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ÖZET
Amaç: Perkütan nefrolitotomi (PNL) uygulanan hastalarda cerrahın intraoperatif taşsızlık kanısının doğruluğunu, 
bunu etkileyen faktörleri, yanlış tahminine sebep olan prediktörleri saptamak ve sonuç olarak “cerrah gözü” ‘nün 
güvenilirliğini değerlendirmek amaçlandı.
Gereç ve Yöntemler: PNL uygulanan ve dahil etme kriterlerine uyan 1025 hastanın verileri retrospektif olarak in-
celendi. Çalışmamızın temeli cerrahın taşşsızlığı değerlendirmesi üzerine olması sebebiyle, cerrahın intraoperatif 
rezidü taş (RT) kalmadığı kanaatini belirttiği ancak postoperatif bilgisayarlı tomografi görüntülemede RT olan ve 
olmayan hasta grupları değişkenlere göre karşılaştırıldı.
Bulgular: Cerrah gözü‘nün sensitivitesi %67,87, spesifitesi %96,23, pozitif prediktif değeri %91,67 ve negatif pre-
diktif değeri %83,04 bulundu. Çalışmamızda “cerrahın gözü” ‘nün %16,9 oranında yanlış taşsızlık tahmin ettiği 
saptandı. Her iki grup arasında cinsiyet, taşın tarafı, taşın yoğunluğu ve hemoglobin düşüşü arasında istatistiksel 
anlamlı ilişki saptanmadı. Taş boyutu, operasyon süresi, floroskopi süresi, taşın konumu, kaliks taşlarının sayısı 
ve GUY’s nefrolitometri skoru (GSS) cerrahın gözü ile istatistiksel anlamlı ilişkili saptandı. Cerrahın gözü ile ista-
tistiksel anlamlı ilişki saptanan parametrelerin çok değişkenli (multivariate) lojistik regresyon analizi sonucunda 
sırasıyla taş boyutu, kaliks taşlarının sayısı ve GSS anlamlı prediktörler olarak bulundu.
Sonuç: PNL’ de “cerrah gözü” nün en önemli prediktörleri taş boyutu, kaliks taş sayısı ve GSS idi. Bu prediktörler 
taşsızlık öngörülen hastaların postoperatif görüntülemelerinde, radyasyon maruziyetini azaltacak yöntemlerin 
kullanılmasında etkili bir kriter olarak kullanılabilir.
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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 tomography imaging 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 SFS incorrectly 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 mm2 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 (mm2), 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 (mm2), 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 (κ: 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% [CI]: 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 mm2 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

Surgeon’s Eye
Residual fragment (+) 264 24 288

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 CI

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

CI: 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

(n=612) (n=125)  

Mean±SD (Min./Max.) Mean±SD (Min./Max.)

Age 49.20 ± 14.22 (18 / 93) 51.34 ± 12.18 (22 / 78)

Mean (Min./Max.) Mean (Min./Max.)

Stone density (HU) 1084.82 (225 / 1626) 1092.43 (330 / 1609) 0.785¥

Stone size (mm2) 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) 1.46 ± 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 (18.7) 0.187*

Left 304 (84.9) 54 (15.1)

Location of the stone

Calyx 183 (80.6) 44 (19.4) <0.001*

Renal pelvis 254 (92.7) 20 (7.3)

Calyx and renal 
pelvis

175 (74.2) 61 (25.8)

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

P Value
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

1 and 2 541 (88.1) 73 (11.9) <0.001*

3 and 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 P Value

Stone size (mm2) 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 Gökçe 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% CI: 1.03–1.11, p = 0,005) and presence of multiple stones (OR = 4.95, %95 CI: 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 mm2. 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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