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Abstract
Introduction: Currently, a laser is a popular technology in urological surgeries. The important laser-
related issue is the time when a surgeon reaches an acceptable level of safety and efficacy using 
laser technology.
Methods: In this review, we aimed to assess the learning curves of three types of surgeries in 
urology, including photoselective vaporization of the prostate (PVP), holmium laser enucleation 
of the prostate (HoLEP) and retrograde intra-renal surgeries (RIRSs). Here, we searched Medline, 
Web of Science, Google Scholar, EMBASE, and Scopus for such keywords as Urology, laser, laser 
vaporization, prostate, nephrolithiasis, benign prostatic hyperplasia (BPH), and learning curve. 
Results: We evaluated 14 studies about PVP, 17 about RIRS, and 29 studies about HoLEP. Also, we 
separately discussed the learning curves of these three kinds of surgeries in detail.
Conclusion: All the urologists, even expert surgeons, should attend a formal training course and 
have a skilled tutor present at their first cases.
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Introduction
A laser is now considered a common, effective and 
safe technology in almost all medical disciplines. 
Improvements in lasers and fiberoptics have made them 
perfectly appropriate to travel through routes in the 
human body where no hand or surgical knife has gone 
before. Several procedures have been established using 
various kinds of lasers. Today, laser applications in 
urology have become more prevalent. The ability of the 
laser to ablate prostatic tissue with minimal hemorrhage 
and stone fragmentation in the urinary tract has received 
a lot of attention. With its common use of small-diameter 
endoscopic devices, urology has been extremely and 
positively influenced by this equipment.1,2 It is very 
important to know that surgical experiences would affect 
the perioperative outcomes of the surgery. The problem 
with this technology, however, is the time, when a surgeon 
reaches the acceptable level of safety and efficacy.3,4

In the urology discipline, there are three important 
applications for lasers: I) photoselective vaporization of 
the prostate (PVP), II) enucleation of the prostate, and 
III) lithotripsy. The purpose of this review was to find 
evidence about learning curves in these three procedures.

Materials and Methods
This review was designed to evaluate the learning curve 
of three laser procedures in urology. Searches were 
carried out on Medline, Web of Science, Google Scholar, 
EMBASE, and Scopus. The keywords, including urology, 
laser, laser vaporization, prostate, nephrolithiasis, benign 
prostatic hyperplasia, and learning curve, were found.

Sixty articles were identified: 14 studies about prostate 
vaporization, 17 studies about lithotripsy and retrograde 
intra-renal surgery (RIRS), and 29 remaining ones about 
holmium laser enucleation of the prostate (HoLEP). 
Among all of these studies, the evaluation of the HoLEP 
learning curve was more detailed and comprehensive due 
to more studies in this field.

Evidences
Prostate Surgeries
Benign prostatic hyperplasia (BPH) is a common condition 
in elder males, resulting in obstructive lower urinary tract 
syndrome. Urinary frequency, urgency, difficulty starting 
urination, retention, infection, and renal impairment are 
some signs of this medical condition. Besides medical 
therapy, many minimally invasive techniques have been 
presented to treat BPH. Changing lifestyle by signs 
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and symptom relief and preserving continence status, 
especially in patients with higher life expectancy, are 
the goals of such procedures achieved through surgical 
training programs. Every surgeon needs to be trained and 
pass the learning curve period. In this work, we tried to 
evaluate the effect of surgeon experience on the procedure 
outcome. We also attempted to assess the learning curves 
of PVP and HoLEP by reviewing the literature.1-5

I: Photo-Selective Vaporization of the Prostate
PVP as one of the methods to treat BPH has some 
advantages, including tissue ablation by rapid vaporization 
as well as rapidly hemostatic characteristics resulting in 
minimal intraoperative bleeding and the use of saline as 
an irrigating fluid resulting in less transurethral resection 
syndrome compared with conventional transurethral 
resection of the prostate (TURP).6,7 These advantages 
have made PVP an alternative to traditional TUR of the 
prostate even in a large prostate gland. Here, we intended 
to evaluate the learning curve and its impact on efficacy, 
safety, and complications.

In Seki and colleagues’ study, 74 patients who had 
undergone PVP using a GreenLight laser at a power level 
of 80 W8 were evaluated in terms of the improvement rate 
of International Prostate Symptom Score (IPSS), quality 
of life  score, maximum flow rate (Qmax), and post-
void residual urine after one-year follow-up. They found 
that all the outcomes improved after one year; however, 
they did not meaningfully change as the surgeon’s skill 
increased. Items that improved with the surgeon’s more 
familiarity were: time mandatory for tissue vaporization 
of the prostate adenoma and the total applied laser energy, 
along with the vaporized tissue weight. In their study, more 
experience did not decrease the total adverse incidents, 
including dysuria, hematuria, retention, urinary tract 
infection, stricture, incontinence, re-operation and blood 
loss. Finally, they concluded that PVP would be a good 
choice to treat patients with BPH even when the surgeon 
has minimal experience.

Zang et al9 evaluated the learning curve of 120-W PVP. 
In their study, an endourologist, who had experienced 
80-W PVP in more than 400 cases, performed PVP on 30 
consecutive patients. The pre- and post-operative volume 
of the prostate, lasing time, operative time, laser energy 
usage and laser efficiency were analyzed. Finally, they 
found that there were no significant differences among 
the patients. They concluded that endourologists highly 
experienced with 80-W PVP would be able to perform 
120-W PVP so that its learning curve was nearly flat for 
them.

In a prospective study on the learning curve for PVP 
using the GreenLightTM 180-W XPS laser, Misrai et al10 
investigated the statistics of 200 consecutive patients, who 
had undergone PVP.  Many parameters were evaluated, 
including lasing time (LT), operating time (OT), LT/OT, 
urinary function, prostate specific antigen (PSA) serum 

level change, prostate volume change, hospital stay, time 
to Foley catheter removal, and complications based on the 
Clavien-Dindo score. Finally, they concluded that at least 
120 procedures were required for the PVP learning curves 
until they met all the intra-operative factors of specialists 
in this surgery. 

In a similar retrospective, multicentric study about 
the learning curve for PVP using the GreenLightTM 
180-W XPS laser, Bastard et al11 evaluated the data 
from 365 consecutive patients, who had undergone 
PVP at three different hospitals (group 1: 152 patients, 
group 2: 112 patients, and group 3: 101 patients). The 
evaluated parameters were the operative period (min), 
the vaporization period (min)/operative period ratios, 
and delivered energy (Joules)/prostate volume. At last, 
they declared that their study, as the first work showing 
the outcomes found throughout the PVP learning curve, 
may have been influenced by patients’ and urologists’ 
characteristics. Overall, they suggested that 100 
GreenLight 180-W XPS PVP trials were obligatory before 
touching a plateau in intraoperative parameters.

Moreover, Castellan et al12 evaluated the operating skill 
Influences on the safety and efficacy of PVP with a 180-W 
XPS GreenLight laser. In this study, they claimed that they 
were the first researchers who had applied learning curve 
analysis to see how expert and novice surgeons can be 
compared with each other. 291 consecutive patients with 
obstructive lower urinary syndrome, who had undergone 
PVP, were divided into two groups, 182 patients with two 
expert surgeons (experience of more than 130 TURP) and 
109 with two novice urologists (experience of fewer than 
30 TURP). Learning curves were analyzed and compared 
between two groups based on variations in quantitative 
parameters of lasing/operative period, surgery period 
and energy delivered. Serum PSA levels, Qmax, and IPSS 
improved in both groups with a higher variation in the 
novice group (P < 0.006). No significant difference was 
found between the two groups in relations to the total 
operative period; however, the lasing period/operative 
period ratio showed superior value for the experts 
compared with the novice group (0.50: IQR 0.38–0.60 vs. 
0.46: IQR 0.34–0.58 respectively) (P = 0.201). A major 
rise in energy delivery was also attained in the novice 
group within the first 50 cases, whereas more than 100 
procedures were required for the experts to reach LT/
OT >60%. Finally, the complication rate was found to be 
lower in the experts’ group.

Simulators are surgical and interventional procedures 
without risk performed on real patients. They are both 
the essential part of surgical skills training and proper 
objective structured clinical examination tools for 
clinicians and residents in their clinical practice. Angulo 
et al13 evaluated the use of simulators for training PVP 
with a diode laser. They found an association between the 
verified efficacy parameters and diverse practice groups. 
They stated that repeating the process on simulators 
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permits for quick learning to better face an operation.
Moreover, it is highly important and interesting to 

know the training recommendation of an international 
group of specialists on PVP for BPH (experience of 
treating more than 3500 patients at 5 centers in the 
United States and Europe).14 They have recommended 
in the beginning of practice, the first 10 patients should 
have prostates less than 50 grams. In addition, the first 
cases should not have retention, prostatitis, a large 
median lobe, or history of a prior prostate procedure (e.g., 
transurethral needle ablation or microwave therapy). An 
official audit on the outcome has also been suggested 
after performing the procedure on the first 10 patients. 
If there are any major complications or cases, who are 
unable to void spontaneously, 10 more procedures would 
be suggested and additional audits could be conducted on 
these cases. To attain an adequate capability level, almost 
30–50 procedures are necessary to be performed for most 
trainees. A urologist should be able to use 200 kJ/h of 
laser energy for operating very bulky glands. Training 
should be provided by instructors from an accredited 
training center and under the direct supervision of an 
expert mentor. They have not suggested the adaptation 
of TURP techniques because skill in the TURP surgery 
does not seem to be helpful to learn PVP. They have also 
emphasized that watching a PVP training movie alone 
is not adequate and even skilled urologists should join a 
formal training course in which a qualified tutor is present 
while treating their first procedures. 

II: Holmium Laser Enucleation of the Prostate 
The learning curve is the initial period of skill acquisition 
for people learning a procedure.15 The Main outcomes 
of holmium laser enucleation of the prostate (HoLEP) 
are based on operative parameters. Urologists are judged 
according to a main criterion, which is their skill in doing 
four consecutive successful procedures. A successful 
procedure is a procedure in which enucleation and 
morcellation can be done within less than 90 minutes, 
without conversion to TURP, with tolerable stress 
and difficulty.4 According to the visual analogic scale, 
stress and difficulty under 5/10 are satisfactory.16 Time, 
stress, and difficulty should be assessed for all steps of a 
procedure. 

1- Prostate Volume
Learning HoLEP is recognized to be difficult and its 
learning curve depends on the prostate size.17 The efficacy 
of HOLEP is different in various departments and this 
difference can be partly explained by different prostate 
sizes.18 A small prostate also requires skill. Surgical 
plane between the surgical capsule and adenoma and 
also an apical plane are slightly difficult to be found in 
small prostates. For that reason, HoLEP is a challenging 
procedure in small prostates.19,20 Therefore, a moderate-
size prostate is recommended for urology residents to 

start practicing.19 Moreover, the surgeon feels confident 
after 20–30 procedures in a moderate-sized (50 g) prostate 
under the supervision of an expert urologist.21 Therefore, 
a urologist could try smaller or larger prostates after 
performing at least 10–20 cases with a moderate-sized 
prostate.19,21 Most urologists recommend that beginner 
surgeons should begin with a moderate-sized prostate 
(20-40 g).17 

2- Laser
Different laser parameters, including the used energy, the 
lasing period and the laser-to-prostate ratio (L/P ratio, 
the volume of laser energy consumed for the removal 
of every gram of prostate tissue) are applied to estimate 
the learning curve.19 Elshal et al found that the L/P ratio 
has an inverse linear relationship with the number of 
previously performed cases with time-to-plateau of nearly 
20 procedures; later in the curve, the process is less laser-
assisted. Therefore, the L/P ratio as an outcome measure 
is reduced during the learning curve of HoLEP.22

3- Enucleation Parameters
Different enucleation parameters have been used to 
evaluate the learning curve of HoLEP. Finding the surgical 
plane between prostate adenoma and prostate capsule 
requires enough skill.20 Enucleation ratio efficacy is 
“defined as the enucleation ratio divided by the enucleation 
period”. Enucleation ratio efficacy is a good way to 
evaluate the learning curve of HoLEP.23 The efficiency 
of tissue enucleation, especially for a prostate >100 g, 
could tremendously improve as a surgeon’s experience 
increases.24,25 Regarding enucleation parameters, surgical 
performance plateaued after the first 50-60 cases, although 
some urologists reported that enucleation ratio efficacy 
reached a plateau after 25-30 cases.26 Enucleation ratio 
efficacy can remove the bias effect of prostate volume19,26; 
other parameters like enucleation time-energy-efficacy 
(ETEE = enucleated weight/enucleation time/consumed 
energy) could be used to evaluate enucleation skills.24 
Enucleation time-energy efficacy increased after 30 
procedures and plateaued between 61 to 70 cases.27

4- Morcellation Parameters
One of the morcellation parameters is efficacy morcellation 
tissue/morcellation time which did not change with 
surgical skills in some studies and was more dependent 
on technology. However, some other studies showed 
that morcellation efficacy significantly improved with a 
surgeon’s experience with stabilization in performance 
after 60 cases.18, 23,28 

5- Postoperative Efficacy Measure
Decrease of PSA, Enhancement in Flow Parameters and 
Questionnaires
The decrease of PSA after surgery was used as a predictor 
to evaluate the learning curve of HOLEP technique in 
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3 studies, but only one study demonstrated that 40-
50 cases are required to reach a significant difference 
in this factor.22,24,25 However, the urinary flow rate or 
questionnaire indices did not change with increasing 
surgeon’s skill.22

6- Operative and Postoperative Safety Parameters 
Catheter Time and Hospital Stay
There is controversy about the use of catheter time and 
the hospital stay as a way to assess the learning curve of 
HOLEP procedure.  Some studies showed that more than 
20 cases were required to reach the best result.16,25,29 But 
other studies did not show any correlation between this 
parameter and the learning curve.

Perioperative Hemoglobin, Hematocrit, or Sodium Deficit 
Although most studies showed that this parameter 
is not useful to predict the learning curve of HOLEP 
technique,23,30 some studies showed 25-40 cases were 
required to avoid disturbances in these factors.22,29

Conversion of HoLEP to TURP
The main causes for the conversion of HoLEP to TURP are 
either capsular perforation or uncontrolled bleeding.31 The 
conversion of HoLEP to TURP has been demonstrated as 
one of the most common parameters used as a predictor 
factor to assess the learning curve.19 The conversion of 
HoLEP to TURP decreased with increasing surgical skill 
(occurred in 30% of cases in the first 30 surgeries, but 
plummeted to 10% after 60 cases).32 The conversion of 
HoLEP to TURP may indirectly demonstrate the absence 
of a surgeon’s confidence. This was reported to occur 
most commonly at the first 20-30 cases.19

Retreatment
The recurrence of prostate hyperplasia was seen in 4.2% 
of cases after HOLEP.33 The re-treatment rate in the first 
50 cases was higher.21 After 50 cases, re-treatment rates 
significantly dropped.19

Complications
Soto-Mesa et al reported that postoperative complications 
30 days after surgery did not change with increasing 
surgical skill.34 However, some studies showed that the 
number of adverse events was lower following the first 80 
cases.26

Incontinence
Persistent stress urinary incontinence more than 6 
months was seen more in the first 50 cases.29 In terms of 
urinary incontinence, the time interval between cases and 
case density at the beginning of the learning curve are also 
important.29,35 Other factors which have effects on stress 
UI are the prostate size and blood loss during surgery.31 At 
least 20 cases are required to avoid urinary incontinence.28 

De Novo Urinary Retention
De novo urinary retention is related to over-distention of 
the bladder throughout morcellation or myogenic damage 
to the detrusor muscle.36 Therefore, it is not useful to 
predict the learning curve of HOLEP.36

Trifecta – Pentafecta
“Trifecta has been defined as HOLEP procedure done 
within 90 minutes without any change to TURP,  
pentafecta has been reached when patients meet the 
trifecta criteria without postoperative complications or 
stress urinary incontinence”.19 The learning curve has 
been reached when the urologist could perform four 
consecutive HOLEP procedures and reach the trifecta or 
pentafecta criteria. For HoLEP, this could happen after the 
22nd and 40th surgery for trifecta and pentafecta criteria 
respectively.37 Training with a simulator could decrease 
the learning curve of HOLEP.38

III: Laser Lithotripsy
The treatment modalities of nephrolithiasis have been 
changed over the last two decades. Today, percutaneous 
nephrolithotomy (PCNL), laparoscopic pyelolithotomy, 
and retrograde intrarenal surgery (RIRS) are the gold 
standard surgical methods for kidney stone removal 
depending on the dimensions and site of the stones and 
the urologist’s experience. RIRS can be used to treat 
intrarenal stones smaller than 3 cm depending on the 
expertise level of the surgeon, with a lower risk of kidney 
injury and hemorrhage in comparison with PCNL.39-

43 Although burden, location, and patients’ body mass 
index are very important in PCNL, surgeons’ skill is 
another determinant of the outcomes of kidney stone 
surgery in RIRS. To decrease operation time and quickly 
achieve the stone-free rate and better results with fewer 
complications, more training is mandatory.44-46 However, 
there are a limited number of studies in this area. Here, we 
discussed a few studies about identifying learning curves 
for operative time, fragmentation efficacy, complication 
rates, and pediatrics RIRS.

In a retrospective study, Berardinelli et al47 evaluated 
381 patients, who had experienced RIRS because of 
kidney stones, in two groups: group 1 were operated by 
surgeons with endo-urological experience less than 100 
procedures, while group 2 were operated by surgeons with 
endo-urological experience more than 400 procedures. At 
last, they found a higher stone-free rate (P =0.082), a less 
complication rate (P=0.001), a shorter operative period 
(P =0.001) in group 2. They concluded that surgeons’ 
experience would affect the outcomes of RIRS.

In addition, sheath placement, stone treatment, and 
double J stent insertion are important steps of RIRS. da 
Cruz et al48 assessed the operation time of these steps and 
found that after 60 cases, there would be no improvement 
in doing the steps of surgery. Besides these variables, they 
also performed qualitative analysis encompassing five 
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variables: tissue management, bimanual dexterity, depth 
perception, autonomy, and efficiency. They found that 
all the qualitative variables had significant differences 
between groups 1 (1st to 20th cases), 2 (21st through 
40th) and 3 (from the 41st to the 60th) (P<0.001) except 
between groups 3 and 4 (from the 61st to the 80th). They 
concluded that all the variables did not improve after 
performing RIRS on 60 cases.

In an experience about performing 100 consecutive 
RIRS, Cho et al49 introduced fragmentation efficacy 
calculated by the formula of removed stone volume 
(mm3) divided by operative time (min), as a proper 
parameter to evaluate RIRS competency. By using 
fragmentation efficacy, the question of “How fast can a 
given urologist complete RIRS?” could be answered. In 
their study, the fragmentation efficacy touched a plateau 
between the 40th and 60th patients. Further evaluations 
showed that the curve tended to be flat until the 25th 
case and then revealed an increasing trend followed by 
a decline until the 56th case (the change point). In Cho 
and colleagues’  study, the stone-free rate was also similar 
in the first 10 cases and the final 10 cases. There was no 
complication of Clavien classification grade 3, sepsis, and 
ureteral stricture in 6- to 12-month follow-up. They also 
indicated that the proper level of fragmentation efficacy 
was a minimum of 25 mL/min equivalent to a 60-minute 
operation for a calculated stone volume of 20 mm×15 
mm×10 mm×0.523.

One of the main benefits of flexible ureteroscopy 
is that all part of the urinary tract is available, but 
it would be accompanied by some complications. 
Ureteroscopy is one of the most common reasons for 
ureteral damage.50 Mucosal injury, ureteral perforation, 
ureteral avulsion, urinoma formation, bleeding, and 
ureteral stricture are some possible complications during 
flexible ureteroscopy. Along with many studies of flexible 
ureteroscopy complications, Komori et al51 evaluated 
these complications during the learning curve time. The 
patients were assigned to 4 groups based on the physician’s 
skill: group 1 RIRS was operated by less experienced 
surgeons (n=35), group 2 for the 36th to 85th cases (n=50, 
training at a high-volume hospital), group 3 included the 
next 50 cases (86th -135th), and group 4 covered cases 
136th to 219th. The mean operation period decreased 
from group 1 to group 4 (P<0.05). On the other hand, the 
mean stone-free rate increased from group 1 to group 4 (P 
<0.05). The rate of complication, based on Clavien score 
(Clavien 2-4), was 3.2%, 8.3%, 10%, and 13.6% in groups 4, 
3, 2 and 1 respectively (P =0.068). Finally, they concluded 
that to perform safe and successful surgery with fewer 
complications, it is mandatory to have experience of 100 
cases at a high-volume center.

Compared to adult patients, urolithiasis is less common 
in children; however, children may be subject to more 
morbidity.52 Today, there is an increasing use of RIRS 
compared to PCNL and mini-PCNL in the treatment of 

pediatrics urolithiasis due to some benefits, including 
lower bleeding and radiation exposure and a shorter 
hospital stay.53,54 Regarding pediatrics, there is a concern 
whether or not an endo-urologist, who has had enough 
experience in an adult procedure, would be also able to 
perform this kind of surgery on children. In other words, 
do adult endo-urologists require a specific learning 
curve for children? Sforza et al55 evaluated the safety 
and feasibility of performing RIRS in children by endo-
urologists, who are expert in adult surgery but without 
experience in pediatrics. They compared 30 consecutive 
patients (15 adults and 15 children) with similar peri-
operative data, including stone location and size. The 
patients had also undergone RIRS by the same surgeon 
with experience of more than 500 RIRS in adults but no 
experience with children. They did not find any difference 
in complications between the two groups, including fever 
and hematuria, the extent of hospitalization, and the 
stone-free rate. Finally, they concluded that an adult endo-
urologist does not need a specific and separate learning 
curve for children and the results of pediatric cases would 
be comparable to adults.

In this study, we reviewed available related literature 
on the learning curves for three common urologic 
procedures by using laser technology. With respect to 
HoLEP, we discussed subheading categories in detail due 
to more published studies in this field. However, regarding 
PVP and RIRS, there were only a few studies. Therefore, 
there seemed to be urgent need for more similar studies to 
discuss the parameters of learning curves in PVP and RIRS 
in more detail and comprehensively. We also emphasized 
that viewing surgeries performed by lasers in a urology 
video is not sufficient and even skilled surgeons should 
join an official training course, in which a qualified guide 
exists at initial surgeries. To evaluate the learning curve of 
lasers in urology procedures, we recommend that further 
studies also consider the surgeon’s experiences in other 
surgical methods.

Conclusion
In this review, we appraised the literature about the 
learning curve of laser applications in three common 
urology surgeries including RIRS, PVP and HoLEP. We 
could discuss HoLEP surgery in more detail rather than 
the others because of more published studies.
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