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ABSTRACT
Objective: This study compared the stone opacity effect in patients who had radiopaque and radiolu-
cent stones in percutaneous nephrolithotomy (PCNL) results.

Material and methods: The medical records of 171 complete supine PCNL procedures were gathered. 
Patients were categorized into two groups: those with radiopaque (n=141) and those with radiolucent 
(n=30) stones. Kidney, ureter and bladder x-ray was done a day after PCNL and Ultrasound imaging 
was done two weeks later to evaluate the stone free rate. A stone free result was defined as having less 
than 4 mm residual stone size. Outcome parameters were compared by univariate analysis and those 
which were significantly different between the two groups were assessed by multivariate binary logistic 
regression analysis. 

Results: There were no significant differences in age, sex, body mass index, hypertension, diabetes 
mellitus, pre-surgery hemoglobin, pre-surgery serum creatinine, stone and also surgery-related param-
eters between the two groups. Stone free rate, surgery time, complication-related parameters, hemoglo-
bin drop, serum creatinine and glomerular filtration rate (GFR) changes were similar in both groups 
based on univariate analysis. The radiopaque group had higher post-surgery GFR (p=0.04) and longer 
hospital stay (p=0.009). However, opacity had no effect on these outcomes after multivariate analysis. 
Higher post-surgery GFR was seen in patient with higher GFR before surgery (p<0.0001). Also, higher 
hemoglobin before surgery was correlated with less hospital stay (p=0.001). 

Conclusion: The complete supine percutaneous nephrolithotomy outcomes are similar in patients with 
radiopaque and radiolucent stones.
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Introduction

Urinary stone is a common problem in the 
world with an increasing prevalence and in-
cidence rate.[1] It can damage life quality and 
socio-economic status.[1,2] Factors such as bur-
den, hardness, stone location and hydronephro-
sis degree are influential in selecting a proper 
treatment method.[3] Because of less morbidity, 
costs and recovery period, percutaneous neph-
rolithotomy (PCNL) is used as an alternative 
to open surgery in patients who are not ideal 

candidates for extracorporeal shock wave lith-
otripsy (ESWL) and is the treatment of choice 
in patients with large or complex stones.[4,5] 

Percutaneous nephrolithotomy has many ad-
vantages in supine position compared to the 
traditional prone position and it is safe and 
easy for all the patients. There is no need for 
changing the patient’s position during the pro-
cedure. The benefits of complete supine PCNL 
are similar to other types of supine positions. 
Moreover, puncturing the upper kidney pole 



would be easier because of the flank support absence which 
could prevent the kidney from cephalad sliding. Lung inflation 
is suggested for moving down the kidney, so the upper kidney 
pole puncturing would be more feasible. Complete supine PCNL 
would have a better kidney fluoroscopic view compared to semi-
supine position because the vertebra would not overlap the fluo-
roscopic view.[6,7] 

Stone composition has been used to anticipate the success rate 
of ESWL. However, it has been found that the stone construc-
tion is more important than its composition. So, stone construc-
tion has become a remarkable feature for predicting treatment 
outcomes in recent years.[3] Knowing the urinary tract stones’ 
opacity provides great information for urologists to choose a 
proper treatment and appropriate imaging during follow up.[8] 
Still, in spite of doing several researches,[9-11] the correlation 
between stone opacity and a special range of Hounsfield unit 
scales (measured by computed tomography scan) has not been 
understood well.[8]

So far, some studies have investigated stone opacity effect on 
ESWL outcomes.[12,13] Also, some other studies have studied the 
relationship between stone density and ESWL or PCNL out-
comes.[14-17] 

To our knowledge, no study has compared the results of PCNL 
in patients with radiopaque and radiolucent stones. The authors 
of this study had some presumptions about the probable effects 
of stone opacity on PCNL results. So, this study compared the 
stone opacity effect in patients who had radiopaque and radiolu-
cent stones in PCNL results. 

Material and methods

In this cross-sectional analytical study, all data were extracted 
from 171 medical records of patients who had undergone com-
plete supine PCNL between January 2013 and March 2016 in a 
hospital in Rasht city, Iran. One surgeon did all the surgeries. In-
clusion criteria were having: 1) kidney stone burden >20 mm, 2) 
stone burden >15 mm in lower kidney pole, 3) complex stones 
and 4) no successful ESWL results. However, pregnant women, 
patients with uncontrolled bleeding disorders, untreated urinary 
tract infection and severe immunosuppression (such as HIV or 
immunosuppressive drugs administrations) were excluded from 
the study. 

Patients were divided into two groups: radiopaque (n=141) 
and radiolucent (n=30) groups based on kidney, ureter and 
bladder radiography results before the surgery. Also, ultra-
sound was done for all patients and intra-venous urography 
or computed tomography scans were done before the surgery 
if needed. 

All the complete supine PCNLs were done under general anes-
thesia. The procedure began with cystoscopy and insertion of 
a retrograde ureteral stent. Then patients were placed at bed’s 
edge in complete supine position, not needing flank support nor 
changing legs’ position. Between posterior and middle axillary 
line, 18-gauge needle was applied for achieving the collecting 
system puncture under fluoroscopy guide. Subcostal access was 
done in all patients. Our method for dilating the access path-
way was one-shot dilation. 30 Fr Amplatz sheath was inserted 
through the access line. Lithotripsy was done by pneumatic 
devices.[18] Nephrostomy tube and multiple tract insertion were 
applied according to the surgeon’s preference. Blood was trans-
fused in patients with severe blood loss, causing unstable hemo-
dynamic state and post-operation hemoglobin level less than 10 
mg/dL. The first or second day after the surgery, Foley catheter 
and external ureteral stent were removed, except in cases with 
significant complications such as severe blood loss or gross he-
maturia and urinary leakage.

To evaluate the final stone free rate results, kidney, ureter and 
bladder radiography and ultrasound were done the day after the 
surgery and two weeks later, respectively. Stone free result was 
considered as residual stone size less than 4 mm. Disparity more 
than 5.31% between pre- and post-surgery glomerular filtration 
rate (GFR) was applied for classifying GFR changes in three 
groups (decreased, increased or without change).[19] 

Demography, surgery, medical history, and stone-related fea-
tures plus outcomes after complete supine PCNL were recorded 
in a data collection form. The confidentiality of all information 
was preserved. Since this was a retrospective study, the formal 
consent was not required. The institutional review board and 
ethics committee of our university approved the study protocol 
(IR.GUMS.REC.1394.439).

Statistical analysis
All data were analyzed by statistical package for social sciences 
IBM Statistical Package for the Social Sciences (IBM SPSS 
Statistics; Armonk, NY, USA) software version 22.0. Univari-
ate statistical tests, such as Chi-Square and Fisher’s Exact (for 
qualitative variables), Kolmogorov-Smirnov (to determine the 
normal distribution) and independent-t (for quantitative vari-
ables), Mann-Whitney U test (for quantitative variables with 
non-normal distribution), were used to evaluate the data in both 
groups. Also, the multivariate analysis using binary logistic re-
gression was applied to predict the relationship between stone 
opacity and PCNL outcomes. Outcomes which were significant-
ly different between the groups in the univariate analysis were 
assessed by the binary logistic regression analysis. Covariates 
with p<0.25 in the univariate analysis were entered into the bi-
nary logistic regression model (with forward-LR method and 
stepwise probability: entry: 0.05- removal: 0.1). In this model, 
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quantitative outcome variables were classified into two groups 
based on the total variable mean. Code 0 was considered for 
quantities less than mean and code 1 for equal or more amounts. 
P values less than 0.05 were considered significant. 

Results

A number of 171 patients with kidney stones who had un-
dergone complete supine PCNL were enrolled in this retro-
spective study. The means of age and body mass index were 
49.41±13.9 years old and 28.14±4.70 kg/m2 in radiopaque group 
and 51.50±14.1 years old and 29.96±5.61 kg/m2 in radiolucent 
group, respectively. The means of stone burden were 35.86±14.3 
and 37.85±14.68 mm in the radiopaque and radiolucent groups, 
respectively (p=0.429). In both groups, the most frequent stone 
location belonged to multiple location stones (57.8%). There 
were no significant differences in access calyx, number of ac-
cess (multiple or single) and tubeless approach between the two 
groups (Table 1). The mean of surgery time was 55.06±28.9 
minutes in radiopaque group and 52.27±29.66 minutes in radio-
lucent group (p=0.481). 

The means of serum creatinine were 1.06±0.36 and 1.16±0.32 
mg/dL before surgery (p=0.079) and 1.07±0.36 and 1.12±0.29 
mg/dL after surgery in radiopaque and radiolucent groups 
(p=0.112), respectively. Creatinine level was not significantly 
different before and after the surgery between the two groups. 
Also, the means of GFR were 74.54±19.93 vs. 64.27±19.46 mL/
min before surgery (p=0.011) and 74.42±20.77 vs. 65.91±18.83 
mL/min after surgery (p=0.040) in radiopaque and radiolucent 
groups, respectively. The GFRs were higher in radiopaque 
group before and after the surgery. Also, in the classified GFR 
categories (Table 2) most of the cases in radiopaque and radio-
lucent groups, 46.1% vs. 63.3%, were in the “without change” 
category after PCNL. 29.8% vs. 26.7% of the patients in radi-
opaque and radiolucent groups were classified in the “increased” 
GFR group and 24.1% vs. 10% of cases in radiopaque and ra-
diolucent groups were in “decreased” GFR group. The means of 
hemoglobin level were 13.07±1.72 vs. 12.61±1.80 g/dL in radi-
opaque and radiolucent groups before the surgery, respectively 
(p=0.216). The mean of hemoglobin had dropped 1.28±1.21 g/
dL in radiopaque group and 1.00±0.89 g/dL in radiolucent group 
after the surgery (p=0.330). 

There was no significant difference regarding complications and 
their Clavien classification between the two groups. The fever 
prevalence (10.6% vs. 13.3%; p=0.749) and blood loss requiring 
transfusion (12.8% vs. 13.3%; p=1.000) were not significantly 
different between radiopaque and radiolucent groups. 

In univariate analysis, the mean of post-surgery GFR (p=0.040), 
and the duration of hospital stay (p=0.009) after surgery were 

significantly different between the two groups. The mean of 
GFR in radiopaque group (74.42±20.77 mL/min) was more than 
radiolucent group (65.91±18.83 mL/min). The hospital stay du-
ration in radiopaque group (2.01±1.32 mL/min) was longer than 
radiolucent group (1.40±0.67 mL/min). However, there was no 
significant difference between the two groups in the other out-
come variables (Table 2).

The mean of GFR was 73 mL/min totally. Finally, the main vari-
able (opacity) was not a predictive factor for post-surgery GFR 
in multivariate analysis. Only GFR before surgery was a predic-
tor for post-surgery GFR (p<0.0001). In other words, one unit 
rise in GFR before surgery would increase the chances of having 
a GFR more than mean after the surgery; odds ratio (OR): 1.10, 
95% confidence interval for OR: 1.068-1.133. 

The mean of hospital stay was two days. The stone opacity ef-
fect (the main variable) was not significant on hospital stay dura-
tion in the final logistic regression model. Patients with a history 
of urinary tract infection, p=0.002, OR: 10.667, 95% confidence 
interval for OR: 2.344-48.549, or with higher hemoglobin level 
before the surgery, p=0.001, OR: 0.672, 95% confidence interval 
for OR: 0.533-0.849, had a lower chance of staying in hospital 
more than two days. There was no indication for doing open 
surgery during the PCNL in any patient. 

Discussion

It is better to know the opacity of urinary tract stones to choose a 
proper treatment and an appropriate imaging during follow up.[8] 
To our knowledge, no study has exclusively assessed the stone 
opacity effect on PCNL outcomes. We found no significant dif-
ference in the stone free rates between our studied groups in uni-
variate analysis. Also, no correlation was found between ESWL 
success rates and stone opacity in two other studies.[13,20] 

Operation time was not different between the two groups in 
univariate analysis in our study. Falahatkar et al.[21] also did not 
report any relationship between surgery time and stone opacity 
in complete supine PCNL procedures. This finding was contrary 
to our presumption about the more feasibility of non-opaque 
stones fragmentation than opaque ones and also our expectance 
of shortening the PCNL surgery time in lucent stones.

In our study, blood transfusion rate was not significantly differ-
ent after PCNL in both groups. Akman et al.[22] arrived at simi-
lar results. Also, there was no significant relationship between 
GFR categories’ changes, catheter removing time, complication, 
Clavien classification, fever, post-surgery creatinine and stone 
opacity in univariate analysis. In our study, the post-surgery 
GFR was higher in radiopaque group. However, this correlation 
was rejected by multivariate regression analysis. Higher GFR 
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Table 1. Demography, surgery, medical history and stone related features

Variable		  Radio opaque (n=141)	 Radio lucent (n=30)	 p
Mean, age±SD (year)		  49.41±13.90	 51.50±14.10	 0.457a

Gender, n (%)	 Male	 69 (48.9)	 11 (36.7)	 0.221b

	 Female	 72 (51.1)	 19 (63.3)	
Mean, BMI±SD (kg/m2)		  28.14±4.70	 29.96±5.61	 0.105a

BMI group, n (%)	 <25	 37 (26.2)	 4 (13.3)	 0.175b

	 25-29.9	 56 (39.7)	 11 (36.7)	
	 = or >30	 48 (34.0)	 15 (50.0)	
Mean preoperative,  Hb±SD (g/dL)		  13.07±1.72	 12.61±1.80	 0.216a

Mean preoperative serum, Cr±SD (mg/dL)		  1.06±0.36	 1.16±0.32	 0.079c

Mean preoperrative, GFR±SD (mL/min)		  74.54±19.93	 64.27±19.46	 0.011a

UTI history, n (%)	 No	 112 (79.4)	 19 (63.3)	 0.059b

	 Yes	 29 (20.6)	 11 (36.7)	
DM, n (%)	 No	 110 (78.0)	 19 (63.3)	 0.090b

	 Yes	 31 (22.0)	 11 (36.7)	
 HTN, n (%)	 No	 94 (66.7)	 15 (50.0)	 0.085b

	 Yes	 47 (33.3)	 15 (50.0)	
IHD, n (%)	 No	 129 (91.5)	 26 (86.7)	 0.487*
	 yes	 12 (8.5)	 4 (13.3)	
Mean stone, burden±SD		  35.86±14.30	 37.85±14.68	 0.429c

Stone operation history, n (%)	 No	 104 (73.8)	 19 (63.3)	 0.249b

	 Yes	 37 (26.2)	 11 (36.7)	
ESWL history, n (%)	 No	 106 (75.2)	 21 (70.0)	 0.556b

	 Yes	 35 (24.8)	 9 (30.0)	
PCNL side, n (%)	 Right	 78 (55.3)	 18 (60.0)	 0.639b

	 Left	 63 (44.7)	 12 (40.0)	
Stone number, n (%)	 Single	 35 (24.8)	 7 (24.1)	 0.833b

	 Multiple	 106 (75.2)	 22 (75.9)	
Staghorn stone, n (%)	 None	 133 (94.3)	 26 (86.7)	 0.076*
	 Yes	 8 (5.7)	 3 (10.0)	
Complex stone, n (%)	 No	 53 (37.6)	 9 (30.0)	 0.432b

	 Yes	 88 (62.4)	 21 (70.0)	
Target calyx, n (%)	 Upper	 10 (7.1)	 3 (10.0)	 0.561*
	 Middle	 28 (19.9)	 6 (20.0)	
	 Lower	 96 (68.1)	 18 (60.0)	
	 multiple access	 7 (5.0)	 3 (10.0)	
Multiple tract access, n (%)	 No	 130 (92.2)	 26 (86.7)	 0.304*
	 Yes	 11 (7.8)	 4 (13.3)	
Nephrostomy, n (%)	 No	 137 (97.2)	 30 (100.0)	 1.000*
	 Yes	 4 (2.8)	 0 (0.0)	
Grade of hydronephrosis, n (%)	 Mild	 32 (29.0)	 8 (28.6)	 0.085*
	 Mod	 45 (42.1)	 15 (53.6)	
	 Severe	 30 (28.0)	 5	 (14.3)	
aIndependent t-test, bChi-square test, cMann-Whitney U test, *Fisher-exact test. SD: standard deviation; BMI: body mass index; Hb: hemoglobin; Cr: creatinine; GFR: glomerular 
filtration rate; UTI: urinary tract infection; DM: diabetes mellitus; HTN: hypertension; IHD: ischemic heart disease; ESWL: extra corporeal shockwave lithotripsy; PCNL: 
percutaneous nephrolithotomy
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before surgery was the positive predictive factor for higher post-
surgery GFR. 

Our study revealed that, hypertension or diabetes mellitus have 
no adverse effect on the post-surgery GFR. These findings are 
consistent with Tabibi et al.[23] findings. Although, these diseases 
may occur with or without other comorbidities, we did not con-
sider the confounding effect of coexistence of different diseases 
which could have been a potential risk factor for GFR decrease. 
Also, the current severity of the comorbidities was not classified 

and we did not separate patients with comorbidities who were 
under medical treatment from others who were not. Possibly, 
in a larger sample size or in a more accurate classification of 
comorbidities which might affect post-surgery GFR, the results 
might be different. However, GFR changes more than 5.3% of 
its baseline were considered as a significant change in kidney 
function regarding the classification which we used.[19] 

Sharifiaghdas et al.[24] evaluated the tubular damage after PCNL 
by measuring the level of ß2-microglobulin as a marker in the 

Table 2. Outcomes after complete supine PCNL in the studied groups (univariate analysis)
		  Radiopaque group 	 Radiolucent group 
Outcome variables		  (n=141)	  (n=30)	 p

GFR changes groups, n (%)	 Without change	 65 (46.1)	 19 (63.3)	 0.145a

	 Increased	 42 (29.8)	 8 (26.7)	

	 Decreased	 34 (24.1)	 3 (10.0)	

Stone free rate, n (%)	 Stone free	 131 (92.9)	 29 (96.7)	 0.691b

	 Residual stone >4 mm	 10 (7.1)	 1 (3.3)	

Catheter removing time, n (%)	 PO1	 82 (58.2)	 24 (80.0)	 0.168b

	 PO2	 41 (29.1)	 5 (16.7)	

	 PO3	 17 (12.1)	 1 (3.3)	

	 PO4	 1 (0.7)	 0 (0.0)	

Complication, n (%)	 No	 112 (79.4)	 22(73.3)	 0.461a

	 Yes	 29 (20.6)	 8 (26.7)	

Colon injury, n (%)	 0 (0.0)	 0 (0.0)	 -

Visceral injury, n (%)	 0 (0.0)	 0 (0.0)	 -

AV fistula and pseudoaneurysm, n (%)	 0 (0.0)	 0 (0.0)	 -

Clavien classification of complications, n (%)	 No complication	 113 (80.1)	 22 (73.3)	 0.610b

	 Class 1	 9 (6.4)	 3 (10.0)	

	 Class 2	 16 (11.3)	 4 (13.3)	

	 Class 3	 2 (1.4)	 1 (3.3)	

	 Class 5	 1 (0.7)	 0 (0.0)	

Transfusion, n (%)	 No	 123 (87.2)	 26 (86.7)	 1.000b

	 Yes	 18 (12.8)	 4 (13.3)	

Fever, n (%)	 Yes	 15 (10.6)	 4 (13.3)	 0.749b

	 No	 126 (89.4)	 26 (86.7)	

Mean post-op, GFR±SD (mL/min)		  74.42±20.77	 65.91±18.83	 0.040c

Mean post-op serum, Cr±SD (mg/dL)		  1.07±0.36	 1.12±0.29	 0.112d

Mean GFR changes±SD (mL/min)		  -0.18±13.35	 1.64±10.46	 0.786d

Mean Hb drop±SD (g/dL)		  1.28±1.21	 1.00±.89	 0.330d

Mean operative time (min)±SD		  55.06±28.90	 52.27±29.66	 0.481d

Mean post-op hospitalization (day)±SD		  2.01±1.32	 1.40±0.67	 0.009d

aChi-square test, bFisher-exact test, cIndependent t- test, dMann-Whitney U test. GFR: glomerular filtration rate; AV fistula: arteriovenous fistula; Post-op: Post-operative;  
Cr: creatinine; SD: standard deviation; Hb: hemoglobin; PCNL: percutaneous nephrolithotomy
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early period after surgery. They found that the possibility of tu-
bular damage was higher in those with diabetes mellitus history 
and higher serum creatinine before surgery.

The mean of hospital stay after PCNL was more in radiopaque 
than radiolucent group, but this was rejected by multivariate 
analysis too. In our study, body mass index had no relationship 
with hospital stay similar to other studies.[25-27] Olbert et al.[28] 
found little evidence in the possibility of prolonging hospital 
stay in patients with lower body mass indexes. Faerber et al.[29] 
observed longer hospital stay in the morbidly obese patients 
compared to others with normal weight.

In our study, patients with no history of urinary tract infection 
seemed to have longer hospital stay. Also, we did not find any 
relationship between the hydronephrosis grade before surgery 
and hospital stay. However, Olbert et al.[28] found no relation-
ship between hospital stay period and urinary tract infection 
history based on the univariate and multivariate analysis out-
comes. Hydronephrosis grade was not correlated with hospital 
stay according to Akman et al.[30] study using univariate and 
multivariate analysis. Our different results in hospital stay 
can be because of various factors which could affect the phy-
sicians’ decision in choosing the proper treatment approach 
(inpatient, outpatient or referring patients to other therapeu-
tic medical services). The decision could vary according to a 
physician’s preference based on patient’s conditions. Similar 
to another study, we found that hospital stay was not affected 
by hypertension history.[30]

Our results showed that lower hemoglobin before surgery is a 
predictive factor for prolonging hospital stay. Since in a study 
low hemoglobin before surgery was a predictor of blood trans-
fusion requirement in the first 48 hours after the surgery,[22] the 
necessity for transfusion could prolong the hospital stay period.

A limitation of our study was that the patients were not evalu-
ated by computed tomography scan because of economic issues. 
This scan has lower acceptance among patients in our popula-
tion because of being expensive. So, ultrasound and kidney, 
ureter and bladder radiography were used to evaluate treatment 
response to have a larger sample size. The relative small sample 
size in radiolucent group and the imprecise classification of the 
comorbidities were the other limitations of this study.

In conclusion, there was no significant correlation between stone 
opacity and PCNL outcomes. Although, post-surgery GFR and 
hospital stay were more in the patients with radiopaque stones 
based on univariate analysis, these results were rejected by mul-
tivariate analysis. Further studies with a larger sample size, ap-
propriate comorbidities classification, and applying computed 
tomography scan are recommended. 
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