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ABSTRACT
Objective: To assess the eﬀect of lower and middle calyceal accesses on the outcomes of percutaneous nephrolithotomy
(PCNL) in staghorn stones.
Study Design: Observational study.
Place and Duration of Study: Department of Urology, University of Health Sciences, Izmir Bozyaka Training and Research
Hospital, Turkey, from April 2012 to January 2019.
Methodology: Patients who underwent PCNL for staghorn stones were retrospectively analysed. The patients were grouped as
Group-1 (middle calyceal access) and Group-2 (lower calyceal access). Demographic and stone characteristics (size, density),
perioperative and postoperative data, and stone-free rates were compared between these two groups. Postoperative detection
of > 4 mm stones was deﬁned as residual stones.
Results: There were 249 patients in the study; 108 in middle calyceal access group and 141 in lower calyceal access group.
The mean stone burden was 765 (524-1322) and 777 (490-1445) mm2 in group-1 and group-2, respectively (p=0.876). The
number of stone-free patients was 50 (46.3%) in middle calyceal access group and 93 (66.0%) in lower calyceal access group.
The rate of stone-free status was signiﬁcantly higher in lower calyceal access group (p=0.002). The overall complication rate
was similar between the groups (p=0.132). The binary analysis showed that stone burden, and calyx of entry were predictive
factors for success.
Conclusion: Although the choice of the calyx to be entered does not aﬀect the complication rate in staghorn stones, the stonefree rate is signiﬁcantly higher in lower calyceal access.
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INTRODUCTION
Staghorn stones are branched and usually infected stones
that occupy a large part of the collecting system.1 Failure to
remove staghorn stones may result in the destruction of the
renal parenchyma, leading to the complete loss of kidney function and development of sepsis. Guidelines recommend percutaneous nephrolithotomy (PCNL) as the gold standard treat2
ment for kidney stones greater than 2cm. The overall success
in patients undergoing PCNL has been reported to reach
96.1%.3
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However, since more than one percutaneous access may be
required to extract all stone pieces in staghorn stones, it is very
diﬃcult to reach stone-free status in a single access in these
patients.4 A previous study reported that the stone-free rate in
5
staghorn stones was decreased to 56.9%. In addition to these
low stone-free rates after PCNL, staghorn stones also have high
complication rates. In a prospective randomized study, the intraoperative complication rate of PCNL applied in the treatment of
staghorn stones was found to be 16.3%, and the major postoper6
ative complication rate was determined as 18.6%.
The access site in PCNL depends on various factors, such as
surgeon preference, renal anatomy, stone location, and total
stone burden. In studies, generally accepted view is that
calyces other than the lower calyx allow for easier dilatation
through the placement of the guide into the ureter from the
ureteropelvic junction, resulting in less manipulative trauma
and providing a higher stone-free rate. However, the possibility
of intercostal access increases in upper calyceal access, which
increases the possibility of bleeding due to thoracic complica7-10
tions, including pneumothorax and hydrothorax.
On the
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other hand, in lower calyceal access, there is a higher risk of
colonic injury.11 As stated by Miller et al., access site should facilitate the use of rigid instruments, increase the stone-free rate,
and reduce the complication rate to the lowest levels.12
The aim of this study was to compare the outcomes of lower and
middle calyceal accesses in single-access PCNL performed in a
challenging patient group, i.e. staghorn stones.

METHODOLOGY
This study was a retrospective analysis of patients who underwent PCNL for staghorn stones at the Izmir Bozyaka Training
and Research Hospital from April 2012 to January 2019. The
study was approved by the Hospital Ethical Board (Meeting/Decision No.2021/71). All the data of the patients were obtained
from electronic medical records.
Patients with congenital kidney anomalies, coagulopathy,
skeletal deformity, and solitary kidney, those without staghorn
stones, and cases in which multiple accesses used, were
excluded from the study. The patients were grouped as lower
and middle calyx access: Group-1 (middle calyceal access) and
Group-2 (lower calyceal access). Demographic and perioperative data were compared between these two groups.
All patients were evaluated preoperatively using standard non-contrast abdominal computed tomography (CT). The patients’
data were recorded by the surgeon. Preoperatively, all patients
signed an informed consent form; and were evaluated in terms
of stone-free status and complication. Stone-free status was
accepted as the presence of stones < 4 mm or no stone detected
on follow-up. CT undertaken in the ﬁrst month after surgery.
Postoperative complications were analysed according to the
Clavien scoring system.13
Stone burden was calculated in square millimeters in all
patients as follows: width x length x π x 1/4, where π was taken as
3.14.14 For staghorn stones, this calculation was performed
separately for each calyceal location, and the sum of all calculations were accepted as results. All the PCNL operations were
performed by experienced urologists.
The operation began with the insertion of a 5 or 6 F ureteric
catheter into the renal pelvis in the lithotomy position under
general anesthesia. Subsequently, the kidney was accessed
from the lower or middle calyx group with an 18-gauge needle in
the prone position under ﬂuoroscopy, depending on the location of the stone and the anatomy of the kidney. The site of entry
was dilated up to 30 Fr with Amplatz dilators, and a rigid nephroscope was used to enter the pelvicalyceal system. The stones
were fragmented using a pneumatic lithotriptor (Elmed;
Vibrolith;Ankara/Turkey). Single-access PCNL was performed in
all patients. A 14 F nephrostomy catheter was placed postoperative in all patients, and antegrade pyelography was performed.
Categorical data were given as numbers and percentages of
columns. The Shapiro-Wilk test was used to examine the conformity of the continuous variables to the parametric distribution.
Continuous data were presented as mean value and standard
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deviation (SD); and median value and inter-quartile range
according to whether they ﬁt the normal distribution or not. In
the comparison of countinuous data, either Mann-Whitney Utest or Independent-samples t-test was used as appropriate.
Pearson’s Chi-square and Fisher's Exact tests were used for
inter-group comparison of categorical variables. Univariate and
multivariate binary logistic regression analyses were
performed to analyse possible predictive factors associated
with stone-free status. A p-value of <0.05 was considered statistically signiﬁcant. SPSS software (version 23.0; IBM Corporation, Armonk, NY, USA) was used for the statistical analyses.

RESULTS
There were 249 patients in the study, 108 were in middle
calyceal access group and 141 were in lower calyceal access
group. The median age of the patients was 49 (37-60) and 50
(38-57.5) years in Group-1 and Group-2, respectively
(p=0.856). The number of patients with comorbidities was
similar in both groups (p=0.267). Stone burden and density
were also similar in both the groups (p=0.876 and p=0.352,
respectively, Table I).
Table I: Patients’characteristics between the groups.
Group 1 (n:108) Group 2 (n:141) p-value

Age, (years)
Gender; male/female,
n/n
BMI, kg/m2
Metabolic Syndrome,
n(%)
-Absent
-Present
Comorbidity
-Diabetes mellitus
-Hypertension
-Coronary artery
disease
-≥2
Side; left/right, n/n
Stone burden, mm2
Stone density, HU
Parenchymal
thickness, mm
Previous Ipsilateral
Surgery, n(%)
-Absent
-Present
Preoperative Hgb, g/dL
Preoperative GFR,
ml/min

49 (37-60)

50 (38-57.5)

0.856

69/39

99/42

0.291*

26.1
(22.6-29.4)

27.4 (23.6-30.4) 0.117

103 (95.4)
5 (4.6)

133 (94.3)
8 (5.7)

4 (3.7)
7 (6.5)
9 (8.3)
4 (3.7)

15 (10.6)
12 (8.5)
13 (9.2)
6 (4.3)

55/53

80/61

0.714*

0.267*

0.362*

765 (524-1322) 777 (490-1445) 0.876
1120
(900-1200)

1100
(800-1300)

0.352

13.6 ± 4.5

15.0 ± 4.6

0.060

68 (63.0)
40 (37.0)

103 (73.0)
38 (27.0)

0.089*

13.9 ± 1.8

13.9 ± 1.7

0.345

90.2 ± 30.0

90.9 ± 29.7

0.868

BMI: Body mass index; HU: Hounsﬁeld unit; GFR: Glomerular ﬁltration rate.
*Pearson Chi-square.

Regarding the perioperative and postoperative outcomes, operative, nephroscopy and ﬂuoroscopy times, and hospitalisation
time were similar in both the groups (p=0.343, p=0.330,
p=0.884, and p=0.055, respectively). The number of cases in
which intercostal access was used was signiﬁcantly higher in
middle calyceal access group (p<0.001). The median droping
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hemoglobin was 1.65 (0.80-2.60) g/dL in Group-1 and 1.90
(1.05-2.70) g/dL in Group-2 (p=0.322). The number of patients
requiring transfusion replacement was similar in both the
groups (p=0.346, Table II).
Table II: Perioperative ve postoperative outcomes.
Group 1
(n:108)

Group 2
(n:141)

p-value

complications were detected in 42 (38.9%) patients in Group-1
and 42 (29.8%) patients in Group-2 (p=0.132, Table II).
When the authors examined complication subgroups formed
according to the Clavien scoring system, they observed that the
two groups had a similar distribution of complication grades
(Table III).

120 (90-150)

120 (90-145)

0.343

Nephroscopy time, (min)

50 (40-90)

50 (40-70)

0.330

Fluoroscopy time, (sec)
Hospitalization time,
(day)

65 (45-92)

68 (40-98.5)

0.884

In the univariate analysis, stone density (OR: 0.999, p=0.025),
stone burden (OR: 1.000 p=0.038), and lower calyceal access
(OR: 2.247, p=0.002) were found to be associated with stonefree status. The multivariate analysis conducted with stone
burden (OR: 1.000 p=0.045), and lower calyceal access (OR:
2.289 p=0.002) were independent risk factors for success.

4 (3-5)

3 (2-4.5)

0.055

DISCUSSION

1.65
(0.80-2.60)

1.90
(1.05-2.70)

0.322

Despite advances in instrumentation and technology,
staghorn stones are still diﬃcult to manage. PCNL is a preferred
treatment method with a high success and low major complica15
tion rate in the treatment of complex kidney stones. However,
there were some studies which showed that the success rate in
staghorn kidney stones was decreased to 56.9%.5 Although
some authors suggest the superiority of access through certain
calyces for routine PCNL, there is an ongoing debate
concerning which renal calyceal access achieves higher
success in staghorn stones. In a retrospective evaluation of 153
PCNL procedures with ultrasound-guided access, the authors
reported that the middle calyceal access had a shorter operative time (41 minutes) and higher stone-free rate (98%)
compared to the lower (50 min and 84%, respectively) and
upper (46 min and 93%, respectively) calyceal access groups,
but they observed no signiﬁcant diﬀerence between the groups
in relation to complications.16 In the CROES PCNL Global study,
upper and lower pole accesses were compared in 4,494
patients that underwent single-access PCNL, and it was
observed that the upper pole access group had a extended
operative time and lower stone-free rate (77 versus 82%),
higher overall complication rate (23.5 versus 16%), and longer
hospital stay.17 To the best of authors’ knowledge, this study
was the ﬁrst study to assess the eﬀect of middle and lower
calyceal accesses on the outcomes of staghorn kidney stone
treatment.

Access level, n(%)
-11th-12thintercostal
-Subcostal
Operative time, (min)

Hgb drop, (g/dL)
GFR change, ml/min

62 (57.4)
46 (42.6)

29 (20.6)
112 (79.4)

-11.0 (-18.0 to -9.4 (-17.2 to
-2.41)
0)

<0.001*

0.278

Transfusion rates, n(%)

14 (13.0)

13 (9.2)

0.346*

Stone free rates, n(%)
Clavien-Dindo
classiﬁcation, n(%)
-No complication
-Clavien I-II
-Clavien III-V

50 (46.3)

93 (66.0)

0.002*

66 (61.1)
27 (25.0)
15 (13.9)

99 (70.2)
31 (22.0)
11 (7.8)

0.205*

Hgb: Hemoglobin; GFR: Glomerular ﬁltration rate. * Pearson Chi-square
Table III: Classiﬁcation of complications according to Clavien scoring
system.
Complications

Group 1 (n:42)

Group 2 (n:42)

p value

Grade I, n (%)

3 (7.1)

9 (26.2)

0.061*

-Pain

-

4

-Fever

1

5

-Bleeding not requiring blood
transfusion
Grade II, n (%)
-Bleeding requiring blood transfusion
-Postoperative fever (>38⁰C) managed
with antibiotics in the ward
Grade III

2
24 (57.1)

22 (47.6)

9

13

15

9

14 (33.3)

11 (26.2)

7

7

0.661*

0.474*

Grade III A, n(%)
-Urine leakage managed by ureteric
stenting without general anesthesia
-Perinephric abscess managed by
percutanous drainage

2

1

-Hydrothorax

2

-

-Renal hemorrhage requiring
angioembolization

-

1

Grade III B, n(%)
-Urine leakage managed by ureteric
stenting with general anesthesia
Grade IV

3

2

1 (2.4)

0

1

-

0.999^

Grade IV B, n (%)
-Sepsis
* Pearson Chi-square; ^ Fisher’s Exact Test.

Stone-free status was detected in 50 (46.3%) patients in lower
calyceal access group and 93 (66.0%) patients in middle
calyceal access group (p=0.002). Patients who had clinically
signiﬁcant residual stones after single-access PCNL,w ere
undergone extracorporeal shock wave lithotripsy (19 patients),
retrograde intrarenal surgery (32 patients), and second lookPCNL (8 patients). Concerning the overall complication rates,

In this study, which aimed to compare the safety and eﬃciency
of middle and lower pole accesses, only those cases were evaluated in which the surgeon considered only single access was
required; and excluded those involving multiple entries. In a
study by Verma et al. conducted with 110 PCNL cases with
single and multiple accesses, it was observed that patients who
required only one access site for stone removal had a larger
infundibular area, greater intercalyceal angle, and smaller
pelvicalyceal surface area.18 Although these parameters were
not clearly measured in this study, such evaluation was made
by retrograde pyelography performed in each case. When evaluating the access site in PCNL, it is important to know that
kidney anatomy may diﬀer between patients.
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Although previous studies have reported higher stone-free
rates (78-93%) after PCNL in staghorn kidney stones,4,19 in the
current study including staghorn stones, the success rate was
66.0 % in the lower calyceal access group and 46.3% in the
middle calyceal access group (p=0.002). This lower rate of
success can be explained by the exclusion of use of a single
access in each patient, lithotripsy being performed with only a
pneumatic lithotripter, and technical limitations caused by not
using a ﬂexible nephroscope. Previous studies have shown that
middle calyceal access facilitates entry into many points of the
pelvicalyceal system by providing greater maneuverability
and is more advantageous than lower calyceal access, especially in staghorn and complex stones.16 In contrast, Blum et al.
found the stone-free rate to be 77.3% in patients with a single
lower calyceal access in staghorn kidney stones, while they
found a stone-free rate of 68.2% in the single upper calyceal
20
access group. Similarly, in this study, the stone-free rate was
signiﬁcantly higher in the lower calyceal access group.
Choosing an appropriate access site is an important factor
inﬂuencing success, but it is not possible to deﬁne it precisely
since there are many other factors aﬀecting success, such as
diﬀerent renal anatomy, stone size, density and type, and technical equipment used (ﬂexible nephroscope, etc.). In present
study, the authors found that stone burden, and lower calyceal
access were independent risk factors for success. In a series of
498 patients, Binbay et al. examined the anatomical variations
of the kidney and reported a positive correlation between a
lower pelvicalyceal surface area and stone conﬁguration and a
21
high stone-free rate.
In this study, in which only staghorn stones were included,
there was no signiﬁcant diﬀerence in the stone size of the two
groups, which also shows the comparability of the groups in
term of stone burden. In the present study, length of hospital
stay, operative, ﬂuoroscopy nephroscopy time, hemoglobin
drop, and blood transfusion rate were found to be similar in both
the groups. The access site being the lower or middle calyx has
no eﬀect on these parameters in complex stones. However,
Caglayan et al. reported that factors such as renal parenchymal
damage, forced tract dilatation, sharp renal axis angle, and
increased torque due to limited manipulation in the lower
calyceal access group might be associated with greater blood
loss, increased number of residual stones, and longer operative
time.22 In another study, it was shown that the renal pelvis and
upper calyx could be accessed more easily using the posterior
lower calyceal route and less torque would result in less
damage to the renal parenchyma and infundibulum. It was also
shown that the more medial approach can facilitate laterally
located anterior lower calyceal access, and the use of a proper
access angle into the infundibulum could provide better access
to the rest of the collector system, including the interpolar
calyces. In addition, an access angle that is less perpendicular
to the collector system was suggested to facilitate the gravita21
tional passage of materials through the sheath. Karve et al.
reported that hemoglobin drop was 0.67 g/dL in patients with a
middle calyceal access and 1.36 g/dL in those with a lower
1078

calyceal access (p<0.001). The authors reported that transfusion rates were similar in both groups23. Similarly, in another
study, while hemoglobin drop was signiﬁcantly higher in the
lower calyceal access group, there was no statistically signiﬁ16
cant diﬀerence intransfusion rates of the groups.
The goal of upper urinary tract stone treatment methods is to
provide maximum stone-free rates with minimum morbidity.
PCNL is considered as an eﬀective and safe treatment option
for large kidney stones. Despite the proven eﬃcacy of the
PCNL, complication rates reaching 83% have been reported in
the literature, including bleeding requiring transfusion (7%),
24
organ damage (0.4%), and infectious events (up to 33%). In
this study, the two groups had similar rates of major (13.9% in
Group-1 and 7.8% in Group-2) and minor (25.0 and 22.0%,
respectively) complications. The overall complication rate was
38.9% in middle calyceal access group and 29.8% in lower
calyceal access group; and there was no statistically signiﬁcant
diﬀerence between them.When the complication subgroups
were examined according to the Clavien scoring system, it was
seen that postoperative fever requiring antibiotics was more
common than the other complications. This may be related to
staghorn stones, generally being infected stones, and the presence of residual stones causing infectious events. Choosing an
appropriate access site during PCNL plays a critical role in the
success of the operation. Upper calyceal access provides direct
entry into all renal calyces and the pelvis; however, the
increased possibility of thoracic complications remains a major
concern for urologists. Soares et al. showed that supracostal
upper calyceal access was associated with a higher rate of
25
thoracic complications. In this study, it was observed that
hydrothorax developed in two cases in which supracostal
middle calyceal access had been used. In light of this information, lower calyx of entry during the PCNL procedure should be
preferred in staghorn kidney stones due to high success and
similar complication rates.
There are some limitations to the generalisation of this study.
First, it had a retrospective design and a limited number of
patients. Second, there was no long-term results of surgical
complications. Finally, there is a need for prospective studies
with a larger series of patients with staghorn stones, focusing
on the access site.

CONCLUSION
This study showed that, in PCNL applied to staghorn kidney
stones using a single access, lower calyceal access was superior
to middle calyceal access in relation to the stone-free rates. The
selection of an appropriate access site in the treatment of
staghorn kidney stones may vary according to patient factors
and surgeon experience. The results of this study should be
conﬁrmed by further studies evaluating the eﬃcacy of diﬀerent
calyceal access sites in staghorn kidney stones.
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