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A B S T R A C T   

Purpose: The use of HoLEP was associated with steep learning curve thus prolonging operative procedure. The 
problem of learning curve could be solved with the invention of Moses HoLEP. This study aimed to evaluate the 
comparison of efficacy and safety between Moses HoLEP and standard HoLEP in BPH patient. 
Materials and methods: Systematic search was carried out using PRISMA guideline. Pubmed, Scopus and Embase 
were searched to collect randomized controlled trials and observational studies. Quantitative analysis was 
performed to evaluate the comparison in intraoperative, postoperative and complications characteristics. Rev-
Man 5.4 and STATA were used in data analysis. 
Results: Total of 7 studies (1226 patients) were included. Regarding intraoperative characteristics, Moses HoLEP 
provided significantly shorter enucleation time (MD: 3.00, 95% CI: 5.57 to − 0.43, p = 0.02), shorter hemostasis 
time (MD: 3.79, 95% CI: 5.23 to − 2.34, p < 0.00001), and shorter laser use time (MD: 2.79, 95% CI: 5.03 to 
− 0.55, p = 0.01). For postoperative characteristics, Moses HoLEP possessed significantly lower PVR (MD -34.57, 
95% CI -56.85 to − 12.30, p = 0.002). Overall complication was higher in standard HoLEP although the result 
was not significant (MD 0.68, 95%CI: 0.38 to 1.21, p = 0.19). Moses HoLEP possessed more superiority over 
standard HoLEP regarding shorter hemostasis time with the increasing of prostate size (coefficient − 0.894, p =
0.044). 
Conclusion: Moses HoLEP demonstrated shorter enucleation time, shorter hemostasis time and shorter laser use 
time. Moses HoLEP also possessed lower PVR. There were no safety issues in Moses HoLEP compared with 
standard HoLEP.   

1. Introduction 

Benign prostate hyperplasia (BPH) is a disease caused by the pro-
liferation of the benign prostate gland, which mostly affects older men, 
as many as 50% of men aged 60 years. Approximately 1 in 5 men with 
BPH accounts for significant clinical symptoms within 1 year since the 
first initiation of treatment. This disease also represents as the seventh 
highest 1-year disease-specific medical cost. Considering this together, 
the burden from health care of BPH is not trivial [1]. The incremental 
medical costs from this condition were observed in the recent years [2]. 
The etiology of BPH is still not fully known, however it is suggested to be 

influenced by age, family history, hormonal conditions, increased 
inflammation, and metabolic syndrome. An enlarged prostate causes 
urinary problems or commonly known as Lower Urinary Tract Symp-
toms (LUTS), including decreased urine output, nocturia, and urgency, 
which possesses the potential to reduce the patient’s quality of life. 
Treatment options for BPH ranged from watchful waiting, medical 
therapy such as alpha blocker, minimally invasive procedures, and open 
surgery [3,4]. 

Transurethral Resection of the Prostate (TURP) is gold standard 
operative treatment in mild to moderate enlargement of the prostate 
(30–80 ml). However, in large prostates, TURP has a higher rate of 
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morbidity, complications, and repeated procedures. This is due to the 
presence of transurethral resection (TUR) syndrome if the duration of 
the TURP procedure prolonged. Moreover, many complications caused 
by TURP procedure include sexual dysfunction, retrograde ejaculation, 
recurrent urinary retention, and urethral stricture [4,5]. 

Since its introduction in 1998, holmium laser enucleation of the 
prostate (HoLEP) has become one of the minimally invasive therapeutic 
modalities which can be utilized for the treatment of BPH. The enucle-
ation technique allows HoLEP to be used on all prostate sizes with good 
safety, efficacy, and durability. Therefore, in the current guidelines, 
HoLEP is the recommended standard therapy for the management of 
BPH in large prostates. However, currently the use of HoLEP is still 
considered suboptimal. This is due to steep learning curve prolonging 
the procedure, causing higher intraoperative bleeding, and increased 
complications [5,6]. 

Along with technological advancements, especially in the develop-
ment of holmium laser technology, the steep learning curve which is the 
main obstacle in the use of HoLEP may be overcome. One of the laser 
technology developments that could be utilized is the Moses laser 
technology. Moses developed by Lumenis is able to divide the laser wave 
into 2 waves. The first energy wave separates the water by forming a 
bubble cavity, and the second wave was to transfer the laser energy 
through the bubble cavity directly to the target. These mechanisms were 
believed to increase the efficiency of the HoLEP procedure [6,7]. 

The evidence of Moses HoLEP in the treatment of BPH is still few. For 

this reason, a systematic review, meta-analysis and meta-regression 
were conducted to compare the use of Moses technology in the HoLEP 
(m-HoLEP) procedure with standard HoLEP with respect to intra-
operative, postoperative and complication outcome. 

2. Material and methods 

2.1. Search strategy 

Up to January 2022, several databases comprised of Pubmed, 
Embase and Scopus were searched for clinical study (randomized 
controlled trial or observational study) evaluating the efficacy and 
safety of Moses HoLEP and standard HoLEP. The following keywords 
were used by combining several terms including “Moses HoLEP” OR 
“Moses holmium laser enucleation of the prostate” AND “holmium laser 
enucleation of the prostate” OR “standard HoLEP” OR “standard hol-
mium laser enucleation of the prostate” AND “Benign prostatic hyper-
plasia”. Additional database was also involved to search for additional 
studies. There were no limitation of language, country, or publication 
year in this study. The search strategy was shown in Fig. 1. The protocol 
of this meta-analysis was registered in PROSPERO (CRD42021266151) 
and research registry (reviewregistry1403). This study also followed the 
guideline of PRISMA 2020 [8]. 

Fig. 1. PRISMA flow diagram in the systematic search.  
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2.2. Inclusion and exclusion criteria 

Studies of randomized or non-randomized controlled trials which is 
in accordance with the following criteria were included in this system-
atic review and meta-analysis: The studies were included in this meta- 
analysis if they met following criteria: (1) the study evaluated a com-
parison between Moses HoLEP and standard HoLEP, (2) the study pro-
vided intended outcome consisting of intraoperative, postoperative and 
complications, (3) full-text study, and (4) English language article. The 
studies in the form of abstract, review article, and case report were 
excluded. 

2.3. Quality assessment 

Two authors independently evaluated all identified inclusion studies, 
and any disagreement between authors was resolved through the 
involvement of a third reviewer. Cochrane Risk of Bias (RoB) Tools 2 
was used to assess RCT study. Newcastle Ottawa Scale (NOS) was used in 
the assessment of retrospective/observational study. The quality of this 
systematic review was also evaluated and assessed using AMSTAR 2 
criteria [9]. 

2.4. Data extraction 

Several baseline data were extracted from the inclusion studies 
including author, study design, sample size, publication year, popula-
tion, Prostate-specific antigen (PSA) value, prostate weight, prostate 
volume, Body Mass Index (BMI), age, and intervention. The primary 
outcome in this study was the intraoperative characteristic consisted of 
total operative time, enucleation time, hemostasis time, laser use time. 
The secondary outcome was postoperative characteristic and compli-
cations rate. Postoperative characteristics comprised of post-void re-
sidual volume (PVR), peak urinary flow rate (Qmax) and The 
International Prostate Symptom Score (IPSS). 

2.5. Statistical analysis 

Heterogeneity between studies was assessed using I2 test and p value. 
Heterogeneity was considered high if P value ≤ 0.05 and an I 2 value ≥
50% and random-effects model was performed. Heterogeneity was 
considered low if P value ≥ 0.05 and I2 ≤ 50 and fixed-effects model was 
performed. Continuous data were extracted in the form of mean and 
standard deviation and were pooled into mean difference. Dichotomous 
data were extracted and were pooled into Odds Ratio. Meta-regression 
was performed to assess the relationship between intraoperative time 
and prostate size. Egger regression test and Begg rank correlation test 
were undertaken to assess the risk of publication bias. For random ef-
fects model, sensitivity analysis was conducted to assess the consistency 
of outcome when low-quality and highly heterogeneous trials were 
included in the analysis. The analysis of this study was performed using 
RevMan 5.4 (Cochrane Collaboration, UK) and STATA ®16 (StataCorp 
LLC, US). 

3. Results 

3.1. Search results and study characteristics 

PRISMA 2020 flowchart guide was implemented as a guide in the 
systematic search from several databases including Embase, Scopus, and 
Pubmed. A total of 185 articles were generated from the pre-defined 
keywords. After duplicates articles were removed and screening 
through titles and abstracts was performed based on the pre-defined 
PICO, a total of 178 articles were excluded. Full-text screening was 
carried out to evaluate the inclusion and exclusion criteria. Finally, 7 
studies comprising of 2 RCTs and 5 observational retrospective studies 
were included in the present study. All included study evaluated the 

comparison of the use of Moses HoLEP (m-HoLEP) and standard HoLEP 
in the treatment of BPH. All included studies in this meta-analysis were 
published between 2020 and 2021. All patients comprised with large 
BPH with the size of more than 80 cc. The total patients in this study 
were 914 patients. The detailed study characteristics were shown in 
Table 1. 

3.2. Risk of bias analysis 

Cochrane ROB Tools for Randomized Trials instrument was used to 
evaluate the risk of bias from the RCT and the NOS to evaluate retro-
spective comparative studies. The Cochrane ROB Tools 2 was used to 
evaluate 2 RCT studies [10,11]. Kavoussi et al. was assessed as low risk 
of bias based on the five domains. However, the evaluation of Nevo et al. 
resulted as some concerns due to the D1 domain did not explain the 
process of allocation concealment from the study. Newcastle Ottawa 
Scale instrument evaluated 5 retrospective studies [12–16]. The evalu-
ation of NOS instrument was classified into 3 groups which are low 
quality (0–3), medium quality (4–6) and high quality (7–9) [17]. In this 
study, the risk assessment of bias resulted in a score of at least 6 which 
indicated that the included studies had a quality assessment of the risk of 
bias with a minimum of moderate. The detailed assessment of risk of bias 
was shown in Supplementary materials. 

3.3. Intraoperative results 

There were 4 outcomes in the assessment of intraoperative results. 
These were total operative time, enucleation time, hemostasis time and 
laser use time. The result of the forest plot revealed that in comparison 
between Moses HoLEP and standard HoLEP, there was no significant 
difference in total operative time (MD: 7.15, 95% CI: 23.54 to 9.23, p 
0.39). However, Moses HoLEP was significantly associated with shorter 
enucleation time (MD: 3.00, 95% CI: 5.57 to − 0.43, p = 0.02), shorter 
hemostasis time (MD: 3.79, 95% CI: 5.23 to − 2.34, p < 0.00001), and 
shorter laser use time (MD: 2.79, 95% CI: 5.03 to − 0.55, p = 0.01). Fig. 2 
showed the detailed forest plot of intraoperative characteristics. 

3.4. Post-operative results 

Change in IPSS. Fig. 3a demonstrated that no significant difference 
was revealed between the 2 groups regarding change in IPSS between 
Moses HoLEP and standard HoLEP (MD: 0.05, 95% CI: 1.84 to 1.73, p =
0.95). 

Qmax. There was no significant difference evaluated between Moses 
HoLEP and standard HoLEP in Qmax after the operative procedure (MD: 
0.95, 95% CI: 1.66 to 3.57, p = 0.47) as shown in Fig. 3b. 

PVR. The statistically significant difference suggested a benefit of 
Moses HoLEP over standard HoLEP in post-void residual volume in 
which Moses HoLEP possessed significantly less PVR compared to 
standard HoLEP (MD -34.57, 95% CI -56.85 to − 12.30, p = 0.002) as 
shown in Fig. 3c. 

3.5. Complications 

The results revealed that no significant differences were found be-
tween Moses HoLEP and standard HoLEP with regards to overall 
complication (MD 0.68, 95%CI: 0.38 to 1.21, p = 0.19). Moreover, if the 
complications were subgrouped into Clavien-Dindo classification, the 
result also did not find any significant differences in less than 3 (MD 
0.83, 95% CI: 0.33 to 2.1, p = 0.7) and more than 3 (MD 0.5, 95% CI: 
0.17 to 1.44, p = 0.2). However, there was likely a trend that Moses 
HoLEP possessed less complications compared to standard HoLEP. He-
moglobin change between Moses HoLEP and standard HoLEP also did 
not significantly differ between the two groups (MD: 0.25, 95% CI: 0.57 
to 0.06, p = 0.12). Table 2 and Fig. 4 showed the detailed complications 
rate analysis. 

M.Z. Ramadhani et al.                                                                                                                                                                                                                         



AnnalsofMedicineandSurgery81(2022)104280

4

Table 1 
Baseline characteristics of included studies.  

Study Study design Population PSA value Prostate weight (gram) Prostate size (ml) BMI Age 
(years) 

Total sample Intervention 

m- 
HoLEP 

s- 
HoLEP 

m-HoLEP s- 
HoLEP 

m-HoLEP s-HoLEP 

Kavoussi NL 
(2021) 

Double blind 
RCT 

BPH patient 
undergoing Moses and 
Standard HoLEP 

6.1 ±
2.6 

5.6 ±
2.5 

131 ± 41 153 ±
58 

>80 29.25 69.35 60 patients (Moses 
30, Standard 
HoLEP 30) 

Lumenis 120 H dual pedal laser unit 
Moses HOLEP, 550 μm fibers, 
energy 2J and frequency 20–40 Hz 

Nevo A (2020) Double blind 
RCT 

BPH patient 
undergoing Moses and 
Standard HoLEP 

NR 58 107 NR 68 
(55–78) 

27 patients (Right 
lobe 27, Left lobe 
27) 

Lumenis pulse 120H, Moses 2.0 
HOLEP 550 μm end fibre laser 

Large T (2020) Retrospective BPH patient 
undergoing Moses and 
Standard HoLEP 

8.39 ±
5.9 

5.86 ±
4.8 

76.7 ± 77.1 72.5 ±
49.6 

155.6 ± 50.3 110.5 ± 85.5 27.85 71.1 100 patients 
(Moses 50, 
Standard HoLEP 
50) 

Lumenis Pulse 120H, Moses HOLEP 
550 μm fibers, energy 2 J dan 
frequency 40 Hz 

Nottingham CU 
(2021) 

Retrospective BPH patient 
undergoing Moses and 
Standard HoLEP 

NR 77 73 NR 27.9 71.5 104 patients 
(Moses 54, 
Standard HoLEP 
50) 

Lumenis Pulse 120H, Moses 2.0 
Holep 550 μm fibers, energy 2 J dan 
40 Hz 

Klett DE (2021) Retrospective BPH patient 
undergoing Moses and 
Standard HoLEP 

NR 67 61 98 (69–124) 89 (65–120) 28 71.4 435 patients 
(Moses 255, 
Standard HoLEP 
180) 

Lumenis Pulse 120H, Moses 550 μm 
fibers, energy 2J and frequency 40 
Hz 

Mark A. 
Assmus 
(2021) 

Retrospective BPH patient 
undergoing Moses and 
Standard HoLEP 

NR NR 124.5 
(51.8–161.3) 

107.5 
(79.8–129.6) 

28.3 72.3 188 patients 
(Moses 93, 
Standard HoLEP 
95) 

Lumenis 120H, Moses 2.0, energy 
2J and frequency 40 Hz 

Matthew S. Lee 
(2021) 

Retrospective BPH patient 
undergoing Moses and 
Standard HoLEP 

NR 114.8 
± 73.2 

115.8 ± 90.4 NR 28.67 70.5 312 patients 
(Moses 192, 
Standard HoLEP 
120) 

Lumenis 120H, Moses 2.0, 550 μm 
laser fiber, energy 2J and frequency 
40 Hz 

NR: not reported. 
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Fig. 2. Forest plot of intraoperative outcome consisted of total operative time, enucleation time, hemostasis time, laser use time.  
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3.6. Meta-regression 

The relationship between intraoperative procedure and prostate size 
was evaluated in meta-regression analysis. Our result revealed a sig-
nificant association which Moses HoLEP possessed a more superiority 
over standard HoLEP regarding shorter hemostasis time with the 
increasing of prostate size (coefficient = − 0.894, p = 0.044). The 
detailed analysis of meta-regression was shown in Table 3 and Fig. 5. 

3.7. Publication bias assessment 

Publication bias was assessed using funnel plot, Egger regression test 
and Begg rank correlation test. The results of funnel plots were sym-
metrical in almost all intraoperative outcome except for total operative 
time (Supplementary materials). Egger regression test showed the result 
of 0.173 and Begg rank correlation test revealed the result of 0.188 in 
almost all studies. All these analyses revealed that there were no sig-
nificant publication biases detected in this meta-analysis. However, in 

total operative time outcome, the asymmetry of funnel plot and incon-
sistency of sensitivity analysis suggested that this outcome may have 
significant publication bias. 

4. Discussion 

To the best of our knowledge, this is the first systematic review, 
meta-analysis and meta regression study to evaluate the comparison 
between Moses HoLEP laser technology and standard HoLEP in BPH 
patients. The HoLEP procedure is an effective treatment option for BPH 
specifically in large prostates [18,19]. Although holmium laser tech-
nology has existed for 25 years, the use of HoLEP technology was 
considered suboptimal in BPH patients. One of the reasons why this 
technology is still rarely used is because steep learning curve. The slow 
and longer learning process are complicated by the presence of bleeding, 
tissue damage, and scarring. Optimization of laser technology to over-
come this problem may improve outcome and shorten the required time 
to master this technology [20]. 

Fig. 3. Forest plot of postoperative outcome consisted of IPSS score, Qmax (peak urinary flow rate), Post-Void Residual Volume (PVR).  
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The Moses HoLEP laser system forms the laser wave into 2 phases, 
the first phase was to separate the water by forming a bubble cavity and 
the second phase was to transfer the laser energy directly to the target 
[21]. This mechanism increased the amount of transferred laser energy 
to the target. This mechanism was also known as Moses effect. This 
mechanism was also explained from previous studies that the modula-
tion of laser energy for enucleation process involves the formation of 
bubble cavity followed by the transfer of laser energy through the cavity 
and subsequently hit the targeted tissue [22,23]. The increased energy 
transfer by this technology increases the effectiveness of tissue ablation 
and hemostasis during the enucleation process, increases visibility, and 
makes it easier for surgeons to perform operations efficiently [6]. The 
results of this study suggested that Moses HoLEP significantly shorten 
the enucleation time, hemostasis time, and laser use time in intra-
operative procedure. Moses HoLEP also showed superiority over stan-
dard HoLEP which Moses HoLEP possessed shorter hemostasis time with 
the increasing of prostate size. Moreover, in postoperative parameter, 
Moses HoLEP also possessed significantly less PVR compared to standard 
HoLEP. 

In intraoperative outcome, our result suggested a superiority of 
Moses HoLEP in intraoperative outcome which Moses HoLEP possess the 
ability to shorten enucleation time, hemostasis time, and laser use time. 
The increased energy transfer via the 2-wave mechanism in this tech-
nology leads to an increase in the effectiveness of tissue ablation and 
hemostasis during the enucleation process, thereby increasing visibility 
and making it easier for surgeons to perform operations more efficiently. 
The shorter time in intraoperative procedure also represents the benefit 
of lowering the total cost required during this procedure [24]. The 
shorter time in Moses HoLEP is also associated with a lower incidence of 
capsular edema and a high degree of hemostasis, which may decrease 
the incidence of TWOC (Trial Without Catheter) failure which could lead 
to catheter reinsertion [15]. The increased energy transfer was believed 
to be the reason for increasing HoLEP efficiency and reducing total 
operative time and blood loss [21,25]. The presence of intraoperative 
bleeding is one of the factors that can prolong the duration of surgery. 
The importance of the ability to achieve hemostasis is required to speed 
up the intraoperative duration. This Moses technology has better he-
mostasis capability allowing a lesser energy used by the surgical oper-
ator. Moreover, longer intraoperative duration on the use of Moses 
HoLEP could also be due to the factor of surgical operator skill. The 
interaction between the laser fiber and prostate tissue is crucial for 
achieving enucleation. The goals of HoLEP are to rapidly identify the 
prostate capsule, maintain the surgical field, and maintain hemostasis 
during the procedure [26]. The acceleration of enucleation time in 

Moses HoLEP can also be explained that the enucleation efficiency in 
standard HoLEP was 1.05 g/min but increased to 1.75 g/min after using 
Moses technology [11]. This meta-analysis reported the result that 
Moses HoLEP had a faster time to hemostasis. Another study reported 
the use of Moses HoLEP accelerated hemostasis by 40% compared to 
standard HoLEP [7]. Another interesting result was also derived from 
our meta-regression analysis which Moses HoLEP showed an increasing 
advantage over standard HoLEP with the increasing of prostate size. This 
finding was also in accordance with multivariate analysis in a 1-year 
retrospective study from Large et al. which involved 150 patients. The 
study reported that for every 10g increase in prostate gland size, 
approximately 40% additional time is required to achieve hemostasis 
with standard 550μ HoLEP. However, this hemostasis time was 3.9 times 
faster when using laser technology with Moses laser modulation [7]. 
Moreover, laser use time was significantly shorter in the Moses HoLEP 
group than standard HoLEP. Shorter laser use time is associated with 
significantly faster enucleation and hemostasis times, thus reducing the 
duration of laser use. A non-significant result was observed in total 
operative outcome in this study possibly due to the influence of surgical 
operator in a 3 years of retrospective study from Klett et al. involving 
487 patients [15]. They reported that the prolonged duration of total 
operative time in their study was significantly influenced by the surgical 
operator experience and skill in which the operator in their study per-
forming Moses HoLEP procedure was a trainee. Moreover, we also did 
not include study from Assmus et al. in the analysis of total operative 
time because this study did not represent net operative time of Moses 
HoLEP procedure which the enucleation time and morcellation time 
comprised only 48.5% from the total operative time and many concur-
rent surgeries prolonged the total operative time [27]. Additionally, the 
total operative time analysis in this study possessed significant publi-
cation bias therefore the result was not conclusive. 

The assessment of postoperative outcome comparison was also per-
formed in this study. Lower mean postvoid residual volume was noted in 
Moses HoLEP group. This result could provide interesting evidence 
which Moses HoLEP group may represent favorable postoperative 
outcome compared to standard HoLEP. This is possibly due to the 
shorter intraoperative time and decreased intraoperative bleeding 
which may ease the surgeon to perform a better prostate enucleation 
with better visualization. The advantage of better intraoperative pro-
cedure may result in better postoperative outcome in BPH patients un-
dergoing Moses HoLEP. 

Moreover, the complication rates were also evaluated in this study. 
In terms of bleeding related outcome, Moses HoLEP did not significantly 
different compared to standard HoLEP. Hemologbin change was 
important parameter to be evaluated because this outcome was associ-
ated to bleeding related complications and may determine the need for 
blood transfusion. The overall complications are higher in standard 
HoLEP patient compared to Moses HoLEP eventhough the result was not 
significant. This result suggested that Moses HoLEP did not possess 
safety issues when compared to standard HoLEP. When sub-grouped to 
Clavien-Dindo classification, grade 3 complications requiring hospital-
ization were higher in standard HoLEP group although the result was not 
significant. The observed complications ranged from not requiring 
hospitalization such as urinary tract infection, cystitis to requiring 
hospitalization such as hematuria, urethral stricture, and bladder neck 
contracture. 

The cost-analysis in this study was not able to be quantitatively 
assessed. However, one of included studies reported the cost comparison 
between Moses HoLEP and standard HoLEP [16]. They reported that the 
use of Moses HoLEP demonstrated significant hospital cost-savings of 
$840 per case of one initial surgical episode compared to standard 
HoLEP. In terms of visits and readmissions, Moses HoLEP also demon-
strated hospital cost saving by $3220. Most of the Moses HoLEP patients 
who readmitted in ED were minor and did not require admission. 
Overall, Moses HoLEP represents a cost saving of $747 lower compared 
to standard HoLEP. The cost-saving of Moses HoLEP was possibly due to 

Table 2 
Complications rate between Moses HoLEP and standard HoLEP.  

Study Complications rate 

Moses HoLEP Standard HoLEP 

Kavoussi NL 
(2021) 

Cystitis (6.6%), urinary 
retention (3.3%) 

Cystitis (6.6%), urinary 
retention (3.3%), syncope (%) 

Nevo A (2020) Deep vein thrombosis (1.7%), urinary tract infection (1.7%), 
epididymitis (1.7%), hematuria (1.7%) 

Large T (2020) Clot urinary retention (1%), hematuria (2%), urinary tract 
infection (1%) 

Nottingham 
CU (2021) 

Urinary retention (1.8%), 
urinary tract infection 
(14.8%), urethral stricture 
(1.8%), bladder neck 
contracture (3.7%) 

Urinary tract infection (16%), 
clot urinary retention (2%), 
urethral strictures (2%) 

Klett DE 
(2021) 

NR 

Mark A. 
Assmus 
(2021) 

Clavien-Dindo complications ≥
3b = 3 (6%) 

Clavien-Dindo complications 
≥ 3b = 6 (12%) 

Matthew S. Lee 
(2021) 

Urinary retention (15%), hematuria (30%), UTI (5%), 
gastrointestinal (15%), respiratory (5%), musculoskeletal (5%), 
neurological (10%)  
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Fig. 4. Forest plot of complications outcome consisted of overall complication, Clavien-Dindo classification outcome, changes in hemoglobin.  
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shorter intraoperative procedure times which leads to reduced medical 
and drugs supplies cost. 

This study provided evidence on the enhanced efficacy and consid-
erable safety of Moses HoLEP compared to standard HoLEP. Moses 
HoLEP represents a more effective operative procedure with promising 
outcome. This finding may shift future direction in the use of HoLEP into 
Moses HoLEP in the hope to optimize outcome in large BPH patients. 
This new technology will help surgeons to fulfill patient demand for 
important treatment, provide superior clinical outcomes, and elevate 
their practices. The practice of same-day discharge for BPH patients by 
using Moses HoLEP technology may also be fulfilled. The nature of lower 
cost in the use of Moses HoLEP may relieve the burden of the hospital in 
the service of large BPH treatment. 

This systematic review is not without limitations. Firstly, only 2 RCT 
studies were included in this study and the other 5 studies were retro-
spective studies therefore the result of this study was still influenced 
under the nature of retrospective studies. Moreover, the level of evi-
dence is higher for RCT studies compared to observational studies. 
Secondly, the influence of surgeon’s skill and experience have not been 
able to be controlled in this study. Thirdly, the quantitative analysis of 
cost for the Moses HoLEP technology has not been able to be carried out 
in this systematic review due to limitation of primary thus future sug-
gestion regarding cost analysis needs to be performed in future studies. 

5. Conclusion 

Moses HoLEP showed superiority compared to standard HoLEP. This 
study stresses the advantage of Moses HoLEP over standard HoLEP in 
intraoperative, postoperative and complications outcome. Moses HoLEP 
significantly provided shorter enucleation time, shorter hemostasis time 
and shorter laser use time. Moses HoLEP also possessed significantly 
lower PVR. There were no safety issues in Moses HoLEP compared with 
standard HoLEP. 
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Table 3 
Meta regression between intraoperative characteristic and prostate size (gram).  

Outcome Coefficient. SE 95% Confidence Interval P value 

Enucleation time − 0.04497 0.0838 − 0.2093 0.1193 0.592 
Hemostasis time − 0.0894 0.044 − 0.176 − 0.0023 0.044a 

Laser use time − 0.198 0.1376 − 0.4686 0.0710 0.149  

a Significant, SE: standard error. 

Fig. 5. Meta regression of hemostasis time and prostate size.  

M.Z. Ramadhani et al.                                                                                                                                                                                                                         

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021266151
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021266151
https://www.researchregistry.com/register-now
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=266151
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=266151
https://www.researchregistry.com/register-now#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/62d5b21d704f1f001f4d4938/
https://www.researchregistry.com/register-now#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/62d5b21d704f1f001f4d4938/
https://www.researchregistry.com/register-now#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/62d5b21d704f1f001f4d4938/
https://www.researchregistry.com/register-now#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/62d5b21d704f1f001f4d4938/


Annals of Medicine and Surgery 81 (2022) 104280

10

Appendix A. Supplementary data 

Supplementary data related to this article can be found at https://do 
i.org/10.1016/j.amsu.2022.104280. 

References 

[1] T.C. Fenter, M.J. Naslund, M.B. Shah, M.T. Eaddy, L. Black, The cost of treating the 
10 most prevalent diseases in men 50 years of age or older, Am. J. Manag. Care 12 
(4) (2006) S90. 

[2] J.T. Wei, E. Calhoun, S.J. Jacobsen, Urologic diseases in America project: benign 
prostatic hyperplasia, J. Urol. 173 (4) (2005) 1256–1261. 

[3] G.I. Russo, S. Cimino, T. Castelli, V. Favilla, M. Gacci, M. Carini, et al., Benign 
prostatic hyperplasia, metabolic syndrome and non-alcoholic fatty liver disease: is 
metaflammation the link? Prostate 76 (16) (2016) 1528–1535. 

[4] Y.-L. Jiang, L.-J. Qian, Transurethral resection of the prostate versus prostatic 
artery embolization in the treatment of benign prostatic hyperplasia: a meta- 
analysis, BMC Urol. 19 (1) (2019) 1–8. 

[5] A.M. Elshal, H.M. Elmansy, M.M. Elhilali, Feasibility of holmium laser enucleation 
of the prostate (HoLEP) for recurrent/residual benign prostatic hyperplasia (BPH), 
BJU Int. 110 (11c) (2012) E845–E850. 

[6] N.L. Kavoussi, N. Nimmagadda, J. Robles, C. Forbes, A. Wang, B. Stone, et al., 
MOSESTM technology for holmium laser enucleation of the prostate: a prospective 
double-blind randomized controlled trial, J. Urol. 206 (1) (2021), 104–8. Available 
from: http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=em 
exb&NEWS=N&AN=634392142. 

[7] T. Large, C. Nottingham, C. Stoughton, J. Williams, A. Krambeck, Comparative 
study of holmium laser enucleation of the prostate with MOSES enabled pulsed 
laser modulation, Urology 136 (2020) 196–201 [Internet], http://www.elsevier. 
com/locate/urology. 

[8] M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow, et 
al., The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews, Int. J. Surg. 88 (2021), 105906. 

[9] B.J. Shea, B.C. Reeves, G. Wells, M. Thuku, C. Hamel, J. Moran, et al., Amstar 2: a 
critical appraisal tool for systematic reviews that include randomised or non- 
randomised studies of healthcare interventions, or both, Br. Med. J. 358 (2017). 

[10] N. Kavoussi, N. Miller, A comparison of traditional holmium and moses lasers for 
prostatic enucleation in a single patient, J. Urol. 201 (4 Supplement 1) (2019) 
e166. Available from: http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=refere 
nce&D=emed20&NEWS=N&AN=629386647. 

[11] A. Nevo, K.S. Faraj, S.M. Cheney, J.P. Moore, K.L. Stern, M.R. Humphreys, et al., 
Holmium laser enucleation of the prostate using Moses 2.0 vs non-Moses: a 
randomised controlled trial, BJU Int. 127 (5) (2021) 553–559. Available from: 
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1464-410X. 

[12] C. Nottingham, T. Large, D. Agarwal, C. Stephens, M. Rivera, A. Krambeck, 
Outcomes for patients undergoing holmium laser enucleation of the prostate with 
newly-optimized moses technology, J. Urol. 203 (Supplement 4) (2020), e1284. 

Available from: http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference 
&D=emed21&NEWS=N&AN=632061126. 

[13] T. Large, C. Nottingham, C. Stoughton, J. Williams, A. Krambeck, N.L. Kavoussi, et 
al., Comparative study of holmium laser enucleation of the prostate with MOSES 
enabled pulsed laser modulation, Urology 136 (1) (2020) 196–201. Available from: 
http://www.elsevier.com/locate/urology. 

[14] M.A. Assmus, M.B. Ganesh, M.S. Lee, T. Large, A.E. Krambeck, Contemporary 
outcomes for patients undergoing concurrent surgeries at the time of holmium 
laser enucleation of the prostate before and after moses 2.0 BPH mode, J. Endourol. 
(2021), 35(S3):S8–13. Available from: https://www.scopus.com/inward/record.ur 
i?eid=2-s2.0-85121768358&doi=10.1089%2Fend.2021.0531&partnerID=40 
&md5=a9cc5836d14f28c489f8b1a7d7051f57. 

[15] D.E. Klett, B. Baird, C.T. Ball, C.D. Dora, Does MOSES pulse modulation reduce 
short-term catheter reinsertion following holmium laser enucleation of the 
prostate? Investig. Clin. Urol. 62 (6) (2021 Nov) 666–671. 

[16] M.S. Lee, M. Assmus, D. Agarwal, T. Large, A. Krambeck, A cost comparison of 
holmium laser enucleation of the prostate with and without MosesTM, Urol. Pract. 
8 (6) (2021) 624–629. 

[17] G.A. Wells, B. Shea, D. O’Connell, J. Peterson, V. Welch, M. Losos, et al., The 
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies 
in Meta-Analyses, 2000. Oxford. 

[18] A.D. Martin, R.N. Nunez, M.R. Humphreys, Bleeding after holmium laser 
enucleation of the prostate: lessons learned the hard way, BJU Int. 107 (3) (2011) 
433–437. 

[19] M.H. Lee, H.J. Yang, D.S. Kim, C.H. Lee, Y.S. Jeon, Holmium laser enucleation of 
the prostate is effective in the treatment of symptomatic benign prostatic 
hyperplasia of any size including a small prostate, Korean J. Urol. 55 (11) (2014 
Nov) 737–741. 

[20] A. Nevo, K.S. Faraj, S.M. Cheney, J.P. Moore, K.L. Stern, M.R. Humphreys, et al., 
Comparison of newly optimized moses technology vs standard holmium:YAG for 
endoscopic laser enucleation of the prostate, J. Endourol. 35 (9) (2021) 
1393–1399. Available from: http://www.liebertonline.com/end. 

[21] A. Ibrahim, S. Badaan, M.M. Elhilali, S. Andonian, Moses technology in a stone 
simulator, Can. Urol. Assoc. J. 12 (4) (2018) 127. 

[22] J.W. Dushinski, J.E. Lingeman, M.M. Elhilali, S. Badaan, A. Ibrahim, S. Andonian, 
High-speed photographic evaluation of holmium laser, J. Endourol. 12 (2) (1998) 
177–181. 

[23] E. Ventimiglia, O. Traxer, What is moses effect: a historical perspective, 
J. Endourol. 33 (5) (2019) 353–357. 

[24] K.L. Stern, M. Monga, The Moses holmium system-time is money, Can. J. Urol. 25 
(3) (2018) 9313–9316. 

[25] P. Mirilas, A. Mentessidou, Microsurgical subinguinal varicocelectomy in children, 
adolescents, and adults: surgical anatomy and anatomically justified technique, 
J. Androl. 33 (3) (2012) 338–349. Available from: https://www.scopus.com 
/inward/record.uri?eid=2-s2.0-84862009300&doi=10.2164%2Fjandrol.111.01 
3052&partnerID=40&md5=ee1b6b173acaf8d854334ff249ef158f. 

[26] J.A. Moody, J.E. Lingeman, Holmium laser enucleation of the prostate with tissue 
morcellation: initial United States experience, J. Endourol. 14 (2) (2000) 219–223. 

[27] M.A. Assmus, T. Large, A. Krambeck, Holmium laser enucleation of the prostate 
efficiency by prostate gland size: is there a sweet spot? Uro 1 (4) (2021) 202–208. 

M.Z. Ramadhani et al.                                                                                                                                                                                                                         

https://doi.org/10.1016/j.amsu.2022.104280
https://doi.org/10.1016/j.amsu.2022.104280
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref1
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref1
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref1
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref2
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref2
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref3
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref3
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref3
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref4
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref4
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref4
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref5
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref5
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref5
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emexb&amp;NEWS=N&amp;AN=634392142
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emexb&amp;NEWS=N&amp;AN=634392142
http://www.elsevier.com/locate/urology
http://www.elsevier.com/locate/urology
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref8
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref8
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref8
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref9
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref9
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref9
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed20&amp;NEWS=N&amp;AN=629386647
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed20&amp;NEWS=N&amp;AN=629386647
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1464-410X
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed21&amp;NEWS=N&amp;AN=632061126
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&amp;PAGE=reference&amp;D=emed21&amp;NEWS=N&amp;AN=632061126
http://www.elsevier.com/locate/urology
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85121768358&amp;doi=10.1089%2Fend.2021.0531&amp;partnerID=40&amp;md5=a9cc5836d14f28c489f8b1a7d7051f57
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85121768358&amp;doi=10.1089%2Fend.2021.0531&amp;partnerID=40&amp;md5=a9cc5836d14f28c489f8b1a7d7051f57
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85121768358&amp;doi=10.1089%2Fend.2021.0531&amp;partnerID=40&amp;md5=a9cc5836d14f28c489f8b1a7d7051f57
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref15
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref15
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref15
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref16
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref16
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref16
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref17
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref17
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref17
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref18
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref18
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref18
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref19
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref19
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref19
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref19
http://www.liebertonline.com/end
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref21
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref21
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref22
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref22
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref22
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref23
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref23
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref24
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref24
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84862009300&amp;doi=10.2164%2Fjandrol.111.013052&amp;partnerID=40&amp;md5=ee1b6b173acaf8d854334ff249ef158f
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84862009300&amp;doi=10.2164%2Fjandrol.111.013052&amp;partnerID=40&amp;md5=ee1b6b173acaf8d854334ff249ef158f
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84862009300&amp;doi=10.2164%2Fjandrol.111.013052&amp;partnerID=40&amp;md5=ee1b6b173acaf8d854334ff249ef158f
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref26
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref26
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref27
http://refhub.elsevier.com/S2049-0801(22)01040-8/sref27

	Comparative efficacy and safety of holmium laser enucleation of the prostate (HoLEP) using moses technology and standard Ho ...
	1 Introduction
	2 Material and methods
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Quality assessment
	2.4 Data extraction
	2.5 Statistical analysis

	3 Results
	3.1 Search results and study characteristics
	3.2 Risk of bias analysis
	3.3 Intraoperative results
	3.4 Post-operative results
	3.5 Complications
	3.6 Meta-regression
	3.7 Publication bias assessment

	4 Discussion
	5 Conclusion
	Ethics committee approval
	Financial Support
	Informed consent
	Author contribution statement
	Provenance and peer review
	Consent
	Registration of research studies
	Guarantor
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


