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A B S T R A C T

Urinary stone disease has an increasing prevalence across the globe, and endoscopic treatment modalities have
replaced open surgery. Percutaneous nephrolithotomy (PCNL) is a successful, safe and reliable minimally in-
vasive method in the treatment of renal stones, especially big (≥2 cm) or complex ones. Gaining access is the
most critical step of this procedure, which can affect the rest of the operation. Although previously described
techniques, eye of the needle and triangulation techniques, are being used for gaining access, urologists
(especially novice ones) can still have problems during this step. Some navigation concepts have been developed
in order to make the access safer, easier and more successful, however, none of them has been incorporated in
daily routine practice till now because of either complicated techniques or requirement of sophisticated
equipment. Our hypothesis is that the access point, direction angle and access angle in order to touch a stone
during PCNL can be calculated by the data obtained from the computed tomography images with the help of
mathematical formulations, namely the theorem of the cosine.

Introduction

Urinary system stone disease is a growing public health problem,
which is a chronic pathophysiological process characterized by deposit
of minerals generally as calcium oxalate and calcium phosphate. Stone
disease affects 5–10% of the world population. Its prevalence in the
USA is 10.1–12% in men and 6–8% in women [1]. The prevalence has
doubled in the last 15 years [1]; therefore numerous patients admit to
hospitals every year for treatment. Direct medical cost for stone disease
has been reported to be 10 billion USD in 2012 for the USA [2]. This
number is expected to increase 1.24 billion USD per year in year 2030
due to increase in prevalence of obesity and diabetes, and increase in
population [3]. Stone disease treatment is planned according to the age
and weight of patient, and the localization, dimension and kind of
stone. Treatment options for kidney stones consist of extracorporeal
shock wave lithotripsy (ESWL), and endoscopic (percutaneous ne-
phrolithotomy [PCNL], semi-rigid ureterorenoscopy [URS], retrograde
intrarenal surgery [RIRS]), laparoscopic or open surgery. The im-
portance and usage of minimally invasive treatment modalities have
recently increased. In a study performed in 2009–2010 in the UK, it was

found that open surgery has decreased 83% while PCNL and URS have
increased 127%, and these two interventions have been performed
more than the sum of nephrectomies, radical prostatectomies and ra-
dical cystectomies [4].

The basis of PCNL goes back to removal of a kidney stone by
creating a nephrostomy tract during an operation by Rupel and Brown
in 1941 [5]. Although Goodwin et al. have stated that percutaneous
nephrostomy could be used for the treatment of obstruction and in-
fection in 1955, creation of a percutaneous tract during a successful
endoscopic treatment of a kidney stone has been executed by Fernström
and Johansson in 1976 [6,7]. This minimally invasive treatment, which
is recommended for stones those are larger than 2 cm, multiple, in
complex structure (coraliform) or resistant to ESWL by both European
Association of Urology (EAU) and American Urology Association
(AUA), has a shorter hospitalization and convalescence time, less
postoperative pain, and better cosmetic outcomes [8–10]. The success
rate of this treatment modality is generally reported to be around 90%
and even near 100% in experienced tertiary centers [11]. The compli-
cations consist of hemorrhage (1–3%), blood transfusion (2–23%),
pulmonary injury (8–50% during intercostal access), perforation of
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renal pelvis or bowels (0.6–1%) and liver/spleen injury [11,12].
The first step of the PCNL, which is also the most important and the

most difficult to learn, is the determination of the most appropriate
access point and creation of a tract into the desired calyx. In order to
minimize complication risk, renal and perirenal anatomy should be well
known. Entry to the collecting system can be performed with the aid of
either fluoroscopy or ultrasound, both having their own advantages and
disadvantages. Various navigation concepts and computer-assisted
systems have been developed in order to make the access safer, easier
and more successful, and to minimize radiation dose; however, none of
them has been incorporated in daily routine practice.

Hypothesis

Our hypothesis is that the access point, direction angle and access
angle in order to enter the desired point of the collecting system (where
the stone resides) can be calculated by the data gained from the com-
puted tomography (CT) scan of a patient with the help of some math-
ematical formulations. We first create a good geometrical description of
the stone position, and then apply some basic formulations (such as the
theorem of the cosine) to estimate the most appropriate access point on
the skin surface and to measure the access angle and the direction
angle.

Methods

In our hypothesis, this measurement can be performed by asking the
surgeon at which point he/she wants to touch the stone or to puncture
the collecting system (point S).

The steps of calculation according to this assumption:

1. PCNL is generally performed with a direction angle of 45 ± 2°, and
from our experience, we can say that this angle ranges between 40°
and 50°. By using the theorem of the cosine, it can be shown that
only a few millimeters vary when a direction angle is assumed 43° or
47° (less than 5mm). Therefore, the direction angle will first be
assumed as 45° here.

2. The surgeon identifies an estimated access point (point M) on a CT
section, which shows the desired point to touch the stone or to
puncture the collecting system (point S) (Fig. 1-a). In this figure,
point S represents the stone, point P represents the projection point
of the stone on the skin surface at 90°, point M represents the esti-
mated access point that the surgeon identifies. Line a stands for the
distance between the stone (point S) and the projection point (on y
axis) (point P), line b represents the distance between the stone
(point S) and the estimated access point (point M), and line c stands
for the distance between the projection point (point P) and the es-
timated access point (point M).

3. In order to make the access from the correct point, point M is turned
according to the direction angle (β); therefore, line b and line c
become line d and line e, respectively (Figs. 1-b and 2). Point N is the
new position of point M. Line d represents the distance between the
stone (S) and point N, where line e stands for the distance between
the projection point (P) and point N.

4. When line c is repositioned as line e, while turning according to the
direction angle (β), pointM goes up because of the arc. This shift has
to be corrected and point M has to be repositioned as point R (real
access point), which is on the same plane with point M (Figs. 2–4).
As line c and line i are perpendicular to each other, the new distance
(line h) created with the extension of line e will be a hypotenuse,
which can be calculated with the below formula:

=h e
cosß

5. As line e is extended (line f) to take point N to point R, the access
angle (α) widens and becomes ω, the real access angle (Figs. 2–4). In
order to calculate ω, the angle γ has to be known which can be
calculated with the following formula:
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6. After calculation of cos γ, the distance (line g) between the real
access point (R) and the stone (S) can be calculated with the help of
the theorem of the cosine.

= + −g a h ah γ2 cos2 2

7. The real access angle ω can now be calculated by using the theorem
of the cosine again:

Fig. 1. a) and b) Coronal CT scan slice at the level of the point where the access
is targeted to (either to touch a stone or to enter interior of collecting system).

Fig. 2. Schematic explanation of the target point (where the stone lies), pro-
jection point (of the stone), and geometry to identify the access point at bird’s
eye view.
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Descriptions

Point S: Stone or interior of collecting system (target point)
Point P: Projection point of stone
Point M: Estimated access point that the surgeon identifies
Point N: New (transposed) position of point M
Point R: Real access point
a: The distance between the stone (S) and the projection point (P)
b: The distance between the stone (S) and the estimated access point (M)
c: The distance between the projection point (P) and the estimated access point (M)
d: The “new” line b (when point M is transposed to point N)
e: The “new” line c (when point M is transposed to point N)
f: The distance between the transposed point M (N) and the real access point (R)
g: The distance between the real access point (R) and the stone (S)
h: The distance between the real access point (R) and the projection of stone (P)
i: The distance between the real access point (R) and the estimated access point (M)
α: Estimated access angle (∠PSM)
β: Direction angle (∠RPM)
γ: Calculated angle that helps to identify real access angle (∠NPS)
ω: Real access angle (∠RSP)

Discussion and conclusion

Making the right access is the most critical step of PCNL, as the
remaining of the procedure can be performed easily and expeditiously if
the access is done correctly, whereas this surgery can be troublesome
and grueling with increased risk of complications if the initial access is
gained poorly. Till now, two different access techniques have been
identified in order to puncture the collecting system by using fluoro-
scopy during PCNL: ‘eye of the needle’ and ‘triangulation’ techniques
[13]. Various papers have showed the feasibility of both techniques in
either sequential or one-stage dilatation of the PCNL access. Research
has also shown that an access obtained by a urologist had less access-
related complications and better stone-free rates with similar access
difficulties when compared to the one gained by an interventional
radiologist [14]. However, Lee et al. reported that only 27% of urolo-
gists who have trained on percutaneous access during their residency
continued to perform their own access for PCNL [15]. Therefore, with
taking these data into consideration, one can say that it would be better
if an easy-to-understand-and-to-perform technique can be described in
order to encourage urologists to perform a successful and safe access on
their own.

We think that the hypothesis described here can be a solution for the
problems encountered during gaining access, as these calculations are
not complicated formulations, and required data can be easily gathered
from preoperative CT images. These calculations do not require the
surgeon to have advanced mathematical skills. Moreover, an applica-
tion or web-based software can be developed in order to make the
process convenient and work faster. A non-contrast CT (if the aim is to
touch a stone) or a late phase contrast-enhanced CT (CT-urography) (if
interior of collecting system is targeted) taken in prone position (where
two gel cushions are placed under the chest of a patient – that is the
same position in PCNL) is enough to make the proposed calculations. In
addition to its use in endoscopic stone surgery, this technique can also
be used in calculation of the access point during percutaneous thermal/
cryo-ablation of small renal masses, which is becoming more popular
and frequently used nowadays, especially for the patients who are not
eligible/willing for partial/radical nephrectomy.

Although this hypothesis can be tested on a gel cushion or a chicken
model, which have been used previously [16], it would be better to test
this hypothesis on a human-like phantom (such as a plaster mold taken
from a volunteer which is filled with ballistic gel or a commercially
available PCNL training model [i.e., PCNL Training Device LS40 –
Samed GmbH, Dresden, Germany]), as a spatial error may occur be-
cause of the complex surface anatomy of the lumbar region and body
habitus in humans. However, even with such a model, not all of the
variables (i.e., slight movement of kidney/stone during respiration,
deformation on skin while needle is introduced, or deformation of
needle, etc.) that could be encountered during a real PCNL operation

Fig. 3. a) Schematic explanation of the target point, projection point, and
geometry to identify the access point, direction angle and access angle at rear
oblique view. b) Magnified view of the region of interest.

Fig. 4. a) Schematic explanation of the target point, projection point, and
geometry to identify the access point, direction angle and access angle at right
lateral oblique view. b) Magnified view of the region of interest.
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can be taken into account.
In conclusion, we argue that this hypothesis can be useful for ur-

ologists, especially who have less experience in PCNL or the novice
ones, in gaining percutaneous access on their own with high success
rates and minimal complication rates.
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