
 

 

 University of Groningen

Generalizations of linear modelling in the biomedical sciences
Gill, Nazia

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Gill, N. (2016). Generalizations of linear modelling in the biomedical sciences. [Thesis fully internal (DIV),
University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://research.rug.nl/en/publications/98c312a2-f02a-4f0f-a988-ed80fdc51bd8


Chapter 3

Predictive preoperative parameters
of stone free rate in patients with
renal stones who have undergone
endoscopic retrograde surgery

Nazia Parveen Gill *1, Letterio D’Arrigo*2, Francesco Savoca2,
Angela Costa2, Astrid Bonaccorsi2, Ernst C. Wit1, and Michele

Pennisi2

1 Johann Bernoulli Institute of Mathematics and Computer Science,
University of Groningen, The Netherlands

2 Urology Unit, Cannizzaro Hospital, Via Messina 329, Catania, Italy

ISubmitted for publication
∗joint first authors





Abstract
In the last years the introduction of endoscopic intrarenal surgery

(RIRS) has reduced the need for percutaneous treatments. Moreover, it
has been suggested as an alternative treatment for patients with stones
larger than 2 cm in diameter. There is some evidence that certain pa-
tient characteristics might influence the success of RIRS treatment.
The aim of this study is to identify which type the patients can reap
the benefits from RIRS, as well as those that are better off by a percu-
taneous procedure, in terms of a stone free outcome of the procedure,
postoperative complications, such as sepsis, and operative time. The
variables considered were the number of stones, their location, total
diameter, volume, surface area, stone density, infundibulum gauge and
length, and infundibulopelvic angle. A total of 106 patients with renal
calculi were treated with RIRS. The data of 115 procedures based on
65 males (57%), 50 females (43%) were considered, several involv-
ing multiple procedures on the same individual. The overall stone free
rate was 77%. In patients with stone diameters below 2 cm the stone
free rate was 85%, which decreased to 55% for stones over 2 cm. The
infundibular length (p-value 0.186), width (p-value 0.2074), angle (p-
value 0.252), volume (p-value 0.3573), density (p-value 0.7784) did not
correlate with overall stone free status. Considering only patients with
stones in the lower calyx, smaller infundibulopelvic angles negatively
influenced the stone free rate (p-value 0.001). Operation time was less
in the stone free patients (p-value 0.0003) and a positive correlation
with stone size (p-value 0.0002) was found. In patients with DJ the
incidence of sepsis was 57%, which was 24% for those with nephros-
tomy and 14% in all others. We conclude that factors that influenced
stone free rate of RIRS are stone diameter, the number of stones and,
when urinary stones in the lower calyx are present, the infundibu-
lopelvic angle. Nephrostomy or DJ before the operation provoke the
onset of fever in patients (p-value 0.001), even when therapy or an-
tibiotic prophylaxis is used.
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3.1 Introduction

Retrograde intrarenal surgery (RIRS)with holmium laser lithotripsy
iswidely considered an alternative to percutaneous litholapaxy (PCNL)
for patientswith renal stones that are resistant to extracorporeal shock-
wave lithotripsy (ESWL). For such patients with lower calyx stones
smaller than 1 cm retrograde surgery can be considered a first choice
treatment with an effectiveness similar to PCNL, but with a lower co-
morbidity. Whether RIRS can be considered an alternative to percuta-
neous treatment even in the presence of renal stones between 1-2 cm
is a matter of discussion, as international guidelines do not express a
preference between two procedures [24].

Some studies have evaluated the influence of calyx anatomy and its
spatial position, in particular the infundibular width (IW), infundibu-
lar length (IL) and infundibular angle (IPA) on stone free rate after
extracorporeal lithotripsy [11, 14, 17, 22, 23]. Others report a stone
free success rate over 90% for renal stones treated by RIRS and 85%
for lower pole stones [2]. However, there is an ongoing discussion
whether the calyx anatomy influences the stone free success rate in
patients who are undergoing a RIRS procedure [13, 21].

In this study we are evaluating, besides basic anthropometric data,
the effect of the number of stones, their location, maximum diameter,
volume, surface area, stone density, infundibulum gauge and length
and infundibulopelvic angle to identify the parameters that are pre-
dictive of stone free rate (SFR) in a RIRS intervention. The aim of the
study is to identify the relevant patient features to see who can reap
the benefits from RIRS and who might be better off by the traditional
percutaneous procedure. In addition, the influence of these parame-
ters on operative time and the onset of postoperative complications
with particular attention to sepsis are analyzed.

3.2 Material and methods
A retrospective analysis of 106 patients who underwent one or

multiple RIRS interventions between June 2011 and December 2013
for removing kidney stones in the Urology Unit of the Cannizzaro
Hospital in Catania was performed.We recorded basic anthropometric
data, the number of stones, their location, maximum diameter, volume,
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surface area, maximum and mean stone density, infundibulum gauge
and length and infundibulopelvic angle, according to the Elbahassy et
al. method [6]. All measurements were done preoperatively on radio-
logic imaging using a non-contrast enhanced spiral CT (120 kVp; 300
mA; 0.5 − 1.0 s; collimation 3,5 mm; pitch 1:1 or urographic series)
reformatted and rendered by one radiologist and one urologist. The
diameters were evaluated using digital calipers of CT software. The
stone volume was obtained from measurements on three-dimensional
reconstructions, using reconstructed coronal NCCT. The formula used
to calculate stone volume was: length×width× height×π×1/6 and
surface area: 1/2 length ×1/2 width ×1/2 height ×π . When more
stones were present the results were obtained from the sum of sin-
glemeasurements. Themaximum and average attenuation coefficients
were measured in Hounsfield units (HU) by placing a freehand region
of interest along the inner contours of the renal stone margins [20].
The infundibulum length (IL) was measured from the rim of the renal
pelvis to the bottom of the calyx, the infundibulum width (IW) in the
narrowest point of the infundibulum and the infundibulopelvic angle
(IPA) was determined as the inner angle between the ureteropelvic
axis and the central axis of the calyx. The operative time was calcu-
lated from the beginning of the cystoscopy to the double J position.
Usually a nephrostomy tube was placed, unless contraindications are
present. The preoperative presence of double J or nephrostomy tube
was also reported to assess their influence on the onset of fever or sep-
sis. The classification of complications was evaluated according to the
Clavien-Dindo scale [4]. Some patients had a nephrostomy or double
J placed in other hospitals.

All patients were preoperatively evaluated with a blood and urine
analysis and those with urinary infection were treated five days before
surgery with specific antibiotics; the other patients received third gen-
eration cephalosporin or fluoroquinolone preoperative prophylaxis.
Patients with abnormal renal anatomy orwith urinary diversionswere
excluded from the study. All procedureswere performed under general
anaesthesia and a preliminary urethrocystoscopy was done to exclude
urethral or bladder diseases. Semi-rigid ureteroscope with a 6/7.5F or
8/9.8F (Wolf,TM Knittlingen, Germany) was used routinely for dilata-
tion of the ureter passed over a hydrophilic guide wire using fluoro-
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scopic guidance until it reached the proximal ureter or renal pelvis. Af-
terwards a ureteral access sheath (9/11F Cook Medical, Bloomington,
or 10/12F or 12/14F Re.Trace – Coloplast) was placed. In all patients a
flexible URS (Flex-X2,TM Storz, Germany) with 200 micron holmium
laser lithotripsy was used. We used a holmium YAG laser (Dornier
Med-Tech) set at an energy level for stone fragmentation or pulver-
ization according to type of urinary stone and choice of setting was
entrusted to the operator on the basis of his experience. Basket frag-
ment extraction was not routinely performed but when basketing was
deemed necessary, we used a 1.9F zero-tip nitinol stone basket (Boston
Scientific). The operators were two urologists with the same experi-
ence having performed more than 50 flexible ureteroscopies. A double
J stent was placed in every patient after the RIRS procedure to reduce
the complications and it was removed after 2 weeks if the patient was
stone free. If the operative time was over 90 minutes the intervention
was stopped and a double J was placed even if stone fragments were
still present. The aim was to reduce the risk of postoperative compli-
cations even if the ureteral sheath was present. In these cases a second
procedure within 3 weeks was performed to complete the treatment.
Similarly, the treatment was stopped if visual impairment occurred
during the procedure. In this study complications are defined as fac-
tors related to persistent postoperative fever over 48 hours or urinary
sepsis after RIRS. At a follow-up 3 months after the intervention pa-
tients were declared stone free if no stones or a single stone below
4mm in size were found by KUB and ultrasonography.

3.3 Statistical Analysis

The statistical analysis was performed using the statistical software
package R (version 3.0.3). P-values smaller than 0.05 were considered
statistically significant. Individual features were tested by means of
a t-test, whereas the relationship between categorical variables was
performed by a chi-square test. To assess the relationship between
the stone free (SF) rate and measures of stone burden (i.e. number of
stones, stone density and stone diameter) a generalized additive model
for binary data with a logistic link function was used. The final model
was selected using Generalized Cross Validation (GCV) for obtaining
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a robust predictive model.

logit [PSF (x)] = S1 (x1, x2) + S2 (x3) (3.1)

where

S1 (x1, x2) =

k1∑
j=1

k2∑
l=1

bj (x1) bl (x2) βjl, k1, k2 = 5

S2 (x3) =

k3∑
i=1

bi (x3) βi, k3 = 10,

and where b(x) are the basis function, β are the unknown coeffi-
cients (1.40 chapter 1) and S1, S2 are smooth functions based on the
natural cubic splines. The covariates in the stone free model repre-
sents as x1 is the number of kidney stones, x2 is the diameter of stones
and x3 is average stone density. The final model was selected using
Generalized Cross Validation (GCV) for obtaining a robust predictive
model.
3.4 Results

Our study considers a total of 106 renal calculi patients treated with
RIRS, nine of whom had bilateral renal stones. Therefore, the data con-
tains 115 procedures, of which 65 involve male patients (57%) and 50
females (43%). The mean age of the patients was 50.2 years, ranging
from 5 to 80 years (SD 14.5). ESWL treatment had previously failed in
13 patients. The interventions involve both smaller and larger renal
stones using retrograde intra renal surgery as the primary treatment.
The stone sizes ranged from 5.9mm to 47.7mm in diameter, being on
average 17.3 mm.

A total of 179 renal stone were recorded: 80 were located at the
renal pelvis 80 (44.7%), 72 in the lower calyx 72 (40.2%) and the
remaining in the middle and upper calyx. 56 (48.7%) of the cases
involved patients that suffered from hydronephrosis. Post-operative
fever or sepsis was observed in 17 (14.8%) patients. Several patients
had multiple stones at multiple locations. Mean stone size per patient
was 17.37.3 mm (range 5.9− 47.7 mm). Mean operation time per pa-
tient was 56.214.4 minutes (range 20− 90 minutes).
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At the three months follow-up period, 89 out of the 115 cases were
stone free, achieving an overall 77% stone free rate. Of the remaining
26 cases, a second RIRS treatment was performed in 11 cases and 8
of these were declared stone free after this second treatment. These
11 cases were, however, not included in the analysis, which focuses
on the success rate of the initial RIRS treatment. Ten patients with
residual stones greater than 4 mm were treated with extracorporeal
shock wave lithotripsy (ESWL) and the remaining 8 are periodically
checked. In the following 9 months another 6 patients with residual
fragments underwent a third endoscopic procedure and now are stone
free. Only 4 retreated patients still have residual stones unsuitable for
a retrograde procedure. In these cases the stones are visible but not
treatable due to a particular condition of the calyceal anatomy.
3.4.1 Stone burden and stone free rate

There are several ways to assess stone burden. In this study mea-
sures for stone diameter, stone area, stone volume, stone density and
the number of stones are available. We performed a comparative anal-
ysis of the stone free and non-stone free groups with respect to these
measures bymeans of a t-test. The results show that particularly diam-
eter (p-value 0.001) and the number of stones (p-value 0.017) correlate
linearlywith the success of the RIRS intervention. The larger the diam-
eter and the more stones present, the lower the probability of success.
Smaller stone burden leads to the high probability of stone free after
the RIRS treatment. The average stone diameter in patients with 2 or
more stones was 21.9 mm (SD= 8.6), ranging from 8.3 to 47.7 mm.

When comparing the predictive ability of diameter, volume and
surface, it is common to plot the ROC curve, as is done in Figure
3.1 (a). It shows that among those that are stone free the diameter,
compared to volume and area, is smallest and simultaneously among
those not stone free the diameter is largest. This suggests that diame-
ter is the most predictive stone burden measure. This is confirmed by
Figure 3.1 (b), which is more relevant for the clinician. It shows, for
example, that if a clinician chooses to treat with RIRS only patients
with stone diameter less than 2 cm, then this will result in an 85%
success rate. However, among the patients that were not treated, i.e.
with stones greater than 2 cm diameter, the clinician would have ob-
tained a 55% success rate.
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Figure 3.1: (a) ROC curve of diameter, volume and area on classification of stone free
rate. (b) FDR curve of stone-free and non-stone free rate for diameter, volume and
area of renal stone.

3.4.2 Predictiveness of stone diameter on stone free status
Among 86 records of patients who had stone burden less than 2

cm, 73 were stone free, resulting in a stone free rate for stone burden
≤ 2 cm of 85%. For the stone burden exceeding 2 cm 16 out of 29
records resulted stone free, leading to a stone free rate for stone burden
> 2 cm of 55%. As it can be seen in table 1 the characteristics for the
groups of patients with stone burden less and more than 2 cm are
roughly similar. The only aspect in which they differ significantly is
the operational time, where the former group is operated roughly 15
minutes shorter than the latter.
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Table 1: Patient characteristics for stone burden ≤ 2 cm and > 2
cm.

3.4.3 Calyceal anatomy and stone free rate
The analysis of patientswith calyceal stoneswith andwithout resid-

ual fragments after a single treatment shows that the mean infundibu-
lar length (IL) is 24.5±4.9mm in the stone free group and 25.7±3.8 in
the non-stone free group. Mean infundibular width (IW) was 7.9±2.0
mm in the former and 7.3 ± 1.4 mm in the latter, whereas mean in-
fundibular angle (IPA) was 52.3 ± 24.2 and 48.0 ± 27.9 degrees, re-
spectively. There is no statistical significant difference between the
stone free and non-stone free groups with respect to IW, IL and IPA.
We also analyzed subsets of each anatomical parameter to see the IW,
IL and IPA differentiate at individual calyx location for stone free and
non-stone free groups. We found that IPA was predictive for RIRS suc-
cess when the stone was in the lower calyx (p-value 0.001). When the
IPA is small it is more difficult to extract the stone via retrograde in-
trarenal surgery. Secondly, we found that ILwasmarginally significant
(p-value 0.063) for stone free when stone location was upper calyx,
suggesting that the further away the stone is located in the upper ca-
lyx, the more difficult it is to remove it. Breaking down the effect of
IW by calyx location had no significant effect on RIRS success.

3.4.4 Joint analysis of stone burden on stone free rate
From the individual analyses, it is clear that both the number of

stones and the stone diameter are important predictors for stone-free
status after a RIRS intervention. The effect of these variables is, how-
ever, rarely orthogonal. The joint effect of these variables is studied
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via a logistic generalized additive model, whereby the model with the
smallest prediction error is selected throughGeneralized Cross Valida-
tion (GCV). The final model includes, besides diameter and number of
stones, also the mean stone density. Marginal analysis of stone density
shows that there is no linear relationship between stone density and
stone free rate (p value= 0.385). The joint analysis reveals that the ef-
fect is highly non-linear (See Figure 3.2 (b)). Whereas stones with den-
sity less than 300Hu and stones with a density between 700−1100Hu
have a good chance of success, stones with intermediate stone density
of 350− 650 Hu or very hard stones (> 1200 Hu) are more difficult to
remove by RIRS. For hard stones this is a well-known observation. Per-
haps stones of intermediate stone density (350− 650 Hu) break more
easily, but in larger pieces (just over 4 mm), which may be difficult to
remove.
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Figure 3.2: (a) joint effect of stone diameter and number of stones on RIRS success
(b) Dependence of stone free probability after three months on mean stone density:
for a patient with 2 stones and stone diameter of 2 cm.

Although the number of stones is a significant predictor for the
stone free rate, the effect is relatively minor. For example, a patient
with a 20 mm stone diameter of average stone density (982 Hu) has a
success rate of 81% if he has one stone and a success rate of 76% if
he has four stones. Table 2 shows that when the diameter and number
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of stones increases, the probability of stone free decreases. The proba-
bilities are calculated on the basis of an estimated logistic generalized
additive model.
Table 2: Pediction table of the effect of the number of stones and stone diameter on
stone free rates.

Stone Diameter
No. of stones 1cm 2cm 3cm 4cm

1 94% 81% 55% 25%
2 94% 80% 52% 23%
3 93% 78% 50% 21%
4 92% 76% 47% 20%

The final model was selected on the basis of its AIC score and ex-
plains approximately 20.2% of the total deviance in the data. It beats
themodel with only linear terms (explained deviance 10.9%) and other
candidate models.
3.4.5 Influence of stone density and stone diameter on opera-

tion time
Operation time is significantly associated with stone density (p-

value 0.035) and stone diameter (p-value < 0.0001) as can be seen in
Figure 3.3. It is particularly strongly associated with stone diameter.
For stone densities up to 900 Hu, the operation time is relatively sta-
ble at approximately 55minutes on average. The mean operation time
increases to 65 minutes for stones over 1500 Hu. For the stone diam-
eter of about 1 cm, the average operation time is 45 minutes, which
increases up to 70minutes for stones of 3 cm. After that, the operation
time stabilizes.
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Figure 3.3: (a) Stone density and (b) stone diameter positively correlates with oper-
ation time.

3.4.6 Factors affecting RIRS complications
One of the major complications of RIRS is post-operative fever or

sepsis. Out of 115 cases, 17 (14.8%) had post-operative fever for more
than 48 hours (Clavien grade II).Operative time (p-value 0.412), stone
volume (p-value 0.744), stone diameter (p-value 0.975) and stone area
(p-value 0.176) did not influence the occurrence of sepsis. We also
found two ureteral stenosis (Clavien grade III B) and one perirenal
hematoma in a woman with a hypotrophic kidney that had been re-
peatedly treated in the past (Clavien III A). No patient needed to be
admitted to intensive care unit.

The age of the patients is negatively correlated with the occurrence
of sepsis (p-value 0.014). Several patients had stents or other diver-
sions, such as double J or nephrostomy, placed prior to the RIRS in-
tervention. The effect of these types of diversions on the incidence of
sepsis is not fully known. As can be seen in Figure 3.4(b), 2 patients out
of 5 patients (40%) with a DJ diversion experienced sepsis, 3 patients
out of 17 patients (18%) with nephrostomy had sepsis, whereas 12
patients out 93 patients (13%) without diversion experienced sepsis.
A joint logistic analysis using a generalized additive model suggests
that on the basis of the AIC score (AIC 93.2 with diversion vs. AIC 91.6
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without diversion), the presence or absence of a pre-operative DJ, be-
sides age, is a significant predictor of sepsis. The final model was se-
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Figure 3.4: Incidence of sepsis is affected by (a) age and (b) pre-operative diversion,
such as double J (DJ) and nephrostomy (NFS).

lected using Generalized Cross Validation (GCV). The model includes
gender, the presence of DJ and age. Women have approximately 2.4
times higher incidence of sepsis compared to men at the same age and
with the same diversion type. The presence of a preoperative DJ in-
creases the incidence of sepsis by a factor of 2.2 for patients with the
same gender and age. The effect of age on the incidence probability
of sepsis is shown in Figure 3.4 (a) a, illustrating that younger pa-
tients have a higher chance of getting sepsis. Based on the selected
generalized additive model, Table 3 shows the predicted probabilities
of sepsis incidence broken down by age, gender andwhether or not the
patient had a pre-operative DJ. It shows that females have high proba-
bility rates of sepsis compared to males. In addition, younger patients
in both genders have a higher chance of getting sepsis. A 20 years old
male patient with DJ has a 42% probability rate of sepsis, which would
be 64% for a similar female. For an 80 years old patient with DJ sep-
sis rates decrease in males to 4% and for female to 10%. We can see
that in non DJ patient groups, women still have a higher probability
of having sepsis as compared to men.
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Table 3: Prediction table of sepsis incidence based on DJ status age and gender.

Age
DJ status Sex 20 40 60 80

M 42% 23% 10% 4%
DJ F 64% 41% 22% 10%

M 27% 13% 6% 2%
non-DJ F 47% 26% 12% 5%

3.5 Discussion
Intrarenal retrograde laser lithotripsy and SWL are considered the

treatment of choice in patientswith renal stoneswith a diameter smaller
than 1 cm, whereas EAU guidelines recommend percutaneous proce-
dures in patients with stones over 2 cm. The guidelines are impartial
when it comes to stones between 1 and 2 cm, if there are no further
factors. However, in the presence of a lower pole stone between 1 and 2
cm the endourological treatment is recommended as treatment of first
choice, as the SWL is less effective in those circumstances. The reason
is the high percentage of residual fragments after a SWL intervention,
which can be exacerbated by large stone sizes, dense composition and
the particulars of the pyelocalyceal anatomy.

A meta-analysis study reported an overall stone free rate of 59.2%
and 90.0% in patients with lower pole stones of 1− 2 cm treated with
SWL an PCNL, respectively [16]. Another recent prospective, random-
ized study compare shockwave lithotripsy, retrograde intrarenal surgery
and mini-perc, a PCNL technique, for radiolucent lower calyceal renal
stones between 1 to 2 cm to evaluate the safety and efficacy of these
procedures [15]. The results show that the stone free rates were 73.8%,
86.1% and 95.1% for SWL, RIRS and mini-perc. However, mini-perc
PCNL also had the higher incidence of overall complications at 24.3%,
compared to 7.1% and 9.3% for SWL and RIRS, respectively. For the
first generation of flexible ureteroscope for stones of 1 − 2 cm in the
lower pole the SF rate was around 76% [10]. This study analyzed 79
patients, who underwent RIRS for lower pole stones and found that
an infundibulum longer than 3 cm and angle below of 45 degree are
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factors that influenced negatively stone free rate. However, the stone
free percentage is greatly increased to over 90% in the last years with
introduction of instruments with a higher active deflection [2, 8, 17].

The influence of pyelocalyceal anatomy in SWL treatment has been
evaluated by Sampaio (2001) [23] and Elbahnasy (1998) [6]. The first
study demonstrated that for stones with an IPA > 900, IW > 4 mm
and low calyces in the lower pole the stone free rate of SWL increases,
whereas in the second study the stone clearance decreased in presence
of anatomies for which the stones had IPA < 700, IW < 5 mm and IL
> 3 cm. Results reported in literature concerning the role of kidney
anatomy on clearance of stones fragments are however somewhat in-
conclusive; several studies have not been able to replicate its effect
[1, 17]. The impact of kidney anatomy on stone clearance in patients
treated by RIRS has been evaluated in several studies and its effect
is also not fully known. Geavlete (2008) found that the presence of a
severely acute infundibulopelvic angle or both a long infundibulum
and a moderately reduced angle may significantly impact the proce-
dure’s success rate [9]. Resorlu et al. (2012) reported that especially
IPA < 45 degrees is a negative predictor for the success of the RIRS
intervention. In this study the relocation of urinary stone to a more
favourable site resulted in an improved stone free rate of 95.2% [21].

Jessen et al. (2013) in another recent study concludes that the stone
size had a significant impact on stone free status and concerning the
anatomical parameters IL showed a significant influence outcome of
treatment (p-value 0.002). A long infundibulum and a very acute IPA
(< 300) negatively affect the SFR [13]. Not all studies agree on the role
of calyceal anatomy on stone free rate. In contrast, Pareek et al. (2005)
demonstrated that the presence of urinary stones in the lower pole
does not alter the stone free rate and does not influence the treatment
success. In this study the presence of multiple stones and precedent
history of percutaneous treatment are found predictive for the success
rate [19].

In our study we have found that stone diameter (p-value 0.001)
and the number of stones in pelvis and calices (p-value 0.017) influ-
ence stone free rate. Increasing the stone diameter and the number of
stones, the probability of a stone free outcome of the RIRS intervention
decreases. The calyx anatomy seems not to be particularly relevant.
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The mean IL is lower (24.5± 4.9 vs 25.7± 3.8) and the IPA is greater
(52.3 ± 24.2 vs 48.0 ± 27.9) in the stone free group than in the non-
stone free group, but the difference is statistically not significant. The
only thing that seems to have an influence on the success rate is when
a stone is present in the lower calix, which has an acute (< 38.20)
infundibulopelvic angle: this negatively influences the stone free rate.
The non-significance may be the results of the inaccurate measure-
ment: the calyceal measures are subject to dynamic variation and vary
from measurements done on MIP-CT reformatted images, especially
for IW. The variation in these measurements could be influenced by
hydration at time of measurement and by compliance of pyelocalyceal
system.

Breda et al. (2009) analyzed 51 patients with unilateral multiple
renal stones. The stone-free rates for patients with a stone burden
greater than and less than 20mmwere 85.1% and 100%, respectively.
The authors concluded that for patients with multiple intrarenal cal-
culi, flexible ureteroscopy with holmium laser lithotripsy may repre-
sent an alternative therapy to ESWL or PNL, with acceptable efficacy
[3]. In our study we found that the multiple stones negatively influ-
enced stone free rate (p-value 0.003). However, for stones with diam-
eter below 2 cm, even with multiple stones, the overall stone free rate
is never below 76%. As can be seen in Table 3.1, when the diameter
and number of stones increases, the probability of obtaining a stone
free outcome decreases. Even if the number of stones is statistically
significant, the clinical effect on the stone free rate is low.

Routine introduction of TC as a preoperative study in patients with
urinary stones has led to the analysis of stone density as preoperative
parameter for predicting stone free outcome. The role of stone den-
sity as predictor of fragmentation of the stones and a stone free out-
come after SW was analysed in some studies in vivo [19] and in vitro
[5]. The results of these studies show that coefficient attenuation is a
statistically significant independent predictor of stone-free rate after
extracorporeal lithotripsy.

This concept was also applied in intrarenal lithotripsy. Ito et al.
(2012) found that themaximumattenuation coefficient (p-value 0.105)
and average attenuation coefficient (p-value 0.175) did not significantly,
independently predict SF status [12]. The fragmentation efficiency and
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consequently operative time was significantly different between cases
with low and high attenuation coefficients (p-value 0.001). In our study,
we have reached a similar conclusion. Stone density is not useful, in
a univariate analysis, to predict stone free outcome (p-value 0.385),
but it affects the operative time (p-value 0.006). In a joint analysis of
SF, however, the best model includes stone density. Stones with a very
low density (below 350) and stones with a density between 650−1100
seem to have a higher SF rate, whereas stones with a density between
350 − 650 Hu and with density over 1100 Hu are more difficult. The
reasons for these results are not clear at this moment and are subject
of further investigation. We conclude that the clinical information re-
lated efficacy of fragmentation is important for planning an operative
treatment and could be useful as predictor of outcome.

For SWL, RIRS and percutaneous litholapaxy complications, such
as postoperative fever, urinary tract infection, haematuria, steinstrasse,
blood transfusion and ureteral trauma, have been reported at various
rates of up to 30% [7, 18]. In our study we observed that patient with
a DJ stent have a high probability of sepsis. Younger and female pa-
tients have a higher sepsis rate than older ones and males. The inci-
dence of sepsis in older patients decreases annually (p-value 0.026).
In addition, even in the DJ group women still have a higher probabil-
ity of having sepsis when compared to men. Some patients had their
nephrostomy tube or double J placed for preceding interventions in
our or others hospitals. There are no evident factors that could explain
the major incidence in young and female patients. A similar result was
found in a recent study [25]and the authors found a statistically signif-
icant high incidence of postoperative fever in patients with history of
ureteroscopy after urinary decompression for urolithiasis related sep-
sis. Patients with postoperative fever received an antibiotics therapy
for Gram positive and negative bacteria or specifics drugs according
to results of postoperative urine cultural examination.

We have seen that the operative time does not influenced the onset
of sepsis. In fact, in all cases the ureteral sheath with a constant flow
of irrigation was used to maintain a low intrarenal pressure. This pre-
caution does not explain why perirenal hematomas were observed.
Regarding to this complication it is believed that is related to renal
hypotrophy and to the particular condition of kidney. Probably a low
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compliance of the pyelocalyceal system related to previous infections
could explain the onset of this complication.

The fact that our study is a retrospective analysis carries some lim-
itations. The stone free state was not controlled by CT after treatment
and litholopaxy was not done in all cases, but only in some according
to the intraoperative surgical evaluation. Moreover, the stone compo-
sition has not been analysed. Nevertheless, the uniformity of the pro-
cedures performed in a single institute by only two surgeons with the
same experience has controlled some of the variation to obtain more
homogeneous results. Prospective studies, which analyse the param-
eters as calyx anatomy, stone composition and CT information, are
needed to correctly identify the predictive parameters of success of
patients, who will undergo RIRS. This will help us decide in which
cases to use RIRS and when to propose a percutaneous treatment.
3.6 Conclusions

In our study we found that the factors that deteriorate the stone
free rate are a higher stone diameter, a larger number of stones and
when urinary stones in the lower calyx are present with a sharp in-
fundibulopelvic angle. Stone density measured by NCTC can be use-
ful for planning an operative strategy and can also influence operative
time. Patients with a nephrostomy tube or double J should be treated
with special attention: adequate preoperative information should be
given related to the higher risk of post-operative fever. More studies
are needed to explain the higher incidence of sepsis in younger and
female patients.
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