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Ultrasound-Only Percutaneous Nephrolithotomy Is Safe
and Effective Compared to Fluoroscopy-Directed

Percutaneous Nephrolithotomy

Gregory W. Hosier, MD, MS,1 Nizar Hakam, MD,2 Fadl Hamouche, MD,2 Xavier Cortez, MD,2

Leslie Charondo, MD,2 Heiko Yang, MD, PhD,2 Carter Chan, BS,2 Kevin Chang, MD,2 Rei Unno, MD, PhD,2

Wilson Sui, MD,2 David B. Bayne, MD, MPH,2 Marshall L. Stoller, MD,2 and Thomas Chi, MD2

Abstract

Introduction: Outcomes after ultrasound-only percutaneous nephrolithotomy (PCNL), in which no fluoroscopy
is used, are not well known. The goal of this study was to compare outcomes of ultrasound-only and
fluoroscopy-directed PCNL.
Materials and Methods: Prospectively collected data from the Registry for Stones of the Kidney and Ureter
database were reviewed for all patients who underwent PCNL at one academic center from 2015 to 2021.
Primary outcomes were complications and stone-free rates (no residual fragments ‡3 mm).
Results: Of the 141 patients who underwent ultrasound-only PCNL and 147 who underwent fluoroscopy-
directed PCNL, there was no difference in complication rates (15% vs 16%, p = 0.87) or stone-free status (71% vs
65%, p = 0.72), respectively. After adjusting for body mass index, American Society of Anesthesiologists (ASA),
stone size, and stone complexity by Guy score, ultrasound-only PCNL was not associated with any increased
odds of complications (odds ratio [OR] 0.7, 95% confidence interval [CI] 0.3–1.6, p = 0.41) or residual stone
fragments ‡3 mm (OR 1.0, 95% CI 0.5–1.9, p = 0.972) compared with fluoroscopy-directed PCNL. Ultrasound-
only PCNL was associated with shorter operative time (median 99.5 vs 126 minutes, p < 0.001), and the use of
ultrasound remained a significant predictor of short operative time (<100 minutes) after controlling for supine
positioning, stone size, and stone complexity by Guy score (OR 2.31, 95% CI 1.01–5.29, p = 0.048). Patients in
the ultrasound-only group were spared a mean radiation exposure dose of 10 mGy per procedure.
Conclusions: Ultrasound-only PCNL is safe and achieves similar stone-free rates compared with fluoroscopy-
directed PCNL with the added benefit of avoidance of radiation.

Keywords: percutaneous nephrolithotomy, PCNL, ultrasound guidance, fluoroscopy

Introduction

Percutaneous nephrolithotomy (PCNL) is the stan-
dard minimally invasive surgical procedure for removal

of kidney stones >2 cm.1 More recently, the use of ultrasound
for renal access has been gaining popularity. A systematic
review including six randomized controlled trials, three case–
control trials, and three meta-analyses found similar out-
comes for ultrasound-guided renal access compared with

fluoroscopic-guided renal access during PCNL.2 Benefits of
ultrasound-guided renal access include decreased radiation,
decreased cost, and decreased learning curve compared with
fluoroscopic-guided renal access.3–5

While the use of ultrasound for gaining renal access is
gaining more widespread acceptance, the use of ultrasound for
all steps of PCNL is less common. In cases in which ultra-
sound is used for gaining access, fluoroscopy is still com-
monly used for retrograde pyelogram (for access planning),
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tract dilation, stent/nephrostomy tube placement, and/or to
check for residual stones at the end of the case. This neces-
sitates access to fluoroscopy, which may not be as readily
available compared with ultrasound at all sites. Switching
from ultrasound to fluoroscopy during PCNL can also be
cumbersome and add to operative time. Our group has pre-
viously shown that ultrasound-guided tract dilation can be
safely performed with similar complication and stone-free
rates to fluoroscopic-guided dilation.6

However, in this cohort, fluoroscopy was still frequently
used for retrograde pyelogram (for access planning), stent/
nephrostomy tube placement, and/or to check for residual
stones at the end of the case. At our center, forgoing
fluoroscopic-guided placement of nephrostomy tube/stents
and use of fluoroscopy to check for residual stones re-
presented the final step in achieving ultrasound-only PCNL.
However, it remains to be seen whether stone-free rates and
complications (in particular related to stent/nephrostomy
tube placement) were acceptable when these steps were
omitted. The objective of this study was to evaluate stone-
free rates and complication rates in those who underwent
ultrasound-only compared with fluoroscopy-directed PCNL
at one high-volume tertiary care center.

Materials and Methods

Study design

This was a retrospective review of prospectively collected
data from the Registry for Stones of the Kidney and Ureter
(ReSKU) database on all patients who underwent PCNL at
one academic center from 2015 to 2021 at the University of
California, San Francisco Helen Diller Medical Center, a
tertiary referral center for stone disease. We obtained insti-
tutional review board approval and patient written consent to
prospectively collect demographic and clinical data (CHR
no. 14-4533).7 Patients were divided into two groups:
ultrasound-only (in which no amount of fluoroscopy was
used) and fluoroscopy-directed (in which fluoroscopy was
used for any portion of the case).

Surgical technique

Our surgical technique for ultrasound-guided PCNL ac-
cess and tract dilation has been described previously.8,9 In
brief, an externalized ureteral stent was placed into the ipsi-
lateral ureter via a flexible cystoscope for retrograde saline
injection to induce caliceal dilation. Patients were positioned
prone or in a modified supine lithotomy position as described
in the literature.10 A 3.5 MHz range curved array ultrasound
transducer (Hitachi Aloka Medical America, Wallingford,
CT) was used to visualize the renal parenchyma, pelvicaliceal
system, stones, and surrounding organs. An 18-gauge echo-
genic needle (Cook Medical) was advanced into the target
calyx under ultrasound guidance. The needle stylet was re-
moved, and either an extra stiff wire (mini-PCNL) or a J-tip
coaxial guidewire (regular PCNL) was inserted into the renal
pelvis under ultrasound guidance.

The needle was removed, and a 1-cm skin incision was
created surrounding the guidewire. Tract dilation proceeded
with fluoroscopic guidance or ultrasound guidance. The tract
was dilated first using a 10F fascial dilator (Cook Medical),
followed by either a 16F Clearpetra sheath (mini-PCNL;

Micro-Tech Endoscopy USA, Ann Arbor, MI) or 24–30F
high-pressure balloon dilator and sheath (regular PCNL;
BARD X-Force, Bard Medical). Ultrasound attempts at di-
lation were abandoned in favor of fluoroscopy if at any point
ultrasound visualization of the kidney or access instrumen-
tation was felt to be poor enough to be unsafe to proceed by
the operating surgeon. An offset rigid nephroscope and lith-
otripter was used for stone fragmentation and removal. In the
ultrasound-only technique, the presence of remaining stone
fragments was determined by ultrasound imaging or direct
visualization using a nephroscope, antegrade flexible cysto-
scope, or ureteroscope at the end of the case.

In fluoroscopic-directed PCNL, fluoroscopy was used to
determine the presence of remaining stone fragments in ad-
dition to direct visualization. Kidney drainage was achieved
using a 10F antegrade nephrostomy tube, ureteric stent, or
occasionally no stent or nephrostomy tube. For nephrostomy
tube placement without fluoroscopy, the nephrostomy tube
was placed through the access sheath, saline was injected
through the nephrostomy tube to create bubbles and confirm
proper location in the renal pelvis under ultrasound, and the
sheath was then cut away leaving the nephrostomy tube in
place.

Data acquisition

Demographic, perioperative, and primary outcomes were
collected as part of ReSKU. Demographic characteristics
included age, gender, and body mass index (BMI). Perio-
perative data included preoperative stone size, procedure
laterality, surgical position, calix puncture location, number
of tracts dilated, and operative time. Primary outcomes of
interest were complications and stone-free status. Compli-
cations were defined using the Clavien–Dindo classification
system.10 Stone-free status was defined as no residual frag-
ments ‡3 mm on postoperative imaging, including plain ra-
diographs, renal ultrasound, or CT scan of the abdomen, at
the first clinical visit within 90 days of the operation. Patients
without postoperative imaging were excluded from the
analysis. Patients scheduled for future second-stage proce-
dures were categorized as not stone free.

Statistics

Descriptive statistics were used for baseline characteristics
and outcome data. Continuous baseline variables were
checked for normality. A two-sided Student’s t-test was used
for normally distributed continuous data. Fisher’s exact test
was used for categorical data. Univariate and multivariable
logistic regression analyses were performed. Data were an-
alyzed using R (R Core Team; Vienna, Austria).

Results

Of 443 patients initially identified who underwent PCNL,
155 were excluded as they did not have any follow-up im-
aging available (Fig. 1). Of the remaining 288 patients, 141
(49%) underwent ultrasound-only PCNL and 147 (51%)
underwent fluoroscopy-directed PCNL. In the fluoroscopy-
directed PCNL group, access was achieved by ultrasound in
75 (51%) cases, fluoroscopy in 37 (25%) cases, and a com-
bination of ultrasound and fluoroscopy in 35 (24%) cases. In
the fluoroscopy-directed group, ultrasound was used for both
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the puncture and dilation in 32 (22%) patients. In cases in
which ultrasound was used for both puncture and dilation,
reasons for use of adjunct fluoroscopy were to aid ne-
phrostomy tube placement (66%), check for residual stones
(47%), and to perform retrograde pyelogram (31%).

The mean maximum summative stone diameter was
30 mm, and 44% were Guy score 3 or 4. Stone and patient
characteristics were similar between both groups (Table 1).
Ultrasound-only PCNL was associated with shorter operative
time (median 99.5 vs 126 minutes, p < 0.001), higher success
rate of access achieved by resident (38.3% vs 16.3%,
p < 0.001), and more frequent use of supine positioning (69%
vs 25%, p < 0.001) compared with fluoroscopy-directed
PCNL (Table 1). In the fluoroscopic-guided group, the mean
radiation exposure dose was 10 mGy per procedure.

The overall complication rate was 18%, of which 79%
were Clavien–Dindo grade 1 or 2 (Table 2). There was no
difference in complication rates (15% vs 16%, p = 0.87) or
stone-free status (71% vs 65%, p = 0.72) between those who
underwent ultrasound-only PCNL and fluoroscopy-directed
PCNL, respectively (Table 2). There was no difference in
complications related to nephrostomy/stent malposition, with
2 (1.4%) nephrostomy tube dislodgements occurring in the
ultrasound-only group and 1 (0.7%) in the fluoroscopy-
directed group. Ultrasound-only PCNL was associated with a
lower percent drop in hematocrit compared with fluoroscopic-
directed PCNL (2.7% vs 4.9%, p = 0.02; Table 2).

After adjusting for BMI, American Society of Anesthe-
siologists (ASA), stone size, and stone complexity by Guy
score, ultrasound-only PCNL was not associated with any
increased odds of complications (odds ratio [OR] 0.7, 95%
confidence interval [CI] 0.3–1.6, p = 0.41) or residual stone
fragment ‡3 mm (OR 1.0, 95% CI 0.5–1.9, p = 0.97) com-

pared with fluoroscopy-directed PCNL (Tables 3 and 4). BMI
>40 (OR 10.1, 95% CI 2.8–36.4, p < 0.001) and need for
multiple punctures (OR 5.8, 95% CI 1.4–23.5, p = 0.013)
were associated with increased odds of complications
(Table 3). Stone size >4 cm was associated with decreased
odds of complications (OR 0.247, 95% CI 0.07–0.8, p = 0.02;
Table 3). Upper pole access was associated with decreased
odds of residual stone fragments (OR 0.3, 95% CI 0.2–0.8,
p = 0.016; Table 4).

A sensitivity analysis examining factors affecting short
operative time (<100 minutes) showed that ultrasound-only
technique was significantly associated with short operative
time after controlling for supine positioning, stone size, and
stone complexity by Guy score (OR 2.31, 95% CI 1.01–5.29,
p = 0.048, Table 5).

Surgeon’s reasons for the use of fluoroscopy in addition to
ultrasound were explored. The most common reason for uti-
lizing fluoroscopy in addition to ultrasound was that the pri-
mary surgeons were still gaining comfort with utilizing
ultrasound for each step (puncture, dilation, nephrostomy
tube/stent placement, and/or to check for residual stones) at
53%. Case complexity was a factor in 38% of cases. In 9% of
cases, no clear reason for use of fluoroscopy was documented.

Discussion

The use of ultrasound guidance for PCNL access has
gained popularity. However, reports on ultrasound-only
PCNL, in which ultrasound is used for all steps of the pro-
cedure, are limited as fluoroscopy is often used for dilation to
aid stent/nephrostomy tube placement and to check for re-
sidual stone fragments. We have previously reported on our
technique for transitioning to ultrasound-guided PCNL.5

FIG. 1. Patient flow diagram showing the use of fluoroscopy during certain steps of PCNL cases. Fluoroscopy adjuncts
included fluoroscopy used for retrograde pyelogram, nephrostomy tube placement/stent placement, and to check for residual
stone fragments. PCNL = percutaneous nephrolithotomy.
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We recommend a stepwise progression of (1) successful
imaging and interpretation of renal anatomy with ultrasound,
(2) ultrasound-guided puncture, (3) ultrasound-guided dila-
tion, and (4) elimination of fluoroscopy adjuncts (retrograde
pyelogram, nephrostomy tube/stent placement, looking for
residual stone fragments).

Our group has previously shown that ultrasound-guided
tract dilation can be safely performed with similar compli-
cation and stone-free rates to fluoroscopic-guided dilatation.6

However, fluoroscopy was still frequently used for retrograde
pyelogram (access site planning), stent/nephrostomy tube
placement, and/or to check for residual stones at the end of the
case. In this retrospective review of prospectively collected
data for 288 patients, we extend upon our previous findings by
showing that ultrasound-only PCNL is safe and achieves

similar stone-free rates compared with fluoroscopy-directed
PCNL with the added benefit of avoidance of radiation.

Our complication rate of 18% is similar to the complica-
tion rate of 21% observed in the Clinical Research Office of
the Endourological Society (CROES) global study of 5803
patients who underwent PCNL.11 Most (79%) complications
were Clavien–Dindo grade 1–2. In a systematic review of six
randomized controlled trials, three case–control studies, and
three meta-analyses of 8705 patients, there was no difference
seen in complications after access achieved using ultrasound
compared with fluoroscopy.2 However, this systematic re-
view was limited to studies examining the use of ultrasound
for access only, not the remaining portions of the case in-
cluding tract dilation and tube insertion, which can be more
technically difficult under ultrasound guidance.

Table 1. Baseline and Perioperative Characteristics of Patients who Underwent Ultrasound-Only vs

Fluoroscopy-Directed Percutaneous Nephrolithotomy

Characteristic
Ultrasound-only Fluoroscopy-directed

pn = 141 n (%) n = 147 n (%)

Age, years, median (IQR) 56 (42–66) 55 (40–64) 0.48
BMI, kg/m2, median (IQR) 28.5 (24–33) 28.9 (24–33) 0.6
ASA 3 and 4 40 (28) 30 (20) 0.12
Solitary kidney 2 (1) 4 (3) 0.68
Transplant 0 (0) 1 (1) 1
Stone size, median (IQR) 30 (17–45) 30 (18–51) 0.31
Guy score 3 and 4 50/102 (49) 46/119 (39) 0.1355
Existing stent/nephrostomy tube 16 (11.4) 27 (18.6) 0.09
Total operative time, minutes, median (IQR) 99 (74–129) 126 (100–159) <0.001
Positioning <0.001

Prone 44 (31) 110 (75)
Supine 97 (69) 36 (25)
Missing 0 (0) 1 (1)

Access person <0.001
Attending 53 (38) 56 (38)
Fellow 23 (16) 46 (31)
Resident 54 (38) 24 (16)
Missing 11 (8) 21 (14)

Puncture location
Upper calix 30 (20) 37 (24) 0.43
Middle calix 59 (39) 41 (27) 0.013
Lower calix 64 (41) 75 (49) 0.34

Laterality 0.16
Right 64 (45) 61 (42)
Left 72 (51) 85 (57)
Bilateral 5 (4) 1 (1)

Number of tracts dilated 0.14
1 122 (87) 136 (93)
2 14 (10) 11 (7)
3 3 (2) 0 (0)
Missing 2 (1) 0 (0)

Tract size <0.001
30F 2 (1) 25 (17)
24F 119 (84) 114 (78)
16F 16 (11) 3 (2)
10F 2 (1) 1 (1)
Missing 2 (1) 4 (3)

Mean radiation dose, mGy 0 (0, 0) 10.14 (3.15–26.88) <0.001
Mean fluoroscopic time, seconds 0 (0, 0) 59.6 (18.7–126.8) <0.001

ASA = American Society of Anesthesiologists; BMI = body mass index; IQR = interquartile range.
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Table 2. Postoperative Outcomes of Ultrasound-Only vs Fluoroscopy-Directed

Percutaneous Nephrolithotomy

Characteristic
Ultrasound-only Fluoroscopy-directed

pn = 141 n (%) n = 147 n (%)

% Drop in hematocrit, median (IQR) 2.7 (-1.4 to 6.7) 4.9 (0.5–9.5) 0.02
Stone free (<3 mm fragment) 100 (71) 95 (64) 0.72
Postoperative complications (Clavien–Dindo) 0.85

No complications 117 (83) 119 (81)

Grade 1 1 (1) 3 (2)
Flank pain 1 (1) 2 (1) 1
Perirenal hematoma 0 1 (1) 1

Grade 2 14 (10) 15 (10)
UTI 7 (5) 8 (5) 1
Pyelonephritis 4 (3) 4 (3) 1
Nephrostomy tube dislodge 1 (1) 0 1
Pneumothorax 1 (1) 0 1
Pleural effusion 0 1 (1) 1
Bowel perforation 0 1 (1) 1

Grade 3a 3 (2) 3 (2)
Pneumothorax 1 (1) 0 1
Nephrostomy tube dislodge 1 (1) 1 (1) 1
Sepsis 1 (1) 1 (1) 1

Grade 3b 1 (1) 1 (1)
Sepsis 1 (1) 1 (1) 1

Grade 4a 0 0
Grade 4b 1 (1) 0 (0)

Pleural effusion 1 (1) 0 1

Missing 4 (3) 6 (4)

UTI = urinary tract infection.

Table 3. Multivariable Analysis for Complications Within 6 Weeks of Surgery (n = 288)

Variable OR
95%
CI p

US-only (ref any fluoroscopy) 0.706 0.305–1.635 0.416
Supine (ref Prone) 1.809 0.754–4.340 0.184
Tract size (ref ‡24F)

<24F 0.577 0.099–3.355 0.540
Missing 7.301 0.474–112.352 0.154

BMI (ref <30)
30–40 2.137 0.909–5.021 0.082
>40 10.125 2.814–36.433 <0.001
Missing 3.458 0.668–17.888 0.139

Puncture location (ref lower)
Middle 2.588 1.017–6.585 0.046
Upper 1.292 0.391–4.265 0.674
Multiple 5.838 1.449–23.526 0.013
Missing 1.000

Stone size (ref <40 mm)
‡40 mm 0.247 0.076–0.802 0.020
Missing 0.616 0.234–1.621 0.327

Access person (ref Attending)
Fellow 0.378 0.139–1.027 0.056
Resident 0.564 0.223–1.430 0.228
Missing 0.206 0.031–1.377 0.103

Existing stent or tube 2.805 1.111–7.081 0.029
ASA (ref class 1)

Class 2 0.506 0.132–1.947 0.322
Class 3–4 0.400 0.093–1.726 0.219

Guy score (ref 1)
2–4 1.120 0.367–3.413 0.842
Missing 0.907 0.235–3.506 0.888

CI = confidence interval; OR = odds ratio; US = ultrasound.
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We found that the use of ultrasound for all portions of the
PCNL procedure was associated with similar complication
rates compared with PCNL utilizing fluoroscopy. Im-
portantly, there was no difference in complications related to
nephrostomy/stent malposition in the ultrasound-only group.
To aid placement of nephrostomy tube under ultrasound, our

technique was to place the nephrostomy tube through the
access sheath, inject saline through the nephrostomy tube to
create bubbles and confirm proper location in the renal pelvis,
then cut away the sheath around the nephrostomy tube. These
results support the use of ultrasound-only PCNL in experi-
enced user’s hands.

In our previous reports on ultrasound-guided PCNL for
access and dilation, fluoroscopy was often still used for ret-
rograde pyelogram (to aid puncture site planning) and to
check for residual stone fragments. By foregoing these steps
under fluoroscopy, stone-free rates could theoretically be
worse if the access site did not provide optimal trajectory for
stone clearance or small fragments were missed using ultra-
sound. Arguing against this, stone-free rates were not dif-
ferent between ultrasound-only and fluoroscopic-guided
PCNL in the current study. Our stone-free rates were some-
what low at 68%. When we removed patients with known
residual stones who were planned for second-stage proce-
dure, our stone-free rate increased to 92%, which is favorable
compared with 76% in the CROES study.11

Table 4. Multivariable Analysis for Residual Stone Fragments 3 mm or Larger on Imaging

at 4–6 Weeks After Surgery (n = 288)

Variable OR 95% CI p

US-only (ref any fluoroscopy) 0.989 0.524–1.866 0.972
Supine (ref Prone) 0.532 0.270–1.048 0.068
Tract size (ref ‡24F)

<24F 1.995 0.606–6.561 0.256
Missing 0.787 0.096–6.437 0.823

BMI (ref <30)
30–40 0.467 0.243–0.898 0.022
>40 0.811 0.280–2.344 0.698
Missing 0.818 0.206–3.247 0.775

Puncture location (ref lower)
Middle 0.688 0.344–1.378 0.292
Upper 0.360 0.157–0.827 0.016
Multiple 1.006 0.345–2.936 0.992
Missing 3.629 0.16–81.793 0.417

Stone size (ref <40 mm)
‡40 mm 1.954 0.893–4.277 0.094
Missing 2.221 1.042–4.734 0.039

Access person (ref Attending)
Fellow 1.043 0.490–2.219 0.914
Resident 1.535 0.765–3.077 0.228
Missing 0.691 0.234–2.039 0.503
Existing stent or tube 1.447 0.702–2.980 0.317

ASA (ref class 1)
Class 2 2.908 0.808–10.470 0.102
Class 3–4 3.460 0.886–13.514 0.074

Guy score (ref 1)
2–4 1.508 0.660–3.443 0.330
Missing 0.764 0.269–2.173 0.614

Stone analysis (ref Calcium oxalate dihydrate)
Calcium oxalate monohydrate 2.330 0.582–9.327 0.232
Uric acid 0.971 0.184–5.118 0.973
Ammonium nitrate 2.328 0.289–18.727 0.427
Cysteine No outcome
Calcium phosphate 2.698 0.624–11.665 0.184
Carbonate apatite 2.218 0.412–11.953 0.354
Other 6.279 1.006–39.187 0.049
Missing/not performed 1.327 0.30 7–5.742 0.705

Table 5. Multivariable Analysis for Short

Operative Time (<100 Minutes) (n = 288)

Variable OR 95% CI p

US-only (ref any fluoroscopy) 2.31 1.01–5.29 0.048
Supine (ref Prone) 1.69 0.74–3.91 0.210
Stone size (ref <40 mm) 0.51 0.19–1.37 0.183

‡40 mm 0.55 0.2–1.52 0.252
Missing 0.55 0.2–1.52 0.252

Guy score (ref 1)
2–4 0.79 0.29–2.09 0.632
Missing 1.21 0.32–4.47 0.773

ULTRASOUND-ONLY PCNL 639
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In the ultrasound-only group, we used a combination of
ultrasound and direct visualization with rigid nephroscope,
flexible cystoscope, or flexible ureteroscope to check for re-
sidual stones at the end of the case. In fluoroscopic-directed
PCNL, fluoroscopy was used to determine the presence of
remaining stone fragments in addition to direct visualization.
These results indicate that fluoroscopic imaging of the kidney
to check for stone fragments can safely be omitted, thereby
saving operative time, decreasing unnecessary radiation, and
expanding access to PCNL to include sites without fluoro-
scopic capability.

Switching from ultrasound to fluoroscopy can be time
consuming and fluoroscopy may not always be available at
each hospital site. Indeed, we found that operative time for
patients in the ultrasound-only group was 27 minutes shorter
on average compared with the fluoroscopy-directed group.
Supine positioning was more common in the ultrasound-only
group, which may have contributed to shorter operative time
in this group. In a sensitivity analysis examining factors as-
sociated with short operative time, ultrasound-only technique
remained significantly associated with short operative time
(<100 minutes) after controlling for supine positioning.
There is evidence that access using ultrasound can be
achieved more quickly than with fluoroscopy, which may
partly account for the decreased operative time in the
ultrasound-only group.12–14

Advantages of ultrasound-only PCNL over fluoroscopic-
guided PCNL include avoidance of radiation and ergonomic
benefits of avoiding need for lead gowns. In the fluoroscopic-
guided group, the mean radiation exposure dose was 10 mGy
per procedure. This is consistent with other studies and is
roughly equivalent to one CT abdominal scan.15 Although
this is less than the recommended annual limit of 50 mGy/
year, stone patients receive frequent imaging for work-up in
addition to radiation during stone surgery and the cumulative
dose may exceed the annual limit of 50 mGy/year.16 In one
study, 26% and 6% of referred patients already had >20 and
>50 mGy radiation exposure, respectively, before being seen
by a urologist.17

The cumulative exposure of urologists and operating room
staff to radiation can also be concerning. There are obser-
vational data of increased risk of cataracts and brain malig-
nancy among interventional cardiologists who have a high
occupational exposure to radiation similar to urologists.18,19

Ultrasound-only PCNL offers ergonomic advantages over
fluoroscopic-guided PCNL by avoiding the need for operat-
ing room staff to wear lead. This is important as higher rates
of spine problems have been reported in procedural-based
specialists who require frequent use of lead compared with
nonprocedural specialists.20 The rate of spine problems cor-
related with procedural caseload and number of years in
practice.20

Our study has important limitations to consider. First, the
decision to conduct dilations, tube insertion, and check for
residual stone fragments with fluoroscopic or ultrasound
guidance is not necessarily stochastic. Our surgeons have
gained expertise with ultrasound and often successfully
complete all aspects of the procedure without switching over
to fluoroscopy. However, fluoroscopy is always available as a
backup if any part of the procedure proves difficult with ul-
trasound. It is therefore possible that the fluoroscopic-guided
group was enriched for increased complexity, and therefore, a

higher complication rate and lower stone-free rate might in-
herently be expected in this group.

Arguing against this, stone complexity as measured by
Guy score and stone size was not different between groups.
To further rule out selection bias masking a possible differ-
ence in outcomes between ultrasound-only and fluoroscopic-
guided groups, we performed an intention-to-treat analysis in
which those who had puncture initially attempted with ul-
trasound but required conversion to fluoroscopy were coun-
ted in the ultrasound-only group. No difference was seen in
complications or stone-free rates with this intention-to-treat
analysis (data not shown). Nevertheless, we hesitate to place
too much weight on our findings of less blood loss, and in-
creased trainee success with access in the ultrasound-only
PCNL group given the possibility of selection bias contrib-
uting to these findings. Strengths of our study were the large
sample size and prospective collection of data.

Conclusions

Ultrasound-only PCNL is safe and achieves similar stone-
free rates compared with fluoroscopy-directed PCNL with
added benefits of avoidance of radiation and possibly shorter
operative time.
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Abbreviations Used
ASA¼American Society of Anesthesiologists
BMI¼ body mass index

CI¼ confidence interval
CT¼ computed tomography

IQR¼ interquartile range
OR¼ odds ratio

PCNL¼ percutaneous nephrolithotomy
ReSKU¼Registry for Stones of the Kidney and Ureter

US¼ ultrasound
UTI¼ urinary tract infection
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