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What Factors Impact Stone-Free Rate after Retrograde
Intrarenal Surgery for Large Renal Calculi?
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Objective: To investigate the outcomes of retrograde intrarenal surgery (RIRS) for large renal calculi, and to identify factors that
influence the stone-free rate after RIRS for renal stone burden greater than 2 centimeters.

Materials and Methods: This retrospective chart review included patients who underwent RIRS for renal calculi greater than 2
centimeters in size during January 2015 to December 2016 at Siriraj Hospital Thailand’s largest national tertiary referral center.
Data were collected and compared between those having and not having residual stones greater than 2 cm in diameter.

Results: The present study included 100 eligible cases. The most common site was at lower calyces (42%). The mean stone burden
size was 31.43 mm (range: 20 to 140). The average operative time was 62 minutes (range: 20 to 150), and the mean hospital length
of stay was 2.7 days (range: 1 to 22). The most common stone composition was calcium oxalate monohydrate (37%), followed by
calcium phosphate (23%). The success rate was 84% and 94% after the 1st session and 2nd session of RIRS, respectively. The factors
that were found to predict residual stone after RIRS were stone burden greater than 35 mm in size (odds ratio [OR]: 5.86, 95%
confidence interval [CI]: 1.77 to 19.57; p = 0.004) and lower pole location (OR: 1.97, 95% CI: 1.039 to 3.742; p = 0.038). Sepsis was
found in 6 patients, all of whom were successfully treated with intravenous antibiotic, except for one mortality in an
immunocompromised patient.

Conclusion: RIRS is a promising treatment option for renal calculi with large stone burden. Large kidney stones (>2 cm) can be
treated with high success rate and low morbidity. The most significant predictors of residual calculi are stone burden more than
35 millimeters in size and lower pole location.
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A recent meta-analysis by De, et al(1) reported
that retrograde intrarenal surgery (RIRS) was found to be
the standard treatment for renal calculi size <2 cm, whereas
percutaneous nephrolithrotripsy (PCNL) remains the
standard therapy for large renal calculi of >2 cm in size(2,3).
However, the high stone-free rates from PCNL for the
management of large stones were at the expense of a higher
rate of complications, greater blood loss, and longer length of
hospital stay. Another meta-analysis was conducted to
evaluate the efficacy of RIRS for management of renal calculi
greater than 2 cm in size; however, debate continues regarding
whether or not RIRS should be considered as an alternative
option to PCNL for the treatment of large renal calculi(4). The

aims of the present study were to investigate the outcomes
of RIRS for large renal calculi, and to identify factors that
influence the stone-free rate after RIRS for renal stone burden
greater than 2 centimeters.

Materials and Methods
The present study was approved by the Ethics

Committee of the Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand (protocol number
186/2559[EC1]). Clinical data of patients with renal calculi,
who underwent RIRS at Siriraj Hospital during the period
January 2015 to December 2016, were included in this study.
Study periods were screened from our institutional database.
Only patients who had renal calculi with stone burden size
of greater than 2 cm were included in this study. Exclusion
criteria were patients with staghorn renal calculi which stone
burden were too large for RIRS. The following data were
collected: characteristics of patients (age, body mass index
[BMI], preoperative glomerular filtration rate [GFR],
underlying disease, and previous treatment), stone
characteristics (size, number, location, and major composition)
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and perioperative outcomes (operative time, complications,
length of stay, and residual fragments). The success rate was
evaluated by surgeon at 1 month using plain film of the
urinary system or ultrasonography. Stone fragments less than
4 mm without associated symptoms were determined to be
clinically insignificant, and the treatment was considered to
be successful.

The primary objectives of the present study were
to evaluate the success rate of RIRS and determine factors
related to success of RIRS for treatment of renal calculi larger
than 2 cm. The secondary outcome was morbidity related to
RIRS.

Statistical analysis
Number and percentage were used to describe

categorical data, and mean plus/minus standard deviation and
median range were used to express continuous data.
Comparisons of categorical variables were performed using
contingency Chi-square test. Receiver operating characteristic
(ROC) curve analysis was used to determine the optimal
cut-off value of stone burden size for further analyses.
Patients were then divided into 2 groups, with one above and
the other below the optimal stone burden size. Predictive
factors for stone free status were evaluated with univariate
and multivariate analysis. The confidence interval was set at
95%, and a difference with a p-value <0.05 was considered
statistically significant. Statistical analysis was performed
with Statistical Package for the Social Sciences 18.0 program
(SPSS, Inc., Chicago, IL, USA).

Results
Our initial screening revealed 275 patients who

underwent RIRS during the study period. Of those, 158
patients had stone burden less than 20 mm, and 11 patients
had staghorn stone. All of those 169 patients were excluded.
Of the remaining 106 patients, 6 were excluded due to having
incomplete data. The remaining 100 patients were enrolled
and their data were included in our analysis (Figure 1).

The characteristics of both patients and renal calculi

Figure 1. Flow diagram describing the patient
enrollment process.

Patient characteristics
Age (mean + SD, years) 57.73+12.78
Gender, n (%)

Male 56 (56.0)
Female 44 (44.0)

Body mass index (mean + SD, kg/m2) 26.47+5.88
Underlying disease, n (%)

Diabetes mellitus 25 (25.0)
Hypertension 39 (39.0)
Ischemic heart disease 3 (3.0)
Chronic kidney disease 9 (9.0)
Gout 6 (6.0)

Preoperative GFR (mean + SD, ml/min) 72.46+25.35
History of prior surgery 28 (28.0)
(ESWL, URSL, PCNL, or open surgery)
Preoperative stenting 17 (17.0)
Clinical presentation (n = 100), n (%)

Flank pain 32 (32.0)
Urinary tract infection 12 (12.0)
Hematuria 10 (10.0)
Residual stone 19 (19.0)
Lower urinary tract symptoms 2 (2.0)
Asymptomatic 25 (25.0)

Stone characteristics
Stone burden (mean + SD, mm) 31.43+16.47
Number of stones, median (range) 1 (1 to 5)
Localization of stone, n (%)

Upper calyx 35 (35.0)
Middle calyx 23 (23.0)
Lower caly 42 (42.0)

Major stone composition, n (%)
Calcium oxalate monohydrate 37 (37.0)
Calcium oxalate dehydrate 11 (11.0)
Calcium phosphate 23 (23.0)
Uric 19 (19.0)
Struvite 5 (5.0)
Cystine 1 (1.0)
Missing 4 (4.0)

Table 1. Characteristics of patients and renal calculi

SD = standard deviation, GFR = glomerular filtration rate, ESWL
= extracorporeal shock wave lithotripsy, URSL = ureteroscopic
lithotripsy, PCNL = percutaneous nephrostolithotomy

were shown in Table 1. The mean age of patients was
57.73+12.78 years, and the mean pre-operative GFR was
72.46+25.35 ml/min. Prior to RIRS, 28 patients had history
of previous treatment for renal calculi, and 17 patients had
preoperative stenting. The most common stone location was
at the lower calyces (42%), and the most often observed
stone composition was calcium oxalate monohydrate (37%).
The mean operative and fluoroscopic times were 61.87+28.73
minutes and 35.48+27.16 seconds, respectively. Ninety-six
patients had postoperative ureteral stenting.

The optimal cut-off value of stone burden for
determining residual fragment from ROC curve was 35 mm,
with 63% sensitivity and 82% specificity (Figure 2). Using
this value, 75 and 25 patients had stone burden size of <35
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mm and >35 mm, respectively. As shown in Table 2, a
significantly lower stone-free rate (SFR) was found in the
larger stone burden >35 mm group (92% vs. 60%,
respectively) (odds ratio [OR]: 7.67, 95% confidence interval
[CI]: 2.41 to 24.36; p = 0.001). The authors also found that
lower calyceal location negatively affects the success of
RIRS (OR: 5.40, 95% CI: 1.60 to 18.23; p = 0.005). No
statistically significant association was found between stone
composition and residual fragment (p = 0.583). Multivariate

analysis revealed size of stone burden of >35 mm (OR: 5.86,
95% CI: 1.77 to 19.57; p = 0.004) and lower calyceal stone
location (OR: 1.97, 95% CI: 1.039 to 3.742; p = 0.038) to be
statistically significant factors associated with residual
fragment; thus, these factors significantly negatively affect
SFR after RIRS.

Success rate was 84%. After the first session of
RIRS,16 patients had residual stones with fragment size
within the range of 6 to 45 mm (mean: 17.56 mm). All of
those patients underwent further procedures, including 12
patients who underwent a second session of RIRS, 3 patients
who underwent PCNL due to unfavorable anatomy (such as
narrow infundibulopelvic angle and short infundibular length)
and 1 patient who underwent ureteroscopic lithotripsy due
to Steinstrasse. Following the 2nd session of RIRS, 10 patients
achieved stone-free status, and the remaining 2 patients
underwent subsequent PCNL due to unfavorable anatomy
(Figure 3).

The mean length of hospital stay (LOS) was 2.7
days (range: 1 to 22). Overall, 12 patients developed
perioperative complications, including sepsis in 6 patients,
and fever with negative hemoculture in 6 others. All of those
patients, except for one immunocompromised patient who
died, were successfully treated with intravenous antibiotics.

Discussion
PCNL has been the standard treatment for large

renal calculi >2 cm in size[2, 3], whereas RIRS has been
considered the standard therapy for renal stones of <2 cm[1].
Although the successful application of RIRS for treatment
of large renal calculi was reported by many studies(5-17), a
meta-analysis showed that it remains unclear whether RIRS
should be considered as an alternative option in large stones(4).

In the present study, RIRS had an overall success
rate of 84% and 94% after the 1st and 2nd procedure,

Parameters                                                                     Residual stone

No Yes OR (95% CI) p-value

Stone burden size
<35 mm (n = 75) 69 (92.0%) 6 (8.0%) 7.67 (2.41 to 24.36) 0.001
>35 mm (n = 25) 15 (60.0%) 10 (40.0%) 1

Stone location
Lower pole (n = 42) 30 (71.4%) 12 (28.6%) 5.40 (1.60 to 18.23) 0.005
Non-lower pole (n = 58) 54 (93.1%) 4 (6.9%) 1

Stone analysis (n = 96)
Calcium oxalate monohydrate (n = 37) 31 (83.8%) 6 (16.2%) n/a 0.583
Calcium oxalate dihydrate (n = 11) 10 (90.9%) 1 (9.1%)
Calcium phosphate (n = 23) 21 (91.3%) 2 (8.7%)
Uric (n = 19) 16 (84.2%) 3 (15.8%)
Struvite (n = 5) 3 (60.0%) 2 (40%)
Cystine (n = 1) 1 (100%) 0 (0.0%)

Table 2. Stone outcome data

A p-value <0.05 indicates statistical significance
OR = odds ratio, CI = confidence interval

Figure 2. Receiver operating curve (ROC) curve
analysis to identify the optimal cut-off value
of stone burden to determine residual
fragment.
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respectively, and these rates are comparable with those
reported by other studies (Table 3). The parameters that
strongly affect SFR of RIRS were found to be stone burden
>35 mm and lower pole location. Similar to previous
reports(18-20), location of stone(s) at the lower calyces remains
an independent factor that influences the outcome. This factor
is also important for determining treatment options after the
1st attempted RIRS since 5 out of 16 patients with unfavorable
anatomy required PCNL for successful stone removal. In
contrast, stone composition was not found to significantly
influence the outcome, and stone-free status could be achieved
in more than 80% of patients in each stone composition
group, except struvite stones in which only 60% of patients
succeeded. Since distinguishing stone composition is difficult
due to the existence of stone heterogeneity and insufficient
information from non-contrast computed tomography, this
result supports the application of RIRS regardless of stone
composition. Concerning morbidity, the rate of sepsis was
slightly higher in the present study than in other studies;
nevertheless, the overall complications were comparable.
According to our results, the indication for RIRS should be
extended for larger stone or considered as an alternative option
to PCNL. Comparing the two procedures, both PCNL and
RIRS offer good outcomes for management of larger renal
calculi. However, the higher SFR of PCNL has to be at the
expense of higher blood loss and longer length of stay, whereas
RIRS may require multiple sessions to achieve an SFR that is
comparable to that of PCNL. Determination of a treatment
option between PCNL and RIRS in large renal stones should
be based on consideration of these disadvantages.

Limitations
The present study has some limitations. First, the

retrospective nature of this study renders it vulnerable to
missing or incomplete data. For example, 4 patients could
not afford stone analysis, so their stone composition data
were not included in our analysis. Second, we collected and
included data from a single center. Third, our center is a
national tertiary referral center that is often referred

complicated cases. It is, therefore, possible that our results
may not be generalizable to other care settings. Fourth and
last, our relatively small sample size and the disparity in
group size could have adversely affected our study’s ability
to identify all significant differences and associations.

Conclusion
RIRS is a promising treatment option for renal

stones. Large kidney stones of >2 cm can be treated with
high success rate and low morbidity. The most significant
predictors of residual stones are stone burden more than
35 millimeters in size and lower pole location.
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What is already known on this topic?
Retrograde intrarenal surgery (RIRS) is standard

treatment in small renal calculi size less than 2 centimeters.
Percutaneous nephrolithotripsy (PCNL) remain the major
treatment in larger renal calculi more than 2 centimeters with
higher stone-free rates and higher rates of complications,
greater blood loss, and longer length of hospital stay.

What this study adds?
RIRS is the alternative option for management in

large kidney stones size more than 2 centimeters with high
success rate and low morbidity. The significant predictors of
residual stones are stone burden more than 35 millimeters in
size and lower pole location.

Funding disclosure
         This was an unfunded study.

Potential conflicts of interest
The authors declare no conflicts of interest.

References
1. De S, Autorino R, Kim FJ, Zargar H, Laydner H,

Balsamo R, et al. Corrigendum re: “Percutaneous
nephrolithotomy versus retrograde intrarenal surgery:
A systematic review and meta-analysis” [Eur Urol 2015;
67:125-37]. Eur Urol 2016;69:e85.

2. Preminger GM, Assimos DG, Lingeman JE, Nakada SY,
Pearle MS, Wolf JS Jr. Chapter 1: AUA guideline on
management of staghorn calculi: diagnosis and treatment
recommendations. J Urol 2005;173:1991-2000.

3. Turk C, Knoll T, Petrik A, Sarica K, Skolarikos A,
Straub M, et al. Guidelines on urolithiasis. Arnhem,
Netherlands: European Association of Urology; 2015.

4. Aboumarzouk OM, Monga M, Kata SG, Traxer O,
Somani BK. Flexible ureteroscopy and laser lithotripsy
for stones >2 cm: a systematic review and meta-analysis.
J Endourol 2012;26:1257-63.

Figure 3. Further treatment procedures in patients
with residual stones.

RIRS = Retrograde intrarenal surgery, PCNL = Percutaneous
nephrolithotripsy, URSL = Ureterorenoscopic lithotripsy



J Med Assoc Thai|Vol.103|Suppl.2|February 2020                                                                                               91

A
u

th
or

s
Ye

ar
Si

ze
 o

f s
to

ne
 (

cm
)

St
on

e
R

en
al

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
 S

uc
ce

ss
 r

at
es

    
    

    
    

    
    

    
    

    
    

   C
om

pl
ic

at
io

ns
E

nd
po

in
t

lo
ca

ti
on

un
its

 (
n)

of
 o

ut
co

m
es

O
ve

ra
ll

M
ea

n
1

st
2n

d
3

rd
O

ve
ra

ll
Fe

ve
r

U
ri

na
ry

U
T

I
Se

ps
is

H
em

a
O

ve
ra

ll
re

te
nt

io
n

tu
ri

a

G
ra

ss
o(5

)
19

98
2 

to
 6

2.
21

A
ll

45
75

.6
%

91
.1

%
93

.3
%

93
.3

%
-

-
2.

2%
-

2.
2%

-
<2

 m
m

El
-A

na
ny

(6
)

20
01

>2
n/

a
A

ll
30

76
.7

%
-

-
76

.7
%

6.
7%

-
-

-
3.

3%
-

<2
 m

m
M

ar
ia

ni
(7

)
20

07
>4

6.
5

A
ll

17
23

.5
%

58
.8

%
88

.0
%

88
.0

%
17

.6
%

-
-

-
-

-
N

o 
st

on
e

fr
ag

m
en

t
R

ic
ch

iu
ti

(8
)

20
07

>2
3.

37
A

ll
23

56
.5

%
73

.9
%

-
73

.9
%

-
-

-
-

-
-

<2
 m

m
B

re
da

(9
)

20
08

2 
to

 2
.5

2.
2

A
ll

15
60

.0
%

86
.6

%
93

.3
%

93
.3

%
6.

7%
-

-
-

13
.3

%
-

<1
 m

m
M

ar
ia

ni
(1

0)
20

08
2 

to
 9

.7
4.

4
A

ll
63

-
-

-
95

.0
%

8.
5%

-
-

5.
1%

-
-

N
o 

st
on

e
fr

ag
m

en
t

B
re

da
(1

1)
20

09
2 

to
 1

5
6.

6
A

ll
27

52
.0

%
85

.1
%

-
85

.1
%

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

<1
 m

m
H

ya
m

s(1
2)

20
09

2 
to

 3
2.

4
A

ll
19

94
.7

%
-

-
94

.7
%

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

<2
 m

m
R

ile
y(1

3)
20

09
2.

5 
to

 5
3

A
ll

22
22

.7
%

86
.4

%
90

.9
%

90
.9

%
-

-
-

4.
5%

-
-

<2
 m

m
A

km
an

(1
4)

20
12

2 
to

 4
n/

a
A

ll
34

73
.5

%
88

.2
%

-
88

.2
%

2.
9%

-
-

2.
9%

-
-

N
o 

st
on

e
fr

ag
m

en
t

Ta
ka

za
w

a(1
5)

20
12

2 
to

 5
3.

1
A

ll
20

65
.0

%
85

.0
%

90
.0

%
90

.0
%

15
.0

%
-

-
5.

0%
-

-
<4

 m
m

K
oy

un
cu

(1
6)

20
15

>2
2.

3
Lo

w
er

 p
ol

e
32

90
.6

%
10

0%
-

10
0%

-
-

-
-

-
-

N
o 

st
on

e
fr

ag
m

en
t

Ze
ng

in
(1

7)
20

15
2 

to
 3

2.
3

n/
a

80
-

-
-

80
.6

%
n/

a
n/

a
n/

a
n/

a
n/

a
13

.5
%

<2
 m

m
Va

ra
t, 

et
 a

l
20

17
>2

3.
15

A
ll

10
0

84
.0

%
94

.0
%

-
94

.0
%

6.
0%

1.
0%

-
6.

0%
-

13
.0

%
<4

 m
m

T
ab

le
 3

.
Li

te
ra

tu
re

 r
ev

ie
w

: s
uc

ce
ss

 r
at

es
 a

nd
 c

om
pl

ic
at

io
ns

 o
f r

et
ro

gr
ad

e 
in

tr
ar

en
al

 s
ur

ge
ry

 (
R

IR
S)

U
T

I 
= 

ur
in

ar
y 

tr
ac

t 
in

fe
ct

io
n,

 n
/a

 =
 n

ot
 a

va
ila

bl
e



5. Grasso M, Conlin M, Bagley D. Retrograde
ureteropyeloscopic treatment of 2 cm. or greater upper
urinary tract and minor Staghorn calculi. J Urol
1998;160:346-51.

6. El Anany FG, Hammouda HM, Maghraby HA, Elakkad
MA. Retrograde ureteropyeloscopic holmium laser
lithotripsy for large renal calculi. BJU Int 2001;88:850-
3.

7. Mariani AJ. Combined electrohydraulic and holmium:
YAG laser ureteroscopic nephrolithotripsy of large
(greater than 4 cm) renal calculi. J Urol 2007;177:168-
73.

8. Ricchiuti DJ, Smaldone MC, Jacobs BL, Smaldone AM,
Jackman SV, Averch TD. Staged retrograde endoscopic
lithotripsy as alternative to PCNL in select patients
with large renal calculi. J Endourol 2007;21:1421-4.

9. Breda A, Ogunyemi O, Leppert JT, Lam JS, Schulam
PG. Flexible ureteroscopy and laser lithotripsy for single
intrarenal stones 2 cm or greater—is this the new
frontier? J Urol 2008;179:981-4.

10. Mariani AJ. Combined electrohydraulic and holmium:
YAG laser ureteroscopic nephrolithotripsy of large (>2
cm) renal calculi. Indian J Urol 2008;24:521-5.

11. Breda A, Ogunyemi O, Leppert JT, Schulam PG. Flexible
ureteroscopy and laser lithotripsy for multiple unilateral
intrarenal stones. Eur Urol 2009;55:1190-6.

12. Hyams ES, Shah O. Percutaneous nephrostolithotomy
versus flexible ureteroscopy/holmium laser lithotripsy:
cost and outcome analysis. J Urol 2009;182:1012-7.

13. Riley JM, Stearman L, Troxel S. Retrograde
ureteroscopy for renal stones larger than 2.5 cm. J
Endourol 2009;23:1395-8.

14. Akman T, Binbay M, Ozgor F, Ugurlu M, Tekinarslan
E, Kezer C, et al. Comparison of percutaneous nephro-
lithotomy and retrograde flexible nephrolithotripsy for
the management of 2-4 cm stones: a matched-pair
analysis. BJU Int 2012;109:1384-9.

15. Takazawa R, Kitayama S, Tsujii T. Successful outcome
of flexible ureteroscopy with holmium laser lithotripsy
for renal stones 2 cm or greater. Int J Urol 2012;19:264-
7.

16. Koyuncu H, Yencilek F, Kalkan M, Bastug Y, Yencilek
E, Ozdemir AT. Intrarenal Surgery vs. Percutaneous
Nephrolithotomy in the Management of Lower Pole
Stones Greater than 2 cm. Int Braz J Urol 2015;41:245-
51.

17. Zengin K, Tanik S, Karakoyunlu N, Sener NC, Albayrak
S, Tuygun C, et al. Retrograde intrarenal surgery versus
percutaneous lithotripsy to treat renal stones 2-3 cm in
diameter. Biomed Res Int 2015;2015:914231.

18. Ito H, Kawahara T, Terao H, Ogawa T, Yao M, Kubota
Y, et al. The most reliable preoperative assessment of
renal stone burden as a predictor of stone-free status
after flexible ureteroscopy with holmium laser
lithotripsy: a single-center experience. Urology
2012;80:524-8.

19. Lim SH, Jeong BC, Seo SI, Jeon SS, Han DH. Treatment
outcomes of retrograde intrarenal surgery for renal stones
and predictive factors of stone-free. Korean J Urol
2010;51:777-82.

20. Resorlu B, Unsal A, Gulec H, Oztuna D. A new scoring
system for predicting stone-free rate after retrograde
intrarenal surgery: the “resorlu-unsal stone score”.
Urology 2012;80:512-8.

92                                                                                               J Med Assoc Thai|Vol.103|Suppl.2|February 2020



⌫⌫⌫

       ⌫  ⌫      
   

 ⌦   ⌫     ⌫⌫
  ⌦⌫⌫

⌫ ⌦⌫⌫ ⌫⌫      ⌦ 
  ⌫⌫

⌦    ⌫⌫⌫   ⌫    ⌦   ⌫ 
⌫  ⌦  ⌫ ⌫    ⌦   ⌫⌫ 
⌫      ⌫     ⌫⌫
          ⌦           
⌦        ⌦⌫ ⌫⌫⌦
⌫⌫

 ⌫  ⌫   ⌫ ⌫⌫
    

J Med Assoc Thai|Vol.103|Suppl.2|February 2020


