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Comparison of the Outcomes between Ultrasound-
guided PCNL in Lateral Position and Open
Nephrolithotomy for Patients with Staghorn Renal
Stones
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Department of Surgery, Buri Ram Hospital, Buri Ram 31000, Thailand.

ABSTRACT

Objective: To compare the clinical outcomes of ultrasound-guided percutaneous nephrolithotomy (US-PCNL) in
lateral position and anatrophic nephrolithotomy (ANL) in the treatment of staghorn renal stones.

Methods: Between October 2016 and July 2020, individuals with staghorn renal stones undergoing an operation at
Buri Ram Hospital in Thailand were included in this study. They were divided between group I (patients undergoing
US-PCNL, n=114) and group II (patients undergoing ANL, n=112). The outcomes regarding stone-free rate (residual
stone less than 4mm with asymptomatic), the stone clearance rate (the elimination rate of total stone surface after
the operation), operative times, length of hospitalization, and complications were collected and analyzed.
Results: The patient’s demographics and stone characteristics were not significantly different between the two
groups, except that more preoperative hydronephrosis was found in the ANL group (78.6% vs. 53.5%, p<0.001).
Regarding the primary outcome, the stone-free rate was significantly lower in the US-PCNL group (47.4% vs. 75.9%,
p<0.001), whereas the stone clearance rate was not significantly different (96.4+6.0% in the US-PCNL group and
97.7+5.8% in the ANL group, p=0.098). No difference was found according to the major and minor complications
between the US-PCNL and ANL groups; however, the US-PCNL group had a significantly lower transfusion rate
than the ANL group (3.5% vs. 17.9%, p<0.001). The total operative time in both groups was not different; however,
the length of hospitalization for the US-PCNL was significantly shorter than for the ANL group (10.0 vs. 12.9 days,
p=0.002). A multivariate analysis revealed that the operative method was a significant factor associated with the
stone-free rate (OR=5.96, 95%CI=3.06-11.62, p<0.001), blood transfusion (OR=5.75, 95%CI=1.84-18.03, p=0.003),
and the length of hospitalization (F=10.27, p=0.002); while the percentage of stone clearance were not statistically
different between the two operation methods (F=2.76, p=0.098).

Conclusion: The ANL had a higher stone-free rate for patients with staghorn stones; however, the stone clearance
rate was not significantly different between the US-PCNL and ANL groups. The advantages of the US-PCNL
over the ANL were less blood transfusion and shorter length of hospitalization, while the complications were not
significantly different between the two operative methods.
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INTRODUCTION

Renal stones are a common disease, especially in
the northeast and the north of Thailand. At Buri Ram
Hospital, we are familiar with anatrophic nephrolithotomy
(ANL) for staghorn renal stones treatment. ANL was once
considered as the “gold standard” for the treatment of
staghorn renal stones and it was used as the benchmark
for other treatment. An excellent stone-free rate can be
achieved with ANL; therefore, ANL is still the operation
of choice for large stone treatment in some regions in the
world." Currently, percutaneous nephrolithotomy (PCNL)
is the main surgical treatment for large renal stones. Most
urologists are familiar with the use of fluoroscopy guidance
during the percutaneous renal access; however, radiation
exposure from fluoroscopy might cause potential long-
term adverse effects for patients and medical personnel.”
Given the concerns regarding cumulative radiation
effects, ultrasound (US)-guided renal stone access is a
reliable alternative imaging method to PCNL for avoiding
ionizing radiation exposure.’ Interestingly, US-guided
renal stone access has not been adopted worldwide; this
technique has been widely used only in Asia.”* We have
successfully performed US-guided PCNL (US-PCNL)
in our hospital for renal stone treatment since 2014.
However, the most appropriate treatment option for
staghorn renal stones is still under debate, and some
authors suggest that open renal stone surgery, such
as ANL, should be used for staghorn renal stones.
There have been several comparative studies that have
presented the outcomes of fluoroscopic-guide PCNL;
however, there are few studies analyzing the outcomes
of US-PCNL for the treatment of staghorn renal stones.”
Therefore, the objective of this study is to compare the
treatment outcomes of US-PCNL with ANL.

9,10

MATERIALS AND METHODS

This historical cohort study was conducted at Buri Ram
Hospital, Buri Ram, Thailand. All of the studied patients
were operated on by three board-certified urologists who
had more than 3 years of experience in US-PCNL. After
the study was approved by the ethics committee of Buri
Ram Hospital (BR 0032.102.1/40) and registered in the
Thai Clinical Trials Registry (TCTR20200806002), the
clinical data of all the patients that were diagnosed with
staghorn renal stones larger than 2.5 cm and requiring
treatment with US-PCNL or ANL from October 2016 to July
2020 were collected. The size of the stones was maximum
stone length in preoperative plain film radiograph of the
kidneys, ureters, and bladder (KUB) and the degree of
hydronephrosis was evaluated by imaging studies which
included intravenous pyelography, ultrasonography, or

computed tomography. Patients who loss to follow-up
after 3 months were excluded.

Based on the data of previous study, which reported
a 61% stone free rate in the ANL group and 41% in US-
PCNL group’, the sample size was calculated using a
power of 90% and a significance level of 0.05. Our sample
size calculation revealed a minimum sample size of 103
patients in each US-PCNL group and ANL group with an
additional 10% of subjects in order to accommodate the
projected dropout rate. A total of 226 patients that met
the criteria were enrolled. One hundred and fourteen
patients that had undergone US-PCNL were categorized
into group I and 112 patients that had undergone ANL
were categorized into group II.

Surgical technique
Group I (US-PCNL)

Under general anesthesia, a 5 French ureteral catheter
was placed via a rigid cystoscope in the lithotomy position
in all PCNL patients. Percutaneous access was performed
in a lateral position. The stone position was identified
using ultrasound. We gave the patients normal saline
via a ureteral catheter for artificial hydronephrosis if the
pelvicalyceal system of the kidneys was not dilated. Renal
puncture was carried out with an 18-gauge needle under an
ultrasound needle guide. Alken’s coaxial telescopic metal
dilators were used to dilate the tract up to 27 French size
over a guide-wire; then a 30 French Amplatz sheath was
placed for the percutaneous access port. A 26 French rigid
nephroscope was applied and the stone was disintegrated
with an ultrasonic and pneumatic lithotripter. For the
complex staghorn renal stones occupying several calyces,
a second tract was created using the same technique. A
nephrostomy tube was placed at the end of the operation
for 24 to 48 hours.

Group II (ANL)

Under general anesthesia, a flank incision was
performed in a lateral position. Gerota’s fascia and
perinephric fat were carefully dissected off the renal
capsule. The renal artery and vein were identified and
cross clamped with Satinsky’s vascular clamps. Sterile
iced slush normal saline was packed into the perirenal
space in order to maintain regional hypothermia after
the renal vessels were occluded. The kidney was incised
at the lateral border along Brodel’s line and the stones
were removed. Renal parenchyma and calyces were
repaired with 3-0 chromic catgut. The renal capsule was
closed with 2-0 chromic catgut.

The stone-free rate was evaluated 3 months after
surgery with a plain KUB film. The results were classified
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as stone free status, clinically insignificant residual stone
fragments (CIRFs) <4 mm, nonobstructive, noninfectious,
and asymptomatic."' The stone clearance rate was defined
as the elimination rate of total stone surface after the
operation. Other outcomes including total operative
time, length of hospitalization, blood transfusion, and
complications (grade I-V according to Clavien-Dindo
classification)'” were collected and analyzed.

Statistical analysis

Continuous variables were expressed as mean +
standard deviation or median (range) and analyzed
between group I and group II by using a t-test or the
Mann-Whitney U test. The categorical data were expressed
as number and percentage and were compared using a
chi-squared test or Fisher’s exact probability test. Factors
potentially associated with the operative outcomes were
included in a multivariate model of logistic regression
to test their prediction on stone-free status and blood
transfusion. The odds ratio (OR) with 95% confidence
intervals (95%CI) for each variable was determined.
In addition, this study used a multivariate analysis of
variance (MANOVA) to test the differences between
the two operative methods on the two key operative
outcomes which were the stone clearance rate and the
length of hospitalization. A p-value of <0.05 was considered
statistically significant.

RESULTS

A total of 226 patients were included, with US-
PCNL performed on 114 patients and ANL performed
on 112 patients. The patient demographics and stone
characteristics of the US-PCNL and ANL groups were
similar except that the preoperative hydronephrosis was
higher in the ANL group, as summarized in Table 1.

The operative outcomes were shown in Table 2. In
terms of the primary outcome, the stone-free rate was
significantly lower in the US-PCNL group (47.4% in the
US-PCNL group and 75.9% in the ANL group, p<0.001),
whereas the stone clearance rate was not significantly
different between the two groups (96.4+6.0% in the
US-PCNL group and 97.7+5.8% in the ANL group,
p=0.098). The US-PCNL group exhibited a significantly
lower transfusion rate than the ANL group. The total
operative times for both groups were not different,
but the average length of hospitalization for the US-
PCNL was significantly shorter than for the ANL group.
There was no significant difference in the major and
minor complications according to the Calvien-Dindo
classification between the groups, as summarized in
Table 3. A multiple logistic regression showed that the
operation method was a significant factor associated
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with stone-free status and blood transfusion. The odds
of the patients who undergone ANL method to obtain
a stone free status were 5.96 times greater than the odds
of those who undergone US-PCNL method (OR=5.96,
95%CI=3.06-11.62, p<0.001). On the other hand, the
odds of the patients who undergone ANL method to
received blood transfusion were 5.75 times higher than
those who undergone US-PCNL method (OR=5.75,
95%CI=1.84-18.03, p=0.003) as shown in Table 4, 5.
A multivariate analysis of variance (MANOVA) was
used to test the effect of operative methods on stone
clearance rate and length of hospitalization. The multivariate
test using Pillai’s criterion revealed a significant main
effect of operation methods on dependent variables
(MANOVA: F=6.61, p=0.002). The univariate tests showed
that the patients who undergone US-PCNL method had
significantly shorter length of hospitalization than those
who undergone ANL method (F=10.27, p=0.002) while
the percentage of stone clearance were not statistically
different between the two operation methods (F=2.76,
p=0.098) as summarized in Table 6.

DISCUSSION

Staghorn renal stones are defined as stones that
mandatorily fills the renal pelvis with an extension that
branch into at least one caliceal group, and it may lead to
the deterioration of renal function and life-threatening
urosepsis.”” Complete stone removal is an important
therapeutic goal in order to eradicate further infection,
urinary tract obstruction, and recurrent renal stone
formation. Complete stone removal is also crucial for
the preservation of kidney function."* ANL is one of the
best options for staghorn stone removal and is considered
the benchmark for other treatments because of the high
stone elimination rate”'’; however, there is a possibility for
reduction in renal function due to parenchymal incision
and ischemic injury.' Currently, most patients with
staghorn renal stones can be managed using minimally
invasive surgery such as PCNL. Fluoroscopic guidance
is the mainstay imaging for the renal access step in
PCNL, but it can cause radiation exposure in patients
and medical personnel.” Ultrasound guidance is a reliable
alternative type of imaging for direct PCNL. It can minimize
radiation exposure and there is no need for contrast media.
Moreover, it can prevent adjacent visceral organ injury
and can be performed in any patient position.” However,
the absence of staghorn stones has been associated with
successful US-PCNL’ as the ideal candidate for US-PCNL
is a generally healthy, non-overweight patient with at
least moderate hydronephrosis in non-staghorn renal
stones on imaging."”
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TABLE 1. Demographic characteristics of the patients in the US-PCNL and ANL groups.

Group | Group Il p-value

US-PCNL ANL

(n=114) (n=112)
Mean age, year 56.4 +10.1 53.7+123 0.069
Gender

Male sex no. (%) 69 (60.5) 59 (52.7) 0.234
BMI, kg/m? 234 +3.2 229+4.2 0.289
Laterality
Right side no. (%) 57 (50.0) 67 (59.8) 0.138
Stone length, mm 55.3+12.9 58.2+224 0.236
Stone surface area, mm? 1677.4 +781.8 1885.2 + 1284.1 0.144
Preoperative hydronephrosis no. (%) 61 (53.5) 88 (78.6) <0.001
Preoperative urine culture positive no. (%) 27 (23.7) 22 (19.6) 0.461
TABLE 2. Comparisons of operative outcomes in the US-PCNL and ANL groups.

Group | Group Il p-value

US-PCNL ANL

(n=114) (n=112)
Operative time, min 123.1£43.3 133.1 £48.7 0.107
Length of hospital stay, days 10.0£6.5 129+6.9 0.002
Residual stone >4 mm, no. (%) 60 (52.6) 27 (24.1) <0.001
Stone free status no. (%) 54 (47.4) 85 (75.9) <0.001
Residual stone area, mm? 69.6 £ 17.5 254 +£47 0.016
Stone clearance rates 96.4 £ 6.0 97.7+5.8 0.098
Blood transfusion 4 (3.5) 20 (17.9) <0.001
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TABLE 3. Comparisons of postoperative complications in the US-PCNL and ANL groups.*

Group | Group |l p-value
US-PCNL ANL
(n=114) (n=112)

Minor complication (grade I-Il) no. (%) 46 (40.4) 59 (52.7) 0.063
Transient fever 45 (39.5) 51 (45.5) 0.357
Failed renal access 2(1.7) NA NA
Minor renal pelvic perforation 1(0.88) NA NA

Serious complication (grade IlI-IV) no. (%) 6 (5.3) 6 (5.4) 0.975
Visceral organ injury 0 0
Pneumo/hemothorax 0 0
Septic shock 5 6
Postoperative ureteral obstruction 1 0

*Complications are defined according to Clavien-Dindo classification grade I-V.
Abbreviation: NA = Not applicable

TABLE 4. Multiple logistic regression results for stone free status.

0dds ratio 95% ClI p-value
Lower Upper
Operation (ANL=1, US-PCNL=0) 5.962 3.059 11.620 <0.001
BMI 1.132 1.033 1.241 0.008
Stone size 0.986 0.970 1.003 0.099
Preoperative hydronephrosis (Yes=1, NO=0) 0.329 0.166 0.653 0.001
TABLE 5. Multiple logistic regression results for blood transfusion.
0dds ratio 95% ClI p-value
Lower Upper
Operation (ANL=1, US-PCNL=0) 5.754 1.837 18.030 0.003
BMI 0.954 0.847 1.074 0.435
Stone size 1.003 0.983 1.024 0.745
Preoperative hydronephrosis (Yes=1, NO=0) 1.005 0.359 2.812 0.993
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TABLE 6. Multivariate and univariate analysis of variance (MANOVA) results of stone clearance rate and length of

hospitalization.
Multivariate
Variable
F p m,
Operation 6.61 0.002 0.006

Several studies have reported successful stone
treatment according to the stone free-rate or stone clearance

#1917 One of the measures of the stone free rate is

rate.
by measuring the parameters that are associated with
stone burden, including stone diameter, stone surface
area, and stone volume.'*"” Since there are currently no
formal guidelines for the assessment of stone burden,

in this study, we defined the stone-free rate as having

18,1

no residual stones or a stone diameter less than 4 mm
after the operation, and the stone clearance rate as the
ratio of the elimination of the stone surface area after
the operation.'" Our study found that the stone-free
rate in the ANL group was significantly higher than in
the US-PCNL group (75.9% vs. 47.4%). Our outcomes
were similar to the study of Friedrich and colleagues,
which reported a 63.7% stone free-rate in open stone
surgery and 40.9% stone free-rate in US-PCNL.” These
results also align with a recent meta-analysis study of the
standard PCNL method, which showed a significantly
lower stone-free rate in comparison with open renal
stone surgery.'” However, it should be noted that the
low stone-free rate in our US-PCNL group was because
we did not use fluoroscope to detect residual stones in
this group. Fluoroscope was not used in order to avoid
radiation according to the as-low-as-reasonably achievable
(ALARA) principle.” It is worth noting that our US-
PCNL patients had a large stone burden (55.3 mm length
and 1677 mm?surface area) and fewer hydronephrotic
kidneys (53.5%). These factors are considered to increase
difficulty for US-PCNL."

The stone clearance rate between the US-PCNL and
ANL group in this study was not significantly different
(96.4£6.0% vs. 97.7+5.8%, p=0.098), which means that the
postoperative residual stones in the US-PCNL group were
slightly larger than 4 mm and needed only noninvasive
auxiliary treatment such as extracorporeal shock wave
lithotripsy (ESWL) to achieve stone-free status.

Univariate

% Clearance

F

2.76

Hospitalization
p 7, F p ,

0.098 0.012 10.27 0.002 0.044

In the present study, the operative time was not
significantly different between the US-PCNL and ANL
groups (123.1 vs. 133.1 min). The operative time of
the US-PCNL in our study was not shorter than open
surgery when compared to other studies because we
began the operation when the general anesthesia was
administered, while several studies usually count the
time at the renal access step.”'” The US-PCNL patients
had a shorter length of hospitalization than the ANL
patients (10.0 vs. 12.9 days), which is similar to the study
of Chen and colleagues."’ The overall complications in
both groups were not significantly different. The important
finding of our study was that the US-PCNL group had a
significant lower transfusion rate than the ANL group
(3.5% vs. 17.9%, p< 0.001) and no pulmonary or visceral
complications were presented in the US-PCNL group.
Ultrasonography has the advantage of providing real time
visualization of the kidneys and surrounding visceral
organs and structures causing a lower risk of pulmonary
or visceral complications compare to the standard PCNL.
Thus, the US-PCNL method is superior to the standard
PCNL method, which is prone to causing complications
regarding the surrounding organs.”"”

One of the key advantages of this study was an
adequate number of participants for achieving a sufficient
power for statistical analysis. In addition, our participants’
renal stone characteristics and kidney condition differed
from previous studies."* This research samples were from
the northeast of Thailand which associated with a high
prevalence of renal stones. Renal stones characteristics
found in this region were more complicated because
they had large stone burden. In addition, there were
lower proportion of hydronephrotic kidney cases which
make the surgery more difficult. In this study there were
lower proportion of hydronephrotic kidney cases in the
US-PCNL group, and there were large stone burden.
Thus, the findings of this research are extremely useful
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for urologists who are operating in the northeast of
Thailand or working with individuals with large stone
burdens and non-hydronephrotic kidneys.

Our study had some limitations. First, it is a retrospective
study, which may have affected the allocation of the patients
to each treatment group. A prospective randomized
study should be conducted in order to overcome this
limitation in the future. Secondly, the use of stone length
and stone surface area to define stone burden is not as
accurate as stone volume from computed tomography
calculation.'® However, computed tomography is not
available in clinical practice for postoperative stone
evaluation because of the risk of radiation exposure and
the cost-effective aspect™, and currently, there are several
studies that have used stone length or stone surface area
for stone burden estimation.”'"'¢

CONCLUSION

From our study, it could be seen that US-PCNL is
a safe and feasible alternative in comparison with ANL
for staghorn renal stone treatment. Although the ANL
still had a higher stone-free rate, the stone clearance rate
was satisfactory in both the US-PCNL and ANL groups.
In addition, there were advantages of the US-PCNL over
the ANL regarding less blood transfusion, and shorter
length of hospitalization, while the complications were
not significantly different between the two groups.
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