accurate assessment 
of the feasibility of the use of AEEP and RASP by a large 
number of surgeons with a wide range of expertise and 
experience.

Conclusion 
We report the outcomes of OSP, AEEP, and RASP 
in a large real-world cohort of patients. AEEP was 
found to have a safer profile than OSP and RASP as it 
conferred a shorter operative time, shorter hospital stay, 
and lower incidence of postoperative complications. 
Thus, AEEP could be advantageous for frail patients 
with large prostates or for those dependent on chronic 
anticoagulation.
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SUPPLEMENTARY TABLE 1A. 

Comparison of baseline demographics before and after propensity score matching for anatomic enucleation  
of the prostate (AEEP) and open simple prostatectomy (OSP) 
 

Variable

Before matching After matching

OSP AEEP
P-value

OSP AEEP
P-value

n (%) n (%) n (%) n (%)

Age ≥ 68* (median age) 861 (57.9) 1488 (52.4) 0.001 323 (61.5) 531 (55.7) 0.03

ASA ≥ 3 706 (47.3) 1331 (46.4) 0.587 252 (48.1) 443 (46.4) 0.549

Dependent functional status 52 (1.8) 20 (1.3) 0.262 6 (1.1) 14 (1.5) 0.649

BMI ≥ 30 546 (36.6) 986 (34.4) 0.151 200 (38.2) 345 (36.1) 0.464

Diabetes mellitus 270 (18.1) 522 (18.2) 0.934 96 (18.3) 174 (18.2) 0.962

COPD 47 (3.2) 115 (4.0) 0.177 14 (2.7) 32 (3.4) 0.533

Congestive heart failure 4 (0.3) 12 (0.4) 0.6 1 (0.2) 2 (0.2) 0.938

Hypertension 861 (57.7) 1646 (57.4) 0.872 303 (57.8) 549 (57.5) 0.912

Bleeding disorder 28 (1.9) 89 (3.1) 0.018 8 (1.5) 20 (2.1) 0.551

Year of operation ≥ 2014 988 (66.2) 2072 (72.3) < 0.001 315 (60.0) 642 (67.2) 0.006

ASA: American Society of Anesthesia; BMI: body mass index; COPD: chronic obstructive pulmonary disease 
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SUPPLEMENTARY TABLE 1B. 

Comparison of baseline demographics before and after propensity score matching for robotic-assisted simple 
prostatectomy (RASP) and open simple prostatectomy (OSP)

Variable

Before matching After matching

OSP RASP
P-value

OSP RASP
P-value

n (%) n (%) n (%) n (%)

Age ≥ 68 (median age) 861 (57.9) 133 (56.8) 0.759 741 (57.8) 113 (57.4) 0.938

ASA ≥ 3 706 (47.3) 101 (43.2) 0.260 610 (47.5) 85 (43.4) 0.283

Dependent functional status 20 (1.3) 2 (0.9) 0.758 18 (1.4) 2 (1.0) 0.761

BMI ≥ 30 546 (36.6) 72 (30.8) 0.092 483 (37.6) 62 (31.6) 0.112

Diabetes mellitus 270 (18.1) 44 (18.8) 0.855 234 (18.2) 36 (18.4) 1

COPD 47 (3.2) 7 (3.0) 1 40 (3.1) 6 (3.0) 1

Congestive heart failure 4 (0.3) 0 (0.0) 0.649 3 (0.2) 0 (0.0) 1

Hypertension 861 (57.7) 144 (61.5) 0.285 732 (57.1) 120 (60.9) 0.316

Bleeding disorder 28 (1.9) 2 (0.9) 0.305 26 (2.0) 2 (1.0) 0.416

Year of operation ≥ 2014 988 (66.2) 120 (51.3) < 0.001 883 (68.9) 105 (53.6) < 0.001

ASA: American Society of Anesthesia; BMI: body mass index; COPD: chronic obstructive pulmonary disease
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SUPPLEMENTARY TABLE 1C.  

Comparison of baseline demographics before and after propensity score matching for open  
simple prostatectomy (OSP) and robotic assisted simple prostatectomy (RASP)

Variable

Before matching After matching

RASP AEEP
P-value

OSP RASP
P-value

n (%) n (%) n (%) n (%)

Age ≥ 68 (median age) 133 (56.8) 1488 (52.4) 0.189 177 (56.5) 1357 (51.9) 0.219

ASA ≥ 3 101 (43.2) 1331 (46.4) 0.341 88 (42.7) 1211 (46.3) 0.345

Dependent functional status 2 (0.9) 52 (1.8) 0.321 2 (1.0) 44 (1.7) 0.578

BMI ≥ 30 72 (30.8) 986 (34.4) 0.282 64 (31.1) 915 (35.0) 0.287

Diabetes mellitus 101 (43.2) 1331 (46.4) 0.341 38 (18.4) 477 (18.2) 1

COPD 2 (0.9) 52 (1.8) 0.321 6 (2.9) 106 (4.1) 0.468

Congestive heart failure 72 (30.8) 986 (34.4) 0.282 0 (0.0) 12 (0.5) 0.619

Hypertension 101 (43.2) 1331 (46.4) 0.341 126 (60.9) 1492 (57.1) 0.307

Bleeding disorder 2 (0.9) 89 (3.1) 0.065 2 (1.0) 85 (3.3) 0.089

Year of operation ≥ 2014 120 (51.3) 2072 (72.3) < 0.001 112 (54.4) 1946 (74.4) < 0.001

ASA: American Society of Anesthesia; BMI: body mass index; COPD: chronic obstructive pulmonary disease
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