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ABSTRACT

THE MODALITIES OF IMAGING

Ultrasonographic guidance

Real-time diagnostic ultrasonography (US) has been
widely accepted as the imaging guidance for a dilated
renal collecting system. The overall success rate is
88-99%. The complication rate is 4-8% and depends
on the indications.'® Ultrasound is radiation free,
effective, and rapid, and is possible with a portable

machine causing minimal complications in experienced
hands.

The primary advantages of ultrasonographic guidance

are as follows:

e  Minimizes radiation exposure for patients and
operating personnel

e Imaging of structures between skin and kidney;
the depth of access needle and the anatomy around
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The ideal puncture approach for PCNL: Fluoroscopy,
ultrasound or endoscopy?

Division of Urology, Department of Surgery, Chiangmai University, Thailand

Percutaneous renal access is a common procedure in urologic practice. The main indications are drainage of an obstructed
and hydronephrotic kidney and antegrade renal access prior to percutaneous renal surgeries such as percutaneous
nephrolithotomy (PCNL) and percutaneous endopyelotomy (EP). The contraindications for this technique are patients with
history of allergy to topical or local anesthesia and patients with coagulopathy. The creation of a percutaneous tract into
the renal collecting system is one of the important steps for percutaneous renal access. This step usually requires imaging.
The advantages and disadvantages of each modality of image guidance are controversial. We performed a structured review
using the terms: Percutaneous nephrostomy, guidance, fluoroscopy, ultrasonography, computed tomography (CT) scan,
and magnetic resonance imaging (MRI). The outcomes are discussed.
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kidney can be evaluated by ultrasound. This technique
can prevent adjacent and visceral organ injury

No need of contrast media, especially for patients with
azotemia

Avoids intrarenal vascular injury (color Doppler
ultrasound)

Overcomes the problem of unsuccessful retrograde
ureteral catheterization that is required for contrast
media injection in fluoroscopic guidance

Safe for patients, especially pregnant and pediatric
patients

The procedure can be performed in supine position.

The disadvantages of ultrasonographic guidance are:

Sonographic identification of the needle needs operator
skill but successful puncture of the collecting system
can be confirmed by the appearance of urine following
removal of the needle obturator

Technical difficulty in percutaneous access of non
or mild hydronephrosis; this can be overcome by
administration of diuretic which transiently dilates the
calyces

Inability to clearly visualize and manipulate a guide
wire following renal access.

The important anatomical landmarks during sonographic
examination are renal capsule, renal cortex (low-level
homogenous echoes), renal medulla (sonolucent structure),
and hydronephrosis (hypoechoic cavity surrounded by a
central echo complex).
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Access under ultrasonographic guidance without a needle
guide is an alternative technique useful in bedside, grossly
hydronephrotic kidney but requires special training.

During percutaneous nephrolithotomy (PCNL),
renal access is usually achieved by fluoroscopy under
combined fluoroscopic/ultrasound guidance. Hosseini
and colleagues® performed ultrasound-guided PCNL
in 47 patients of renal pelvic stone of size 24-46 mm
with mild to moderate hydronephrosis. The success
rate was 93.61%. All steps of PCNL including dilatation
were performed under ultrasonographic guidance. The
advantage of this technique is that it is an alternative
method to fluoroscopy-guided PCNL without radiation
exposure to the operator and patient. Ultrasound can be
used for localization of renal stone, especially non-opaque
stone. Basiri et al. presented the technique of totally
US-guided PCNL in 30 patients under flank position. This
technique provided satisfactory outcomes without any
major complications.[

Gamal et al.”! reported on the safety of solo US-guided
PCNL in the treatment of single pelvic stone in moderately
to severely dilated pelvicalyceal system in 34 patients.
Renal access via middle calyx and tract dilatation step
were performed under US guidance with a needle-guided
system attached to the side wall of US probe. Perforation of
pelvicalyceal system was found in two cases with successful
management with DJ stent insertion for 4 weeks. Two
patients had residual stones which needed shock wave
lithotripsy, and both become stone free.

Avoiding injury to the vascular network in the kidney is
very important for safe surgery. Doppler ultrasound can
demonstrate the intrarenal arteries, helping operators avoid
injury. Doppler ultrasound can display renal artery/vein,
including arcuate artery and peripheral cortical arteries. Tzeng
et al® reported on a randomized study comparing B-mode
ultrasound and color Doppler ultrasound in percutaneous
renal access. Blood loss, determined as change in hemoglobin
level, in B-mode ultrasound and color Doppler ultrasound was
2.34+0.43 g/dl and 1.50 + 0.61 g/dl, respectively (P < 0.001).
Rate of blood transfusion was 6% in B-mode group and
2% in color Doppler ultrasound group (P < 0.001). This
study demonstrated color Doppler ultrasound to be more
accurate and safer with less blood loss, compared to B-mode
ultrasound. The advantage of color Doppler ultrasound was
further confirmed by a comparative study in mini-invasive
percutaneous nephrolithotomy (m-PCNL). Compared with
the B-mode ultrasound group, hemorrhagic complications
and blood transfusion rate were significantly less in color
Doppler ultrasound group where no major hemorrhagic
complications occurred. The incidence of patients
requiring blood transfusion, renal arteriovenous fistula
and hemorrhage requiring embolization were 2.6, 1.1%,
and 1.1%, respectively. The technique of renal access using
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color Doppler ultrasound is thus very important, especially
in patients with a solitary kidney.[’

The advancements in ultrasound technology, 3-D
ultrasound (3 DUS) and 4-D ultrasound (4DUS) can be
used in clinical practice at the patient’s bedside. John et al.
compared 2D and 4D guidance for renal access. There was
no significant difference in the puncture time (1.8 min
for 2 DUS and 2 min for 4 DUS) and no difference in the
quality of puncture. 4 DUS had a higher difficulty rating
compared to 2 DUS. This advanced technique needs more
investigation to prove its efficacy for this indication.!”

Fluoroscopy

The high-quality of current C-arm fluoroscopic equipment
and the familiarity among urologists of fluoroscopic
imaging has led to its preferred use in percutaneous renal
access, particularly in the operating room. Surgeons prefer
fluoroscopy for guidance due to the clear visibility of the
needle and guide wire. For percutaneous renal surgeries
such as PCNL or endopyelotomy, fluoroscopic monitoring is
very important for the entire procedure during renal access,
guide wire manipulation, tract dilatation, residual stone
evaluation, and post-procedural nephrostogram.

The advantages of fluoroscopic guidance are:

e Its familiarity to most urologists

e Its ability to visualize radiopaque calculi

e Jodinated contrast media can be used to aid in stone
localization

e Demonstrates anatomical details.

Radiation safety is one of the major concerns during
PCNL under fluoroscopic guidance. The maximum yearly
whole-body exposure to radiation recommended by the
National Council on Radiation Protection is 5 rem.["!! The
radiation dose exposure depends on time, distance, and
shielding. The fluoroscopic time should be as minimal
as possible. Fluoroscopic screening time (FST) during
PCNL is the main factor in radiation exposure. During
fluoroscopic guidance in PCNL, the maximum radiation
exposure is to the surgeon, especially to the legs and least
to the eye, followed by the assistant and nurse.!'” Tepeler
et al.® reported that large stone and multiple accesses are
factors that can affect the FST during PCNL. FST is not
affected by body mass index (BMI), stone configuration,
degree of hydronephrosis, site of access, and history of
open nephrolithotomy. In patients with large stones
requiring multiple accesses, the procedure should be
performed by experienced surgeons to diminish radiation
exposure. Radiation dose reduction can be achieved by
directing the fluoroscopy beam from under the table.
The surgeon should wear a lead apron, thyroid shields,
lead-impregnated glasses, and lead gloves. Young children
are more radiosensitive and radiation exposure has been
linked to malignancies, including thyroid cancer and
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leukemia. Radiation exposure should be minimized in this
specific group of patients.

The renal collecting system can be opacified with contrast
following cystoscopic retrograde ureteral catheter placement
or by injection of intravenous contrast material. During this
procedure, injecting the collecting system with contrast can
cause pyelotubular and pyelovenous backflow. The two
methods of percutaneous renal access under fluoroscopic
guidance are “triangulation” and “eye of the needle” (Bull’s
eye) techniques. The choice of the technique depends on
the experience of the operator. There was no difference in
fluoroscopic time, operative time, hospital stay, complication
rate, and success rate between both groups (patients in the
“eye of the needle” group had higher complication and more
blood loss than patients in the “triangulation” group).”

A novel digital technology fluoroscopy system with
three-dimensional (3D) reconstruction for renal access has
been attempted in a pig model. The advantages of the system
are determination of the volume of kidney and renal calyx
anatomy for delineation of the target calyx.!"*

The ideal imaging guidance for renal access may be a
combination of initial ultrasonography followed by fluoroscopy
for control of catheter and guide wire manipulation.!"

CT, MRI and robotic-assisted percutaneous guidance
Computed tomography (CT) guidance is another alterative
for management of complex cases. This imaging guidance is
essential in patients with specific medical conditions such
as morbid obesity, splenomegaly, hepatomegaly, severe
skeletal anomalies like scoliosis or kyphosis, or who have
had previous major intra-abdominal surgery, and in patients
with minimal or no dilatation of renal pelvis.['®!”)

Cross-sectional imaging is needed to facilitate safe access in
cases with difficult access to the collecting system, which
is usually needed in patients with retrorenal colon, spinal
dysraphism, ileal conduits, nephrolithiasis in the presence
of angiomyolipomas, and in morbidly obese patients with
malrotated kidney. Chalasani et al. studied the position of
colon in the prone position by CT Kidney-Ureter-Bladder
(KUB) in 134 patients. The prevalence of retrorenal colon
in men was 13.6% on the right and 11.9% on the left, and in
women was 13.4% on the right and 26.2% on the left. They
suggested preoperative imaging for patients at higher risk
of retrorenal colon who should have alternative technique
in renal access such as ultrasound and CT guidance.!'®!
The technique for CT guidance for percutaneous access is
similar to the technique of CT-guided drainage procedure
in patients with urinoma drainage or other perinephric
abnormalities.

MRI guidance has the advantage of no radiation exposure.!'”!
However, the use of MRI for renal access is limited and
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development of new technology of MR scanners with faster
scanning and better physical access to patients may increase
its utility.

Clinical application of robotic-assisted percutaneous guidance
system is limited due to its complicated technology. The
depth and angulation of the percutaneous access tract to the
collecting system are controlled on fluoroscopic or CT-based
data. Proper needle position can be enhanced by standard
C-arm fluoroscopy unit with visible laser guidance systems.

Endoscopic guidance

Ureteroscopic equipment, including flexible scopes are
now widely available permitting retrograde intra-renal
surgery (RIRS). Retrograde nephrostomy by Lawson’s
procedure was reported in 1980. Using the same principle,
flexible ureteroscopy-assisted retrograde nephrostomy is
a new option for renal access in a non-dilated collecting
system.?”! The advantages of this technique are continuous
visualization of all steps of PCNL by renal access through
Amplatz sheath placement, less radiation exposure, less
bleeding, and being a shorter procedure especially in
patients with non-dilated collecting systems. Grasso et al.?!]
performed flexible ureteroscopy for assisting renal access in
seven patients in minimally dilated collecting systems, obese
patients, those in whom prior attempts of percutaneous
access had failed and in patients who had calyceal diverticular
calculi. The desired calyx can be selected under direct vision.
The renal access is achieved under fluoroscopic guidance,
but the tip of the needle is visualized and monitored by
fluoroscopy and endoscopy. The guide wire can be placed
through-and-through, allowing safe PCNL.

Bader et al.* described the experience of “all-seeing needle”
as an optical puncture system in PCNL procedure for optimal
renal access. The micro-optics of 0.9 mm and 0.6 mm
diameter with integrated light lead was inserted through
the working channel of an access needle of size 4.85 Fr
outside diameter, which was connected to an irrigation
system for better intraoperative view. The punctured calyces
and calculi in all 15 patients could be visualized prior to
placement of guide wire and tract dilatation. This technique
can improve the safety of renal access.

Chen et al.® reported a new device called ‘sonic flashlight’
to visualize and guide the needle during renal access.
This novel technique is a real-time tomographic reflection
which generates a virtual anatomically scaled image. The
demonstration of sonographic image appears from the tip
of the transducer. This technique can facilitate safe renal
access for complicated cases.

EFFECT OF PATIENT POSITION AND SITE OF
ACCESS ON RENAL ACCESS GUIDANCE

The ideal patient position for optimal renal access is still
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controversial. PCNL can be done in prone, prone-flexed,
supine, supine oblique, and split-leg modified lateral
positions.['>*26] The advantages of the prone position
are significantly shorter nephrostomy tract length and
potentially greater access sites. Simultaneous antegrade
and retrograde upper urinary tract access is the advantage
of supine and lateral positions, but renal access in these
positions is usually achieved under ultrasonographic
guidance. Percutaneous upper pole renal access including
supracostal access is usually performed under fluoroscopic
guidance as the technique requires coordination with
anesthesiologists."”” Hoznek et al.®” reported PCNL in
supine position under fluoroscopy guidance in patients who
had unsuccessful renal access under ultrasonic guidance.
A successful puncture was achieved in the first attempt in
7 of 10 patients without any complications. Fluoroscopic
guidance is also useful in the supine position for an urologist
who is not familiar with ultrasonic guidance.

Falahatkor et al.? compared PCNL in supine position under
ultrasonographic guidance and fluoroscopic guidance. No
significant difference in mean operative time, stone-free
rate, hospital stay, and complication was found between
both groups. More patients in the ultrasonic guidance
group needed blood transfusion (3 patients: 1 patient). The
advantages of this technique are less radiation exposure to the
operator and staff personnel, identification of the anatomy
between skin and kidney, making the operator feel more
comfortable during operation without lead shied apron, and
avoidance of contrast media administration.

The advantages of total ultrasound guidance in supine
position have also been reported. Zhou et al. performed
this technique in 92 m-PCNL patients, with 82.6% of total
stone clearance and 1 patient requiring blood transfusion.!
Basiri et al. reported ultrasound guidance in supine position
in 19 patients, with a total stone-free rate of 84% without
visceral injury.B

COMPARATIVE DATA

Various studies comparing the two common guidance
systems are listed in Table 1. Basiri et al. compared
ultrasonographic-guided access for PCNL in prone position
in 50 patients with conventional fluoroscopic-guided
access in another 50 patients. After successful access
under ultrasonography guidance, the site of puncture
was controlled using fluoroscopy. The mean age and sex
ratios were not different in both groups. Time for access
was significantly longer in the ultrasonographic-guided
patients, but their duration of radiation exposure was lower.
The authors concluded that PCNL under ultrasonographic
guidance is an acceptable alternative to fluoroscopy and
reduces radiation hazards.?"

The international Clinical Research Office of the
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Table 1: Studies comparing ultrasound and fluoroscopy guided
access in PCNL

Series Ultrasonographic Fluoroscopic P value
access access
Basiri et al.®"l (prone)
Duration of access 11£3.5 min 5.5+1.7 min  0.0001
Duration of radiation 0.69+0.26 min  0.95+0.44 min 0.0001
exposure
Andonian et al.®? (prone)
PO hemorrhage 6.0% 13.1% 0.001
PO transfusion 3.8% 11.1% 0.001
Hospital stay 5.3 days 3.5 days <0.001
Agrawal et al.¥! (prone)
Duration of access 1.8 min 3.2 min <0.01
Duration of radiation 14.4 sec 28.6 sec <0.01
Number of attempts 1.5 3.3 <0.01
Falahatkar et al.t% (supine)
Transfusion 7.14% 21.43% 0.28
Operative time (min) 88.93+33.29 79.29+£16.74  0.34
Hospital stay 85.88+17.25 80.20+17.71 0.12
Karami et al.?8!
(US-flank) (flu-prone)
Duration of access 14.5£2.6 min 9.4+2.3 min  <0.05
Hospital stay 2.7+0.3 2.9+0.3 0.89

PCNL=Percutaneous nephrolithotomy

Endourological Society (CROES) analyzed the perioperative
outcomes of PCNL using different imaging modalities such
as ultrasound or fluoroscopic guidance. For renal access, 453
matched samples of both groups were compared with respect
to frequency and pattern of Clavien complications and success
rate. The stone-free rate was not different between both
groups, but longer hospital stay was found in the ultrasound
group (5.3 days compared to 3.5 days in the fluoroscopy group,
P <0.001). Postoperative blood transfusion was significantly
higher in the fluoroscopy group (11.1% compared to 3.8% in
the ultrasound group, P=0.001). Larger size of access sheath
was used in the fluoroscopy group (average 29.5 F compared
to 22.6 F in the ultrasound group), which might be related
with the higher incidence of hemorrhage.®

Agarwal et al. compared the safety and efficacy of US-guided
renal access with fluoroscopy-guided renal access. The
mean time to successful puncture, duration of radiation
exposure, and mean number of attempts for successful
puncture were higher in the fluoroscopy group. The
radiation exposure and mean time of tract formation were
82 sec and 7.4 min, respectively, in the fluoroscopy group
and 58 sec and 4.8 min, respectively, in the ultrasound
group (P < 0.01). No significant difference was found in
the successful access rate, stone-free rate, hospital stay, and
incidence of hemorrhage requiring transfusion between
both the groups.l*®
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Karami et al. reported the use of ultrasound guidance for
PCNL in the flank position with a high success rate and
limited complications. However, the time for access was
longer for ultrasound guidance (14.5 + 2.6 min in ultrasound
group and 9.4 + 2.3 min in fluoroscopy group, P < 0.05).3%

Falahatkar et al. reported the advantages of totally ultrasound
guided PCNL in 14 patients compared to fluoroscopic-guided
supine PCNL in 14 patients as being elimination of X-ray
exposure, avoidance of contrast media administration,
decrease of energy expenditure, and demonstration of
anatomy between skin and kidney. The mean operative
time, stone-free rate, hospital stay, transfusion rate, and
postoperative complications were not different between
the two groups.?*!

CONCLUSIONS

Each percutaneous renal guidance techniques has its
advantages and disadvantages and no single technique is
ideal in all circumstances. The two most commonly used
modalities are ultrasonography and fluoroscopy. Color
Doppler ultrasound, an addition to B-mode ultrasound
guidance, can help avoid vascular injury, resulting in
decreased intraoperative and postoperative hemorrhage. CT
guidance is only used for access in complicated cases. MRI
and robotic-assisted guidance are in their infancy and need
more research. Endoscopic guide can improve the safety of
renal access, but the cost, and experience of the operators
need to be considered.
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