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Introduction Inversion of the patient, forced diuresis after hydration, and mechanical percussion
technique was developed for lower renal pole (LRP) stones with extracorporeal shock wave (ESWL).

In this study, we aimed to analyze the effect of percussion, diuresis and inversion (PDI) therapy

on the success rates of retrograde intrarenal surgery (RIRS) for the LRP stones.

Material and methods 114 patients who underwent RIRS for LRP stones <2cm were included in this
study. Patients' demographic, clinical, radiological and anatomical features and success status were
recorded prospectively. The patients were divided into two groups. One group received RIRS procedure
only (non-PDI group) and the other group received PDI therapy after the RIRS procedure (PDI group).
Results PDI was performed to 60 (52.6%) patients, and not performed to 54 (47.4%) patients.

The success rate (58.3%) for the PDI group was higher than the non-PDI group (25.9%), and this
difference was statistically significant (p <0.001). In multivariate logistic regression analysis, stone size
(OR =1.306; 95% Cl = 1.019-1.674; p <0.001), IU (OR = 1.702; 95% C| = 1.383-2.096; p <0.001)

and not performing PDI therapy (p <0.001) OR = 9.455; 95% Cl = 2.426-10.853; p = 0.001) were revealed
to be independent risk factors for failure.

hotmail.com Conclusions PDI therapy increases the success rates of RIRS performed for the LRP stones.
Key Words: lower renal pole stone <> PDI > retrograde intrarenal surgery
INTRODUCTION in the evacuation of stone burden, which is attributed

Renal stones comprise a heterogeneous set of cases,
where the need for active therapy is defined by vari-
ous factors, such as stone growth, the manifestation
of symptoms, infection, and patient preferences. Rec-
ommendations relating to the decision about surveil-
lance or active removal are not supported by high-
level evidence and 7-26% of the cases result in the
surgical intervention [1]. Another element of het-
erogeneosity of renal stones is the wide range in the
stone size and position, which affects significantly
the optimal operative procedure for active removal.

Stones in the lower renal pole (LRP) comprise a sub-
set of cases characterized by an inherent difficulty
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to the relative position of inferior calyces in combina-
tion with the effect of gravity. Indeed, the European
guidelines propose a modified algorithm, especially
for the LRP stones 1-2 cm, which depends on the geo-
metric features of the kidney and the stone hardness
[2]. For the same stone class, American guidelines vary
slightly, since they recommend against the use of ex-
tracorporeal shock wave lithotripsy (ESWL) for LRP
stones 1-2 cm, regardless of the renal geometry [3].

Retrograde intrarenal surgery (RIRS) constitutes
one of the available modalities for the removal of LRP
stones, especially, after the introduction of high-
power laser generators and ureteroscopes with maxi-
mum deflection capability. According to European
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guidelines, RIRS is indicated as the first option for
LRP stones <2 cm, while it is considered the second
option for more voluminous stones [2]. The compar-
ison of the three available modalities for the LPR
stones <2 cm demonstrated that stone-free rate
(SFR) reached the higher percentage after percuta-
neous nephrolithotomy (PNL) at the cost of higher
morbidity and longer hospital stay, while ESWL was
the less invasive and effective [4]. In another study,
the authors collected and pooled the reported data
on the effectiveness and safety of the available mo-
dalities [5]. RIRS seemed to achieve inferior results
compared to PNL, miniPNL, and better SFRs than
microPNL, and ESWL, while the complication rates
of the modalities were not significantly different.
Regarding RIRS, the latest technological advances
have extended its efficacy and safety in almost every
stone class. Nevertheless, in the case of LRP stones,
RIRS is still subject to restrictions relating to renal
geometry. According to a study reporting the pooled
data until 2019, steep infundibular-pelvic angle
(IPA) was the most important factor for the RIRS
success, while infundibular width (IW) and infun-
dibular length (IL) did not influence outcomes [6].
In 2021, Tastemur et al. studied the factors affecting
RIRS outcomes and concluded that an IPA <42.65°,
IL >27.5 mm and stone volume were independent
risk factors for RIRS failure [7]. A recent study from
Inoue et al. focused on the accessibility of the lower
calyces by reusable flexible ureteroscope and con-
cluded that an TPA <45.8° and IW <7.8 mm were
negative predictors for reaching lower calyces dur-
ing RIRS [8]. The continuously growing experience
in applying RIRS for LRP stones has driven the in-
troduction of novel techniques, such as the reloca-
tion of stones to more convenient points of intrarenal
anatomy before laser fragmentation, which allowed
the further improvement of SFR [9].

Considering the geometrical nature of the difficulty
in evacuating the burden of LRP stones, a number
of techniques were developed to invert the adverse
factors to stone removal, such as the patient inver-
sion, the forced diuresis after hydration and the me-
chanical percussion on the area of the operated kid-
ney. These techniques were tested with success for
increasing SFR after ESWL. Chiong et al. reported
a significant improvement in stone clearance from
35.5% to 62.5% after applying a percussion-diuresis-
inversion (PDI) therapy on ESWL-treated patients
[10]. Albanis et al. applied a hydration-diuresis-in-
version protocol during the ESWL procedure and
achieved a significant SFR improvement from 71.5%
to 83.3% [11]. Leong et al. studied the effect of only
inversion during ESWL, which invoked a trend for
improved SFR, but without statistically significant

differences compared to patients without inversion
maneuver [12]. Another study reported on the out-
comes of PDI application after the ESWL procedure
and concluded that PDI can improve by 1.9 times
the SFR in the respective patient group [13]. Ahmed
et al. studied prospectively the effect of intraproce-
dural increased diuresis and inversion on the ESWL
results [14]. The authors reached to the conclu-
sion that the additional diuresis-inversion protocol
achieved significantly higher SFRs at all follow-up
time points. Of note, in all of the above studies,
no differences were found between the complication
rates of the comparing groups.

Considering the available data on PDI application
on ESWL results as promising, we designed the cur-
rent study to measure the effect of PDI on the RIRS
outcomes regarding LRP stones. Any positive effect
of PDI on these outcomes would be of great clinical
significance since it would allow the further improve-
ment of RIRS performance in this difficult stone class.

MATERIAL AND METHODS

We analyzed 131 patients who underwent RIRS
for LRP stones <2 cm between 01.06.2021 and
31.01.2022 in our clinic prospectively. The patients
were prospectively randomized (using simple ran-
domization by computer) to two groups. One group
received RIRS procedure only (non-PDI group) and
the other group received PDI therapy after the RIRS
procedure (PDI group). Patients with LRP stones
<2 cm and approving the treatment method were
included in the study. Patients with a history of cere-
brovascular disease, uncontrolled hypertension,
bleeding diathesis disorder, anticoagulation therapy,
distal ureteral stenosis, pregnancy, severe skeletal
malformation, severe obesity, urinary tract infection
were excluded from the study. Finaly, 114 patients
were included in this study.

Our study was prepared in accordance with the
Principles of Helsinki, it was reviewed and approved
by the 2 Clinical Research Ethics Commitee of An-
kara City Hospital on 10.03.2021 (Ethics committee
approval number: E2-21-158).

Age, sex, body mass index (BMI), preoperative dou-
ble-J (DJ) stent presence, ESWL history presence
were obtained from the anamnesis of the patients
and recorded. The operation durations were also re-
corded.

Stone size, density, number (single or multiple), side
(left-right) were evaluated according to preopera-
tive computed tomography. Stone size was measured
as the longest diameter of the stone. For the multi-
ple stone number patients, stone size was calculated
as the sum of all stones longest diameter.
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IPA was measured as the internal angle formed
at the intersection of the ureteropelvic axis and the
central axis of the lower pole infundibulum. IL was
measured as the distance from the furthest point be-
low the calyx containing the stone to the midpoint
of the lower border of the renal pelvis.

Patients with positive urine cultures were treated
with appropriate antibiotics for at least 7 days. Pre-
operative urine cultures of all patients were sterile.
All patients were given prophylaxis with intravenous
2 g cefazolin within 1 hour before surgery. RIRS was
performed in all patients in the lithotomy position
under general anesthesia.

Before RIRS, ureterorenoscopy was performed with
a 9.5 F rigid renoscope (Karl Storz, Tuttingen, Ger-
many) for dilatation. A 9.5-11 F ureteral access
sheath (Flexor® Ureteral Access Sheath, Cook Medi-
cal, USA) was placed in the ureter to reduce intrare-
nal pressure and provide optimal viewing. After the
access sheath reached the collector system, the collec-
tor system was reached by entering through the ac-
cess channel with a 7.5 F flexible ureterorenoscope
(Karl Storz, Flex X2, GmbH, Tuttlingen, Germany).
The stone was fragmented using a holmium-yttrium-
aluminum-garnet (Ho:YAG) laser (200 um) sent from
the working channel of the flexible ureterorenoscope.
At the end of the operation, DJ catheter and urethral
catheter were applied to all cases.

PDI therapy was performed as follows: In the post-
operative period, oral hydration was applied to the
patients by allowing them to drink 500 ml of wa-
ter within 30 minutes after oral intake permission.
30 minutes later, the patient was fixed to the bed for
inversion, the patient bed was adjusted to 30° Tren-
delenburg position. Then, percussion was performed
in prone position for 5 minutes, in the position that
the operated side was elevated to 45° with the pillow
for 5 minutes, in full flank position for 5 minutes
and in the supine position for 5 minutes, by hitting
the flank area with the palm of the hand for a total
of 20 minutes. Subsequently, the bed was placed in
the neutral position while the patient was in the su-
pine position and rested for 10 minutes. The process
was terminated after 30 minutes.

Patients were evaluated with non-contrast abdomi-
nopelvic computed tomography (CT) at 1 month
postoperatively. Absence of stones in the urinary
tract was accepted as success.

Data coding and statistical analyzes were performed
on the computer using the SPSS 22 software pack-
age program (IBM SPSS Statistics, IBM Corpora-
tion, Chicago, IL). The conformity of the variables
to the normal distribution was examined using the
Shapiro-Wilk tests. Mann-Whitney U test was used
to compare non-categorical parameters between

Assesed for eligibility (n=131) |

Excluded (n=17)
Not eligible for inclusion

| Rendomized (n=114) |

| PDIigroupn=60) | [ Non-PDI group (n=34) |

I Follow up (n=60) I | Follow up (n=54) |

| Included (n=60) | | Included (n=54) |

Figure 1. Flow chart of patients.

groups. Chi-square or Fisher's exact tests were used
for categorical variables. Risk factors for RIRS suc-
cess in lower pole stones were determined by uni-
variate logistic regression analysis. Whether the
possible factors identified in this analysis were inde-
pendent risk factors were evaluated using the Bac-
ward LR method with multivariate analysis. Cases
with a p value below 0.05 were considered statisti-
cally significant.

RESULTS

A total of 114 patients who underwent RIRS for LRP
stones were included in the study. 60 (562.6%) of pa-
tients were in PDI group and 54 (47.4%) patients
were in non-PDI group (Figure 1). The mean age
of patients was 45.1 9.7 years. 81 (71.1%) patients
were male and 33 (28.9%) patients were female.
The success rate was 43% in all cases. There was no
significant difference between two groups in terms
of age, gender, BMI, stone size, stone density, stone
number, operation time, lateralization, preopera-
tive DJ stent history, ESWL history, IPA, IL and IW.
The success rate was higher in the PDI group
(58.3% vs 25.9%, p <0.001) Comparative analyzes
of demographic, clinical and radiological character-
istics of patients between two groups was shown
in Table 1.

In wunivariate logistic regression analysis, age
(OR = 0.959; 95% CI = 0.921-1; p = 0.048), stone
size (OR = 1.27; 95% CI = 1.096-1.471; p = 0.001),
IPA (OR = 0.857; 95% CI = 0.081-0.908; p <0.001),
IL (OR = 1.569; 95% CI = 1.333-1.848; p <0.001),
IW (OR = 0.673; 95% CI = 0.482-0.941; p = 0.02)
and not performing PDI (OR = 4; 95% CI = 1.804-
8.868; p <0.001) were found as risk factors for the
success of RIRS procedure for LRP stones. Subse-
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Table 1. Comparative analysis of demographic, clinical and radiological characteristics of patients who underwent RIRS for
lower renal pole stone with or without PDI therapy in the postoperative period

Total PDI group Non-PDI group
(n=114) (n =60, % 52.6) (n=54,%47.4) P

Age (year) 45.1+9.7 44 6.4 46.4 £12.3 0.267™
Sex

Men, n (%) 81 (71.1) 35 (58.3) 46 (85.2) 0.24%

Women, n (%) 33(28.9) 25 (41.7) 8(14.8)
BMI (kg/m?) (mean +SD) 29.1+3.6 28.7+3.1 29.6 +4.1 0.208™
Stone size (mm) (mean +SD) 12.6+2.9 12.8+2.6 12.543.2 0.471™
Stone density (HU) (mean +SD) 995.5 £238 1029.3 £186.5 958 +281.6 0.532m
Stone number

Single, n (%) 103 (90.4) 55(91.7) 48 (88.9) 0.609f

Multiple, n (%) 11(9.6) 5(8.3) 6(11.1)
Operation time (min) (mean +SD) 57.5+13.8 54.3 +8.7 61+17.3 0.072m
Lateralization

Right, n (%) 51 (44.7) 27 (45) 24 (44.4) 0.121*

Left, n (%) 63 (55.3) 33 (55 30 (55.6)
Preoperative DJ stent history

Yes, n (%) 43 (37.7) 19 (31.7) 24 (44.4) 0.563¢

No, n (%) 71(62.3) 41 (68.3) 30 (55.6)
ESWL history

Yes, n (%) 42 (36.8) 20(33.3) 22 (40.7) 0.71*

No, n (%) 72 (63.2) 40 (66.7) 32(59.3)
IPA (degree) (mean +SD) 54.5 8.9 56.3 £9.3 52.5 18 0.104™
IL (mm) (mean £SD) 25.8 +5.7 24.6 +6.1 27.1 45 0.051™
IW (mm) (ortalama +SD) 47+13 4.6+0.8 4.8+1.8 0.39™
Success, n (%) 49 (43) 35(58.3) 14 (25.9) <0.001*

RIRS — retrograde intrarenal surgery, PDI — percussion, diuresis ve inversion, BM| — body mass index, HU — Hounsfield unit, DJ — double J, ESWL — extracorporeal shock
wave lithotripsy, IPA —infundibulopelvic angle, IL — infundibular length, IW — infundibular width, SD — standard deviation , ™ — Mann Whitney U test, X — Ki-kare Test,

f— Fisher’s exact test

quently, in multivariate logistic regression analysis,
only stone size (OR = 1.306; 95% CI = 1.019-1.674;
p <0.001), IL (OR = 1.702; 95% CI = 1.383-2.096;
p <0.001) and not performing PDI (OR = 9.455;
95% Cl = 2.426-10.853; p = 0.001) were stated
as independent risk factors (Table 2). Patient placed
in prone Trandelenburg position on 30°-angled bed
for 20 minutes percussion, diuresis and inversion
(PDI) therapy is presented at Figure 2.

DISCUSSION

From the above results can be extrapolated, that
the effect of PDI seen on the stone clearance after
ESWL, is also present in the patients, which un-
dergo RIRS for LRP stones. The comparing groups
(PDI, non-PDI) demonstrated no significant differ-
ences in terms of factors that can affect the result
of RIRS, such as BMI, stone size, stone density, renal
geometry, and previous treatments, which renders
them comparable. The success rate of the comparing
groups was significantly different since 32% more

patients in the PDI group were stone-free at the
preselected FU time point. In order to delineate the
effect of possible confounders on the above result,
we proceeded with multivariate analysis through lo-
gistic regression. The factors found significant in the
univariate analysis were age, stone size, the param-
eters of renal geometry, and the application of PDI.
After the inclusion of these factors in the multivari-
ate model, only stone size, IL, and PDI application
retained their statistical significance as independent
determiners of RIRS results. Among these indepen-
dent factors, PDI application demonstrated a strong
effect, since the absence of PDI increased the possi-
bility of RIRS failure by more than nine times.

After a thorough search in the available literature,
we found few reports relating to the contribution
of physical methods, such as external percussion,
and patient inversion in the improvement of RIRS
outcomes. In 2017, Wu et al. investigated the effect
of an external vibration device (Lithecbole) on pa-
tients with residual fragments after the RIRS pro-
cedure [15]. The study resulted in increased SFR
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Table 2. Determination of the risk factors for failure on RIRS for lower renal pole stones with univariate and multivariate

regression analysis

Univariate Multivariate
OR (% 95 CI) p OR (% 95 CI) p
Age (per year) 0.959 (0.921-1) 0.048 0.939 (0.872-1.011) 0.096
Sex (Male) 0.615 (0.272-1.389) 0.242
BMI (per kg/m?) 1.035(0.933-1.148) 0.518
Stone size (per mm) 1.27 (1.096-1.471) 0.001 1.306 (1.019-1.674) 0.035
Stone density (per HU) 1.001 (0.999-1.002) 0.508
Stone number (multiple) 1.883 (0.461-7.691) 0.378
Lateralization (Left) 1.809 (0.853-3.834) 0.122
Preoperative DJ stent presence 1.255 (0.581-2.709) 0.563
ESWL history presence 0.865 (0.401-1.862) 0.71
IPA (per degree) 0.857 (0.81-0.908) <0.001 0.982 (0.9-1.07) 0.673
IL (per mm) 1.569 (1.333-1.848) <0.001 1.702 (1.383-2.096) <0.001
IW (per mm) 0.673 (0.482-0.941) 0.02 ' ' 0.905 (0.61-1.342) 0.619
Not performing PDI 4 (1.804-8.868) 0.001 . . 9.455 (2.426-10.853) 0.001

RIRS — retrograde intrarenal surgery, PDI — percussion, diuresis and inversion, BMI — body mass index, HU — Hounsfield unit, DJ — double J, ESWL — extracorporeal shock
wave lithotripsy, IPA —infundibulopelvic angle, IL — infundibular length, IW — infundibular width

at every follow-up time point for the patients, who
received supplementary external vibration sessions.
Another study about the effect of the same physical
method (Lithecbole) on the SFR after RIRS, inves-
tigated the optimal time point to apply the above-
mentioned method and concluded, that it should
be applied in the early postoperative period (3 days
after RIRS) [16]. In 2020, a meta-analysis by Yuan
et al. collected and pooled the available data on the
Lithecbole application [17]. The analysis demon-
strated that this method can increase SFR regard-
less of the stone position. An alternative approach
was proposed in the study by Yang et al., where the
patients with stone remnants after RIRS were di-
vided into a control group and an inverse position
group [18]. The last group achieved higher SFR
at every follow-up time point compared to the con-
trol group. Recently, promising results were reported
from an experimental study based on renal models,
which were set to an inverted position by using an
automated system, that calculated the optimal in-
version degree by processing the extrapolated from
the computer tomography renal geometry [19]. More
precisely, the automated system provided individu-
alized inversion, which allowed the optimization
of stone burden evacuation.

Among the above results, there was no study fo-
cusing on the LRP stones and their evacuation by
physical methods, such as PDI. Another advantage
of the current study is the further statistical process-
ing of the data, which allowed the delineation of the

i :
Figure 2. Patient placed in prone Trandelenburg position
on 30°-angled bed for 20 minutes percussion, diuresis and
inversion (PDI) therapy

independent factors affecting the results after RIRS
for LRP stones. PDI demonstrated a very strong ef-
fect, which reflects its potential in improving the
RIRS outcomes, even for the difficult stone classes.

In our opinion, the physical methods for improving
SFR should be applied in a combined manner, be-
cause the existing experience from PDI after ESWL
demonstrates that this approach produces the most
promising results. Moreover, there is much to be
done regarding the standardization of PDI applica-
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tion, and various parameters, such as session dura-
tion, number of sessions, and protocol configuration
remain to be tested for optimized results.

CONCLUSIONS

LRP stones constitute a challenging stone class,
where gravity and renal geometry can hinder the
evacuation of stone burden. The effect of the above
factors, which reduces the success rate of RIRS can
be neutralized by the application of physical meth-
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