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Abstract

Ultrasonography has emerged as an alternative to fluoroscopy
for image-guided percutaneous nephrolithotomy (PCNL) in many
countries. Compared to fluoroscopy-guided PCNL (F-PCNL),
ultrasound-guided PCNL (US-PCNL) is easier to learn and reduces
radiation exposure to patients and providers. Despite these advan-
tages, uptake of ultrasound-guided PCNL (US-PCNL) in Canada has
been almost nonexistent, largely because it is not incorporated into
urologists’ training. In this article, we seek to familiarize Canadian
urologists with this approach by describing our step-by-step tech-
nique for US-PCNL. Additionally, we provide keys to successful
implementation of this technique.

Introduction

In Canada, percutaneous nephrolithotomy (PCNL) is per-
formed almost exclusively using fluoroscopy as the image-
guiding modality of choice.'? While a long-established
standard for imaging guidance, this technique can be chal-
lenging to learn,® limiting the number of urologists who per-
form PCNL regularly as part of their clinical practice.* To the
best of our knowledge, there are no publications originating
from a Canadian institution describing ultrasound-guided
PCNL (US-PCNL). However, US-PCNL has gained popu-
larity in the U.S.,> Asia,® Europe,” the Middle East,® South
America,® and Africa'® over the past several years. Some
institutions use ultrasound in combination with fluoroscopy
as a strategy to reduce ionizing radiation exposure,'" where-
as others use it to completely eliminate exposure to radia-
tion during PCNL.">"* Although several variations on access
techniques exist among the many urologists performing
US-PCNL around the world,'* the main overarching goals

of making renal access easier for urologists to achieve and
reduce ionizing radiation exposure for patients and providers
remain the same. When appropriate, we offer our patients
US-PCNL and, herein, we describe our technique and keys
to successful implementation of this procedure.

Methods

Patient selection

When starting any new approach, it is important to carefully
select patients to decrease morbidity, optimize patient safety,
and ensure acceptable outcomes. We, therefore, recommend
selecting generally healthy patients when first adopting this
technique. Although obesity is not contraindicated, the
extra tissue between the flank and kidney poses a chal-
lenge during the steps requiring ultrasonography to optimize
imaging.”” We, therefore, recommend selecting non-obese
patients initially and waiting to attempt US-PCNL on obese
patients until after mastering the technique. Usawachintachit
et al showed that successful US-PCNL was associated with
the presence of hydronephrosis and the absence of a stag-
horn calculus.” In summary, the ideal initial candidate for
US-PCNL is a generally healthy, non-obese patient whose
imaging demonstrates a non-staghorn calculus and at least
moderate hydronephrosis. When starting up a new US-PCNL
program, we recommend seeking out these characteristics
in the first several US-PCNL cases.

Setup and equipment

Standard prophylactic intravenous antibiotics are given
according to the local antibiogram and per the Canadian
Urological Association (CUA) guideline'® and/or the
American Urological Association (AUA) best practices
statement.'” Standard general anesthesia is administered.
An externalized ureteral catheter is placed via a flexible or
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rigid cystoscope in the supine, cystolithotomy, frog-leg, or
prone position, depending on surgeon preference and expe-
rience. We selectively hang a gravity bag of saline 40-60
cm above the kidney to allow for passive retrograde filling
of the collecting system while draping the patient so that
by the time the surgeon is ready for renal access, most col-
lecting systems have artificially induced mild to moderate
hydronephrosis to enable easier renal imaging. Similarly,
depending on patient factors, the patient’s anatomy, and
surgeon preference, the PCNL procedure can be performed
in either the supine or prone position. Relevant surface anat-
omy and surgical landmarks used to plan collecting system
puncture are shown for the supine and prone positions in
Figs. 1A and 1B, respectively. In addition to standard equip-
ment required for PCNL, the short list of required additional
required capital and disposable equipment and instruments
are shown in Table 1.

Procedural steps
Step 1: Renal ultrasonography

Any portable ultrasound unit can be used with a standard
abdominal probe. We prefer to use a convex ultrasound
transducer (i.e., a curved-surface probe) at a frequency of
3-5 megahertz (MHz), but a linear ultrasound transducer
(i.e., a flat-surfaced probe) may also be used. Although gel
is conventionally used for diagnostic ultrasound imaging, to
prevent the surgeon’s hands from becoming slippery, sterile
water or saline periodically applied onto the body wall is
sufficient for coupling the probe and obtaining adequate
imaging. Initially, longitudinal ultrasound scanning is per-
formed to assess the anatomy of the kidney and perirenal tis-
sues. By convention, the probe is oriented so the upper pole
is on the left side of the ultrasound screen. In the longitudinal
plane, the kidney is often partially obscured by acoustic
shadowing from the ribs (Fig. 2) so the ultrasound probe

o
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is rotated 30-45 degrees to align parallel to the ribs, thus
eliminating the acoustic rib shadowing. Posterior calyces
are identified, and the appropriate entry calyx is selected.

Step 2: Renal puncture

Percutaneous renal access is achieved using a 20 cm,
18-gauge renal access needle. We prefer to use an echogenic
needle that facilitates easier visualization of the needle tip,
but standard non-echogenic needles may also be visualized
and used. One advantage of ultrasound is that, regardless the
desired location of puncture, upper, interpolar, and lower
pole access can be achieved using a longitudinal view of the
needle entering the desired target."* In general, the needle
enters the skin approximately 1 cm away from the caudal
end of the probe for a lower pole puncture (Fig. 3A), and
for an upper pole puncture, the needle typically enters the
skin 1 cm from the cephalad end of the probe (Fig. 3B). In
the longitudinal view, the goal is for the needle to be visu-
alized in its entirety on the ultrasound monitor as it enters
into the skin, crosses through the subcutaneous, fascial,
muscular, and perinephric layers through the kidney, and
into the targeted calyx (Fig. 4). While it is sometimes not
possible to keep the needle in the same plane and image
as it is advanced into the target calyx, gently bouncing the
needle provides visual feedback to its location so that minor
adjustments can be made. By maintaining the longitudinal
view and fanning the ultrasound probe back and forth to
identify the location of the needle relative to the targeted
calyx, the needle can be re-directed into the correct plane
relative to the calyx of interest. Once in the collecting sys-
tem, removal of the needle stylet facilitates visualizing efflux
of urine through the needle or aspiration of urine confirms
proper positioning of the needle tip in the collecting system.
Our approach is to generally control the needle freehand
without a needle guide in order to preserve maximal flexibil-
ity in terms of angle of entry into the kidney. A needle guide

Fig. 1. Surface anatomy and surgical landmarks for ultrasound-guided percutaneous nephrolithotomy. (A) Supine; (B) prone.
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Table 1. Capital and disposable equipment needs for
ultrasound-guided percutaneous nephrolithotomy

Reusable Portable ultrasound unit
Convex ultrasound transducer
Needle guide

Disposable Sterile ultrasound console cover

Sterile ultrasound probe cover
Echogenic tip access needle

J-tip coaxial guidewire

10 Fr fascial dilator

Ultrasound contrast agent solution

can, however, be attached to the ultrasound probe. Use of a
needle guide decreases the skill needed to keep the needle
in the imaging view and can, therefore, facilitate easier renal
access, particularly early in the surgeon’s learning curve.

Step 3: Guidewire access

The needle stylet is withdrawn to allow passage of a J-tip
coaxial guidewire through the access needle. We use a J-tip
wire to minimize chances of collecting system perforation but
virtually any wire can be used for this step. In order to visual-
ize the wire under ultrasound, however, the wire must be a
wrapped or lined wire (Fig. 5). Hydrophilic wires are often
so smooth that they are invisible under ultrasound guidance.
The guidewire tip, and its relation to the collecting system,
can be localized by gently jiggling the guidewire forward
and backward. Using this jiggling motion under ultrasound
guidance again provides visual feedback to its location. The
guidewire is then secured in place for dilation either within
the intrarenal collecting system or advanced down the ureter.

Step 4: Tract dilation

The access needle is withdrawn overtop the guidewire and
an appropriate skin incision is made. A 10 Fr fascial dilator

1:KIDNEY
Fig. 2. Acoustic shadows from stones (small arrows) and rib (large arrow) in
longitudinal plane.

Probe:Kidney AIP | BbH

is then passed over the guidewire. Importantly, the non-
echogenic nature of common fascial dilators and safety
wire introducers (made of polypropylene or similar syn-
thetic polymer) causes them to obscure visualization of
the guidewire as it passes overtop the wire (Fig. 6). Hence,
under ultrasound guidance, it is by ultrasonographically
detecting the obscuring of the guidewire that the position
of the fascial dilator tip is established. With ultrasound
guidance, balloon dilation is much easier to visualize
compared to serial dilation, and we recommend using a
balloon device for tract dilation and sheath placement. To
achieve this, the balloon-dilating catheter is then advanced
over the guidewire and its tip is positioned into the col-
lecting system. Most balloon tips are slightly echogenic
compared to the wire and the goal is to visualize the tip
as it advances into the collecting system to verify accurate
placement. Jiggling of the guidewire can aid in ensuring
proper positioning of the balloon tip, which is ideally within

.'\
Fig. 3. Needle enters skin 1 cm from caudal or cephalad end of ultrasound probe for (A) lower and (B) upper pole puncture, respectively.
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Fig. 4. Visualization of needle (arrow) in its entirely as it traverses all layers into
kidney.

the entry calyx in most cases. Dilation of the balloon is then
performed to create the working tract (Fig. 7).

Step 5: Sheath placement

Over the balloon dilator, a percutaneous access sheath is
carefully advanced under ultrasound guidance. As this step
is difficult to track ultrasonographically, it is recommended
the sheath be advanced only until the back end of the bal-
loon is seen through the external aspect of the sheath (Fig.
8). This can be measured before placement of the balloon to
estimate correct sheath placement. The balloon catheter is
then withdrawn, leaving the sheath and guidewire in place.

Step 6: Nephroscopy and stone removal

Nephroscopy for stone removal proceeds from this point
per usual care. This endoscopically driven step is performed
using the same technique as standard fluoroscopy-guided
PCNL (F-PCNL). With an ultrasound console available in
the operating room, ultrasonographic imaging can be used
to verify location of the flexible nephroscope and residual
stones to ensure visualization and stone clearance of all rel-
evant calyces similarly to how retrograde/antegrade pyelog-
raphy is used currently.

"Techniques: Ultrasound-guided PCNL

Fig. 5. Non-hydrophilic guidewire readily visualized as it secures lower pole
access (same case as Fig. 4).

Step 7: Renal drainage

We achieve ultrasound-guided renal drainage by placing
a 10 Fr cope loop pigtail nephrostomy tube and/or 6 Fr
ureteral stent. These drainage tubes can be visualized as
parallel echogenic lines in the collecting system. In cases
when tube or stent positioning cannot be confirmed ultra-
sonographically, cystoscopy and/or nephroscopy may be
used as necessary to confirm coiling of ureteral stent in the
bladder and coiling of stent/pigtail nephrostomy in renal
pelvis, respectively.

Step 8: Nephrostogram

Contrast-enhanced ultrasound nephrostogram'® is performed
using a low-dose ultrasound contrast agent solution. We
inject 1.5 mL of Optison™ (GE Healthcare) through the neph-
rostomy tube, immediately followed by a 5 mL injection
of 0.9% NacCl flush, to assess of patency of ureteropelvic
junction and ureter.

Discussion

has been the most commonly used imaging modality used
to guide the surgical steps, as reflected by 86.3% of PCNL
cases being performed with fluoroscopy guidance in the
CROES Global PCNL study.?® Mounting concerns regarding
cumulative doses of ionizing radiation imposed on patients
with urolithiasis have emerged in recent years.”' In an effort
to adhere to radiation safety principles such as ALARA (as
low as reasonably achievable), intraoperative radiation-
reducing maneuvers during endourological cases have been
implemented.?>?* It follows that perhaps the most obvious
advantage of US-PCNL over F-PCNL is the reduction — or
in some cases, complete elimination — of ionizing radiation
exposure to the patient and members of the operating room
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Fig. 6. Position of tip of 10 Fr fascial dilator over guidewire determined by
obscuring of guidewire by non-echogenic dilator (same case as Fig. 5,
illustrates effect of fascial dilator).

(OR) team. Obese patients appear to experience the greatest
reduction in ionizing radiation exposure and, therefore, may
benefit most from US-PCNL.?>> As outlined in Box 1, there are
many other potential advantages to using ultrasound to guide
PCNL. First, ultrasound can be conveniently performed in
any position, ranging from the prone position (the PCNL
position most familiar to Canadian urologists) to the supine
position. Second, easier identification of a posterior calyx
compared to fluoroscopy facilitates a geometrically favorable
access to most of the collecting system. In fact, ultrasound
often identifies additional posterior calyces that are not read-
ily seen fluoroscopically. Third, ultrasonography provides
real-time visualization of renal pathology (i.e., cysts, caly-
ceal diverticula, tumors) and surrounding visceral organs
and structures (i.e., liver, spleen, bowels, pleura/lung, great
vessels), thereby preventing or decreasing the risk of organ
injury. Furthermore, Doppler flow imaging permits identi-
fication of intrarenal blood vessels, which in turn can help
avoid blood vessel injury and excessive bleeding. Fourth,
intraoperative setup is improved because the ultrasound
machine requires much less square footage than fluoroscopy
machines in the tight-spaced OR working environment. Fifth,
when completely fluoroscopy-free US-PCNL is performed,
physicians and OR personnel may experience less fatigue
and back and neck pain/discomfort because there is no need
to wear protective lead aprons. Elkoushy et al found that
64.2% of endourologists have orthopedic complaints, and
these complaints correlated with combined annual caseload
of ureteroscopy and PCNL procedures.?® Sixth, ultrasound
facilitates contrast-enhanced ultrasound nephrostogram, a
modality that allows assessment of patency of the uretero-
pelvic junction and ureter post-PCNL.'® Seventh, of great
importance to hospital administrators, US-PCNL has been
shown to be associated with lower institutional costs than
F-PCNL.” Eighth, residency program directors and fellow-
ship program directors will be reassured by the relatively
short learning curve of US-PCNL.>2%% Finally, US-PCNL can

Fig. 7. Balloon dilation of lower pole tract (same case as Fig. 6).

be particularly advantageous in certain circumstances, such
as pediatric cases, where radiation exposure is of greater
concern, or urinary diversions when retrograde catheteriza-
tion is not possible.

Despite these numerous advantages, there are some dis-
advantages to US-PCNL compared to F-PCNL. The most
obvious disadvantage is the lack of both familiarity and
expertise in the interpretation of ultrasonographic static and
dynamic images compared to standard fluoroscopic images
for most urologists. At the present time, Canadian urologists
are much more familiar with performing and interpreting ret-
rograde pyelography and antegrade nephrostography com-
pared to renal ultrasound. Additionally, in 2019, ultrasound
still lacks anatomic detail of the collecting system that is
provided by standard pyelography, particularly concerning
the infundibulo-pelviceal anatomy and angles. This can ren-
der certain steps of US-PCNL more challenging compared
to F-PCNL, including guidewire placement, tract dilation,
sheath placement, and placement of a nephrostomy tube or
ureteral stent. However, these disadvantages can be over-
come as experience is gained.

Potential disadvantages notwithstanding, ultrasound-guid-
ed PCNL has emerged as a reliable, effective, safe option.

Fig. 8. Percutaneous access sheath advanced until back end of balloon is seen
through external aspect of sheath.

E108 CUAJ ® March 2020  Volume 14, Issue 3



Box 1. Advantages of ultrasound-guided
percutaneous nephrolithotomy (US-PCNL)

- Decreased ionizing radiation exposure

- Facilitates supine PCNL

- Easy identification of posterior calyces

- Real-time visualization of renal pathology

- Real-time visualization of surrounding organs/
structures

- Doppler flow imaging helps avoid vascular
injury

- Takes up less space in operating room

- Less physician fatigue by less need to wear
lead aprons

- Facilitates contrast-enhanced ultrasound
nephrostogram

- Lower cost of capital equipment

- Easier to teach and learn compared to
fluoroscopic PCNL

A systematic review on US-PCNL vs. F-PCNL was recently
published, and it demonstrated that US-PCNL is as effec-
tive as F-PCNL and is associated with lower complication
rates.* Certainly the known risks of ionizing radiation have
contributed to the trend toward US-PCNL, but as outlined
in Box 1, there are several added benefits of using ultraso-
nography to guide PCNL.

How can | pursue US-PCNL training?

For urologists performing PCNL who are interested in learn-
ing this technique, there are several training options to con-
sider. One may pursue a formal or informal observership
or preceptorship with a skilled specialist, and although
this may sometimes be available locally (for example, with
an interested local interventional radiologist), often a visit
to an expert at his’/her own institution can be beneficial.
Alternatively, one may attend a diagnostic and/or therapeutic
ultrasonography course to learn the basic skills needed to
perform renal ultrasonography in various positions. There
has been an increase in the number of PCNL courses that
teach ultrasound-guided techniques created by urologists for
urologists and designed to impart this skill set. One prac-
tical and inexpensive way of familiarizing oneself with renal
ultrasound imaging is to take advantage of any opportunities
to perform renal ultrasonography on patients in multiple
settings, with their consent (i.e., in clinic, in the emergency
room, during shock wave lithotripsy, or in the operating
room immediately prior to PCNL or other procedures). With

Techniques: Ultrasound-guided PCNL

this approach, one can overcome the first learning curve in
adopting US-PCNL —namely mastering the ability to obtain
a good image of the kidney and collecting system. Another
inexpensive way of training is to use one of the low-fidelity
simulation models that are available.? Breaking up the mas-
tery of US-PCNL into two skills — diagnostic renal imaging
and needle control — is a good framework by which the
learner can focus on the two skills separately and thereby
move toward learning US-PCNL in a systematic fashion.

How do | start performing US-PCNL?

After training, the next step is to implement the technique in
one’s OR. In doing so, there are several recommended keys
to success. Acquisition of all required capital and dispos-
able equipment and instruments, listed in Table 1, is crucial.
Ideally, one can acquire equipment that one is familiar with
and/or trained with. Many hospitals and OR suites have one
or more portable ultrasound units, so in general, the cost to
start up an US-PCNL program should not be prohibitive.?”
Obtaining support from one’s nursing and anesthesiology
colleagues should be easy since US-PCNL will decrease
everyone'’s exposure to ionizing radiation and may eventu-
ally result in fluoroscopy-less PCNL and elimination of the
need to wear lead intraoperatively. One final recommenda-
tion applicable when starting up any new clinical program
in general is to avoid making any other substantive changes
in preoperative or postoperative patient management as the
program is being built. By maintaining one’s usual care and
PCNL clinical pathway, the true effects of US-PCNL on OR
team performance and patient outcomes will be discernable.
We recommend a stepwise progression in converting the
above eight steps from fluoroscopy guidance to ultrasound
guidance. We recommend progressing by initially using
ultrasound to guide step 1 and maintaining fluoroscopy for
steps 2 through 8. Once step 1 has been mastered, then
one can progress to step 2, performing steps 1 and 2 using
ultrasound guidance and steps 3-8 using fluoroscopy, and so
on. Until all eight steps have been mastered, one will have
to employ radiation safety measures and wear radiation pro-
tection equipment. This stepwise introduction of ultrasound
techniques is expected to result in mastery that will facilitate
a safe progression from F-PCNL to completely fluoroscopy-
less US-PCNL. Only once one has reliably achieved zero-
fluoroscopy PCNL will one become comfortable scrubbing
in for PCNLs without wearing radiation safety equipment.
As stated above, proper patient selection is paramount
to successful adoption of US-PCNL and implementation of
a surgical program. We recommend initial cases involve
non-staghorn calculi in healthy, non-obese patients with
hydronephrotic kidneys. Hydronephrosis provides a larger
volume “target” for needle puncture. Retrograde saline injec-
tion can be performed to artificially induce hydronephrosis.
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Alternatively, contrast-enhanced ultrasound nephrostogram
can be performed via retrograde ureteral contrast injection
to guide puncture when there is no hydronephrosis.*'

As with any new program, periodic evaluation and re-
evaluation is recommended. If technology permits, part of
the evaluation may involve video recording, but certainly a
review of patient outcomes, particularly compared to one’s
F-PCNL experience, is recommended.

Conclusions

US-PCNL has been widely shown to be safe and effective. This
technique is a “win-win” opportunity; patients, as well as OR
personnel will be exposed to less ionizing radiation. Although
learning US-PCNL may seem like a daunting task initially, the
literature has shown that this technique is relatively easy to
learn and achievable by any practicing urologist. We recom-
mend it for urologists already performing PCNL who want
to increase the safety of PCNL and also for urologists not
performing the procedure but are interesting in learning it.
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