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Abstract
Objective:

Supine percutaneous nephrolithotomy (PCNL) has gained attention as a viable alternative to the
traditional/historical prone approach for the treatment of large renal stones.

However, concerns remain regarding the safety and feasibility of upper calyx punctures in the supine
position, particularly for upper-pole access. This multicenter, retrospective cohort study evaluated the
safety and stone-free rates of upper-pole punctures in supine PCNL, comparing outcomes with middle
and lower calyx punctures and with literature on prone PCNL

Methods:

This retrospective study analyzed supine PCNL cases performed between 2009 and 2019 across eight
international centers, categorizing patients by calyx of entry (upper, middle, or lower). Patients who
required multiple calyx entries were excluded. Demographics, surgical details, and outcomes were
recorded, including complications and stone-free rates. We used logistic regression to assess the
association between stone-free rates and calyx puncture sites, adjusting for age, gender, Guy’s Stone
Score, and ASA score. We further analyzed upper calyx puncture as an independent factor based on
initial findings using the same covariates. ANOVA was used to compare the means of quantitative
variables, and Chi-square tests assessed associations between categorical variables. Bonferroni
adjustment was applied when appropriate.

Results:

Among 989 patients, 10% had upper, 28.5% middle, and 61.5% lower calyx punctures. No significant
differences were found in overall complication rates when comparing upper, middle, and lower calyces.
Thoracic complications were rare and did not differ significantly across calyces (p=0.74). Upper calyx
punctures had lower stone-free rates (51%) compared to middle (77.7%) and lower (62.8%) punctures
(p< 0.001). According to the logistic regression, patients with a middle puncture site had 2.98 higher
odds of stone-free outcome than those with an upper puncture site.  In contrast, patients with a lower
puncture site did not have a significant difference in stone-free rates compared to those with an upper
puncture (OR = 1.10, 95% CI: 0.64, 1.86, p = 0.7). The second regression model showed that upper pole
access was not an independent predictor of lower stone-free rates (OR: 0.68, 95% CI: 0.41–1.14; p =
0.14). We found that increasing Guy’s stone score was significantly associated with lower odds of
achieving stone-free status, with each 1-point increase related to a 32% reduction in odds

Conclusion:

Upper calyx punctures showed similar complication rates to middle and lower calyx punctures, with
slightly lower stone-free rates likely due to higher stone complexity. These findings support the
feasibility, safety, and efficacy of supine PCNL for upper calyx access.
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Introduction
Supine percutaneous nephrolithotomy (PCNL) has emerged as a promising alternative to the traditional
prone approach to large renal stones (1). Studies have suggested that upper calyceal access during
supine PCNL — whether supracostal or subcostal — achieves comparable stone-free rates to prone
PCNL while reducing operative time (2). However, some critics of the supine position have suggested
that upper calyx puncture is more challenging in the supine position and carries an unacceptable
complication risk, including risk of thoracic and bleeding complications and unacceptable stone-free
rates (3). Furthermore, while supine PCNL may be appropriate for lower calyceal stones, some have
argued that the prone position is preferable for upper pole punctures, claiming improved outcomes with
prone PCNL in such cases (4). However, there is limited evidence to support this claim.

We aim to address these concerns through a multi-center, multinational, retrospective cohort review of
supine PCNL procedures. Our objectives are twofold. First, to compare the safety and the stone-free
rates of upper-pole supine PCNL with those targeting the middle and lower calyces, and second, to
compare the safety and stone-free rates of our upper pole punctures in the supine position to the
historical literature of prone upper pole puncture for PCNL.

We hypothesize that upper calyceal punctures in the supine position offer a safe and feasible access
route, with complications and stone-free rates comparable to middle and lower calyceal punctures, as
well as upper calyceal punctures in the prone position.

Methods
Following all centers' approval from the Institutional Review Board, we reviewed the electronic medical
records of consecutive surgical patients who underwent supine PCNL across eight institutions in
Argentina, England, Italy, Mexico, Turkey, and the United States from 2009 to 2019. Patients were
grouped based on the calyx of entry during surgery. Patients who underwent multi-calyx puncture were
excluded from the study.

Baseline characteristics, including age, gender, body mass index (BMI), and medical histories, including
diabetes and urological conditions, were recorded.

The primary outcome of interest was the occurrence of postoperative complications. Complications
were categorized using the Clavien-Dindo classification system. For patients with multiple Clavien-Dindo
complications, only the highest grade was recorded.

Secondary outcomes included postoperative metrics such as length of hospital stay, total operative time,
and stone-free rate. Stone-free rate was assessed as a dichotomized variable, considering how many
patients were completely free of kidney stones after treatment. Those without imaging follow-up were
excluded from the analysis. Stone-free rates were determined based on follow-up imaging, which
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included CT, KUB, or ultrasound, as per the discretion of each site. The criteria for determining stone-free
status were site-specific.

Guy’s Stone Scores were categorized into complex and non-complex stone groups. Complex stones
were defined as a score of ≥ 2, while non-complex stones corresponded to a score of 1.

Statistical Analysis:
Patients were stratified into three groups based on the calyx of entry: lower, middle, or upper. Data within
these groups were summarized using measures of central tendency, including both mean and median,
and measures of dispersion, such as standard deviation and interquartile range (IQR), according to the
distributional characteristics of the variables. The normality of the data was assessed using the Shapiro-
Wilk test.

Quantitative variables were analyzed using one-way ANOVA to compare the means across multiple
groups. Associations between categorical variables were assessed using Chi-square tests.

Initially, we used a multivariate logistic regression model to assess the association between stone-free
rates and calyx puncture sites. Covariate selection followed a clinical and literature-based approach,
including age, gender, Guy’s Stone Score, and ASA score. Based on the findings of the initial model,
further analysis was done to analyze upper calyx puncture as an independent factor of stone-free rates.
A multivariate logistic regression model was employed for this purpose. Covariate selection for this
model followed a clinical approach, including age, gender, and ASA scores.

A significance threshold of p ≤ 0.05 was used. However, a Bonferroni adjustment was applied to account
for multiple comparisons when conducting multiple chi-square tests. Data analysis was done using R
Studio.

Results

Demographics and Patient Characteristics:
Between 2009 and 2019, 1,022 patients who underwent supine PCNL were entered into our database.
Thirty were excluded due to lack of follow-up, and three due to missing operative time data, leaving a
final cohort of 989 cases. Of these, 10% (99/989) underwent upper caliceal puncture, 28.5% underwent
middle caliceal puncture, and 61.5% underwent lower caliceal puncture. There was no statistically
significant difference between the groups regarding patient age and gender. Among patients undergoing
lower calyx punctures, 46.4% were white, compared to 70.9% for middle calyx punctures and 42.4% for
upper calyx punctures (p < 0.001). ASA I was most prevalent in the middle (53.9%) and lower (42.9%)
calyx punctures, whereas ASA II and III were more commonly observed in the upper calyx group (p < 
0.01). See Table 1 and Table 2 for demographic and patient characteristics.
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Table 1
Demographics

Characteristics Upper Calyx
Puncture (N = 99)

Middle Calyx
Puncture (N = 282)

Lower Calyx
Puncture (N = 608)

p-value

Age (SD) 52.8 (13.5) 51.9 (15.1) 50.6 (15.1) 0.251

Gender N (%)       0.15

Male 55 (55.6) 110 (39.0) 256 (42.1)  

Female 44 (44.4) 172 (61.0) 352 (57.9)  

Laterality N (%)       0.037**

Right Side 50 (50.5) 108 (38.3) 245 (40.3)  

Left Side 43 (43.4) 137 (48.6) 313 (51.5)  

Bilateral 6 (6.1) 37 (13.1) 50 (8.2)  

Ethnicity N (%)       < 
0.001*

White 42 (42.4) 200 (70.9) 282 (46.4)  

Hispanic 27 (27.3) 58 (20.6) 271 (44.6)  

Not reported/Other 30 (30.3) 24 (8.5) 55 (9.0)  

ASA Score N (%)       < 
0.001*

ASA I 29 (29.3) 152 (53.9) 261 (42.9)  

ASA II 43 (43.4) 76 (27.0) 218 (35.9)  

ASA III 19 (19.2) 36 (12.8) 65 (10.7)  

Guy's Stone Score
N (%)

       

Score 1 16 (16.2) 77 (27.3) 197 (32.5) 0.003 *

Score 2, 3, or 4 67 (67.7) 177 (62.8) 324 (54.0) 0.0027*

Not specified 16 (16.2) 28 (9.9) 87 (13.5) 0.031**

*Significant after Bonferroni Adjustment.

**Not significant after Bonferroni Adjustment.
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Table 2
Medical History

Characteristics Upper Calyx
Puncture

Middle Calyx
Puncture

Lower Calyx
Puncture

N (%) 99 (%) 282 (%) 608 (%)

Diabetes (%) 23 23.23 50 17.73 73 12.01

Multiple Sclerosis (%) 1 1.01 4 1.42 5 0.82

Anticoagulation (%) 2 2.02 7 2.48 12 1.97

Antiplatelet Medication (%) 14 14.14 32 11.35 54 8.88

History of recurrent UTI (%) 17 17.17 61 21.63 110 18.09

History of Recurrent
Pyelonephritis (%)

6 6.06 24 8.51 50 8.22

History of Urosepsis (%) 2 2.02 13 4.61 16 2.63

Previous PCNL (%) 10 10.10 49 17.38 98 16.12

Upper calyx access was more frequently linked to higher stone complexity when assessing stone
complexity by puncture site. Specifically, upper calyx punctures were associated with the highest
proportion of complex stones (Guy’s Scores 2, 3, and 4) and the lowest proportion of simple stones
(Guy’s Score 1) treated. Only 16% of upper calyx stones were Guy’s Stone Score 1 compared with 27.3%
for the middle calyx and 32.5% for the lower calyx (p = 0.003). (Table 1)

:Postoperative Outcomes:
Overall, there were six thoracic complications: one associated with upper pole access, one with middle
calyx access, and four with lower pole access (p = 0.67). Additionally, there were 38 non-thoracic
complications. The overall complication rates did not differ significantly between the groups (p = 0.82).
For a detailed summary of complications, see Table 3.
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Table 3
Clavien-Dindo Complication Classification

Complication Type Upper Calyx
Puncture

Middle Calyx
Puncture

Lower Calyx
Puncture

Clavien-Dindo
Classification

Total, N (%) 99 282 608  

None 94 (94.9)     -

Non-thoracic Complications

Hematuria 1 (0.01) 1 (0.004) 2 (0.003) I

Renal Hematoma 0 0 1(0.002) I

Pain 2 (0.02) 1 (0.004) 0 II

Transfusion 0 1 1 II

Fever 0 1 (0.004) 3 (0.05) II

Pyelonephritis 0 0 1(0.002) II

UTI 0 0 1(0.002) II

Bleeding 0 2 (0.007) 3 (0.05) II

Embolization 1 (0.01) 4 (0.014) 6 (0.01) III

Succinylcholine
toxicity

0 0 1(0.002) IV

ICU Admission 0 1 (0.004) 2 (0.003) IV

Vasopressor
Requirement

0 0 2 (0.003) IV

Thoracic Complications

Thoracic
Complications

1 (0.01) 1 (0.004) 4 (0.007) III

Not Specified Complications

Unspecified 0 1 (0.64) 6 (0.01) -

There were no statistically significant differences in overall (p = 0.82), thoracic (p = 0.67), or non-
thoracic (p = 0.95) complication rates among the puncture groups.

Additionally, we found a significant difference in stone-free rates based on calyx of entry, where upper
caliceal puncture had a lower stone-free rate at 51% compared to 77.66% and 62.83% for middle and
lower calyceal puncture, respectively. For the subset of cases where operative time was available, lower
calyx puncture had the longest operative time (105.8 minutes ± 51.02, p < 0.001). See Table 4.
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Table 4
Postoperative Variables

Characteristics Upper
Calyx
Puncture

  Middle
Calyx
Puncture

  Lower Calyx
Puncture

p-
value

N (%) 99 (%) 282 (%) 608 (%)  

Stone Free Rate
(%)

51 51.52 219 77.66 382 62.83 < 
0.001

Length of stay in
days (SD)

1.01 (1.36)   0.52 (1.14)   1 (1.56)   < 
0.001

Operative Time
(SD)

90.842
(34.84)

  94.426
(40.47)

  105.84112
(51.02)

  < 
0.001

According to the logistic regression, patients with a middle puncture site had 2.98 higher odds of stone-
free outcome than those with an upper puncture site (OR = 3.07, 95% CI: 1.67, 5.65, p < 0.001). In
contrast, patients with a lower puncture site did not have a significant difference in stone-free rates
compared to those with an upper puncture (OR = 1.10, 95% CI: 0.64, 1.86, p = 0.7)—Table 5.

Table 5
Association Between Puncture Site and Stone-Free Rates

Variables Univariable Analysis Multivariable Analysis

Puncture Site Odds Ratio 95% CI P value Odds Ratio 95% CI p-value

Upper Calyx Reference Category Reference Category

Middle Calyx 3.98 2.30, 6.91 < 0.001 3.07 1.67, 5.65 < 0.001

Lower Calyx 1.68 1.04, 2.69 0.031 1.10 0.64, 1.86 0.7

Model adjusted by age, gender, Guy’s Stone Score, and ASA score

The second multivariate logistic regression model showed that upper pole access was not found to be
an independent predictor of lower stone-free rates (OR: 0.68, 95% CI: 0.41–1.14; p = 0.14). We found that
an increase in Guy’s stone score was significantly associated with lower odds of achieving stone-free
status (OR: 0.53, 95% CI: 0.31, 0.87; p < 0.015)

Discussion
When analyzing the supine approach for PCNL procedures, two key considerations arise. First is the
feasibility of the supine approach for all stone locations, particularly whether there are different
outcomes for stones located in the upper, middle, or lower calyces. Second, is an evaluation of the risks
associated with the supine versus prone approach, especially for stones in the upper calyx, which are
often cited as having a higher risk of thoracic puncture.
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Comparison of Calyces
The stone-free rates across different calyx locations revealed a significant difference (p < 0.001) between
access sites. The highest stone-free rate was seen in the middle calyx puncture. These findings align
with one study by Gokce et al., which reported that the middle calyx provided the best access to all renal
segments, partially explaining the higher stone-free rates observed in our study (6). The lower calyx
puncture followed in stone-free rates, while the upper calyx puncture had the lowest. These findings
differ from the results of Singh et al., who also evaluated the efficacy of upper calyceal versus lower
calyceal puncture and suggested that the upper calyx approach provided similar clearance rates (5).
Nevertheless, in our study, the highest proportion of complex stones was observed in cases managed
through upper calyx punctures, which had the greatest percentage of Guy’s Stone Score 2, 3, and 4
stones and the lowest percentage of Guy’s Stone Score 1 stones. We surmise that this uneven
distribution of more complex stones was the main driver of the lower stone-free rates observed in the
upper calyx access group, as our logistic regression showed that the upper calyx access alone was not
associated with lower stone-free rate and that the effect is likely driven primarily by the underlying
complexity of the stone.

Regarding postoperative complications, we found no statistically significant differences when
comparing upper, middle, and lower calyces. However, the length of stay and postoperative time were
significantly longer in the lower calyx puncture. Nevertheless, we believe these statistically significant
differences were not clinically meaningful.

Supine vs. Prone for Upper Calyx
Numerous large meta-analyses have highlighted the advantages of supine PCNL over prone PCNL, citing
benefits such as improved patient positioning and enhanced safety, lower transfusions and fever rates,
and (7) shorter anesthesia time (8). Yet, the majority of PCNL cases worldwide continue to be performed
in the prone position (9)as critics still argue that supine PCNL procedures carry unacceptable risks,
including thoracic complications during upper pole punctures, historically reported to reach rates as high
as 15% (10). Additionally, some suggest that the stone-free rates generally remain greater in prone
position (11) and that the upper pole access is more easily accessible in the prone position (12)

Our findings reveal a complication rate below 10%, with hemorrhage requiring embolization being the
most prevalent major complication, occurring in 11 patients (1.1%).

Specifically, we observed six thoracic complications and 38 non-thoracic complications. Importantly, no
statistically significant differences were identified between thoracic complication rates (p = 0.75) and
overall complication rates (p = 0.32) when comparing upper, middle, and lower calyces in our study.
These results suggest that upper pole access is feasible and safe in the supine position.
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Wood et al. compared supine and prone upper pole punctures, suggesting that upper pole access in
supine PCNL surgeries is equally safe compared to prone PCNL surgeries (3). Their study reported no
significant differences in complication rates and had similar operative time and blood transfusion rates
between groups (3). However, other articles debate which position offers improved operative time. While
some have concluded that prone PCNL leads to reduced operative time (7), others report the opposite
(13), indicating that operative time may not be as pivotal in differentiating the two procedures as
previously emphasized.

Additionally, He et al. concluded in their meta-analysis that supracostal access, which is typically upper
pole access, was adequate but less safe than infracostal access in PCNL due to reduced hemoglobin
levels and an increased risk of hydrothorax (14). However, their analysis was restricted to prone-
positioned patients, unlike our study. In our cohort, none of the patients undergoing upper calyx puncture
required transfusion, and complication rates did not vary significantly between groups. We also found no
differences in ICU admissions (p = 0.84). Notably, our multi-institutional cohort of 989 patients is
comparable in scale to the meta-analysis conducted by He et al., offering robust data to support our
findings while also highlighting intriguing insights into the feasibility and safety of upper calyx access in
the supine position.

One of the key strengths of our study is its analysis of supine PCNL outcomes in a large, diverse,
international cohort, enhancing the generalizability of our findings. This study provides practical insight
into supine PCNL and its applicability by capturing data across multiple institutions and practice
environments. Nevertheless, several limitations should be acknowledged. As a retrospective study,
unmeasured variables may have influenced the choice of surgical access, potentially affecting the
results. While we compare our findings to existing literature, the lack of a cohort undergoing prone PCNL
at the same institutions limits the ability to make direct comparisons. In addition, the percentage of
ultrasound-guided access was not reported, which could impact the observed complication rates. Given
the multi-center design, follow-up imaging protocols varied between sites and surgeons. Moreover, upper
pole access was chosen based on patient anatomy, stone burden, or surgeon preference, introducing
potential selection bias. Lastly, procedures were performed by specialized surgeons with extensive
experience in supine PCNL, which may limit the applicability of our findings to general urological practice

To address the limitations inherent to retrospective analyses, future prospective or randomized studies,
along with evaluations of the use of ultrasound as a tool to further reduce the risks of thoracic
complications of upper pole puncture, are needed.

Conclusion
In this large multinational study, upper calyx punctures in supine PCNL demonstrated comparable safety
profiles to middle and lower calyx punctures, with no increase in complications, transfusions, or
vasopressor requirements. Although stone-free rates were slightly lower for upper punctures, the higher
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complexity of stones likely influenced these results. Our findings suggest the feasibility of upper calyx
punctures in supine PCNL, offering reassurance to surgeons considering this approach.
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