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prolonged hematuria in group 1. The overall success and 
complication rates were similar in both groups.  Conclusion:  
Although the postoperative hemoglobin drop did not sig-
nificantly differ between groups, hemorrhaging was more 
severe in patients with anterior caliceal stones than in those 
with posterior caliceal stones.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Since percutaneous nephrolithotomy (PNL) was first 
performed by Fernström and Johansson  [1]  in 1976, it has 
been accepted as a first-line treatment modality for renal 
stones  1 2 cm, with technological developments in instru-
ments and refinement of the technique  [2] .

  A number of patient-, stone- and operation-related 
factors that impact the outcomes of endourologic proce-
dures have been previously investigated  [3–7] . Stone size 
and complexity are the main factors affecting the out-
comes of PNL  [3, 8] . Recently, the pelvicaliceal system 
anatomy (infundibular length and width, infundibulo-
pelvic angle and pelvicaliceal surface area) has been a 
popular subject and has been explored in patients under-
going PNL and retrograde intrarenal surgery  [9, 10] . The 
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 Abstract 

  Objectives:  It was the aim of this study to evaluate and com-
pare the outcomes of percutaneous nephrolithotomy (PNL) 
for the treatment of posterior and anterior caliceal stones. 
 Patients and Methods:  We performed a retrospective analy-
sis of 86 patients with isolated caliceal stones who under-
went PNL between 2011 and 2012. The patients were classi-
fied into two groups according to the localization of the 
stone, either in the anterior (group 1, n = 41) or posterior 
(group 2, n = 45) calyx, on axial plane computed tomogra-
phy.  Results:  The mean age, male/female ratio and stone 
size and location were similar in both groups. Fluoroscopy, 
operation time and duration of hospitalization were also 
similar between groups. Patients in group 1 had a greater 
postoperative hemoglobin drop than patients in group 2. 
Blood transfusion was required for 5 patients in group 1 and 
for 4 patients in group 2. In addition, open conversion was 
required for 2 patients in group 1 during the early postop-
erative period because of extensive bleeding. Hemodynam-
ics were stabilized with angioembolization in 2 patients with 
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European Association of Urology guidelines suggest dif-
ferent treatment algorithms for stones in the renal pelvis 
or the upper/middle calyx and for stones in the lower pole 
because of the complexity of the lower pole anatomy  [2] .

  The PNL procedure is performed through renal access 
from the skin to the renal collecting system. Therefore, 
gaining proper access plays an important role in the pro-
cedure outcome  [7] . Ideal access should transverse a min-
imal amount of renal parenchyma to prevent hemorrhag-
ic complications. From this perspective, the location of a 
stone in the anterior calyx could affect the PNL success 
and complication rates. However, such a relationship has 
not yet been studied.

  In this study, we evaluated and compared the out-
comes of PNL for the treatment of posterior and anterior 
caliceal stones.

  Materials and Methods 

 We performed a retrospective analysis of 86 patients (55 males, 
31 females) with isolated caliceal stones detected by computed to-
mography (CT) and treated with PNL by two experienced urol-
ogy teams at two referral hospitals in Turkey between January 
2011 and February 2012. The patients were classified into two 
groups according to the localization of the stone: either the ante-
rior (group 1) or posterior (group 2) calyx. Patients  ! 18 years of 
age and patients with caliceal diverticular stones were excluded 
from the study. Patient- and procedure-related factors and peri- 
and postoperative variables, such as operation and fluoroscopy 
times, hemoglobin drop, complication and success rates, as well 
as hospitalization time, were compared.

  Preoperative patient assessment included medical history, 
physical examination, urinalysis, urine culture, complete blood 
count, serum biochemistry, coagulation tests and computerized 
tomography (CT). The location of the stone was identified using 
preoperative CT, and the size was determined by multiplying the 
stone length by its width in millimeters. Specifically, the orienta-
tion of the calyx that included the stone (anterior or posterior) was 
identified on the axial images.

  Operative Technique 
 At all centers, a standardized PNL procedure was performed 

in all cases, as described previously  [11] . Briefly, a 5- or 6-Fr ure-
teral catheter was initially placed in a lithotomy position under 
general anesthesia. Percutaneous access was performed on pa-
tients in a prone position by the surgeon under fluoroscopic guid-
ance using an 18-gauge needle and a guide wire. Before the per-
cutaneous puncture is made, the collecting system is visualized 
and delineated with the aid of contrast medium injected through 
a ureteral catheter. All percutaneous punctures were targeted to 
the related calyces. The caliceal puncture was targeted using mul-
tidirectional fluoroscopic images. The tract was dilated with Am-
platz dilators. Fragmentation and stone removal were accom-
plished in all patients using pneumatic or ultrasound energy and 
retrieval graspers through a rigid 22- or 24-Fr nephroscope. Ad-

ditional tracts were created when indicated in the same session. 
Stone clearance and the integrity of the collecting system were as-
sessed intraoperatively by fluoroscopic screening, endoscopic vi-
sualization and antegrade nephrostography. In the majority of 
cases, at the conclusion of the procedure, a 14-Fr nephrostomy 
tube was placed inside the involved calyx. A tubeless procedure 
was indicated in patients with mild or moderate stone burden, no 
residual stones or no perioperative complication, depending on 
surgeon preference.

  Follow-Up 
 Plain radiography of the kidneys, ureters and the bladder was 

performed on postoperative day 1. The nephrostomy tube was 
routinely removed on postoperative day 1–2. All patients were 
evaluated with spiral CT 1–3 months postoperatively. The results 
were classified as stone-free, clinically insignificant residual frag-
ments (CIRFs) and unsuccessful (residual stones). CIRFs were de-
fined as  ̂  4 mm, nonobstructing, noninfectious and asymptom-
atic residual fragments  [4] . Complications were classified accord-
ing to the modified Clavien grading system  [12, 13] .

  Statistical Analyses 
 The results are presented as the mean  8  standard deviation. 

Data were processed using SPSS-16 for Windows (SPSS, Inc., Chi-
cago, Ill., USA). Continuous variables were compared with the 
Mann-Whitney U test. The proportions of categorical variables 
were analyzed for statistical significance using the  �  2  test or Fish-
er’s exact test. In all analyses, two-sided hypothesis testing was 
performed, and probability values  ! 0.05 were deemed significant.

  Results 

 Patient and Stone Characteristics 
 A total of 86 patients with either anterior (n = 41, group 

1) or posterior (n = 45, group 2) caliceal stones underwent 
PNL. Patient age, male/female ratio, stone size and stone 
location were similar in both groups (p = 0.28, 0.9, 0.44 
and 0.2, respectively) ( table 1 ).

Table 1. D emographic parameters of the groups

Group 1 (anterior
caliceal stones)

Group 2 (posterior
caliceal stones)

p

Patients 41 45
Age, years 41.6813.4 (18–67) 45.0812.1 (24–68) 0.28
Males/females 26/15 29/16 0.9
Stone size, mm 22.5686.3 (10–40) 21.8886.41 (12–40) 0.44
Stone location 0.2

Middle pole 7 13
Lower pole 34 32
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  Operative Findings and Postoperative Data 
 Although the operation time was longer in group 1 

than in group 2, no significant difference was detected 
(56.09  8  25.5 vs. 45.6  8  16.89 min; p = 0.08). Fluoros-
copy time and duration of hospitalization were also sim-
ilar between the groups (p = 0.9 and 0.4, respectively) ( ta-
ble 2 ). Patients in group 1 had a greater postoperative he-
moglobin drop than patients in group 2 (2.1  8  1.94 vs. 
1.52  8  1.13 g/dl; p = 0.3). Blood transfusions were re-
quired for 5 patients in group 1 and for 4 patients in group 
2. In addition, 2 patients in group 1 required open conver-
sion during the early postoperative period because of an-
uria, metabolic acidosis and deterioration in the vital sta-
tus due to extensive bleeding (a Clavien grade IIIb com-

plication). In addition, hemodynamics were stabilized 
with angioembolization in 2 patients with prolonged he-
maturia in group 1 (a Clavien grade IIIa complication). 
The other complications observed included urinary tract 
infection (n = 1 in both groups, a Clavien grade I compli-
cation) and prolonged urinary drainage (n = 1 in group 
2, a Clavien grade IIIa complication) ( table 3 ). Although 
the complication rates were statistically similar (p = 0.75), 
the incidence of major complications requiring interven-
tion was higher in group 1 than in group 2.

  The success rates in group 1 and group 2 were 92.68 
and 95.5% (including CIRFs in 2.43 and 0%), respectively 
(p = 0.48). Additional treatment modalities, including 
shock wave lithotripsy, second-look PNL and ureterore-
noscopy, were performed in 3 patients in group 1 and in 
4 patients in group 2 (p = 1) ( table 2 ).

  Discussion 

 Urologists’ understanding of the 3-dimensional anat-
omy of the renal pelvicaliceal system plays a critical role 
in their ability to perform minimally invasive stone treat-
ment modalities such as shock wave lithotripsy, retro-
grade intrarenal surgery and PNL. Anatomic factors are 
well known to influence the success of the procedure and 
treatment modality selection. The caliceal structures are 
mainly classified into three groups in the craniocaudal 
plane, i.e. the upper, middle and lower poles  [14, 15] . In 

Table 2. P eri- and postoperative parameters

Group 1
(anterior caliceal stones)

Group 2
(posterior caliceal stones)

p

Operation time, min 56.09825.5 (20–120) 45.6816.89 (20–190) 0.08
Fluoroscopy time, min 2.5381.44 (0.5–5.1) 2.5381.48 (1–7.3) 0.9
Duration of hospitalization, days 3.0283.25 (1–20) 2.3581.15 (1–7) 0.4
Hemoglobin drop 2.181.94 (0.1–8) 1.5281.13 (0.2–5.4) 0.3
Success 0.48

Stone-free 37 43
CIRFs 1
Rest 3 2

Complication 6 5 0.75
Additional treatment 3 4 1

SWL 1 2
URS 1 1
Second-look PNL 1 1

Figures in parentheses are ranges. SWL = Shock wave lithotripsy; URS = ureterorenoscopy.

Table 3. C omplications observed in both groups are summarized

Complications Group 1 Group 2

Clavien grade I complication
Urinary tract infection 1 1

Clavien grade II complication
Bleeding requiring blood transfusion 1 3

Clavien grade IIIa complication
Prolonged urine leakage 0 1

Clavien grade IIIb complication
Bleeding requiring open conversion 2 0
Bleeding requiring angioembolization 2 0
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addition to this plane, the caliceal system can be classi-
fied as anterior or posterior according to the facing plane. 
The anatomies of the collecting systems of the lower and 
the middle pole are more complex than that of the upper 
pole  [14] . In the present study, 34 patients with lower an-
terior caliceal stones and 7 patients with middle anterior 
caliceal stones were enrolled. While middle caliceal 
stones were located posteriorly in 13 patients, lower cali-
ceal stones were located posteriorly in 32 patients.

  The posterior calyx is the preferred entry point to the 
collecting system because it commonly avoids vascular 
injuries, allows the greatest maneuverability of the rigid 
endoscope and facilitates reaching the pelvicaliceal sys-
tem in a prone position  [14] . However, the stones located 
in the anterior calyces present a challenge because of an-
atomical factors. Flexible nephroscopes are used to relo-
calize the anterior calyx stone to an easily accessible lo-
cation such as the pelvis or posterior calyx and for disin-
tegration using laser fibers. Despite all efforts, access to 
the anterior calyx from the posterior calyx may some-
times become impossible with rigid or flexible nephro-
scopes because of unfavorable anatomical factors such as 
a narrow caliceal neck, a long infundibulum and acute 
angulation. Although an anterior caliceal puncture is 
undesirable, it may be sometimes inevitable for isolated 
anterior caliceal stones. In addition, it may be required 
for complex renal stones treated with multi-caliceal ac-
cesses. In the present study, 41 patients with anterior cal-
iceal stones and 45 patients with posterior caliceal stones 
were treated with PNL. The puncture was targeted to the 
calyx including the stone in all of the included patients.

  There is debate about the identification of the anterior 
calyx in the pre- and perioperative periods using anteri-
or-posterior radiography or monoplanar fluoroscopy. In 
a Brödel-type kidney, the posterior calyces are observed 
laterally and the anterior calyces are observed medially. 
The orientation of the caliceal structure is the opposite of 
that in Hodson-type kidneys  [14] . While a Brödel-type 
orientation is more common in right kidneys, the Hod-
son-type orientation is more common in left kidneys. In 
the preoperative period, the use of axial plane CT is man-
datory to clarify this confusion and determine stone loca-
tion in either the anterior or posterior calyx. The use of 
2-dimensional imaging methods to detect which calyx is 
posterior is more complicated. Eisner et al.  [16]  concluded 
that the most medial lower pole calyx on 2-dimensional 
imaging was almost always anterior, facing the calyx. As 
a result, the author recommended targeting the second 
calyx or the lateral lower pole calyx for a proper renal 
puncture. However, as mentioned in their study, the prev-

alence of Hodson-type kidneys was  ! 5%. In the present 
study, we used CT in the preoperative period to detect the 
anterior-posterior calyx.

  The use of the air pyelogram is an alternative for dem-
onstrating and differentiating the caliceal planes during 
PNL. In a prone position, air fills and outlines the super-
ficial posterior calyces  [17] . Authors using air pyelograms 
state that radiation exposure was decreased using this 
method. Multidirectional fluoroscopic images can be 
useful for differentiating the posterior and anterior caly-
ces. Ultrasonography is another viable option to perform 
a proper access with advantages of being radiation-free 
and allowing 3-dimensional visualization of the kidney. 
However, its main limitation is the need for experience. 
In the present study, we used a retrograde pyelogram with 
iodinated contrast and multiplanar fluoroscopic images 
to ensure the position of the stone and calyx and the ad-
equacy of the puncture. The fluoroscopic screening time 
was similar in both groups (p = 0.9).

  The ideal and safest puncture site should be directed 
into the caliceal fornix in a straight line and transverse a 
minimal amount of parenchymal tissue. Thus, damage to 
the infundibular arteries neighboring the caliceal infun-
dibula and arcuate arteries is avoided  [14] . Studies ex-
ploring the factors related to blood loss have identified 
associations between significantly increased blood loss 
and diabetes, multiple-tract procedures, tract size, pro-
longed operative and puncture time and the occurrence 
of intraoperative complications  [7, 18–23] . In addition, 
the hemoglobin drop was higher in patients with a renal 
parenchymal thickness  1 10 compared to  ! 10 mm (p = 
0.05)  [18] . Although no study has explored the relation-
ship between blood loss and the thickness of the tran-
sected renal parenchyma during access creation, it is clear 
that anterior renal access requires a larger renal paren-
chyma transection. The caliceal fornix, which is accepted 
as the safest site for access, is located anterolaterally in 
anterior calyces. Thus, the infundibular or segmental ar-
teries could be damaged when accessing the anterior ca-
lyx  [14] . In our study, all patients with similarly sized 
stones were treated via a single caliceal puncture using 
similarly sized instruments. Therefore, the factors related 
to bleeding, such as access number, tract size as well as 
stone complexity and size, were excluded.

  Although the postoperative hemoglobin drop was 
higher in patients with anterior caliceal stones (2.1  8  
1.94 vs. 1.52  8  1.13 g/dl; p = 0.3), no significant difference 
was observed. However, the clinical presentation of bleed-
ing in group 1 was more severe than in group 2, and in-
tervention was required for 4 patients in group 1. Blood 
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transfusion was an adequate treatment modality for 1 pa-
tient in group 1 and for 3 patients in group 2. However, 
an urgent open conversion was performed for 2 patients 
in group 1 because of anuria, metabolic acidosis and the 
deterioration in vital status. Lower pole bleeding was 
controlled with hemostatic sutures. The postoperative 
period of these patients was uneventful. In addition, pro-
longed hematuria requiring blood transfusion was con-
trolled with angiographic intervention in 2 patients in 
group 1. The overall success rate and the duration of hos-
pitalization were also similar in both groups (p = 0.48 and 
0.4, respectively).

  A small number of cases in both groups and the retro-
spective nature of the study are limitations of this study. 
In addition, the lack of information about the puncture 
time that may affect the complication rate  [7]  might be 
considered as another limitation factor. Prospective com-

parative studies with a larger series of patients are re-
quired to further assess the results of PNL for anterior 
and posterior caliceal stones.

  Conclusion 

 PNL is an effective treatment modality with an accept-
able complication rate and a high success rate for both 
anterior and posterior caliceal stones. Although the post-
operative hemoglobin drop did not significantly differ be-
tween groups, hemorrhaging was more severe in patients 
with anterior caliceal stones than in those with posterior 
caliceal stones. While the blood transfusion rate was sim-
ilar in patients with posterior and anterior caliceal stones, 
further intervention was performed in patients with ante-
rior caliceal stones in the presence of a hemorrhage.
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