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X-ray–free Ultrasound-guided
Percutaneous Nephrolithotomy:
How to Select the Right Patient?
Manint Usawachintachit, David T. Tzou, Weiguo Hu, Jianxing Li, and Thomas Chi

OBJECTIVE To identify factors associated with successful ultrasound guidance for each surgical step of ultrasound-
guided percutaneous nephrolithotomy (PCNL).

PATIENTS AND
METHODS

Consecutive patients undergoing PCNL between March 2015 and June 2016 were prospectively
enrolled. An attempt was made to use ultrasound guidance in renal access, tract dilation, and
nephrostomy tube placement for each patient. For steps during which ultrasound guidance was
unsuccessful, fluoroscopic screening was applied. Regression analysis identified patient character-
istics associated with successful use of ultrasound guidance.

RESULTS A total of 96 patients composed this cohort, with a mean body mass index of 28.7 kg/m2. Mean
stone size was 33.1 ± 18.9 mm, and no hydronephrosis was found in 63.5% of cases. Fluoroscopic
screening was required for renal access in 27 cases (28.1%), tract dilation in 38 (39.6%), and
nephrostomy tube placement in 80 (83.3%). Multivariate analysis demonstrated that successful
ultrasound guidance was significantly associated with the presence of hydronephrosis for renal access
and the absence of staghorn calculi for tract dilation. Ultrasound-guided nephrostomy tube place-
ment appeared linked to surgeon experience.

CONCLUSION To achieve completely x-ray–free ultrasound-guided PCNL, the ideal patient should have a hy-
dronephrotic collecting system with no staghorn stone present. For practitioners looking to adopt
ultrasound guidance into their PCNL practice, these represent the most appropriate patients to
safely initiate a surgical experience. UROLOGY 100: 38–44, 2017. © 2016 Elsevier Inc.

Percutaneous nephrolithotomy (PCNL) is currently
the mainstay surgical treatment for renal stones larger
than 2 cm and refractory to shockwave therapy.1 Key

steps in this procedure include percutaneous renal access,
working tract dilation, stone fragmentation, stone clear-
ance confirmation, and nephrostomy tube (NT) place-
ment. Fluoroscopic guidance has been the primary imaging
method used to guide these steps in the United States and
around the world.2 Fluoroscopy requires ionizing radia-
tion exposure that may be associated with potential long-
term adverse effects for patients and medical personnel.3

In addition, fluoroscopy-directed PCNL is associated with
a relatively long learning curve.4,5

Ultrasound (US) guidance is a reliable alternative
imaging method to direct PCNL without ionizing radia-
tion exposure. In comparison with fluoroscopy-guided
PCNL, US-guided PCNL can be adopted with a rela-
tively short associated learning curve after approximately
20 cases.6 Whereas this technique has been widely used in
China,7 adoption has only recently gained popularity in
the United States. We have successfully implemented US
guidance for PCNL at our institution since May 2014.8 As
urologists move toward adopting US guidance, the follow-
ing question arises: which patient is best for initiating their
US experience? The purpose of this study is to identify
perioperative factors influencing the success of US-
guided PCNL for each step of the procedure.

PATIENTS AND METHODS
This was a prospective cohort study completed at 2 aca-
demic centers. The operative surgeon for all procedures is
a fellowship-trained endourologist whose previous expe-
rience in PCNL was exclusively fluoroscopic guidance before
May 2014. After institutional review board approval was
obtained, perioperative clinical data for all patients with
nephrolithiasis presenting between March 2015 and June
2016 and requiring treatment with PCNL were prospectively
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collected. Inclusion criteria were patients older than 18 years
with renal or proximal ureteral stones scheduled for treat-
ment with PCNL. Patients for whom no attempt at US
guidance was made were excluded. Preoperative non-
contrast computed tomography was used to determine stone
characteristics. Skin-to-stone distance was calculated on
computed tomography scan by 3 measured distances from
the center of the stone to the skin (0°, 45°, and 90°) at
the widest dimension of the stone on cross-sectional images.9

Kidney depth was determined by averaging the anterior and
the posterior depths of the skin to the renal hilum on axial
images.10 Staghorn stone was defined as a large stone oc-
cupying the entire renal pelvis and branching into at least
1 calyx.11 Hydronephrosis was categorized as either absent
or present based on the radiology report and confirmed at
the time of surgery.12

All PCNLs were performed with an attempt to use US
guidance in percutaneous renal access, tract dilation, and
NT placement independently. We have previously pub-
lished details regarding surgical technique.8,13 Before moving
the patient to a prone position, we placed a 5-French ex-
ternalized ureteral catheter into the ipsilateral ureter via
a flexible cystoscope for retrograde instillation of saline to
dilate the kidney as needed. We used a 3.5-MHz convex
abdominal transducer (Hitachi Aloka Medical America,
Wallingford, CT) to localize the stone position as well as
the collecting system anatomy. Renal puncture was done
with an 18-gauge EchoTip needle (Cook Medical) under
real-time ultrasonographic monitoring freehand without the
aid of a needle guide. A 10-French fascial dilator (Cook
Medical) and 24-French high-pressure balloon dilator and
sheath (BARD X-Force, Bard Medical) were used for
working tract dilation. At the end of the procedure, a 10-
French Cope loop NT (Cook Medical) was placed.

Renal access time (time elapsed from initial renal US
imaging to successful needle placement into the collect-
ing system), tract dilation time (time elapsed from wire in-
sertion into the collecting system to access sheath
advancement over the balloon), total operative time (time
elapsed from initial cystoscopy for ureteral catheter place-
ment until NT placement), and other perioperative out-
comes were recorded. If US imaging was unable to safely
guide any surgical step, this event was recorded, fluoros-
copy was used at the operative surgeon’s discretion, and
total fluoroscopic screening time was recorded from the fluo-
roscopy machine.

To determine stone-free status, plain radiograph of the
kidneys, ureters, and bladder and renal US were per-
formed 30 days after surgery to evaluate stone-free status.
Patients were categorized as being stone-free or having the
presence of residual fragment at any size based on this 30-
day follow-up. All perioperative complications occurring
within 30 days postoperatively were recorded according to
the Clavien-Dindo classification system.14

Chi-square test, Fisher exact test, simple regression, and
multiple regression were used to identify patient factors as-
sociated with US guidance success for each surgical step.
Statistical analyses were performed using Stata/IC version

14.1 (StataCorp, College Station, TX). Data were ex-
pressed as mean ± standard deviation and percentage with
a significance level of P <.05.

RESULTS
This cohort comprised 98 consecutive patients who un-
derwent US-guided PCNL during the study period. Two
patients were excluded from the analysis, including 1 patient
for whom US guidance was not attempted owing to ana-
tomic complexity and 1 patient with a pre-placed NT not
requiring a new collecting system puncture. Among the 96
patients included, mean age was 50.8 ± 17.0 years, mean
body mass index was 28.7 ± 7.9 kg/m2, and 54.2% were
women. Mean stone size was 33.1 ± 18.9 mm, 55.2% of
stones were left-sided, and 30.2% were staghorn stones. Hy-
dronephrosis was found on preoperative imaging in 36.4%
of cases (Table 1).

Of 96 patients, 55 cases (57.3%) were performed with
renal access and tract dilation solely under US guidance.
Of the remaining 41 cases (42.7%, group A), 27 cases
(28.1%, group B) required fluoroscopy for renal access and
38 cases (39.6%, group C) required fluoroscopy for tract
dilation. Twenty-four cases (25.0%) required fluoroscopy
for both renal access and tract dilation (Table 2). NT

Table 1. Demographic and perioperative variables

Variables Values

Age (y), mean ± SD 50.8 ± 17.0
Gender, n (%)

Female 52 (54.2)
Male 44 (45.8)

BMI (kg/m2), mean ± SD 28.7 ± 7.9
Skin-to-stone distance (mm), mean ± SD 105.6 ± 30.0
Kidney depth (mm) 91.8 ± 27.1
ASA class, n (%)

1 10 (10.4)
2 54 (56.3)
3 31 (32.3)
4 1 (1.0)

Stone laterality, n (%)
Left 53 (55.2)
Right 43 (44.8)

Stone size (mm), mean ± SD 33.1 ± 18.9
Presence of staghorn stone, n (%) 29 (30.2)
Presence of hydronephrosis, n (%) 35 (36.4)
Preoperative serum creatinine level

(mg/dL), mean ± SD
0.94 ± 0.40

Preoperative serum hematocrit (%),
mean ± SD

39.9 ± 5.3

Renal access time (min), mean ± SD 2.5 ± 3.0
Puncture approach

Lower 39 (40.6)
Middle 17 (17.7)
Upper 40 (41.7)

Tract dilation time (min), mean ± SD 10.4 ± 4.1
Total operative time (min), mean ± SD 134.0 ± 50.1
Total fluoroscopic screening time (s),

mean ± SD
48.4 ± 86.8

ASA, American Society of Anesthesiologists; BMI, body mass index;
SD, standard deviation.
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placement was performed under US guidance in the final
16 consecutive cases of this cohort. Completely x-ray–
free PCNL thus represented 16.7% of the entire cohort.

Mean renal access time was 2.5 ± 3.0 minutes (95%con-
fidence interval 1.9-3.1 minutes) and was significantly longer
if fluoroscopy was needed (1.4 ± 1.6 vs 5.4 ± 3.8 minutes,
P <.01). If only US was used to guide renal tract access and
dilation, total operative time was shortened (119.1 ± 38.5
vs 154.0 ± 56.9 minutes, P <.05). Mean tract dilation time
was 10.4 ± 4.1 minutes (95%confidence interval 9.6-11.2
minutes), and although prolonged if fluoroscopy was re-
quired, this difference did not reach statistical signifi-
cance (9.5 ± 3.6 vs 11.0 ± 4.0 minutes, P = .07) (Table 1
and Supplementary Table S1).
For the procedure as a whole as well as the individual

steps of renal puncture and tract dilation, univariate analy-
sis demonstrated that longer skin-to-stone distance (P <.05),
increased kidney depth (P <.05), presence of staghorn stone
(P <.05), and the absence of hydronephrosis (P <.05) were
significantly associated with the need for fluoroscopic screen-
ing. Controlling for each of these variables, multivariate
analysis demonstrated hydronephrosis (P <.05) as the single
variable significantly associated with fluoroscopy require-
ment during renal access. For tract dilation, only the pres-
ence of staghorn stone remained statistically significant with
multivariate analysis (P <.05) (Table 3).

Postoperatively, fluoroscopy use during PCNL did not
significantly affect surgical outcomes. Mean hematocrit
change was 5.0 ± 4.5%, and blood transfusion was re-
quired in 3 patients (3.1%). Postoperative complications
were found in 7 patients (7.4%), mostly characterized as
Clavien-Dindo class 1 or 2. Mean hospital stay was 2.9 ± 1.3
days. Stone-free status was achieved in 84 patients (87.5%)
and a secondary procedure was required in 2 patients (2.1%)
(Table 4).

DISCUSSION
Fluoroscopy remains the mainstay imaging modality used
to guide all steps of PCNL.2 It provides a clear mapping
of the collecting system,15 but is associated with a rela-
tively long learning curve driven by difficulty identifying
posterior calices and collecting system depth.16 Moreover,

the ionizing radiation exposures required by fluoroscopy,
although individually relatively small, have been shown
to be cumulative and affect both patients and intraopera-
tive personnel, with potential adverse health effects in-
cluding cataracts or even secondary malignancies.3,17

US guidance has gained popularity as an alternative
imaging modality to direct PCNL.7 Overall success and sur-
gical outcomes are comparable with those performed under
fluoroscopic guidance.2 US-guided imaging offers distinct
advantages over fluoroscopy, including freedom from ra-
diation, easier differentiation of posterior from anterior
calices, an ability to safely avoid renal vasculature, and real-
time imaging of other organs surrounding the kidney such
as bowel and pleura.15 A contemporary large series in US-
guided PCNL has shown a pleural complication rate of
0.19%.7 It is also the ideal imaging modality for pediatric
or pregnant patients.18,19

The predominant use of fluoroscopy in the United States
is likely explained by several reasons. First, although the
transition from fluoroscopic- to US-guided PCNL re-
quires a relatively short learning curve,6 it can be daunt-
ing to adopt a new surgical technique into clinical practice.
Second, only recently have teaching institutions begun
instructing urology trainees on how to obtain their own
renal access under US guidance. Third, in the current prac-
tice environment, urologists have few opportunities to
gain proficiency in US-guided renal access. Urologists may
have some skill in office-based diagnostic US,20 but the
majority of US-guided percutaneous procedures are per-
formed by intervention radiologists,21 including obtain-
ing renal access.22 Urologists therefore have few
opportunities to acquire proficiency via repetition. We have
demonstrated that US guidance proficiency can be ob-
tained using a training phantom.23 However, to use US
guidance in clinical practice, interested urologists will even-
tually have to apply their skills in the operating room en-
vironment. Defining the patient characteristics associated
with success in using US guidance for each step of PCNL
is important to facilitate urologists’ comfort with acquir-
ing this skill set.
The first report of US-guided PCNL was from Desai et al

in 1999, with 45 procedures in pediatric patients.24 Initial
renal puncture was done under US guidance, but tract di-
lation and the rest of the procedure were completed under
fluoroscopic guidance. To facilitate the utilization of US
in all steps of PCNL, others have adapted techniques for
tract dilation. These include the use of Teflon dilators25;
a small scope to confirm proper dilator placement7; and more
recently, balloon dilators to perform radiation-free US-
guided PCNL.26 All of these studies demonstrate the power
of how US can be used to guide the process of renal tract
dilation, a technical step of PCNL that has been rela-
tively understudied.
To this end, our study aimed to examine each PCNL step

separately with the goal of identifying factors associated
with successful US guidance. We demonstrated an overall
success rate of 71.9% for renal access and 60.4% for per-
cutaneous tract dilation with a high-pressure balloon under

Table 2. Fluoroscopic screening requirement for renal access
or tract dilation during ultrasound-guided PCNL

Fluoroscopy Required
for Tract Dilation

TotalYes No

Fluoroscopy
required for
renal access

Yes 24* 3* 27
Group B

No 14* 55 69
Total 38 58 96

Group C

PCNL, percutaneous nephrolithotomy.
* A total of 41 patients, defined as group A, required fluoros-
copy for renal access or tract dilation.
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Table 3. Impact of perioperative parameters on need for fluoroscopy

Variables

Ultrasound Guidance for Renal Access Ultrasound Guidance for Renal Tract Dilation

Fluoroscopy Required
(Group B) (n = 27) US Successful (n = 69) P Value

Fluoroscopy Required
(Group C) (n = 38) US Successful (n = 58) P Value

Age (y), mean ± SD 50.8 ± 15.6 50.8 ± 17.6 .99 49.2 ± 15.6 51.9 ± 17.9 .45
Gender, n (%) .53 .81

Female 16 (59.3) 36 (52.2) 20 (52.6) 32 (55.2)
Male 11 (40.7) 33 (47.8) 18 (47.4) 26 (44.8)

BMI (kg/m2), mean ± SD 30.8 ± 8.8 27.9 ± 7.5 .10 30.1 ± 8.9 27.8 ± 7.2 .17
Skin to stone distance (mm), mean ± SD 119.2 ± 33.8 101.6 ± 27.9 <.05 116.2 ± 36.1 99.7 ± 24.5 <.05
Kidney depth (mm), mean ± SD 103.7 ± 28.4 88.1 ± 25.8 <.05 102.9 ± 32.7 85.4 ± 21.1 <.05
ASA class, n (%)

Class 1 1 (3.7) 9 (13.0) .29 3 (7.9) 7 (12.1) .79
Class 2 14 (51.9) 40 (58.0) 21 (55.3) 33 (56.9)
Class 3 12 (44.4) 19 (27.5) 14 (36.8) 17 (29.3)
Class 4 0 1 (1.5) 0 1 (1.7)

Stone laterality, n (%)
Left 13 (48.2) 40 (58.0) .38 20 (52.6) 33 (56.9) .68
Right 14 (51.8) 29 (42.0) 18 (47.4) 25 (43.1)

Stone size (mm), mean ± SD 36.4 ± 20.5 31.8 ± 18.2 .28 37.6 ± 20.9 30.1 ± 17.0 .06
Presence of staghorn stone, n (%) 13 (48.2) 16 (23.2) <.05 19 (50.0) 10 (17.2) <.05†

Presence of hydronephrosis, n (%) 3 (11.1) 32 (46.4) <.05* 9 (23.7) 26 (44.8) <.05

Abbreviations as in Table 1.
* Controlling for skin-to-stone distance, kidney depth, and presence of staghorn stone, multivariate analysis demonstrated hydronephrosis (P <.05) as the single variable significantly associated
with fluoroscopy requirement for renal access.
† Controlling for skin-to-stone distance, kidney depth, and the presence of hydronephrosis, multivariate analysis demonstrated presence of staghorn stone (P <.05) as the single variable signifi-
cantly associated with fluoroscopy requirement for tract dilation.
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US guidance alone. These 2 important steps of PCNL
present particular challenges to perform exclusively under
ultrasonographic monitoring. Although an access needle
and a guidewire can usually be seen clearly with US, fascial
dilators, an uninflated balloon, and an NT are sometimes
visible only to a variable degree.
PCNL on a kidney with no hydronephrosis was associ-

ated with fluoroscopy requirement during renal access using
a multivariate analysis model. This finding reflects works
by Gamal et al and Basiri et al who reported a success rate
of 94% and 100% respectively in US-guided renal punc-
ture. However, only patients who demonstrated hydrone-
phrosis on preoperative imaging were included in their
studies, the majority of whom had moderate and severe
degrees of hydronephrosis.25,27 Our study found a lower
success rate of 71.9%, but almost two thirds of patients dem-
onstrated no hydronephrosis. In 27 patients who re-
quired fluoroscopy for renal access, the majority
demonstrated no collecting system dilatation, and for the
3 patients with hydronephrosis, all had only a mild degree.
For tract dilation, the presence of a staghorn stone was

significantly associated with fluoroscopy utilization in our
study. With staghorn stones, stone branches usually occupy
the majority of the collecting system. Thus, a relatively
limited space is left between the stone and the adjacent
collecting system lining, making it difficult to advance excess
wire into the collecting system. With less wire present in
the urinary space, ultrasonographic visualization of the di-
lation process can be challenging. Moreover, most instru-
ments used for tract dilation have been designed to be visible
by fluoroscopy, and can be difficult to visualize using US.
Placing these instruments and imaging them continu-
ously is critical for safe tract dilation. For our study, when
US failed to provide adequate live imaging, fluoroscopy was
used to preserve patient safety. Similarly, the surgeon looking
to adopt US for guidance of tract dilation, in the pres-
ence of staghorn stones, should be prepared for employ-
ment of fluoroscopic screening to verify instrument
positioning as needed.
Our series suggests that the ideal patient in which to use

US guidance and optimize success is one with a hydrone-
phrotic kidney and no staghorn stone, but that starting with
the intention to use US guidance during PCNL, regard-
less of success, eliminates a significant amount of ionizing
radiation exposure to patients and medical personnel. Al-
though using US guidance in every step of PCNL may not
be achievable in all cases, the mean total fluoroscopic
screening time in our study was 48.4 seconds, a relatively
low number when compared with other published fluoro-
scopic series that generally demonstrate a screening time
of more than 200 seconds.28,29 Furthermore, more than half
of patients in our series had zero radiation exposure during
renal access and tract dilation. Interestingly, these find-
ings were relevant regardless of patient body habitus, as
patient body mass index was not associated with success
of US guidance.30 Therefore, starting a case with the in-
tention to use US carries a distinct advantage in reduc-
ing radiation exposure.Ta
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We selected cases for this cohort that were performed
1 year after the operative surgeon began his experience with
US guidance for PCNL to minimize the effect of the learn-
ing curve on study outcomes. NT placement as a PCNL
step was performed under fluoroscopic guidance during the
majority of this series. These tubes are difficult to visual-
ize with US imaging. Once the operative surgeon gained
proficiency in performing this step under US guidance, fluo-
roscopy was subsequently eliminated, and this repre-
sented the last 16 cases. With such a clear temporal
relationship, success with using US for NT placement is
likely most closely associated with surgeon learning curve
in this series. This particular step of the procedure war-
rants further study to optimize US guidance.

Improved US machines with higher resolution real-
time images, and instruments composed of proper acous-
tic surfaces, all could lead to improved visualization for US-
guided PCNL. Thus, our series reflects applying US imaging
to a procedure using instruments not originally designed
for this purpose. With time and technological advances,
US guidance for PCNL may become even easier to perform.

Some limitations warrant remark in our study. Al-
though this was a prospective study, lack of a control group
limits our ability to generalize our findings for clinical ef-
ficacy of US-guided PCNL. In addition, our sample size is
relatively small, and all operative data were derived from
a single surgeon trained in endourology. A larger scale multi-
institutional study including surgeons with various expe-
rience levels would validate the finding from this study. In
all, however, our aim was to help the practicing urologist
interested in adopting US guidance for PCNL identify how
to optimize their success in making this transition while
preserving safe outcomes for their patients.

CONCLUSION
US can be used successfully to provide imaging guidance for
renal access, tract dilation, and NT placement with pres-
ervation of safe clinical outcomes and immediate reduc-
tion in patient and practitioner exposure to ionizing radiation.
Among several patient factors, a non-dilated collecting system
and the presence of staghorn stones are predictive for the
need for additional fluoroscopic screening in renal access and
tract dilation, respectively. An awareness of these factors
would facilitate optimal patient selection and benefit prac-
titioners looking to adopt US guidance into their practice.
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SUPPLEMENTARY DATA
Supplementary data associated with this article can be found,
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