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In Vivo Evaluation of The Chemical Composition of Urinary Stones Using
Non-Contrast Helical Computerized Tomography

Idrar Taslarinin Kimyasal Bilesiminin Kontrastsiz Helikal Bilgisayarli Tomografi ile In Vivo
Degerlendirilmesi
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OZET

Amac: Dusuk doz helikal bilgisayarli tomografi kullanilarak bobrek taslarinin yogunlugunun ve kimyasal
yapisinin belirlenmesi.

Gerec ve Yontemler: Calismamiza; bébrek tasi nedeniyle ekstrakorporeal sok dalga litotripsisi (ESWL) ya-
pilacak veya Uriner sistem tas cerrahisi gecirmesi planlanan, bobrek veya Ureter tasi olan 79 hasta dahil
edildi. Tim tas yogunluklari, Hounsfield Unite olarak diisiik doz abdominal kontrastsiz helikal bilgisayarli
tomografiincelemesi ile 6l¢lldi. Bilgisayarl tomografiincelemesi icin 4 dedektdrlt Marconi MX 8000 siste-
mi kullanildi. Tim taslarin analizlerinde X-Ray difraktometri kullanildi.

Bulgular: Tas tipi 52 hastada tek tip ve 27 hastada mikst tas olarak bulundu. Karisik taslar icinde en biyik
grubu, 17 hasta ile kalsiyum oksalat monohidrat-dihidrat taslari olusturdu. Urik asit taslar en distk, kal-
siyum oksalat monohidrat taslari en yiiksek yogunluga sahip olarak bulundu. Urik asit ve sistin taslarinin
dansite degerleri ile diger tas cesitleri arasindaki fark istatistiksel olarak anlamhydi.

Sonuc: Teshiste kullanilan kontrastsiz helikal bilgisayarli tomografi, tas kompozisyonunun in vivo tayininde
de kullanilabilir. Uygun terapotik alternatifler saglamak icin gériintiileme calismalari ile tag kompozisyonla-
rini tanimlamak ¢ok yardimci olabilir.

Anahtar Kelimeler: tas, yogunluk, tomografi, sarmal, hounsfield (nitesi
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ABSTRACT

Objective: To determine the density and chemical structure of renal stones by using in vivo low dose heli-
cal computerized tomography (CT).

Material and Methods: 79 patients with urinary stones such as renal or uretheral stones were included in
our study who were going to have extracorporeal shock wave lithotripsy (ESWL) or planned to go through
urinary stone surgery due to renal stones. All stone densities were measured in Hounsfield Unit by low dose
abdominal non-contrast helical computed tomography examination. Marconi MX 8000 CT system with 4
detectors was used for the CT examination. X-Ray diffractometry was used in the analyses of all stones.
Results: The stone type was found to be pure type in 52 patients, and mixed stone in 27 patients. The larg-
est group among the mixed stones included whewellite stone with 17 patients. Uric acid stones had the
smallest, whewellite stones had the highest density. The difference between the density values of uric acid
and cystine stones and the other stone types were statistically significant.

Conclusion: Non-contrast helical computed tomography used in the diagnosis can also be used in the in
vivo determination of the stone composition. It can be very helpful to define stone compositions by imag-
ing studies to provide suitable therapeutic alternatives.

Keywords: stone, density, tomography, helical, hounsfield unit

INTRODUCTION

Urolithiasis is an important health problem that affects all societies. Its prevalence and incidence have
been increasing worldwide (1). Thus, along with the diagnosis and treatment of urolithiasis, the preven-
tion of recurrences should also be considered. One of the most important parameters in the assessment
of the urolithiasis patients is the determination of the stone composition. Information about the chemi-
cal structure of the stone guides non-invasive, minimal treatment approaches. Stone analysis is generally
performed after stone extraction. However, determination of in vivo stone composition is also important
for some groups of patients, e.g. extracorporeal shock wave lithotripsy (ESWL), patient evaluation. In vivo
stone composition determination has been a recent procedure, predominantly done using helical com-
puted tomography (CT) (2). Several studies on in vitro and in vivo stone composition determination have
reported that non-contrast helical CT (NCHCT), which is currently the mainstay of stone diagnosis, can be
used to predict the mineral type of urinary stones on the basis of their attenuation coefficient (3). With
this, it is possible to predict the stone type, and to direct the treatment to break the stone before ESWL,
performing chemoprophylaxis, evaluating the patients, and managing diet. We aimed to determine in vivo
chemical structure of urinary stones using NCHCT, and to correlate our results with x-ray diffractometry
results.

MATERIAL AND METHODS

Between 2010 and 2013, 79 patients suffering from stone diseases with urinary stones such as renal or
uretheral stones were included in the study conducted prospectively. First of all, patients were informed
about the planned study. Afterwards, the study was initiated after “obtaining informed consent” from the
patients. The study ethics approval was obtained from the ethics committee of the University of Health Sci-
ences, Ankara Yildirim Beyazit Diskapi Training and Research Hospital, “Ethics declarations date and num-
ber: 30.06.2009-34". The patients were planned to be treated with ESWL or percutaneous stone surgery at
our clinic.

For all patients, pre-operative preparation was applied including blood count, and urine analysis, co-
agulation parameters, and biochemistry. Biochemistry included glucose, urea, creatinin, alanine amino-
transferase, aspartate aminotransferase analyses. Metabolic evaluation was utilized in the stonelessness
periods of the patients. Also, plain abdominal graphy, abdominal CT, and when necessary renal ultrasonog-
raphy was performed preoperatively. Patients having renal stones of sizes =5 mm (5-37 mm) were included
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in the study. Ultrasonography and/or plain abdominal graphy were applied for stone diagnosis. Philips
MX 8000, 4-detector helical CT was used for stone localization and stone density determination. Technical
parameters for enhanced abdominal scan were as follows: Pitch values 1.75/1, reference tube current 80
mA, tube voltage 120 kVp, slice thickness 1.6 mm, and acquisition slice thickness 3.2 mm. The dose used in
stone protocol was 5.5 mGy which is 9.3 mGy in routine abdominal CT. For each stone, Hounsfield unit (HU)
measurements were taken from the largest possible area for each stone determining a region of interest.
Measurements were taken in bone window from three different regions from the stone center and the ad-
jacent regions with the cross sections increased 4 times. The HU value which was the average of the three
measurements was considered as base for the study. The impact of stone size on the accuracy of the mea-
surement of stone density was evaluated using the largest sample group, calcium oxalate monohydrate
(COM) stones (n=37) which were grouped into three as 5-14 mm, 15-25 mm, and >25 mm in diameters.
Stone analysis was performed with Philips PW 3710/1830 X-Ray diffractometry device at 2.5-40°.

Inclusion and Exclusion Criterias

The treatment methods that we can obtain fragmented stones are ESWL and percutaneous nephro-
lithotomy (PCNL). Due to the necessity of stone analysis, patients who underwent ESWL and PCNL were
included in our study. Stone fragments are difficult to obtain in patients undergoing RIRS, as the stone frag-
ments are dusted. Therefore, these patients were not included in the study. Patients with contraindications
for ESWL and PCNL treatment such as pregnancy, bleeding diathesis, skeletal deformity, arterial aneurysm
in close proximity to the stone, and kidney tumor were excluded from the study. Stones smaller than 5 mm
and bladder stones were also excluded from the study. After ESWL and PNL treatment, patients with stone
analysis results were included in the study.

Statistical Analysis

Data was analyzed using SPSS 15.0 version. X-ray attenuation mean values of the stone types were
compared in HU using Kruskal Wallis (test was applied due to lack of Normal distribution and common/
same variance assumptions) and for comparsion aim of the results One-way ANOVA tests at 95% con-
fidence level was also applied. And non-significant correlation between stone size and density in COM
stones was found out by using Spearman test. The correlation between Maximum Density and Mean Den-
sity was evaluated using regression model.

RESULTS

Mean age of 79 patients was 44 (6-78), of whom 46 were male and 33 female, with stone diseases such
as renal or ureteral stones. We classified the urinary stones obtained into two groups according to their
chemical composition as pure and mixed stones (Table 1). Pure stone group included five types: COM, Cal-
cium oxalate dihydrate (COD), cystine, struvite, and uric acid. Mixed stone group included four types: COM-
CaP (COM-Calcium phosphate), COM-COD, and COM-whitlockite. In the evaluation of the stone densities,
uric acid stone had the lowest density, whereas COM-whitlockite stone had the highest (Table 1).

The analysis of x-ray attenuation values revealed that the densities of cystine and uric acid stones were
significantly different than the other stone types whereas there was no difference between the densities of
cystine and uric acid stones. No statistically significant difference was observed between the densities of
COM, COD, and struvite stones (Table 2). Since the components of the mixed stones may affect the density
of the stone, they were not included in the comparison.

The effect of stone size on density was evaluated in the largest group COM stones, and no difference
was found between the density values according to the stone size. There was not any significant correlation
between stone size and stone density in the regression analysis. However, there was a linear correlation be-
tween maximum density and mean density which was %88.5 (Figure 1). The significance of the regression
model was shown using ANOVA test (Table 3).
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Table 1. Stone type and density

Mean Min.-Max. Mean Min.-Max.
Pure Stone Density Density Mixed Stone Density Density

(HU) (HU) (HU) (HU)
coMm 37 945 715-1420 whewellite-Weddellite 804 17 730-1339
coD 3 811 742-1210 whewellite-Uric acid 804 5 475-1117
Uric acid 5 414 359-645 whewellite-Dahlite 1068 3 1035-1285
Cystine 5 523 412-810 whewellite-Whitlockite 1247 2 830-1540
Struvite 2 915 840-1140
Total 52 27

HU; Hounsfield unit, COM; calcium oxalate monohydrate, COD; calcium oxalate dihydrate,

Table 2. Mean differences between stone types in Hounsfield Units

Stone Type Stone Type Compared Mean Difference P
Weddellite 134.86486 0.634
Uric acid 531.86486 0.000
whewellite
Cystine 422.86486 0.000
Struvite 30.86486 0.999
whewellite -134.86486 0.634
Uric acid 397.00000 0.012
Weddellite .
Cystine 288.00000 0.121
Struvite -104.00000 0.954
whewellite -531.86486 0.000
Weddellite -397.00000 0.012
Uric acid
Cystine -109.00000 0.821
Struvite -501.00000 0.005
whewellite -422.86486 0.000
. Weddellite -288.00000 0.121
Cystine .
Uric acid 109.00000 0.821
Struvite -392.00000 0.042
whewellite -30.86486 0.999
) Weddellite 104.00000 0.954
Struvite
Uric acid 501.00000 0.005
Cystine 392.00000 0.042

Table 3. HU density values of whewellite stones according to stone size.

Stone Size Max. Density Mean Density
n
(mm) (HU) (HU)

5-14 16 1160.5 910.3
15-25 13 1175.8 913.1
>25 8 1353 1070
p p=0.104 p=0.082
Total 37 1207 945.8
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Figure 1. Linear correlation between maximum density and mean density values of whewellite stones
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The chemical structure of the stone determines the stone fragmentation by different techniques such
as ESWL and laser (4-6). COM and cystine stones are resistant to breakage whereas COD and uric acid
can easily be fragmented. Until recently, the stone composition has been determined after the stone was
extracted. However, knowing the stone composition before treatment would be to the benefit of both
the patient (for preventing the suffering), and the clinic (for saving time and budget) (7). NCHCT has high
sensitivity, it is performed in vivo with low dose radiation, and provides information about the chemical
composition of the stone preoperatively (6,8). For these reasons, it replaced the excretory urography (9). It
is seen in literature that the studies have been conducted both in vivo and in vitro. The studies conducted
using NCHCT have continued with dual energy CT.

Demirel and Suma applied NCHCT to 160 patients with acute flank pain to clarify the presence of uri-
nary stone, and to determine the chemical composition of the stone (10). They reported that the highest
density was seen in calcium oxalate (CaOx) stones which were followed by struvite and uric acid stones.
Since there were not any cystine or brushite stones in their study, they did not comment on those. They
concluded that the stone compositions could be distinguished on the basis of their HU densities. In our
study, the highest density was found in COM-whitlockite, a mixed stone. The highest density in pure stones
was measured in COM stone. The densities of pure stones were as COM>struvite>COD>cystine >uric acid.

El-Assmy et al. (11) scanned stones obtained from patients using 80 kV and 120 kV, determined the
densities for chemical composition, and fragmented the stones in vitro by shock wave lithotripsy. They
evaluated the correlations between HU density and fragmentation. They found statistically significant dif-
ference between uric acid and COM, struvite and mixed stones. They did not find any significant difference
between struvite and COM, and mixed stone, and concluded that dual CT did not contribute to what have
already been known. In our study with in vivo NCHCT, we did not find any statistically significant difference
between the density values of uric acid and cystine stones and other stones which is consistent with the
results of EI-Assmy et al. The advantage of our study is that since it is in vivo, it can be used in the diagnosis
and programming of the treatment.

In the stone composition determination with tomography, use of dual CT different from NCHCT is
quite common with a considerably large literature. Hidas et al. (12) used in vivo dual CT in their study
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in which they determined three pure stone types as uric acid, cystine, and CaOx. According to the x-ray
diffractometry and tomography results, there was correlation in calcium and uric acid stones, whereas no
correlation was found in the cystine stones. From this finding, it can be concluded that the accurate results
obtained for the determination of CaOx and uric acid stones are not true for the determination of the cys-
tine stone. Our study revealed that the densities of the uric acid and cystine stones were significantly differ-
ent than the other stone types. When comparing the uric acid and cystine stones, no significant difference
was found between their densities. We found the densities from the lowest to the highest HU value as uric
acid<cystine<struvite<CaOx. This is similar to the results of Hidas et al. except that our method is more
advantageous for the reasons that the patients are exposed to less radioactive beam, and the method has
low cost because the evaluations are made using the CT which is originally used for diagnostic purposes.

Wisenbaugh et al. (13) evaluated the urinary stones using conventional and dual CT, and found that
the HU values of the uric acid stones were significantly different than that of CaOx, and the HU values of
cystine, struvite and CaOx stones overlapped. Thus, it could be suggested that the accurate determination
of all urinary stones except uric acid may not be possible with dual CT similarly with the NCHCT used in
our study. Unlike Wisenbaugh et al, Erdogan et al. (14), who also used dual-energy CT, for invivo analysis of
urinary. Dual-energy CT analysis results are compared with in vitro stone analysis results, the stone types
could be predictable correctly in 32 (91.4%) patients and detected incorrectly in 3 (8.6%) patients. Espe-
cially uric acid and cystine stones were predictable by 100% sensitivity, specificity, and diagnostic accuracy
rate. Although it shows that dual CT is superior due to its high predictive rating, its excessive radioactive
exposure and cost-effectiveness make it difficult to choose Dual CT.

Mostafavi et al. (15) reported that single-energy CT at 120 kV is efficient in differentiating the most
common type of stones (struvite, cystine, and calcium oxalate) whereas dual-energy CT is needed to dif-
ferentiate the stones with similar densities. They were able to determine the chemical composition of pure
stones and found the attenuation values to range from 409 HU for uric acid and 1703 HU for brushite. In
our study, the lowest density was 359 HU in uric acid stones, and the highest density was 1546 HU in a
mixed stone composed of COM and whitlockite which is a phosphate stone. Similar to a number of studies,
our study did not reveal any cystine stone with HU density value of 1000 or higher from which it could be
concluded that during the evaluation of the cystine stone it should be kept in mind that its density does
not exceed 1000 HU (16,17). In our study, 80% of uric acid stones and 60% of cystine stones had the attenu-
ation values lower than 600 HU, and 20% of uric acid stones and 40% of cystine stones had the attenuation
values between 600 and 900 HU.

Grosjean et al. (18) examined the attenuation values of 241 urinary stones in 4 different CT scanners
and showed significant differences in CT attenuation values in different voltages in different scanners. Thus,
it should be kept in mind that the data obtained at a particular center for the stone composition are the
data obtained from that center’s CT scanner and have similar collimation values. Our study was carried out
using a single machine and same technical features (e.g. collimation and slice values), thus the HU values
obtained could be considered as specific to our clinic.

Urinary stones with the same compositions may have different densities. The reason for this may be
the use of different CT equipment, degree of collimation, energy setting, and stone size (4, 19). In the evalu-
ation of stone densities using CT, stone composition and slice ranges are considered to be more important
than the stone size (20). Stewart et al (21), in their study where they examined the relationship between
the stone size and stone composition using HU, found that the stone size limits the determination of the
stone composition. In our study, we kept the CT slice range constant, and evaluated Caox stone densities
according to stone size only. We found that although there was an increase in the max and mean densities
with the increase in stone sizes, the correlation between the densities of stones and stone sizes was statis-
tically insignificant.

It is also difficult to do classification in mixed stones because of the probability of density overlap as
the dominant component changes the density of the mixture. We found the density range of the mixed
stones between 730 and 1546 HUs. COM-phosphate stone had the highest density, while COM-uric acid
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stone had the lowest density due to the influence of uric acid. Thus, the identification of the stone types
in mixed stones by tomography is difficult. In the present study, there was no statistically significant differ-
ence among the densities of the mixed stones.

In these studies, the most powerful decision can be made about the uric acid stones whereas it is dif-
ficult to differentiate the other stone types. In our study conducted in vivo using 120 kV, uric acid stones
were successfully differentiated from the CaOx stones. We believe that the low dose helical CT is more fea-
sible than dual CT for the prevention of patients from higher doses of radiation. Besides, helical CT has an
advantage as it can be used in both diagnosis and the programming of the treatment.

Limitations

Stone analyzes are performed by patients at a different institution upon their own application. This
limits the number of patients included in the study. It is known that CT attenuation values are different at
different voltages with different devices. Therefore, different devices and larger number of patients may af-
fect the results of our study. It is also difficult to classify mixed stones as the dominant component changes
the density of the mixture. Therefore, it is difficult to determine the stone types by tomography in mixed
stones. In such studies, the increase in mixed type stones affects the data of the study.

CONCLUSION

Our results suggest that the NCHCT performed for diagnostic purposes can also be used for the deter-
mination of the chemical composition of the stone. For some stone types, the limitations of both methods
(dual CT and helical CT) are similar in the accurate determination of the stone composition. The NCHCT,
which is used for diagnostic purposes, is more advantageous as it does not put an additional cost, produce
similar results with other tomography methods such as dual CT, prevents higher doses of radiation expo-
sure, and saves time.

Abbreviations:

cT : Computerized tomography

com : Calcium oxakate monohydrate

CoD : Calcium oxalate dihydrate

CaOx : Calcium Oxalate

CaP : Calcium phosphate

ESWL : Extracorporeal shock wave lithotripsy

HU : Hounsfield unit

NCHCT  :Non contrast helical computerized tomography
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The Influence of Pain and Anxiety on the Pain Perception and Outcome of
Extracorporeal Shockwave Lithotripsy

Agri ve Anksiyetenin Agri Algisi ve Ekstrakorporeal Sok Dalgasi Litotripsi Sonucu Uzerindeki
Etkisi

Nihat Tiirkmen @, Cemil Kutsal

University of Health Sciences Sisli Hamidiye Etfal Training and Research Hospital Urology Department Istanbul, Turkey

OZET

Amac: Bu calismada ekstrakorporal sok dalgasi litotripsi (ESWL) oncesi var olan depresyon ve anksiyetenin
ESWL sirasinda agri algisi Uizerine etkisini arastirmayi amacladik.

Gerec ve Yontemler: Ekim 2019 ile Kasim 2020 tarihleri arasinda ESWL uygulanan toplam 60 bobrek tasi
hastasi calismaya alindi. Hastalarin yasi, cinsiyeti, viicut kitle indeksi (VKI) ve tas parametreleri kaydedildi.
Hastanin anksiyete ve depresyon durumlariilk seans dncesi Hastane Anksiyete ve Depresyon Olcegdi (HADO)
ile degerlendirildi. Agri diizeyi birinci seanstan sonra gorsel analog skala (VAS) kullanilarak degerlendirildi.
Bulgular: Anksiyete, depresyon ve VAS puanlari arasinda istatistiksel olarak anlamli fark yoktu (p>0,05).
Anksiyete ve depresyon puanlari ile islem basarisi arasindaki iliski de degerlendirildi ve anlamli bir iliski
bulunmadi (p>0,05). Ayrica VAS skoru ile hastanin yasi, cinsiyeti, VK, deriden tasa uzakligi ve tas boyutu
arasinda iliski yoktu (p>0,05).

Sonug: Sonuclarimiz, ESWL 6ncesi depresyon veya anksiyete ile islem sonrasi 6l¢lilen VAS skoru arasinda
anlamh bir iliski gostermemektedir.

Anahtar Kelimeler: anksiyete, ekstrakorporeal sok dalgasi litotripsi, agri algisi, triner tas hastaligi
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ABSTRACT

Objective: In this study, we aimed to investigate the effect of depression and anxiety presented before
extracorporeal shockwave lithotripsy (ESWL) on pain perception during ESWL.

Material and Methods: A total of 60 kidney stone patients who underwent ESWL between October 2019
and November 2020 were enrolled in the study. Patients’age, sex, body mass index (BMI), and stone param-
eters were recorded. The patient’s anxiety and depression states were evaluated using the Hospital Anxiety
and Depression Scale (HADS) before the first session. The pain level was assessed by using the visual analog
scale (VAS) after the first session.

Results: There was no statistically significant difference between the anxiety, depression, and VAS scores
(p>0.05). The association between anxiety and depression scores and the procedure’s success was also
evaluated, and no significant association was found (p>0.05). Furthermore, there was no association be-
tween VAS score and patient’s age, sex, BMI, the distance from skin to stone, and stone size (p>0.05).
Conclusion: Our results do not show a significant correlation between pre-ESWL depression or anxiety
with the VAS score measured after the procedure.

Keywords: anxiety, extracorporeal shockwave lithotripsy, pain perception, urinary stone disease

INTRODUCTION

Extracorporeal shockwave lithotripsy (ESWL) was introduced in the early 1980s and became the first-
line treatment for renal calculi less than 20 mm in diameter (1). The most significant advantage of the
procedure can be applied without general anesthesia in an outpatient clinic. However, the success rate
varies range from 33% to 91%. It depends on the stone size, location, and hardness as well as lithotripter,
operator, and patient (2).

In the early years of ESWL, the procedure was needed general anesthesia to perform. Due to technical
improvement, the pain levels were reduced. However, despite the improvement of the lithotripters, ESWL
is still considered a painful procedure. Furthermore, many authors suggest that pain may affect the out-
come of ESWL due to pain-induced movements and excessive respiratory excursions (3). Moreover, the
unbearable pain levels can limit the optimal dose of energy (4).

The generally accepted opinion is that pain negatively affects the success of ESWL. It is thought that
involuntary movements and irregular breathing caused by pain make it difficult for the operator to focus
on the stone. Therefore, predicting the success of ESWL will prevent repetitive procedures and reduce hos-
pital costs (5). However, there are no reliable data to confirm the direct effect of pain and anxiety on the
success rate of ESWL. Therefore, we conducted a study to evaluate the impact of pain and anxiety on the
stone-free rates of ESWL.

MATERIAL AND METHODS

Patient Selection Criteria

A total of 60 kidney stone patients who underwent ESWL between October 2019 and November 2020
were enrolled in the study. The sample size was calculated based on a previous study by assuming an error
of 0.05, a 1-b error of 0.2 (power of 80%) (6). Informed consent was obtained from all patients, and the study
was approved by the University of Health Sciences Ethical Committee with the reference number 3779.
Patients’ age, sex, body mass index (BMI), and stone parameters were recorded. The patients who cannot
use non-steroidal anti-inflammatory drugs, have urinary tract infections, use psychiatric drugs, and have an
absolute contraindication to ESWL were not included in the study. Furthermore, the patients with multiple
or bilaterally stones were excluded from the study.

Extracorporeal Shockwave Lithotripsy
For pain control, all patients received diclofenac sodium 75mg SR (Dikloron, Deva; Istanbul, Turkey) 15
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mins before the procedure, intramuscularly. The patient’s anxiety and depression states were evaluated us-
ing the Hospital Anxiety and Depression Scale (HADS) before the first session. The pain level was assessed
using the visual analog scale (VAS) after the first session (7). All patients received 1-3 sessions of ESWL ac-
cording to their response to treatment. ELMED Multimed Classic lithotripter (ELMED, Ankara, Turkey) elec-
trohydraulic system was used for the procedures. The initial energy level was determined as 7 KV, and it was
adjusted according to the patient and increased up to a maximum of 21 KV. Each patient was administered
3000 shock waves, delivering 60 shock waves per minute at every session.

Statistical Analysis

Data were analyzed using software (SPSS, Version 23.0; IBM Corp, Armonk, NY). The Kolmogorov-Smirn-
ov normality test was performed to determine the distribution. Afterward, Mann Whitney U test was used
to evaluate the association between the success of the ESWL and the HADS scores. Furthermore, Kruskal
-Wallis test was used to compare the anxiety, depression, and VAS scores, and the results were reported as
the mean and the standard deviation (£SD). Spearman test was used to evaluate the correlation between
VAS score, anxiety, and depression subgroups. The statistical significance was set at P <0.05.

RESULTS

A total of 60 patients were included in the study. Patients’ characteristics, stone parameters, VAS, anxi-
ety, and depression scores were shown in Table 1.

The correlation between the severity of anxiety, depression, and VAS score was shown in Table 2. There
was no significant correlation between the subgroups. Moreover, there was no statistically significant dif-
ference between the anxiety, depression, and VAS scores (p=0.069, p=0.802) (Table 3). The association be-
tween anxiety and depression scores and success of the procedure were also evaluated, and no significant
association was found (p=0.127, p=0.809). Furthermore, there was no association between VAS score and
patient’s age (p=0.362), sex (p=0.201), BMI (p=0.437), the distance from skin to stone (p=0.98), and stone
size (p=0.442).

Table 1. Patients and stone characteristics (n=60)

Age + SD 445+14.19
Sex (%) Female 17 (28.3%)
Male 43 (71.7%)
BMI + SD 26.93 +5.37
Stone size (mm) = SD 12.87 +£5.71
Anxiety score + SD 6.06 +4.03
Depression score + SD 543 +3.12
VAS score + SD 447 £291

SD: standard deviation; BMI: body mass index; VAS: Visual Analogue Scale

Table 2. Correlation between the severity of anxiety, depression, and VAS score

Number (%) VAS score + SD p-value r value
All patients 60 (100%) 447 £291
Anxiety Mild 39 (65%) 3.90 + 0.457 0.883 -0.024
Moderate 11 (18.3%) 491+ 0.899 0.519 0.218
Severe 10 (16.7%) 6.20 £+ 0.800 0.667 -0.156
Depression Mild 47 (78.3%) 443 +£0.430 0.66 0.112
Moderate 10 (16.7%) 490 £ 0.994 0.452 0.627
Severe 3 (5%) 3.67+1.20 N/A N/A

SD: standard deviation; VAS: Visual Analogue Scale.
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Table 3. Comparison between the severity of anxiety, depression, and VAS score

Number (%) VAS score = SD p-value
All patients 60 (100%) 447 +291
Anxiety Mild 39 (65%) 3.90 £ 0.457 0.069
Moderate 11 (18.3%) 491 +0.899
Severe 10 (16.7%) 6.20 = 0.800
Depression Mild 47 (78.3%) 443 +0.430 0.802
Moderate 10 (16.7%) 4.90 + 0.994
Severe 3 (5%) 3.67+£1.20

SD: standard deviation; VAS: Visual Analogue Scale.

DISCUSSION

Pain perception is an objective condition that depends on physiological as well as psychological fac-
tors (7,8). Therefore, some authors aimed to investigate the effects of anxiety and depression on pain per-
ception in ESWL patients (4,9,10). However, these studies contradict each other. For example, Franceschi
et al. (9) showed that anxiety does not affect pain perception. However, Vegnolles et al. (4) reported that
patients who are more prone to depression and anxiety have lower pain thresholds. On the other hand, the
results of our study showed that depression and anxiety, which were presented before ESWL, did not have
a significant effect on the VAS score.

In the literature, similar studies used various forms to evaluate depression and anxiety. Spielberger et
al. (11) used the State-Trait Anxiety Inventory (STAI), Zigmond et al. (12) used Hospital Anxiety and Depres-
sion Scores (HADS), and Altok et al. (13) used Depression, Anxiety and Stress Scales (DASS-42) form. We
used the HADS form in our study, which is a self-reported form and includes 14 questions. With this form,
we could evaluate anxiety and depression simultaneously. It also has cut-off values to assess the severity
of anxiety and depression. Therefore, we suggest that the HADS form is a convenient method to evaluate
these subjects.

The feeling of pain that occurs during ESWL occurs in two ways. The first is due to the shock waves hit-
ting the cutaneous and subcutaneous structures and generate pain. The second is due to distension of the
kidney capsule or obstruction of the ureteropelvic junction by fragmented stones. Furthermore, the type
of ESWL machine, shockwave voltage and number, stone size and location, age, sex, and BMI may affect
the severity of the pain during ESWL (8,9). Moreover, anxiety and pain perception might increase with the
number of ESWL sessions (10).

Therefore, in this study, we evaluated VAS and HADS scores based on the first session. However, liter-
ature has contradictory data about this topic. Vegnolles et al. (4), Tokgoz et al. (10), and Berwin et al. (14)
reported that female patients felt more pain than male patients and therefore needed higher doses of
analgesia. However, Salinas et al. (15) and Tailly et al. (16) did not find any significant relationship between
sex and pain perception. Vegnolles et al. (4) and Tokgoz et al. (10) suggested no significant relationship
between BMI and pain perception. However, Berwin et al. (14) reported that the higher the BMI value, the
more pain the patients felt.

Moreover, while Berwin et al. (14) showed that the pain felt did not increase with increasing stone
size, and number, Tailly et al. (16) suggested that these two variables significantly affected pain perception.
In addition to all these findings, we found that VAS scores tend to increase with the BMI and stone size;
however, there was no statistically significant correlation between VAS scores and these factors. Previous
studies evaluated the correlation between the frequency, shock wave voltage, and pain perception (14,15).
However, we did not investigate these factors because we use the same machine at the same frequencies
and energy.
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The study has several limitations that need to be addressed. First, VAS is a subjective method to assess
pain perception. Therefore, reliability is low. The second is that the HADS scale, which is self-reported form
and has low reliability. The last limitation is pain perception itself. Pain perception is highly subjective and
depends on many independent factors (17). Therefore, the investigation of pain is exceptionally complicat-
ed.

CONCLUSION

Contrary to some studies in the literature, our results do not show a significant correlation between
pre-ESWL depression or anxiety with the VAS score measured after the procedure. However, although there
is no significant correlation, it is seen that there is an increase in the VAS score as anxiety and depression
increase.
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OZET

Amag: Perkitan nefrolitotomi (PNL) uygulanan hastalarda cerrahin intraoperatif tassizlik kanisinin dogrulugunu,
bunu etkileyen faktorleri, yanlis tahminine sebep olan prediktorleri saptamak ve sonug olarak “cerrah g6zi”‘nlin
guvenilirligini degerlendirmek amaclandi.

Gerec ve Yontemler: PNL uygulanan ve dahil etme kriterlerine uyan 1025 hastanin verileri retrospektif olarak in-
celendi. Calismamizin temeli cerrahin tasssizligi degerlendirmesi lizerine olmasi sebebiyle, cerrahin intraoperatif
rezidii tas (RT) kalmadigi kanaatini belirttigi ancak postoperatif bilgisayarli tomografi goriintilemede RT olan ve
olmayan hasta gruplari degiskenlere gore karsilastirildi.

Bulgular: Cerrah g6zUi'niin sensitivitesi %67,87, spesifitesi %96,23, pozitif prediktif degeri %91,67 ve negatif pre-
diktif degeri %83,04 bulundu. Calismamizda “cerrahin g6zi” ‘niin %16,9 oraninda yanlis tassizlik tahmin ettigi
saptandi. Her iki grup arasinda cinsiyet, tasin tarafi, tasin yogunlugu ve hemoglobin diistisi arasinda istatistiksel
anlamli iliski saptanmadi. Tas boyutu, operasyon suresi, floroskopi siresi, tasin konumu, kaliks taslarinin sayisi
ve GUY'’s nefrolitometri skoru (GSS) cerrahin gozii ile istatistiksel anlamli iliskili saptandi. Cerrahin gozii ile ista-
tistiksel anlamli iliski saptanan parametrelerin ¢cok degiskenli (multivariate) lojistik regresyon analizi sonucunda
siraslyla tas boyutu, kaliks taslarinin sayisi ve GSS anlamli prediktoérler olarak bulundu.

Sonug: PNL de “cerrah g6zi” niin en dnemli prediktorleri tas boyutu, kaliks tas sayisi ve GSS idi. Bu prediktorler
tassizlik 6ngoriilen hastalarin postoperatif gériintiilemelerinde, radyasyon maruziyetini azaltacak yontemlerin
kullanilmasinda etkili bir kriter olarak kullanilabilir.

Anahtar Kelimeler: bébrek taslari, perkiitan nefrolitotomi, tassizlik durumu, intraoperatif degerlendirme, cerrahin gézii

Cite As: Yalcin MY, Ergani B, Cetin T et al. Intraoperative Assessment of Stone Free Status for Percutaneous Nephrolithotomy Surgery: Sur-
geon’s Eye. Endourol Bull. 2023;15(2):52-60. https://doi.org/10.54233/endouroloji.20231502-1282074

This study was approved by the University of Health Sciences, izmir Tepecik Education and Research Hospital Ethical Committee (Approval
Number: 2019/14-14, Date: 2019-10-01). All research was performed in accordance with relevant guidelines/regulations, and informed con-
sent was obtained from all participants.

Corresponding Author : Mehmet Yigit Yalcin, Yenice Mah. Yenice Yolu No:1 35180, Eyytibiye / Sanhurfa / Turkey
Tel: +90 414 469 69 69 Mobile: +90 507 346 9268  e-mail: yigityalcin@hotmail.com
Received : April 12,2023 Accepted : May 23,2023

This is an Open Access article distributed under the terms of the Attribution Non-Commercial ShareAlike 4.0 International License. QO®



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://orcid.org/0000-0001-9943-7453
https://orcid.org/0000-0001-9943-7453
https://orcid.org/0000-0001-9943-7453
https://orcid.org/0000-0002-4220-8147
https://orcid.org/0000-0002-4618-9465

https://orcid.org/0000-0002-1483-9160

https://orcid.org/0000-0002-9123-4069
https://orcid.org/0000-0001-5031-0435
https://orcid.org/0000-0002-4728-3808

https://orcid.org/0000-0003-0790-3926

https://orcid.org/0000-0001-9933-9378

https://orcid.org/0000-0002-4667-855X
https://orcid.org/0000-0003-0330-4854
https://orcid.org/0000-0001-7434-3899
https://orcid.org/0000-0002-5733-6790

ENDOUROLOGY

BULLETI expoUroLosi  Yalginetal. The Surgeon’s Eye in Stone Surgery

BULTENI

ABSTRACT

Objective: In patients who underwent percutaneous nephrolithotomy (PNL),it was aimed to determine
the accuracy of the surgeon’s intraoperative stone-free status (SFS) prediction, the factors affecting it, the
predictors that cause incorrect estimation, and finally to evaluate the reliability of the “surgeon’s eye”.
Material and Methods: The data of 1025 patients who underwent PNL and met the inclusion criteria
were evaluated retrospectively. Since the basis of our study was based on the evaluation of the surgeon’s
stone-free prediction, patients identified as “absence of residual stone fragment (RF)” by the surgeon were
grouped and compared with postoperative computed tomographyimaging according to the presence of RF.
Results: Sensitivity, specificity, positive predictive value and negative predictive value were calculated as
67.87%, 96.23%, 91.67% and 83.04%, respectively. In our study, it was found that the “surgeon’s eye” pre-
dicted SFSincorrectly at a rate of 16.9%. There was no statistically significant relationship between gender,-
stone side,stone density and hemoglobin decrease between the two groups. Stone size,operation time,
fluoroscopy time, location of the stone,number of stones in the calyces and GUY's stone score (GSS) were
found to be statistically significant in relation to the “surgeon’s eye” As a result of multivariate logistic re-
gression analysis stone size, number of stones in the calyces and GSS were significant predictors of the
parameters that had a statistically significant relationship with the surgeon’s eye.

Conclusion: The most important determinants of “surgeon’s eye” in PNL were stone size,number of stones
in the calyces and GSS. These predictors can be used as an effective criterion in the use of methods to re-
duce radiation exposure in postoperative imaging of patients who are predicted to be stone-free.

Keywords: kidney stones, percutaneous nephrolithotomy, stone-free status, intraoperative evaluation, sur-
geon’s eye

INTRODUCTION

Kidney stones are a common health problem worldwide. Percutaneous nephrolithotomy (PNL) is ac-
cepted as the gold standard minimally invasive treatment method in the treatment of complex kidney
stones larger than 2 cm (1). PNL gives satisfactory results with low morbidity, acceptable complication, and
high success rates. Achieving stone- free status (SFS) or the presence of a residual stone fragment (RF) is an
important factor in the success of PNL. Preoperative, and intraoperative estimation of the presence of RF
influences the surgeon'’s decision to perform intraoperative procedures such as nephrostomy or ureteral
stent placement.

Although GUY’s stone score (GSS), Clinical Research Office of the Endourological Society (CROES) and
“stone size, tract length, obstruction, number of involved calyces and essence” (S.T.O.N.E) nephrolithometry
scoring systems are used to predict “preoperative” SFS in PNL, there is no scoring system for predicting
“intraoperative” SFS yet (2,3).

Although the presence of RF is evaluated by the surgeon in the intraoperative period with fluoroscop-
y-guided radiological and endoscopic methods in PNL, the presence of RF is clarified with non-contrast
computed tomography (CT), which is the gold standard imaging in the postoperative period. Today, the
absence of RF is accepted as SFS. Millimeter-sized RFs can be easily missed intraoperatively. Therefore, SFS
assessment may not always be accurate in the intraoperative period. There are few studies in the literature
subjecting the sensitivity and reliability of the surgeon’s assessment of the presence of intraoperative RF
and its comparison with different postoperative imaging modalities. As a result, the “surgeon’s eye” is an
important method that can guide the operation in terms of the “intraoperative” SFS assessment and the
necessity of different procedures such as nephrostomy and ureteral stent placement.

Unlike other studies, in this study, we aimed to evaluate the accuracy of the surgeon’s intraoperative
SFS prediction, the factors affecting it, the predictors that caused the wrong estimation, and finally, to eva-
luate the reliability of the “surgeon’s eye”.
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MATERIAL AND METHODS

The study was carried out retrospectively after the approval of the local ethics committee, dated 09
October 2019, decision numbered 2019/14-14. The data of 1289 patients who underwent PNL in a single
center due to kidney stones between November 2008 and July 2019 were collected. Patients who under
the age of 18, underwent mini-PNL, had horseshoe kidney anomaly, had non-opaque stones, had missing
preoperative/postoperative data, used flexible nephroscopy during the procedure, and had no CT scan
for postoperative RF evaluation were excluded from the study. After the exclusion criteria, a total of 1025
patients were included in the study. An informed consent form was obtained from the patients before the
procedure.

First of all, demographic data such as age and gender of all patients were recorded. Then, the location,
side, number, size, and density (Hounsfield Unit (HU)) of the stones were recorded with the stone protocol
CT in the preoperative period. Operation time and fluoroscopy time from the perioperative data, hemog-
lobin (Hgb) decrease from the postoperative data were collected. In addition, kidney stones of all patients
were evaluated according to GSS. In GSS, conditions including the location of the stone, the presence of
single or multiple stones, the presence of partial or complete staghorn stones, and the presence of ano-
maly in the kidney anatomy were evaluated and scored between 1-4 (2).“Calyx”localized stones were defi-
ned as stones other than isolated stones in the renal pelvis.

Approximately half of the patients (510 patients) included in the study were operated on by a single
surgeon, while other surgeries were performed by different surgeons with at least 50 PNL experience. The
operating surgeon performed all percutaneous renal accesses.The time from the beginning of the renal
access to the placement of the malecot nephrostomy catheter was accepted as the operation time (min).
Fluoroscopy time (sec) was defined as the total duration of exposure during the procedure. The largest
stone diameter in the axial and coronal planes was used when calculating the size of the stones in CT The
size was recorded in mm? by multiplying the lengths in both planes. In the presence of more than one sto-
ne, the size of each stone was measured and added separately. SFS was evaluated using non-contrast CT 1
month after surgery. The absence of RF of any size was considered as SFS.

The surgeon stated his opinion on obtaining SFS as“ presence of RF” or “absence of RF”in the intrao-
perative period as a result of his evaluation made by considering both fluoroscopic and nephroscopic exa-
minations. Since the basis of our study was based on the evaluation of the surgeon’s stone-free prediction,
patients defiined as “absence of RF” by the surgeon were grouped and compared with postoperative CT
imaging according to the presence of RF.

Surgical Technique

After general anesthesia, PNL was started with cystoscopy in the lithotomy position. A 6F open-ended
ureteral catheter was inserted up to the renal pelvis with the help of a C-arm fluoroscopy machine (Ziehm
8000, Ziehm Imaging GmbH. Nuremberg Germany). The pelvicalyceal system was evaluated by retrograde
pyelography by administering contrast media through the ureteral catheter. After this stage, the patient
was turned to the prone position. Under fluoroscopy, an 18G percutaneous access needle was inserted
into the appropriate calyx using the triangulation technique. Dilatation was performed with a 30F amplatz
dilator in accordance with the one-shot dilatation technique. The stones were fragmented with the aid of a
26F nephroscope (Karl Storz GmbH, Tuttlingen, Germany) and pneumatic and/or ultrasonic lithotripter by
entering through the amplatz sheath. At the end of the operation, a 14 F malecot nephrostomy catheter
was placed. The integrity of the collecting system and the presence of RF were checked with antegrade
pyelography by giving contrast media through the catheter.

Statistical Analysis
SPSS 25.0 program (I.B.M. Corporation, Armonk, New York, United States) was used in the analysis of
the variables. Compliance of the data with normal distribution was evaluated by Kappa analysis. Pearson’s
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Chi-Square and Fisher’s Exact test were used to compare the distribution of categorical variables (gender,
side of the stone, location of the stone, number of stones in the calyces, GSS) in the groups. Indepen-
dent-Samples T-test with Bootstrap results were used to compare the surgeon’s eye to RF on CT and fluo-
roscopy time. Mann-Whitney U test was used with the Monte Carlo simulation technique to compare the
stone density (HU), stone size (mm?), operation time (min), fluoroscopy time (sec), and hemoglobin dec-
rease (g/dl). Multivariate logistic regression analysis was applied to the parameters that had a statistically
significant relationship with the surgeon’s eye. The sensitivity and specificity of the cut-off value calculated
according to the stone size (mm?), which showed statistical significance with the groups formed, were anal-
yzed and expressed by ROC (Receiver Operating Curve). Quantitative variables were shown in the tables as
mean = std.(standard deviation)(Minimum/Maximum) and median (Minimum/Maximum), while categori-
cal variables were shown as n(%). Variables were analyzed at a 95% confidence interval, and a p-value less
than 0.05 was considered statistically significant.

RESULTS

Of 1025 patients included in the study, 627 (61%) were male, and 398 (39%) were female. The mean
age was 49.59+13.64 years, and the mean body mass index (BMI) was 28.2 (18- 40.1). Single access was
applied to 86.2%, and double access was applied to 11.6% of the patients. 85.5% of the patients had no
previous history of stone surgery. History of PNL, open stone surgery, and both PNL and stone surgery were
5.7%, 7.6%, and 1.2%, respectively. The distribution of the presence/absence of RF according to the intrao-
perative surgeon’s eye and postoperative CT is shown in Table 1.

While SFS was achieved in 636 (62.05%) patients, RF remained in 389 (37.95%) patients. 91.6% (264
patients) of the patients who were found to have RF by computed tomography were also considered to
have RF by the surgeon’s eye. One hundred and twenty- five (16.9%) of the patients with RF were those who
were stated to have no RF by the surgeon. Accordingly, there were 264 true positives, 612 true negatives,
125 false negatives, and 24 false positive patients. Kappa analysis showed substantial agreement (k: 0.675;
p< 0.05). Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were
calculated as 67.87%, 96.23%, 91.67%, and 83.04%, respectively (Table 2).

It was determined that gender, stone side, stone density, and Hgb decrease parameters did not affect
the “surgeon’s eye” statistically in groups with and without RF on CT. Stone size, operation time, fluoros-
copy time, location of the stone, number of stones in the calyces, and GSS were statistically associated with
the “surgeon’s eye” (Table 3a and Table 3b).

Stone size (OR: 1.001; 95% [CI]: 1- 1.001; p=0.002), number of stones in the calyces (OR: 0.470; 95% [CI])
]: 0.255-0.866; p=0.015) and GSS (OR: 0.416; 95% [Cl]: 0.198-0.872; p=0.020) were found to be important
predictors as a result of multivariate logistic regression analysis of the parameters that had a statistically
significant relationship with the surgeon’s eye. Stone location, operation time, and fluoroscopy time were
not found to be significant predictors as a result of multivariate logistic regression analysis (Table 4).

As a result of the ROC analysis performed on the stone size parameter, which is one of the parameters
affecting the surgeon’s eye statistically, a threshold value of 540 mm? was found. True negativity (SFS) incre-
ased statistically for stones of this size and below (AUC 0.779; OR: 7.1; 95% [CI]: 4.7 - 10.9; p <0.001) (Figure
1). The sensitivity for stone size was 69.6%, and the specificity was 75.7%.

The overall complication rate was 11.9%. The ureteral catheter was inserted under local anesthesia in
9 patients due to severe colic pain in the early postoperative period (Clavien 3A). Ureterorenoscopy was
performed in 26 patients (Clavien 3B).
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Table 1. Residual fragment status of the patients according to the surgeon’s eye and postoperative CT

CT
Residual fragment (+) Residual fragment (-)  Total
Residual fragment (+) 264 24 288
Surgeon'’s Eye .
Residual fragment (-) 125 612 737
Total 389 636 1025

CT: Computed tomography

Table 2. Sensitivity, specificity, PPV and NPV of the surgeon’s eye

% 95 Cl

Sensitivity % 67.87 % 62.97 - % 72.48
Specificity % 96.23 % 94.44 - % 97.57
PPV % 91.67 % 88.07 - % 94.25
NPV % 83.04 % 80.89 - % 84,99

Cl: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value

Table 3a. Factors affecting the surgeon’s eye

Residual fragment status in CT

Absent Present P Value

Mean=SD (Min./Max.)

Mean=SD (Min./Max.)

Age 49.20 +14.22 (18 /93)
Mean (Min./Max.)

51.34+12.18(22/78)
Mean (Min./Max.)

Stone density (HU) 1084.82 (225 / 1626) 1092.43 (330/1609) 0.785*
Stone size (mm?) 441.76 (102 / 4420) 831.35 (156 / 2820) <0.001*
Operation time (min) 63.89 (19/238) 77.41(19/238) 0.001¥
Fluoroscopy time (sec) 122.68 (18 / 640) 149.29 (20 / 640) 0.048°
Mean*SD Mean+SD
Hemoglobin decrease (g/dl) 146 +£1.34 1.78+1.63 0.231*
n (%) n (%)
Gender
Male 359 (81.6) 81(18.4) 0.202*
Female 253 (85.2) 44 (14.8)
Side
Right 308 (81.3) 71 ( 0.187*
Left 304 (84.9) 54 (1
Location of the stone
Calyx 183 (80.6) 44 (19.4) <0.001*
Renal pelvis 254 (92.7) 20(7.3)
Calyxandrenal =, ¢ 2, o) 61(25.8)

pelvis

CT: Computed tomography, SD: Standard Deviation, HU: Hounsfield Unit
*Chi-Square test, §: Independent Samples T Test, ¥: Mann-Whitney U test
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Table 3b. Factors affecting the surgeon’s eye

Residual fragment status in CT

Absent Present
(n=612) (n=125)
n (%) n (%)

Location of the stone

Calyx and renal pelvis 175 (74.2) 61(25.8)
Calyx or renal pelvis 437 (87.2) 64 (12.8) <0.001*
Number of stones in the calyces
1 236 (87.1) 35(12.9) <0.001*
2 79 (66.9) 39(33.1)
3 27 (61.4) 17 (38.6)
>4 16 (53.3) 14 (46.7)
Multiplicity of stone
Single 236 (87.1) 35(12.9) <0.001*
Multiple 122 (63.5) 70 (36.5)
GSS
1 354 (94.4) 21(5.6) <0.001*
2 187 (78.2) 52(21.8)
3 54 (58.1) 39(41.9)
4 17 (56.7) 13 (43.3)
GSS
1and?2 541 (88.1) 73(11.9) <0.001*
3and 4 71(57.7) 52(42.3)

CT: Computed tomography, * Chi-Square test, GSS: GUY's stone score

Table 4. Multivariate analyzes of factors that significantly affect the surgeon’s eye

OR %95 CI PValue
Stone size (mm?) 1.001 1-1.001 0.002
Operation time (min) 1.001 0.994- 1.008 0.822
Fluoroscopy time (sec) 1.002 1-1.005 0.066
Location of the stone 1.84 0.959-3.532 0.067
Number of stones in the calyces 0.47 0.255- 0.866 0.015
GSS 0.416 0.198-0.872 0.02

OR: Odds Ratio, CI: Confidence Interval, GSS: GUY'’s stone score

Figure 1. Stone size (mm2) and ROC curve
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DISCUSSION

PNL is currently accepted as the gold standard minimally invasive treatment method in the treatment
of complex and large kidney stones (1). The main goal in the treatment of kidney stones is to ensure comp-
lete SFS by minimizing morbidity. CT scan taken in the postoperative period is superior to other imaging
methods, with a sensitivity of up to 95% in the evaluation of SFS and the detection of millimeter-sized RFs
(4). RF after PNL is important because it may cause new stone formation, symptoms, and additional sur-
gery. Problems associated with RFs after PNL occur at rates of up to 31% and 46% (5-7). The “surgeon’s eye”
is a criterion that cannot be ignored, as intraoperative evaluation of SFS or RFs may require different types
of additional interventions. In our study, based on CT results, the sensitivity, specificity, PPV, and NPV of RFs
for the surgeon’s eye were 67.87%, 96.2%, 91.67% and 83.04%, respectively. In other words, based on our
results, the surgeon was only able to detect SFS in 83.04% of PNL compared to postoperative CT.

When we look at the literature, there are few studies investigating the role of the intraoperative surge-
on’s opinion in different operations. In a study involving 306 patients regarding the surgeon’s intraopera-
tive RF evaluation, it was considered that 236 (77%) procedures were achieved intraoperative SFS. In this
study, the sensitivity, specificity, PPV, and NPV of intraoperative surgeon’s opinions about SFS were 49.6%,
97.1%, 92.8%, and 72%, respectively (8). Although specificity and PPV were similar, sensitivity and NPV were
found to be higher in our study. This may be because non-opaque stones were also included in this study.
Portis et al. evaluated the surgeon’s opinion about SFS using flexible nephroscopy in their study involving
39 renal units. In their study, SFS was obtained in 26 (66%) cases in PNL. Defining SFS as the absence of
any RFs, they found a PPV of 67% and a NPV of 73% (9). They stated that the use of flexible nephroscopy
in addition to fluoroscopy could significantly contribute to the accuracy of the surgeon’s evaluation and
thus reduce additional secondary interventions. However, in our study, although SFS was defined as the
absence of RFs, it was shown that high NPV could be achieved without the use of flexible nephroscopy. In
the study of Gokge et al., which included 167 patients who underwent retrograde flexible nephroscopy si-
multaneously with PNL, the stone-free rate was found to be 92.7%. According to the surgeon’s SFS opinion,
PPV was 83.3%, and NPV was 96.2% (10). However, in order to perform retrograde flexible nephroscopy, the
patient must be in the supine position. Since only prone PNL was performed on the patients in our study,
we may not have been able to reach these rates.

The factors affecting SFS after PNL have been evaluated in various studies in the literature. In the study
of Perez-Fentes et al., stone size and the presence of multiple stones were stated as the most important
determinants of stone-free rate in PNL In addition, an increase in stone size and number was found to be
associated with missing RFs (11). Also in the multivariate analyzes of Nevo et al's study, stone size (OR =
1.07,95% Cl: 1.03-1.11, p = 0,005) and presence of multiple stones (OR = 4.95, %95 Cl: 2.52-9.71, p < 0,001)
were found to be independent predictors for missing RFs (12). According to our results, stone size and the
number of stones in the calyces, which are parameters affecting the surgeon’s eye in PNL, were found to
be statistically significant in multivariate analysis. In addition, a statistically significant difference was found
when the number of stones was grouped as single and multiple. Thus, it was determined that the most im-
portant predictor of the surgeon’s eye was the stone size and the number of stones in the calyces. An exact
cut-off value that would make the surgeon’s eye important for stone size, which is the strongest predictor,
was an intriguing question. In our analysis for this question, the threshold value was 540 mm?. True negati-
vity (SFS) increases statistically significantly for stones of this size and smaller.

Another parameter that had a significant relationship with the surgeon’s eye was GSS (p <0.001). As
in our study, Noureldin et al. reported GSS as a predictor of SFS after PNL (13). Harraz et al. reported a 43%
stone-free rate in GSS 4. They found only GSS as an independent predictor in the model 1 subgroup which
they considered the absence of any residual fragments (8). Similarly, in another study, the stone-free rate
was found to be 95.2% for GSS 1 and 40.7% for GSS 4, and GSS was found to be an independent predictor
(p<0.001) (14). In our study, we found that GSS was an effective factor in predicting SFS, consistent with
the literature. In addition, our stone-free rates in high GSS were found to be relatively high compared to
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other studies. The presence of low GSS provides a better estimation of the surgeon’s eye. In our multivariate
analysis, larger stone size, increased number of stones in the calyces, and high GSS were found to be inde-
pendent predictors of missing RFs. In addition to our predictors of stone size and the number of stones in
the calyces, GSS should also be used as an effective parameter that can be evaluated in the “surgeon’s eye”.

The scarcity of similar studies and the fact that it has the highest number of patients compared to simi-
lar studies in the literature are the strengths of our study. The retrospective design of the study is one of the
limitations. The fact that the operations were performed by more than one surgeon is another limitation as
the “surgeon’s eye” is a subjective assessment. In addition, our definition of SFS as the absence of RFs may
have negatively affected our ratios between the surgeon’s eye and CT. Failure to use a flexible nephroscope
during the operation may also have affected the surgeon’s eye.

CONCLUSION

According to our study, the most important determinants of the surgeon’s eye in PNL were stone size,
number of stones in the calyces, and GSS. It may be considered that additional intervention or the use of a
drainage catheter may be required in patients who are predicted to have RF. It can be used as an effective
criterion in the use of methods to reduce radiation exposure in postoperative imaging of patients who are
predicted to be stone-free.
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Comparison of Open Radical Cystectomy vs Robot-Assisted Radical Cystectomy
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Tek Merkezde Acik Radikal Sistektomi ile Robot Yardimli Radikal Sistektominin Perioperatif
Sonuglari ve Komplikasyonlarinin Karsilastirnimasi: Eslestirilmis Cift Analizi
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OZET

Amac: Metastatik olmayan yiksek riskli kasa invazif olmayan ya da kasa invazif mesane kanserinde standart
kiratif tedavi yontemi bolgesel pelvik lenfadenektomi (PLND) ile birlikte radikal sistektomidir. Acik radikal sis-
tektomi (ARS), birincil tedavi seklidir, fakat bu cerrahi yontem 6nemli riskler tasimaktadir. Minimal invazif cerrahi
tekniklerinden robotik cerrahinin uygulanmasiyla cerrahi morbiditeyi en aza indirmek ve daha hizli iyilesme gos-
terilmistir. Bu calismada amacimiz kendi klinigimizde mesane kanseri nedeniyle robot yardimli radikal sistektomi
(RYRS) ve ARS uygulanan hastalarin eslestirilmis ¢ift analizi kullanarak komplikasyonlar ve perioperatif sonucla-
rinit karsilastirmaktir.

Gerec ve Yontemler: Klinigimizde Ocak 2021 - Subat 2023 tarihleri arasinda radikal sistektomi hastalarin verileri
retrospektif olarak elde edildi. RYRS uygulanan 20 hasta, ayni donemde yas (+ 2 yas), cinsiyet, klinik TNM evresi
ve Uriner diversiyon (ileal konduit veya ortotopik yeni mesane) acisindan 1:2 oraninda ARS uygulanan 40 hasta
ile eslestirildi. Perioperatif, postoperatif sonuclar ve komplikasyonlar karsilastirildi.

Bulgular: Her iki grupta preoperatif veriler agisindan fark yoktu. Ameliyat siiresi RYRS grubunda anlamli ola-
rak daha uzundu (307,5% karsilik 391,7 dakika; P=0.0001). RYRS'de 6nemli dlclide daha disiik kanama miktari
(P=0.001) ve daha az intraoperatif kan transflizyonu (P=0.023) izlendi. Yogun bakimda kalis stireci ARS'de anlamli
olarak daha yuksek izlendi ( P=0.047). Gruplar arasinda 90 guinliik minor (clavien 1-2) komplikasyon oranlari ben-
zer izlendi. Major (clavien 3-5) komplikasyonlar acik cerrahide anlamli sekilde daha fazla goriildi (P=0.042). 90
glinlik mortalite orani, RYRS ve ARS icin sirasiyla %0'a karsilik %7.5 idi. Her iki grup arasinda dnemli patolojik
sonuclar agisindan fark gorilmedi.

Sonug: RYRS ile ilk deneyimlerimiz, daha yliksek ARS deneyimiyle karsilastirildiginda bile benzer patolojik sonuc-
lar, perioperatif kan kaybini dnleme ve 90 giinliik mortalite iyilestirmeleri ile glivenli ve uygulanabilir oldugunu
gostermistir.

Anahtar Kelimeler: komplikasyon, mesane kanseri, robot yardimli radikal sistektomi
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ABSTRACT

Objective: The standard curative treatment for non-metastatic high-risk non-muscle-invasive and mus-
cle-invasive bladder cancer is regional pelvic lymphadenectomy (PLND) combined with radical cystecto-
my. The most prefered surgical procedure is an open radical cystectomy (ORC). However, there are signifi-
cant risks related to this surgical procedure. Robot-assisted radical cystectomy (RARC), one of the minimally
invasive surgical procedures, has been demonstrated to reduce surgical morbidity and boost recovery. In
this study, we examined the postoperative complications and outcomes of patients who underwent RARC
and ORC for bladder cancer in our clinic using matched pair analysis.

Material and Methods: Between January 2021 and February 2023, datas of radical cystectomy patients
were collected retrospectivelly at our clinic. Twenty patients who underwent RARC and forty patients who
underwent ORC were matched at a ratio of 1:2 for age (+ 2 years), gender, clinical TNM stage, and urinary di-
version (ileal conduit or orthotopic neobladder) during the same period. The outcomes and complications
of perioperative and postoperative procedures have been compared.

Results: There was no difference in preoperative data between the two groups. The RARC group had found
significantly longer operative times (307.5 versus 391.7 minutes; P=0.001). Patients with RARC group had
significantly lower bood-loss (P=0.001) and required less intraoperative blood transfusions (P=0.023). ICU
stays were significantly longer in ORC (p =.047). The rates of mild Clavien complications were found to be
similar between groups in the postoperative first 90 days. Open surgery was found to be associated with
a significantly higher incidence of major (clavien 3-5) complications (p =.042). The 90-day mortality rates
for RARC and ORC were found to be 0% and 7.5%, respectively. There was no difference in pathological
outcomes between the two groups.

Conclusion: Our initial experience with RARC has demonstrated its safety and practicability, with compa-
rable pathology outcomes, reduction of perioperative blood loss, and advances in 90-day mortality, when
compared to ORCs with more years of experience.

Keywords: bladder cancer, complication, robot-assisted radical cystectomy

INTRODUCTION

Globally, bladder cancer (BC) is an important issue for public health (1). It is four times more prevalent
among men compared to women. While BC is the seventh most frequently diagnosed cancer in men, it is
the tenth most commonly diagnosed cancer overall (2). Typically, the elderly and smokers are affected (3).
About three-quarters of patients have non-invasive disease, while one-quarter have invasive disease. The
disease prognosis and life expectancy are getting worse as the disease advances through its stages. Con-
sequently, the treatment strategy varies by stage. Regional pelvic lymphadenectomy (PLND) combined
with radical cystectomy is the standard curative treatment for non-metastatic, high-risk, non-muscle-in-
vasive, or muscle-invasive bladder cancer. The conventional method is open radical cystectomy (ORC). As
technology advances, however, robotic surgery is becoming increasingly prevalent worldwide. It is gaining
popularity, especially in the field of urology. Robot-assisted radical cystectomy (RARC) is one of these pro-
cedures. From 2004 to 2010, the proportion of RARCs increased from 0.6% to 12.8%, demonstrating this
growing interest (4,5).

The comorbid elderly population and smoking exposure are significantly associated with bladder can-
cer. In this population, major pelvic surgery, such as radical cystectomy and urinary diversion, has signifi-
cant risks. The open surgical technique results in major perioperative morbidity and prolongs the recovery
period. Following radical cystectomy, many patients experience at least one complication. 20% to 30% of
patients are readmitted following discharge, and approximately 20% require intervention (6,7). Compli-
cations extend the duration of recovery and increase mortality rates (8). As one of the minimally invasive
surgical techniques, robotic surgery aims to reduce surgical morbidity and accelerate recovery. Numerous
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studies have demonstrated lower complication rates, faster recoveries, and comparable oncologic outco-
mes (9-12).

In this study, we used matched pair analysis to investigate the complications and postoperative outco-
mes of patients who underwent RARC and ORC for bladder cancer in our clinic.

MATERIAL AND METHODS

Data from 113 patients who underwent radical cystectomy in our clinic between January 2021 and
February 2023 were retrospectively analyzed after receiving the institutional review board’s approval. 20
patients underwent RARC, and 93 patients underwent ORC. Twenty patients with RARC were paired with
forty patients with ORC based on age (+ 1 year), gender, clinical TNM stage, and urinary diversion (ileal con-
duit or orthotopic neobladder) during the same time period. Two experienced urology surgeons conduc-
ted ORC, and one urology surgeon performed RARC. Surgeons performing RARC have conducted at least
15 ORC procedures every year. The surgeon doing the RARC procedure also has a lot of experience with
robotic-assisted radical prostatectomy (478 cases were handled by one surgeon).

Surgery, Preoperative Assessment and Postoperative Care

Preoperative CT scans of the thorax and abdomen were performed on all patients, and MRIs using the
Vesical Imaging Reporting and Data System (VI-RADS) protocol were used for local staging. The enhanced
recovery after surgery (ERAS) regimen was used with all patients during the preoperative, perioperative,
and postoperative phases (7). ORC and pelvic lymphadenectomy (PLA) were performed as usual (13,14). In
accordance with earlier descriptions (15,16), robotic RC with pelvic lymph node dissection was performed.
The specimen was extracted via a 6 cm periumbilical incision following RARC. Robotic urine diversions
(ileal loop, orthotopic neobladder) were performed totally intracorporeally.

Collection of Data

Patient demographics (age, gender, BMI), American Society of Anesthesiologists (ASA) score, preope-
rative therapy (intravesical chemotherapy or BCG), history of abdominal surgery, previous pelvic radiothe-
rapy, neoadjuvant chemotherapy, VIRADS score, perioperative variables (duration of surgery, Estimated
blood loss (EBL), blood transfusion, intraoperative complications), and pathological results (pathological
stage, surgical margin status, number of lymph nodes) were evaluated. In addition, within 90 days of cyste-
ctomy, complications were grade according to Clavien (17). Minor issues were classified as Clavien grades
1-2, and serious issues as Clavien grades 3-5. The utilization of adjuvant therapy, disease recurrence, and
hospital readmission were also noted. Patients with concurrent upper urinary tract tumor, salvage radical
cystectomy, or radical cystectomy for other purposes (intestinal and gynecological cancers) were excluded
from the study.

Statistical Evaluation

In this study, data obtained from personal information forms and scales were transferred to a compu-
ter by the SPSS (Statistical Package for Social Sciences 22.0) program, and the data were analyzed by this
program. The data obtained were presented as arithmetic mean + standard deviation, while quantitative
data were presented as numbers and percentages. Each group was tested with the Kolmogorov-Smirnov
test to investigate the normal distribution of the obtained data. Mann-Whitney U test was used for data
because of gender, American Society of Anesthesiologist (ASA) scores (1-2 vs. 3-4), VI-RADS scores, opera-
tive time, estimated blood loss, clavien scores (1-2 vs. 3-5), length of the hospitalization, and length of the
intensive care unit (ICU) were found without normal distribution. Data of readmission, reoperation, and
interventional procedures were analyzed with chi-Square and Fisher’s exact tests. In all statistical analyses,
the p-value was accepted <0.05 at a 95% confidence interval.
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RESULTS

Comparison of sex, age, pathological TNM, and clinical (VIRADS score) stage between groups were
shown in Table 1. The mean patient age was 62.3 + 6.3 (RARC) and 63.5 + 6.3 (ORC), and 15% and 10% of
patients in the RARC and ORC groups were found to be female, respectively. In each group, more than 50%
of the patients had stage cT2 or advanced disease. Orthotopic neobladder was done in one patient per
group. More than fifty percent of ORC patients had an ASA score between 3 and 4, and no clinically signifi-
cant difference was observed.

The preoperative and postoperative outcomes are shown in Table 2. The RARC group had found signi-
ficantly longer operative times (307.5 versus 391.7 minutes; P=0.001). Patients with RARC group had signi-
ficantly lower bood-loss (P=0.001) and required less intraoperative blood transfusions (P=0.023). There was
no significant difference in hospital stays between the two groups (RARC, 6.7 days; ORC, 7.2 days). The ORC
group had significantly longer ICU stays (P=0.047). Within 90 days of surgery, clavien 1-2 complications
were experienced by 70% and 77% of RARC and ORC patients, respectively (P=0.147). These were evalua-
ted within the first 30 days and most of them were clavien 1 (antipretic, analgesic administration) complica-
tions. The incidence of major complications (clavien 3-5) was found significantly higher than open surgery
(P=0.042). In ORC, seven patients had evisceration surgeries. The necessity for interventional procedures,
going back to the operation room, and hospital readmission were comparable. While the ORC group expe-
rienced 90-day mortality at a rate of 7.5%, there was no mortality in the RARC group.

Table 3 shows that there was no difference in the two groups’ serious pathological outcomes. Only
the TO stage was observed more frequently in the robotic group. In RARC and ORC, the average number
of lymph nodes excised was similar (26 vs 20; P=0123). Positive surgical margins were 10% in both groups
(P=0.99). There was no difference in adjuvant therapy (radiotherapy, chemotherapy) between the RARC
and ORC groups.

Table 1. Demographics and preoperative variables comparing RARC with ORC

RARC n:20 ORC n:40 P value

Age (y) (Mean +SD) 62.3+6.3 63.5+6.2 0.485
Gender n(%)
Male 17 (85) 36 (90)

0.573
Female 3(15) 4(10)
BMI (kg/m2 )( Mean + SD) 279+2.1 269+ 4.1 0.281
ASA Score n(%)
ASA 1-2 14 (70) 18 (45)

0.063
ASA 3-4 6 (30) 22 (55)
VI-RADS Score( Mean =+ SD) 3616 38+1.1 0.902
Pathology of TUR-B  n(%)
Ta 2(10) 5(12.5)
Tis 5(25) 15 (37.5)

N/A
T 5(25) 14 (35)
T2 13 (65) 21 (52.5)
Concomitant Variant Pathology n(%) 4(20) 14 (35)
Previous abdominal surgery  n(%) 1(5) 2(5)
Neoadjuvant chemotherapy n(%) 1(5) 1(2.5) N/A
Intravesical therapy n(%) 2(10) 7(17.5)

BMI: Body mass index; ASA: American Society of Anesthesiologist; VI-RADS: Vesical Imaging-Reporting and Data System
TUR - B: Transurethral Resection of the Bladder
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Table 2. Perioperative and Postoperative outcomes

RARC n:20 ORC n:40 P value
Perioperative
Operative time (min)( Mean + SD) 391.7 +£69.9 307.5+49.5 0.001
Estimated Blood Loss (ml)( Mean + SD) 187.5+77.5 374.5+229.9 0.001
Peroperative Transfusion n(%) 0(0) 9(22.5) 0.023
Type of the Urinary Diversion  n(%)
ileal Conduit 19 (95) 39(97.5) N/A
Orthotopic Neobladder 1(5) 1(2.5)
Postoperative < 90 day Complicationsn(%)
Clavien 1-2 14 (70) 31(77) 0.147
Clavien 3-5 4(20) 14 (35) 0.042
Re-admission 4(20) 8(20) 0.125
Re-operation 3(15) 7(17) 0.356
Interventional procedure 3(15) 4(10) 0.147
Lenght of day (Mean +S.D.)
ICU 03+04 0.67 £0.5 0.047
Hospitalization 6.73£1.6 75+22 0.436
Mortalityn(%)
<30- day 0(0) 2 (5)
30-90 day 0(0) 1(2.5) N/A

ICU: intensive care unit; RC: Radical Cystectomy

Table 3: Pathologic and adjuvant treatment outcomes of RC

RARC n:20 ORC n:40 P value
Pathologic Findings  n(%)
T0 3(15) 1(2.5) 0.041
Non-muscle invasive 7 (35) 15(37.5) 0.254
Ta 1(5) 2(5)
Tis 4 (20) 3(7.5) N/A
T1 2(10) 10 (25)
Muscle invasive 10 (50) 24 (60) 0.129
T2 3(15) 11 (27.5)
T3 3(15) 7(17.5) N/A
T4 4(20) 6 (15)
Concomitant Variant Pathology 8 (40) 18 (45) 0.715
LvI 8 (40) 11 (27.5) 0.331
Lymph Node Status  n(%)
NO 18 (90) 30 (75)
N1-2 2(10) 10 (25) 0175
Positive Surgical Margin =~ n(%) 2(10) 4(10) 0.998
Adjuvant Chemotherapy  n(%) 7 (35) 17 (42.5) 0.579
Adjuvant Radiotherapy  n(%) 2(10) 6(15) 0.594
Recurrence  n(%)
Local 2(10) 5(12.5) 0.778
Metastatic 4 (20) 7(17.5) 0.815

LVI: Lymphovascular invasion RC: Radical Cystectomy
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DISCUSSION

Radical cystectomy and extended lymph node dissection are the gold standard treatment modalities
for muscle invasive and non-muscle invasive bladder cancer with very-high risk. Bladder perforation should
be avoided during the excision of the bladder, surrounding tissues, and neighboring organs for local cura-
tive therapy of bladder cancer with this approach. Surgical procedures have continually advanced over the
years, but have made significant strides in the past decade. Despite all of this surgical advancement, there
is still significant perioperative morbidity (18). In particular, minimally invasive surgical methods have been
developed in the aim of improving complication management and recovery time. Smaller incisions can
speed up recovery, lower morbidity, and decrease hospital stays. Radial cystectomy and urine diversion for
bladder cancer are now frequently carried out around the world using robot-assisted minimally invasive
surgical procedures.

It was noticed that RARC had a number of distinct benefits throughout the perioperative period. In
2015, Novara et al. demonstrated that RARC patients were less likely to require a transfusion and that blood
loss was 521 mL less in RARC than in ORC (19). EBL was significantly lower in the RARC group, according
to Bochner et al. (20). Less blood loss was seen in RARC in Riccardo Mastroiann’s randomized controlled
research, which was carried out in 2022. In fact, no patient was transfused perioperatively on the robot arm
(21).In accordance with the literature, our study found that there was statistically significant less blood loss
in robotic surgery than in open surgery. Additionally, while perioperative blood replacement was not con-
ducted with the robotic arm, it was performed at a rate of 22.5% during open surgery and was observed
significantly more frequently. In open surgery, cleaning the blood with the aid of suction gases and an aspi-
rator may result in greater variability of blood loss and transfusion discrepancies. Additionally, because the
abdomen is not opened during robotic surgery and because of the impact of gas pressure, the amount of
bleeding may be reduced. Furthermore, dorsal vein ligation in robotic surgery is more easily observed and
managed. This technical management may be why blood loss is low and less blood is needed to restore it.

There are a few perioperative concerns to consider along with the benefits of RARC. The lengthened
operation time is one of these disadvantages. In the CORAL research, which evaluated open, laparoscopic,
and robotic cystectomy, the mean difference in operating time between robotic and open surgery was
found to be 96 minutes (22). A randomized prospective controlled research found that robotic surgery
took significantly longer (23). However, Casey et al’s study claimed that the robotic arm’s time was only
18 minutes longer and that this difference was not clinically significant (24). In the results of our study, a
robotic arm’s operating time was shown to be 84 minutes longer on average. Due to surgical factors such
as complex patient preparation and suturing ability, it is expected that robotic surgery will take a long
time. However, we believe that this difference was the result of the learning process and that comparable
operative times could be achieved over time. After the 15th case, the duration of robotic surgery reached
open surgery.

Oncological results are one of the crucial findings in our comparison of RARC and ORC. Early oncologi-
cal results were similar in the RARC and ORC groups despite minor variations in preoperative pathological
and clinical stage (VIRADS score). More patients were tracked in the robotic arm at the TO stage. In RARC,
an average of 26 lymph node dissections were carried out as opposed to an average of 20 in open surgery.
However, the positive surgical margin was comparable in both methods. Even though these are the first 20
robotic surgeries, it's crucial to be aware that the robotic surgeon specializes in urooncology and has ex-
tensive training in both open cystectomies and robotic pelvic surgery. All of these findings demonstrated
that the RARC technique complies with the surgical principles.

At 90 days, the rates of complications were comparable between the two surgical series. Additional
minor issues were found. When compared to the overall complication rates, postoperative ileus represents
a significant percentage in other series (25,26). But ileus was rare in both of our study’s groups. due to the
regular use of the ERAS protocol in both arms. We believe that using this technique lowers the incidence
of ileus.
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CONCLUSION

In one randomized experiment, rates of mild problems were 73% in RARC and 67% in ORC. Additio-

nally, patients who underwent open surgery experienced wound-related complications more frequently
(5.6% vs. 17.3%) (27). In our study, ORC showed greater clavien 3-5.
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The Effects of Pelvimetric Measurements on the Operation Time of Open
Retropubic Radical Prostatectomy

Pelvimetrik Olctimlerin Acik Retropubik Radikal Prostatektomi Operasyon Siiresi Uzerine
Etkileri
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OZET

Amag: Pelvimetrik olctimlerin, prostat kanseri sebebiyle acik radikal retropubik prostatektomi olan hastalarda
operasyon sureleri Gizerine etkisini arastirmak.

Gerec ve Yontemler: 2014-2022 yillan arasinda acik radikal retropubikprostatektomi yapilan ve radyolojik go-
rintdlerine ulasilan 60 hasta calismaya dahil edildi. Hastalarin demografik 6zellikleri, patoloji raporlari ve ameli-
yat notlari kaydedildi. Hastalarin operasyon dncesi ¢ekilen diiz grafileri, pelvik manyetik rezonans ve bilgisayarli
tomografi gériintiileri incelendi. Anterior-superioriliak cikintilar arasi uzunlik (ASICU), transvers pelvik girim capi
(TPGCQ), intertuberoz uzunluk (iTU), anteroposterior pelvik girim capi (APGC), pubik yiikseklik (PY), superior pu-
bis-mid-tuberoz nokta uzunlugu (SPMNU) ve infrapubik aci (iA) dlctimleri yapildi. Olciimlerin operasyon siiresi
Uzerine etkileri degerlendirildi.

Bulgular: Hastalarin ortalama yaslarn 63,21+£15,12, ortalama viicut kitle indeksleri 25,95+5,45 olarak bulundu.
Hastalarin ortalama prostat volimleri 52,15+21,2 mL, prostat spesifik antijenleri (PSA) 20,48+5,34 ng/ml ve ope-
rasyon sureleri 137,36+30,2 dakika olarak 6lcildi, 24 (%40) hastanin Gleason skoru 7 ve Uzerinde idi, 20 (%33)
hastada parmakla rektal muayene bulgusu vardi ve hastalarin 18'i (%30) pT3 evredeydi. Pelvimetrik dl¢limlerin
operasyon siiresi Uzerine etkisi incelendiginde ise dlciimlerle operasyon siiresi arasinda bir korelasyon saptan-
mamistir.

Sonug: Hastalarin anatomik ozellikleri acik radikal retropubik prostatektomi operasyonu tzerine etkili olabilir
fakat calismamiz sonucunda pelvimetrik Slciimlerin operasyon suresi Uizerine bir etkisi saptanmamistir.

Anahtar Kelimeler: prostat kanseri, radikal prostatektomi, pelvimetrik él¢ciimler
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ABSTRACT

Objective: To investigate the effect of pelvimetric measurements on the operative time of patients who
underwent open radical retropubic prostatectomy for prostate cancer.

Material and Methods: Sixty patients who underwent open radical retropubic prostatectomy between
2014 and 2022 and who seradiological images were accessed were included in the study. Demographic
characteristics, pathology reports and surgery notes of the patients were recorded. Preoperative X-rays,
pelvic magnetic resonance and computed tomography images of the patients were examined. Inter-an-
tero superior iliac spine distance (IASISD), Transverse pelvic brim distance (TPBD), Inter tuberous distance
(ITD), Anteroposterior pelvic brim distance (APBD), Pubic height (PH), Superior pubis to mid-tuberous point
(SPMP) and Infrapubic angle (IA) measurements were made.The effects of the measurements on the oper-
ation time were evaluated.

Results: The mean age of the patients was 63.21+15.12, and the mean body massindex was 25.95+5.45.The
mean prostate volume of the patients was 52.15+£21.2 mL, prostate specific antigen (PSA) was 20.48+5.34
ng/ml, and the operation time was 137.36+30.2 minutes. 24 (40%) patients had a Gleasonscore of 7 and
above, 20 (33%) patients had digital rectal examination findings and 18 (30%) patients were in pT3 stage.
When the effect of pelvimetric measurements on the operation time was examined, no correlation was-
found between the measurements and the operation time.

Conclusion: The anatomical features of the patients may have an effect on the open radical retropubic
prostatectomy operation, but as a result of our study, we did not find any effect of pelvimetric measure-
ments on the operation time.

Keywords: prostate cancer, radical prostatectomy, pelvimetric measurements

AMAC

Acik radikal retropubik prostatektomi (RRP) operasyonlari sirasinda dar ve derin pelvisi olan hastalarda
dokuya ulasim ve cerrahi diseksiyon zorlugu ve cerrahi suresinin uzun olabilecegi diistiniilse de bu konuyla
ilgili literatlirde az sayida veri bulunmaktadir.

Pelvimetrik olciimler pelvisin ¢cap, uzunluk ve agilarinin gortintiileme yontemleri kullanilarak degerlen-
dirmesine dayanir ve esas olarak kadin dogum pratiginde sefalopelvik uyumsuzlugu ve sezaryen dogum
gerekliligini belirlemek icin kullanilir (1,2). Pelvik bélge ile ilgili diger cerrahi disiplinlerde ihtiya¢ duyuldu-
gunda bu olctiimlerden yararlanabilir. Kanada'da yapilan bir calismada dar pelvisin kan transfiizyon oran-
lar, operasyon siresi ve patolojik sonuclar tizerine etkisi degerlendirilmis ve transvers capin daralmasinin
transflizyon oranlari ve operasyon siiresi Uizerine herhangi etkisi bulunmazken patolojik sonuclari olumsuz
etkiledigi bulunmustur (3).

Acik RRP sirasinda pelvis 6zelliklerinin operasyonla ilgili parametreleri etkileyebilecegi distintilmekte-
dir. Biz de bu calismamizda cesitli pelvis cap, uzunluk ve acilarinin acik RRP operasyon siiresi Uzerine etkile-
rini degerlendirmeyi amagladik.

GEREC VE YONTEMLER

Calismamizda SUKAEK-2023 5/4 sayili etik kurul onayi alindiktan sonra klinigimizde 2014-2022 yillari
arasinda radikal prostatektomi agisindan tecriibeli ayni cerrah tarafindan agik RRP yapilan ve radyolojik
gorintilemelerine ulasilan 60 hasta retrospektif olarak degerlendirildi. Hastalarin demografik 6zellikleri,
patoloji raporlari ve ameliyat notlar kaydedildi. Pelvik bolgede anatomik bozuklugu olan hastalar ve ke-
mik pelvis cerrahisi geciren hastalar calisma disi birakildi. Hastalarin operasyon éncesi ¢ekilen diiz grafileri,
pelvik manyetik rezonans ve bilgisayarli tomografi goriintiileri incelendi ve anterior-superioriliak ¢ikintilar
arasi uzunluk (ASICU), transvers pelvik girim capi (TPGQ),intertuberoz uzunluk (iTU), anteroposterior pelvik
girim capi (APGQ), pubik yukseklik (PY), superior pubis-mid-tuberoz nokta uzunlugu (SPMNU), infrapubik




ENDOUROLOGY
BULLETINg20-

Endourol Bull. 2023;15(2):69-74. doi: 10.54233/endouroloji.20231502-1283273

aci (1A) élctimleri tiroloji hekimi tarafindan yapildi. ASICU; anterior ve superioriliak cikintilarin medial yonleri
arasindaki en genis mesafe, TPGC; pelvik kenarin medial yénleri arasindaki en genis mesafe, iTU; iskial tii-
berkillerin inferomedial yonleri arasindaki en genis mesafe, APGC; pelvik agzin en icteki 6n ve arka yonleri
arasindaki en genis mesafe, PY; simfizis pubisin Ust ve alt yonleri arasindaki en blylk mesafe, SPMNU; simfi-
zis pubisin Gst yonu ile ITU cizgisinin ortasindaki bir nokta arasindaki en biiyiik mesafe, iA; inferiorpubik ra-
miler arasi aci olacak sekilde élctildii (Figir 1). Olclimlerin operasyon siiresi tizerine etkileri degerlendirildi.

istatistiksel analizler IBM SPSS V23 yazilimi kullanilarak gerceklestirilmistir. Shapiro-Wilk ile verilerin da-
gilmi incendi. Pearson korelasyon analizi yapild.

BULGULAR

Hastalarin ortalama yaslarn 63,21+£15,12, ortalama vicut kitle indeksleri 25,95+5,45 olarak bulundu.
Hastalarin ortalama prostat voltiimleri 52,15+21,2 mL, prostat spesifik antijenleri (PSA) 20,48+5,34 ng/ml ve
operasyon sureleri 137,36+30,2 dakika olarak olguldu.

24 (%40) hastanin Gleason skoru 7 ve tzerinde idi, 20 (%33) hastada parmakla rektal muayene bulgusu
vardi ve hastalarin 18'i (%30) pT3 evredeydi. Ortalama transver ¢cap 13,52+0,9 cm, ortalama infrapubik aci
101,98+11,2° olarak olciildi. Diger pelvimetrik 6l¢iimler ve hasta 6zellikleri Tablo 1'de gosterilmistir. Pelvi-
metrik 6lclimlerin operasyon siiresi lizerine etkisi incelendiginde ise dl¢tiimlerle operasyon siresi arasinda
bir korelasyon saptanmamistir (Tablo 2).

Tablo 1. Ortalama pelvimetrik 6lclimler ve hasta 6zellikleri

Ortalama (SD)

VKi (kg/m2) 25,95+5,45
Prostat voliima (mL) 52,15+21,2
Yas (y1l) 63,21+15,12
PSA (ng/ml) 20,48+5,34
Operasyon suresi (dk) 137,36+30,2
ASICU (cm) 33,4+3,2
TPGC (cm) 13,52+0,9
iTU(cm) 5,10+0,8
APGC (cm) 10,66+1
PY (cm) 3,12+0,4
SPMNU(cm) 4,89+0,6
iA (%) 101,98%11,2
N(%)
Biyopsi Gleason=>7 24 (40)
Pozitif PRM 20 (33)
pT3 18 (30)

VKi; viicut kitle indeksi, PSA; prostat spesifik antijen, ASICU; anterior-superioriliak ¢ikintilar arasi uzunluk, TPGG; transvers
pelvik girim cap, ITU; intertuberoz uzunluk, APGG; anteroposterior pelvik girim ¢api, PY; pubik yiikseklik, SPMNU; superi-
or pubis-mid-tuberoz nokta uzunludu, IA; infrapubik aci

Tablo 2. Pelvimetrik 6lciimler ile operasyon siiresinin korelasyon analizi

ASICU TPGC SPMNU iTU APGC PY iA
cC ,195 ,022 -157 -406 -072 -054 222
p 424 ,928 ,520 ,085 ,768 827 ,362

ASICU; anterior-superioriliak ¢ikintilar arasi uzunluk, TPGG; transvers pelvik girim capi, ITU; intertuberoz uzunluk, APGC;
anteroposterior pelvik girim ¢api, PY; pubik yiikseklik, SPMINU; superior pubis-mid-tuberoz nokta uzunlugu, IA; infrapubik
agi
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Figiir 1. Pelvimetrik 6lctimler
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Kemik pelvisin buytklik ve sekli, 6zellikle kadin dogum pratiginde 6nemli yeri olan ve travay ve dogu-
mun gidisatini belirleyen 6nemli bir faktordir. Tarihsel surecte cesitli manuel yontemlerle bas-pelvis uyum-
suzlugu degerlendirilse de X-ray pelvimetrinin bulunmasi ile daha objektif dl¢limler yapilmaya baslanmis
ve uzun yillar bu yéntem kullaniimistir (4). Daha sonraki teknolojik ilerlemeler ile ultrasonografi, bilgisayarh
tomografi (BT) ve manyetik rezonans ile yapilan élciimler 6n plana ¢ikmistir (5-7).

Pelvis anatomisinin acik RRP operasyonlarinda 6nemli bir faktdr oldugu belirtilse de bu konuda yapilan
calismalar sinirli sayidadir. ilk olarak Wagner ve ark. external pelvimetrik dlctimlerin, RRP'de teknik zorlugu
tahmin etmek icin kullanilabilecegini belirtmistir (8). Neill ve ark/nin BT pelvimetrik 6l¢timlerin agik RRP
Uzerine etkilerini degerlendirdikleri 165 hastalik diger bir calismada ise dl¢iimlerin operasyon siiresi ve kan
transflizyonu ihtiyacini 6ngérmede herhangi bir etkisi olmadigi ortaya konmustur (3). Bununla beraber
transvers capta her 8.6 mm azalmanin kapsdil ihlaline bagli olusan pozitif cerrahi sinir olasiligini 5.3 kat ar-
tirdig1 vurgulanmistir. Japonya'dan yapilan bir calismada pelvik girim alani ve prostat apex gériinimuandn
kan kaybi tzerine etkileri operasyon 6ncesi gortintilemelerden elde edilen pelvimetrik 6lgciimlerle deger-
lendirilmis ve genis pelvik girim alani olan, prostat apex gériis acisi iyi olan ve diisiik VKi olan hastalarda kan
kaybr anlamli olarak daha az bulunmustur (9). Bizim ¢alismamizda da Neill ve ark. nin calismasina benzer
sekilde pelvimetrik 6lciimlerle operasyon slresi arasinda bir korelasyon saptanmamistir.

Pelvis anatomisi etnik kbkenlere gére de farkhhk gosterebilmektedir (10). Bu anlamda Kafkasya ve
Afikan-Amerikan kokenlilerin pelvimetrik dl¢timleri ve bu ol¢tiimlerin pozitif cerrahi sinir tizerine etkilerini
arastiran bir calisma sonucunda Afirikan-Amerikan erkeklerin daha kiiciik midpelvik alana ve daha dik sim-
fizis acisina sahip oldugu belirtilmis, buna bagli olarak da derin pelvisi olan bu kokendeki erkeklerin apikal
cerrahi sinir pozitiflik oranlari daha ytksek bulunmustur (11). Benzer sekilde Matikainen ve ark calismasinda
da apikal prostat derinliginin cerrahi yontemden (acik ya da laparoskopik) bagimsiz olarakapikal cerrahi
sinir pozitifligi icin bagimsiz bir prediktor oldugu ortaya konmustur (12). Pelvik biometrik dlglimlerin ya-
ninda viseral yag doku alaninin kanser kontroli, kontinans ve potens lizerine etkilerinin degerlendirildigi
calismada simfizis agisinin yaninda viseral yag doku alaninin daha az olmasinin da bu trifektayr olumlu
etkiledigi gorilmustir (13). vonBodman ve ark. da pelvimetrik 6lctimlerin sinir koruyucu cerrahi ve erektil
fonksiyonun diizelmesi (izerine herhangi bir etkisi olmadigini belirtmislerdir (14).

Pelvimetrik 6lctimler kadin dogum pratiginde 6zellikle sefalopelvik uyumsuzlugu belirlemede siklikla
kullanilsa da bu 6¢limlerinpelvik bolge ile ilgili diger disiplinlerce de kullanilmasi cerrahi teknik acisindan
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faydali olabilir. Acik RRP'de pelvisin anatomik 6zellikleri ile cerrahinin zorlugu arasindaki iliski siklikla dile
getirilse de bu konuda yapilan ¢alismalar sinirli sayidadir. Biz de bu calismamizda pelvimetrik 6l¢iimlerin
aclk RRP operasyon siresi lizerine etkilerini degerlendirmeye calistik. Retrospektif olmasi, hasta sayisi, has-
ta grubunun homojen olmamasi ve pelvimetrik dl¢timlerin etkileyebilecegi diger parametreleri degerlen-
diremememiz calismamizin limitasyonlari olarak géziikmektedir. Bu konuda yapilacak daha genis capli ¢a-
hsmalar bu dlciimlerin operasyon basarisi Gizerine etkilerini daha ayirintili ortaya koyabilir.

SONUCLAR

Pelvik alan ile ilgili cerrahilerde hastalarin pelvislerinin anatomik 6zellikleri operasyonun teknik zorlu-
gu ve basarisi acisindan fikir verebilir fakat bizim ¢alismamizda acik RRP olan hastalarda operasyon siiresi
acisindan pelvimetrik dlciimlerin bir etkisi izlenmemistir.

Cikar Catismasi: Katkida bulunan yazarlar, cikar ¢catismasina sahip olmadiklarini beyan etmislerdir.
Finansal Destek: Yazarlar bu calismanin herhangi bir finansal destek almadigini beyan etmislerdir.

Etik Kurul: Bu arastirma, Samsun Universitesi Klinik Arastirmalar Etik Kurulu tarafindan onaylanmistir
(Onay No: 2023/5/4, Tarih: 2023-03-15). Calisma protokoli, Helsinki Deklarasyonu’'nun etik yénergelerine
uygundur.

Yazar Katkilari: Konsept ve dizayn; Aydin M, Veri toplama; Yildiz H, Ordulu R, Veri analizi ve yorumlama;
Ozen M, Kiiciik E, Makalenin yazilmasi; Aydin M, Makalenin iceriginin gézden gecirilmesi; Kirdag MK, Oztiirk U,
Istatistiksel analiz; irkilata L, Denetleme; Atilla MK.
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2. Editorial Office Assessment
Editorial Office checks the paper’s composition and arrangement against the journal’s Author Guidelines to make sure it
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rejected without being reviewed any further.

4. Invitation to Reviewers
Editor sends invitations to individuals he or she believes would be appropriate reviewers. As responses are received, further
invitations are issued, if necessary, until the required number of acceptances is obtained - commonly this is 2.

5. Response to Invitations
Potential reviewers consider the invitation as anonymous against their own expertise, conflicts of interest and availability.
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7. Journal Evaluates the Reviews
The Section Editor considers all the returned reviews before making an overall decision. If the reviews differ widely, the edi-
tor may invite an additional reviewer so as to get an extra opinion before making a decision.

8. The Decision is Communicated
The Section Editor sends a decision email to the author including any relevant reviewer comments as anonymous.
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