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ENDOUROLOGY AND STONE DISEASE

Are Stone Density and Location Useful Parameters That Can Determine the Endourological Surgical 
Technique for Kidney Stones That are Smaller than 2 cm? A Prospective Randomized Controlled Trial           

Adnan Gücük1*, Burak Yılmaz1, Sebahat Gücük2, Uğur Üyetürk1

Purpose: We aimed to evaluate whether these parameters could be guiding for us in selection between retrograde 
intrarenal surgery (RIRS) and mini-percutaneous nephrolithotomy (PNL) procedures in kidney stones that are 
smaller than 2 cm.

Materials and Methods: The patients who had kidney stones smaller than two cm and were planned to undergo 
surgery were randomly distributed into 2 groups prospectively. RIRS was performed in the RIRS group using a 
7.5-F fiberoptic flexible ureterorenoscope while mini-PNL group was dilated up to 16.5F and mini-PNL was per-
formed with 12F nephroscopy. Preoperative characteristics, operative and postoperative results were compared in 
two groups. Thereafter, intra and intergroup comparisons were made to determine the effects of Hounsfield unit 
(HU) value indicating the stone density being higher or lower than 677 and stone location on stone-free rates.

Results: The study involved 60 patients including 30 in each group. The groups’ preoperative values were similar. 
The hospitalization time and the total duration of scopy were longer in mini-PNL when the postoperative values 
were compared (P <  .0001). In terms of stone densities, HU values that were lower than 677 in the mini-PNL 
group affected the stone-free rate and reduced it from 100% (> 677HU) to 55.6% (< 677HU), whereas the change 
was significant (P = .005). Lower calyx stones affected the RIRS results negatively, whereas multiple calyceal 
stones affected the mini-PNL group negatively.

Conclusion: Both methods had a similar success rate, but lower pole stones, multiple calyceal stones and stone 
density parameters affected the stone-free rates significantly, and these may be effective in treatment selection.
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INTRODUCTION

Percutaneous nephrolithotomy (PNL) and retrograde 
intrarenal surgery (RIRS) have taken the place of 

shock wave lithotripsy (SWL) for treatment of kidney 
stones as a result of development of minimally invasive 
techniques and instruments in the last 10-15 years. Each 
procedure has its own advantages and disadvantage (1,2). 
Mini-PNL and RIRS are procedures that are preferred 
for minimally invasive treatment due to their negligible 
stone-free and complication rates(3,4). RIRS has increas-
ingly been used for moderately sized kidney stones in 
recent years(5,6). However, this technique has limitations 
such as low success rate in the lower calyx, necessity 
of using ureteral access sheath, necessity of placing JJ 
stent in case of failure due to inability to gain access in 
the first session and requirement of a second session, 
and longer duration of the surgical period as the stone 
size increases(7,8). It is known that parameters such as 
stone density, opacity, disorganized settlement and lo-
cation of the stone generally affect stone-free rates(7,9). 
The efficacy and safety of using minimally invasive 
techniques such as RIRS or mini-PNL in moderately 
sized kidney stones is still a debated matter (10,11). The 
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European Association of Urology guidelines recom-
mends endourology (all PNL and  URS interventions) 
as the standard treatment option for small to medium 
(≤ 2cm) renal stones. However, it is not yet clear which 
endourology option would be more appropriate for this 
group of stones.
In this study, we aimed to compare patients with kidney 
stones smaller than 2 cm who underwent mini-PNL and 
RIRS and tried to determine if preoperative stone prop-
erties affecting the choice of treatment, if any, could be 
parameters that could lead us to make a choice about 
these procedures.

MATERIALS AND METHODS
Study population
Patients with kidney stones who visited our clinic be-
tween April 2016 and May 2017 were evaluated follow-
ing the approval of the ethics committee. The patients 
were evaluated with non-contrast abdominopelvic CT 
after detailed anamnesis and physical examination. 
Patients who had a kidney stone with a maximum di-
ameter of less than 2 cm and did not prefer to undergo 
SWL were included in the study. Patients with anoma-
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lous kidneys, skeletal deformities, severe obesity (BMI 
> 35) and those who previously underwent SWL treat-
ment for the same stone were excluded from the study. 
The study was explained to each patient and informed 
consent was obtained. Patients' enrollment algorithm is 
illustrated in Figure 1.
In all patients, hemoglobin, platelet, coagulation tests, 
serum creatinine levels and urine culture tests were 
performed preoperatively, and treatment was provid-
ed according to the findings if necessary. Information 
was recorded on the patients’ age, sex, body mass in-
dex (BMI), stone density, stone size and stone location. 
Stone densities and surface areas were obtained as pre-
viously described(12). Stone location is classified under 
three categories, lower calyx, upper calyx or multiple.
Study design
This study was a prospective single-center, paral-
lel-group randomized clinical trial with balanced ran-
domization [1:1] which was performed in a referral 
hospital in Bolu, Turkey. The patients were randomly 

divided into 2 groups (mini-PNL and RIRS) by a com-
puter software as described in the literature(13). The 
allocated treatment for each patient was recorded in 
concealed envelopes. After achieving eligibility criteria 
and the patient's agreement on participation, the con-
cealed envelopes were opened by one of the researchers 
and the allocated treatment was performed as explained 
below(13). The surgeon learned of the randomization 
group in the operating room before surgery and had no 
opportunity to schedule patients according to the rand-
omization list. In this study, it was aimed to study a total 
of 52 subjects with 95% confidence level, 0.80 effect 
size and 80% power provided that there are at least 26 
subjects in each group, and the study was completed 
with 60 patients. 
Surgical technique
All operations were performed or supervised by the 
same surgeon. Right after the patients in mini-PNL 
group were placed a 5F ureteral catheter with general 
anesthesia, they were given a prone position and access 

Table 1. Patient and stone characteristics.

Variable  Mini-PNL Group (N = 30) RIRS Group (N = 30)  P-value
Sex         0.771
        Male  21   23 
        Female  9   7 
Mean age (years)  46.1 ± 17.5   46.6 ± 13.5   0.902
Mean BMI (kg/m2)  26.4 ± 3.3   27.2 ± 3.7   0.421
Stone localization        0.829
            Upper calices  8 (% 26,7)   8 (26.7) 
            Lower calices  14 (% 46.7)   12 (% 40) 
          Multipl calices  8 (% 26.7)   10 (% 33.3) 
Mean stone density (HU unit) 845.3 ± 267.5   816.7 ± 251.2 0  .671
Stone surface area (mm2) 275.5 ± 75.1   259.1 ± 65.2   0.368

Abbreviations: PNL, Percutaneous Nephrolithotomy;  RIRS,  Retrograde Intrarenal Surgery;  BMI, Body Mass Index

Figure 1. Patients’ enrollment algorithm
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was performed by choosing the optimal calyx to reach 
the stone after the contrast agent was given. The guide 
wire was then placed, and the stones were broken with 
a laser lithotripter using a 12F nephroscope (Modular 
minimally invasive PNL system, Karl Storz, Tuttlin-
gen, Germany) following the dilatation using a one step 
dilator with a 16.5F access sheath. When necessary, 
the stones were removed using stone removal forceps. 
Right after a 14F nephrostomy tube was inserted and 
an antegrade pyelography was taken, the operation was 
completed.
Following the general anesthesia performed in the 
RIRS group, a safety guide wire was placed and sem-
irigid ureteroscopy (9.5 / 11.5F) was performed to see 
the ureter and possible pathologies as well as facilitate 
the placement of the ureteral access sheath. The stones 
were fragmented using a 270 micrometer laser fiber 
with the help of a 7.5-F fiber optic flexible ureteroreno-
scope (Storz FLEX-X2, Tuttlingen, Germany) after 
the placement of ureteral access sheaths (9.5 / 11.5 F) 
(Elit Flex, Ankara, Turkey). Stone fragmentation was 
accomplished using a laser energy of 0.5-1.5 J and a 
rate of 5-15 Hz (Sphinx Jr 30 watt), and this range was 
adjusted based on stone hardness. Stones smaller than 2 
mm were left to pass on their own while the larger ones 
were removed with a basket catheter.  A 4.7F JJ stent 
was routinely placed at the end of the operation because 
of concerns about possible edema and other problems 
that might be caused by the access sheath. In this group, 
access sheaths could not be placed in 2 patients due to 
the small diameter of their ureters, and a JJ stent was 
placed. 2 weeks later, the procedure was performed as 
it was in the others. The durations of the operation were 

recorded by adding the durations of 2 procedures.
Outcome assessment
The primary outcome of interest was stone-free rate af-
ter RIRS and Mini-PNL. The stone-free conditions were 
determined by low-dose spiral CT taken in the third 
postoperative month. The procedure was considered 
successful if there were no residual stones. Secondary 
outcomes included the relationship between stone-free 
rates and parameters of stone density and location, pain 
after procedures, hospitalization time, operative time, 
fluoroscopy time and complications.
The visual analogue scale (VAS; range= 1-10) that 
was applied in the first hour was used as the pain scale. 
Surgical times were calculated from the beginning of 
cystoscopy to the end of the procedure carried out by 
placing a urinary catheter. Clavien classifications were 
used for the complications.
Firstly, the preoperative and postoperative results of 
both groups were compared. Then the effects of "stone 
density and location" that could influence the stone-free 
condition within the groups were evaluated. We used 
a cutoff value of 677.5 HU that was determined in our 
previous study to assess the effects of stone density(12). 
According to this value, we divided the groups into 2 
subgroups and looked into the effects of stone densi-
ty. These subgroups were compared within themselves, 
and cross comparisons were also made. The effect of 
stone location on stone-free rates was also assessed. 
Data obtained from this study were analyzed using 
the SPSS 20 statistics software. While investigating 
whether the variables were normally distributed, Shap-
iro Wilk's was used due to the number of units. The 
Mann-Whitney U test was used for analyzing the dif-

Table 2. Operative and postoperative data of Mini-PNL and RIRS groups and their comparisons

Parameters   Mini-PNL group RIRS group  p

Mean total operative time (min)  98.3 ± 18.8  109.0 ± 33.8  0.134
Mean fluoroscopy time (sec)  121.7 ± 49  24.2 ± 7.9  0.0001
Hospitalization time (day)  2.1 ± 2.03  1.6 ± 134  0.0001
Stone free rate (%)   86.7  83.3  1   
Mean Pain visual analog score (range: 1-10) 3.1 ± 1.4  3.0 ± 1.4  0.778
Complications    12 (%40)  9 (%30)  0.6
 None   18 (% 60)  21 (% 70) 
 Clavien grade 1  9 (% 30)  6 (% 20) 
 Clavien grade 2  3 (% 10)  1 (% 3.3) 
 Clavien grade 3  0  2 (% 6.6) 

Abbreviations: PNL, Percutaneous Nephrolithotomy; RIRS,  Retrograde Intrarenal Surgery

     Stone free rate (%) 
Parameters   Mini-PNL group RIRS group  P 

Fisher's Exact 
Stone location       0.24
         Lower calyx   14 (% 100)  8 (% 66.7) 
        Upper calyx   7 (% 87.5)  8 (% 100) 
         Multiple    5 (% 62.5)  9 (% 90) 
Stone density       0.22
          < 677 HU   5 (% 55.6)  9 (% 81.8) 
          > 677 HU   21 (% 100)  16 (% 84.2) 

Abbreviations: PNL, Percutaneous Nephrolithotomy;  RIRS,  Retrograde Intrarenal Surgery

Table 3. The values of the parameters that can affect the stone-free state in the intergroup comparison.
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ferences between the groups due to the non-normal dis-
tribution of the variables. The relationship between the 
categorical variables was analyzed by Chi-square test. 
The results were interpreted using a significance level 
of .05.

RESULTS
The study was completed with a total of 60 patients in-
cluding 30 in each group. The preoperative character-
istics of the patients and the stones are shown in Table 
1. There was no difference between the groups with re-
gards to this aspect (P > .05). The groups were similar 
in terms of patient and stone characteristics.
The whole mini-PNL procedure was completed with a 
single tract in a single session. Intercostal intervention 
was performed in 2 patients with upper calyx stones. 
The others underwent a subcostal approach. 9 patients 
in the mini-PNL group and 6 patients in the other group 
showed temporary fever that was overcome by antipy-
retics, and this was recorded as Clavien grade 1 com-
plication. Bleeding that required blood transfusion was 
observed in 1 patient in the PNL group. 2 patients in 
the PNL group and 1 patient in the other group showed 
fever that was overcome in the 2nd day by alternating 
antibiotics, and this was recorded as Clavien grade 2 
complicaiton. Because of the small ureteral diameter 
in the 2 patients in the RIRS group, the access sheath 
could not be placed in the 1st session. The procedure 
was repeated two weeks after the JJ stent was inserted. 
The stent requirement for these 2 patients was stated as 
Clavien 3 complication. The operative and postopera-
tive data of the patients are shown in Table 2. The mean 
duration of fluoroscopy and hospitalization were signif-
icantly higher in the mini-PNL group in the intergroup 
comparison (P = .0001). 
After the evaluations mentioned above, the effects of 
stone location and stone density on stone-free rates 
were evaluated within the groups. In the mini-PNL 
group, the stone-free rate was found to be 62.5% in the 
cases of multiple calyceal stones, while it was 87.5% in 
the cases of upper calyx stones and 100% in the cases of 
lower calyx stones. Multiple caliceal stones decreased 
the stone-free rate significantly in comparison to the 
other locations (P = .037). In terms of stone densities, 
HU values that were lower than 677 in the mini-PNL 
group affected the stone-free rate and reduced it from 
100% (> 677HU) to 55.6% (< 677HU), whereas the 
difference was significant (P = .005).  There was no 
significant difference in the RIRS group in terms of the 
same parameters (P > .05).
After the effects of stone density and location were ana-
lyzed within the groups, the results of the intergroup 
comparisons in terms of the effects of these values are 
shown in Table 3. In this evaluation, it was determined 
that stone densities of lower than 677 and multiple 
caliceal stones had significant and negative effects on 
stone-free rates. Although the effect was not statistical-
ly significant, it was observed that presence of lower 
calyx stones affected stone-free status negatively. 

DISCUSSION
The European Association of Urology Guidelines rec-
ommend using SWL or Endourology procedures for 
stones smaller than 2 cm as the first-line treatment(14). 
The term endourology refers to all PNL and ureteroreno-
scopic interventions, but no suggestion has been made 

about which of these might be more appropriate. It was 
stated that both methods have similar success rates and 
reliability in studies with this size of stones (1,15). Some 
publications pointed out that mini-PNL methods used 
for lower pole stones are more advantageous in terms 
of stone-free rates(1).  We prospectively compared these 
two groups in this study. We predicted that we could 
partially determine which of these procedures is more 
appropriate for these groups of stones considering both 
stone location and stone density. 
When we compared the operative and postoperative 
data of our groups, we found that the mean duration of 
fluoroscopy and hospitalization time were significantly 
greater in the mini-PNL group (P < .0001). Demirbaş 
et al. compared ultra mini PNL and RIRS in their study 
and found a duration of fluoroscopy of 57 sec corre-
sponding to 185 sec respectively(1). When the total av-
erage values were taken into consideration, the duration 
of fluoroscopy was shorter than those in other studies(1, 

15). We think this depended on our experience and praxis 
of using fluoroscopy. The hospitalization time was also 
higher in mini-PNL and this agreed with the literature. 
These data can be considered as a disadvantage of mi-
ni-PNL. 
When the other parameters are considered, similar 
stone-free rates, hospitalization times and durations of 
operation were found in the study by Schoenthaler et 
al. While there was no significant difference in pain 
scores, Clavien grade 3 complications were observed in 
2 patients in the RIRS group. In 2 patients, these com-
plications depended on failure of the placement of the 
access sheath due to small ureteral diameter in the first 
session, and the placement of a JJ stent to provide pas-
sive dilation. An additional surgery was required for the 
patient about 2 weeks later, and this was a discomfort 
for both the patient and the surgeon. In fact, in these 
patients whose RIRS operations have begun, if there is 
no condition that prevents the patient from undergoing 
mini PNL, it may be a reasonable option to switch to 
mini-PNL in the same session, and rid the patient of the 
stone in a single session. The Clavien 1 and 2 compli-
cations were usually fever-related. While most of these 
were overcome by antipyretics, some required alternat-
ing antibiotics. There was no difference between the 
groups in terms of these complications, but these were 
seen more frequently than the minor complications 
reported in the literature to reach up to 10%(13,16). We 
believe that this difference in results might have been 
related to our inability to achieve the same conditions 
in our operating room every time.
In this study, we evaluated the effects of stone density 
and location that could influence the stone-free status 
after these comparisons. We classified stone locations 
under three categories as lower pole, upper pole and 
multiple. However, at the beginning, we thought of 
using one of "Guy's stone score", "S.T.O.N.E score" 
or ''resorlu-unsal stone score'' systems for scoring the 
stone classifications. However, we have seen that these 
scoring systems are used to predict the outcomes of ei-
ther PNL or RIRS, and they do not consider the factors 
that are effective in choosing between them. When we 
considered the effects of stone location on the stone-free 
rates, in the comparison within the mini-PNL group, we 
found that stones in multiple calyces and stone densities 
of lower than 677 affected stone-free rates in a nega-
tive way (P < .05). It was found that RIRS was affected 
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negatively by lower caliceal stones when the 2 groups 
were compared in terms of stone location (P < .05). We 
also found that multiple caliceal stones reduced the suc-
cess of mini-PNL but had no effect on RIRS. In another 
study comparing Ultra mini-PNL and RIRS, it was stat-
ed that lower pole stones negatively affected the RIRS 
results, and the stone-free rate of this group decreased 
to 42%, and thus ultra mini-PNL might be more effec-
tive in such groups(1). There are studies which showed 
that RIRS has similar effectiveness, but ultra-mini PNL 
seems to make a greater contribution to the stone-free 
rates in lower pole stones(17,18). Additionally, lower pole 
stones are an ideal indication for PNL because of easy 
access and low complication rates(17).  In fact, if we con-
sider the results of our study, a common scoring system 
involving stone density parameters may possibly con-
tribute to making the surgeon more objective and suc-
cessful in cases of lower pole stones and multiple cal-
iceal stones(1,19).The difference between our study and 
studies in the literature is related to adding the effects 
of stone density to these evaluations. We have noted in 
previous studies that reduction in stone density reduced 
the success of PNL operations and it may be useful to 
use flexible nephroscopy routinely to eliminate this 
issue(12,20). Thus, we have seen that densities of lower 
than 677 HU reduced the success of mini-PNL but had 
no effect on RIRS. We attribute this to the difficulty in 
detecting stones by fluoroscopy, due to the reduction 
in density and the importance of this difficulty in PNL 
operations. 
The most important limitation of our study was the sub-
group comparisons included low numbers of patients. 
If we had access to a sufficient number of patients, we 
could achieve more reliable results by dividing the cas-
es into density groups and stone location subgroups. 
Another limitation could be that we did not employ a 
smaller scale percutaneous surgery method (e.g. ultra 
mini PNL) for comparison. 

CONCLUSIONS 
Consequently, lower pole stones of smaller than 2 cm, 
multiple caliceal stones and stone density parameters 
affected the stone-free rates significantly. While mul-
tiple stones or stone densities of < 677 HU affected 
success in mini-PNL negatively, lower calyx location 
affected RIRS results negatively. For this reason, a sur-
gical preference that is made by considering the param-
eters in these groups may contribute optimal usage of 
these endourological techniques. 
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