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Lasers in Urology
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Purpose: To evaluate the accuracy and applicability of the modified Clavien classi-
fication system (CCS) in evaluating complications following photoselective vapor-
ization of the prostate by use of the 120W GreenLight high-performance system 
(HPS-PVP).
Materials and Methods: The medical records of 342 men who underwent HPS-PVP were 
retrospectively analyzed. Patients were older than 40 years and had a prostate volume 
＞30 mL and an International Prostate Symptom Score (IPSS) ≥8. Patients with pro-
static malignancy, neurogenic bladder, urethral stricture, large postvoid residual vol-
ume (＞250 mL), previous prostatic surgery, or urinary tract infection were excluded. 
All operations were done by a single surgeon, and patients were followed up for uro-
flowmetry and IPSS postoperatively. All complications were recorded and classified 
according to the modified CCS, and methods of management were also recorded.
Results: The patients’ mean age was 71.6±7.3 years; mean prostate volume was 
50.0±17.0 mL, and 95 cases (27.7%) had volumes greater than 70 mL. The mean total 
IPSS was 21.7±7.9 preoperatively and 12.3±8.1 at the first month postoperatively. A 
total of 59 patients (17.3%) experienced postoperative complications until the first 
month after the surgery. Among them, 49 patients (14.3%) showed grade I complica-
tions, 9 patients (2.6%) showed grade II complications, and 1 patient (0.3%) showed 
a grade IIIb complication. No patients had complications graded higher than IIIb.
Conclusions: Although the modified CCS is a useful tool for communication among clini-
cians in allowing comparison of surgical outcomes, this classification should be revised 
to gain higher accuracy and applicability in the evaluation of postoperative complica-
tions of HPS-PVP.
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INTRODUCTION

Although many variables must be considered in the quality 
assessment of surgical outcomes, previous investigations 
have shown that the Clavien classification system (CCS) 
for the evaluation of postoperative complications has been 
accepted since 1992 as a desirable, standardized platform 

of accuracy and reliability for comparing surgical outcomes 
among different institutions, surgeons, or operative tech-
niques [1]. This classification system was based on the ther-
apy used to treat complications that occurred within the 
first month postoperatively. The CCS was modified in 2004 
according to the reporting manner of perioperative life- 
threatening and permanently disabling conditions [2].



Korean J Urol 2013;54:239-243

240 Kwon et al

This new grading system has been widely accepted by 
many urologists to report the perioperative outcomes of 
laparoendoscopic single-site surgery (LESS) in the upper 
urinary tract [3], radical cysto-urethrectomy [4], and ro-
bot-assisted radical prostatectomy [5]. Besides these major 
oncologic surgeries, the modified CCS has also been vali-
dated for grading perioperative complications in patients 
who underwent transurethral resection of the prostate 
(TURP) [6,7], percutaneous nephrolithotomy [8,9], or lapa-
roscopic pyeloplasty [10]. However, there have been few re-
ports on less-invasive procedures such as holmium laser 
enucleation of the prostate or photoselective vaporization 
of the prostate (PVP) by use of the KTP laser. Because the 
distribution of complications for these less-invasive proce-
dures must differ from the distribution of complications for 
invasive procedures, the applicability of the modified CCS 
should be evaluated for less-invasive procedures.

Therefore, the aim of this study was to evaluate the accu-
racy and applicability of the modified CCS in evaluating 
complications after the Seoul technique of modified PVP 
with the 120W GreenLight high performance system 
(HPS-PVP). 

MATERIALS AND METHODS

The present study was a retrospective analysis of the medi-
cal records of patients who underwent HPS by a single sur-
geon between January 2008 and September 2011. A total 
of 353 patients who underwent HPS-PVP were included. 
Patients were older than 40 years and had a prostate vol-
ume ＞30 mL and an International Prostate Symptom 
Score (IPSS) ≥8. Patients with prostatic malignancy, neu-
rogenic bladder, urethral stricture, large postvoid residual 
volume (＞250 mL), previous prostatic surgery, and uri-
nary tract infection were excluded from the analysis, be-
cause patients with these conditions could have experi-
enced voiding problems or bladder dysfunction preo-
peratively. Thus, in such a case, the postoperative compli-
cations could be confused with the underlying abnor-
malities. According to the exclusion criteria, 11 patients 
were excluded. Finally, the records of 342 patients were an-
alyzed in this study. This study was approved by the 
Institutional Review Board of SMG-SNU Boramae Medical 
Center, and the procedures complied with the Declaration 
of Helsinki (revised Edinburgh, 2000).

A GreenLight HPS laser that generates up to 120W with 
a lithium triborate crystal was used for the operation. The 
Seoul technique, a modified vaporization-resection techni-
que, was used [11]. Age, body mass index, and preoperative 
conditions including past medical history, transrectal ul-
trasonography, uroflowmetry, and American Society of 
Anesthesiologists score were reviewed from the medical 
records. Patients were followed up for uroflowmetry and 
IPSS postoperatively at 2 weeks, 1 month, 3 months, 6 
months, and yearly from 1 year. All complications that 
arose within the first month postoperatively were recorded 
and classified according to the modified Clavien-Dindo 

System [6]. According to the modified CCS, the complica-
tions were graded as I (any deviation from the normal post-
operative course without interventions), II (pharmaco-
logical treatment, blood transfusion, or total parenteral 
nutrition), IIIa (intervention not under general anesthesia), 
IIIb (intervention under general anesthesia), IVa (single 
organ dysfunction), IVb (multiorgan dysfunction), and V 
(death) [2]. For each complication, the managements were 
also recorded. 

Variables are presented as mean±standard deviations. 
All preoperative and postoperative variables were ana-
lyzed for statistically significant differences by use of the 
independent t-test. To compare pre- and postoperative 
clinical parameters, a paired t-test was used. A p＜0.05 was 
considered statistically significant, and commercially 
available SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA) was 
used.

RESULTS

The patients’ demographics and perioperative profiles are 
shown in Table 1. The patients’ mean age was 71.6±7.3 
years. The patients’ mean prostate volume was 50.0±17.0 
mL, and 95 cases (27.7%) had volumes greater than 70 mL. 
The mean total IPSS score was 21.7±7.9 preoperatively, 
which was significantly improved at 1 month postope-
ratively (12.3±8.1). 

Table 2 shows the distrubution of all complications and 
detailed methods of management for each complication. 
Among the 342 patients, 59 cases (17.3%) experienced post-
operative complications within 1 month. Most of them (49 
cases, 14.3%) showed grade I complications. Nonspecific 
urinary symptoms resolved spontaneously without any 
medications. Patients complained of mild hematuria, fre-
quency, dysuria, and urgency. According to the records, 
however, the symptoms were too mild to treat with any 
medications and were relieved at the next visit. Two pa-
tients with grade I complications showed postoperative 
gross hematuria, which was improved by indwelling of a 
urethral Foley catheter and manual irrigation for several 
days. Another two patients showed urinary retention after 
the urethral catheters were removed. One of the patients 
did not void well until the first year postoperatively, and 
he was not followed up thereafter. Patients with grade II 
complications (nine cases, 2.6%) showed some transient 
urinary symptoms (urgency, dysuria, or slow stream) that 
improved after taking medications such as anticholinergic 
agents, antibiotics, and alpha-blockers. One patient (0.3%) 
showed a grade IIIb complication that was resolved after 
transurethral coagulation under general anesthesia. None 
had complications graded higher than IIIb. 

DISCUSSION

The necessity of a standardized guideline for comparing 
surgical outcomes and for grading complications among 
different hospitals has been repeatedly mentioned since 
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TABLE 1. Demographics

Demographics Value

Preoperative profiles
Patient demographics

Age (y)
Body mass index (kg/m2)
ASA score

1
2
≥3

Comorbidities
Diabetes
Hypertension

Prostate-specific antigen (ng/mL)
Prostate volume (mL)
Transitional zone volume (mL)

Symptom scores
Total IPSS
Voiding symptom subscore
Storage symptom subscore
Quality of life score

Symptom scores (postoperative 1 mo)
Total IPSS
Voiding symptom subscore
Storage symptom subscore
Quality of life score

Voiding diary parameters
Functional bladder capacity (mL)
Daytime frequency (per day)
Nocturia (per night)

Uroflowmetric parameters
Qmax (mL/s)
Voided volume (mL)
PVR (mL)

Urodynamic parameters
Maximum cystometric capacity (mL)
Impaired detrusor contractility
BOO index

Perioperative profiles
Operative time (min)
Laser energy (J)
Catheter duration (h)

  71.6±7.3
  26.0±42.7

  112 (32.7)
  198 (57.9)
    32 (9.4)

    58 (16.9) 
  163 (47.5) 
    4.0±3.2
  50.0±17.0
  28.8±14.4

  21.7±7.9
  12.8±5.0
    8.8±3.6
    4.2±1.2

  12.3±8.1
    5.5±5.2
    6.8±3.7
    2.6±1.7

382.0±148.3
  10.7±3.0
    2.0±0.8

    8.7±3.1
178.4±100.5
  93.5±91.2

363.5±93.2
    10 (14.7)
  42.7±25.6

  60.6±31.9
92,349±75,833
  21.6±8.7

Values are presented as mean±standard deviation or number (%).
ASA, American Society Of Anesthesiologists; IPSS, International 
Prostate Symptom Score; Qmax, maximal flow rate; PVR, post- 
void residual urine; BOO, bladder outlet obstruction.

1992 [1]. In particular, previous studies investigated the 
applicability of the CCS in major urologic oncological sur-
geries in the early years; since then, modifications have 
been made after validation in a large patient cohort to en-
able the CCS to be more generalized to elective general sur-
gery [2,3]. These procedures have various complications 
ranging from nonspecific minor to life-threatening con-
ditions; therefore, it appears to be appropriate to grade 
complications on the basis of the treatments used. 

In general, total complication rates are similar between 
oncological and nononcological surgeries. Elshal et al. [4] 

demonstrated that the total complication rate in radical 
cysto-urethrectomy was 24.7% (46 of 186 patients); 25 cas-
es of grade I to II, 12 of grade III, 6 of grade IV, and 3 of grade 
V. Recently, some efforts have been made to utilize the 
modified CCS in nononcological procedures as well. As a 
result, the modified CCS has been more widely used re-
cently than during the early years. Greco et al. [3] applied 
this grading system in LESS procedures of the upper uri-
nary tract and reported that the overall complication rate 
was 17% (31 of 192 patients): 4 cases of grade I, 22 of grade 
II, 4 of grade III, and 1 of grade IV. Additionally, Tefekli 
et al. [8] used this grading system in percutaneous neph-
rolithotomy and demonstrated that the system was helpful 
for understanding the complexity of cases before actual 
procedures. More recently, Mamoulakis et al investigated 
the applicability of the modified CCS for grading perioper-
ative complications in patients who underwent TURP [6], 
and the overall perioperative morbidity rate was 15.7%. 
Grade I complications occurred in 26 cases out of 44 (59.1%) 
and grade II events in 13 (29.5%). Grade III or higher com-
plications were not as common (9.1%). The modified CCS 
was demonstrated to be an easily applied method for grad-
ing postoperative TURP complications [6]. Capitan et al. 
[12] compared the surgical results of GreenLight HPS 
120W laser PVP with TURP. In that study, PVP showed 
similar safety to TURP. Also, Bachmann et al. [13] reported 
that 180W XPS laser therapy for benign prostatic hyper-
plasia was a safe treatment modality. 

The present study is the first investigation to report peri-
operative complications of surgery after the introduction 
of the Seoul technique as a modified method for HPS-PVP 
by use of the modified CCS. In this study, the overall compli-
cation rate was 17.3%, which was higher than that of pre-
vious investigations. However, most of the patients (49 of 
59 cases, 83.1%) showed grade I complications (49 of 342 
patients, 14.3%), 9 patients showed grade II (2.6% of the 
overall patients), and only 1 patient showed a grade IIIb 
complication (0.3%). None of the patients had complica-
tions graded IVa or higher. We can conclude that the dis-
tribution of all complications in less-invasive procedures 
differs from that of previous investigations and that we 
should evaluate complication rates in less-invasive proce-
dures from a different point of view.

Because complications rates within the first month after 
surgery differ from long-term complication rates, it is diffi-
cult to identify exactly the overall results of the treatment. 
In this study, one patient with neurogenic bladder could not 
void by himself for over 1 year after surgery, whereas an-
other patient who suffered from bleeding after 3 weeks 
postoperatively underwent endoscopic coagulation under 
general anesthesia and was able to overcome the problem. 
According to the modified CCS, the former patient had a 
grade I complication, whereas the latter had a grade IIIb 
complication. However, because the grade IIIb complica-
tion was completely resolved, it is difficult to accept that 
the patient with the grade I complication had a more minor 
complication from a quality of life perspective. In addition, 
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TABLE 2. Postoperative complications and management

Grade No. Symptom and onset of time Management Duration of management

I

II

IIIa
IIIb

IV, V
Total 

45
  2

  2

  6

  2

  1
  0
  1

  0
59

Nonspecific urinary symptoms
1: Hematuria (POD 3 wk)
1: Hematuria (POD 2 wk)
1: Urinary retention (POD 1d)
1: Urinary retention (POD 2 d)
1: Urgency (POD 1 d)
2: Urgency (POD 3 wk)
3: Urgency (POD 4 wk)
1: Dysuria and slow stream (POD 1 wk)
1: Urinary tract infection (POD 1 d)
Voiding difficulty (POD 3 wk)

–
Hematuria (POD 7 d)

–

Nothing
Catheterization

Catheterization

Anticholinergics

Antibiotics

Alpha blocker
–

Coagulation under general anesthesia and 
catheterization

–

1 wk
3 d
3 d
1 y and follow-up loss
1 y
1:2 mo/1:9 mo
2:2 mo/1:4 mo
1 mo
1 wk
2 mo

–
2 wk

–
POD, postoperative day.

the classification system does not indicate anything about 
the degree of disease improvement [14]. Therefore, it would 
be optimal to report early and long-term complications to-
gether to avoid such misinterpretations. In particular, 
less-invasive procedures have a higher likelihood of having 
lower grade complications. 

Thus, we may consider it helpful to attach greater im-
portance to complications that persist for more than 1 
month or to make to a new subgrade to predict possible 
long-term complications. For example, we may consider 
adding new subgrades such as grade IF, IIF, and IIIF for 
functional problems that may persist longer than 1 month 
after surgery. Grade IF is a group of patients who have uri-
nary incontinence or urinary symptoms that do not need 
treatment with medication. Grade IIF is a group for which 
medications are necessary. Grade IIIF is a state for which 
long-term interventions such as intermittent catheter-
ization and suprapubic or urethral catheter indwelling are 
helpful. Otherwise, we could classify the complications ac-
cording to duration of symptoms including long-term com-
plications over 1 month. Further study with a larger group 
would be helpful to suggest new classifications for less-in-
vasive surgeries.

There are a few limitations to this study. The results of 
this study are from a retrospective analysis; thus, it was 
difficult to describe some nonspecific urinary symptoms 
postoperatively. Also, this study was from a single surgeon 
at a single center. The period used in this study may not 
affect the complication rates because the technique does 
not require a learning curve. With larger-scale studies us-
ing data from multiple centers, the accuracy of the findings 
will be higher.

CONCLUSIONS

The modified CCS has been a useful tool for evaluating and 

grading postoperative outcomes, but most complications 
following HPS-PVP have been classified into either grade 
I or II. Although this modified CCS is useful for communica-
tion among clinicians in allowing comparison of surgical 
outcomes, the classifications need to be revised to acquire 
higher accuracy and applicability in the evaluation of post-
operative complications of HPS-PVP.
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