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Abstract

Background: To evaluate the feasibility and safety of balloon dilation (BD) in totally ultrasound-guided
percutaneous nephrolithotomy (PCNL).

Methods: The data of 95 patients underwent BD were collected in this retrospective study between August 2016
and December 2018. During the same period, telescopic metal dilation was used in 1161 patients. Ninety five
patients were selected as the control group and matched at a 1:1 ratio to index balloon dilation (BD) cases in
regards to Guy’s stone score, age, sex, BMI, degree of hydronephrosis and stone area. Peri-operative data were
compared between the two groups.

Results: Total operative time was significantly shorter in the BD group (62.2 ± 22.4 min vs. 70.2 ± 25.8 min, p =
0.024). Tract establishment time was significantly shorter in the BD group (3.4 ± 1.8 min vs. 4.3 ± 2.3 min, p < 0.001).
The success rate of tract dilation by first attempt was higher in the TMD group compared with that of BD group;
however the difference was not statistically significant. There was no significant difference between groups with
regards to complication and stone-free rates. The cost of PCNL in the BD group was significantly higher than that
of the TMD group (US $4831.4 ± 1114.8 vs. US $4328.4 ± 975.7, p = 0.012). Subsequent analysis revealed that mild or
no hydronephrosis were risk factor for failure of balloon dilation under ultrasound.

Conclusions: BD has acceptable complication and stone free rates compared with those in TMD; however, BD
under ultrasound is not suggested for stone cases without hydronephrosis.
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Background
Percutaneous nephrolithotomy (PCNL) was intro-
duced by Fernstrom and Johansson in 1976 [1]. It has
been suggested as the optimal treatment method for
patients with kidney stones with the size over 2 cm or
staghorn stones [2]. Balloon dilation (BD), telescopic
metal dilation (TMD), Amplatz semi-rigid dilation, or
a single-step(one shot) dilation was all used as tract
establishment methods [3–5]. BD has been considered

to be safer and more effective; it has widely been
used in X-ray guided PCNL [6]. Previous reports have
proved that BD is associated with less bleeding and
less renal damage than other dilation methods [7].
However, X-ray guided PCNL is associated with radi-
ation hazard to both the patients and intraoperative
personnel [8].
Ultrasound-guided nephrolithotomy is a low cost per-

cutaneous puncture technique; the success rates are high
in well-trained urologists [9]. The safety and efficacy of
PCNL solely guided by ultrasound has been well studied
and reported [10, 11]. However, Amplatz and TMD was
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mostly performed in the previously reported ultrasound-
guided PCNL,and the two-step method was reported to
reduce the complication while establishing the working
tract [11]; the safety and efficacy of ultrasound-guided
balloon dilation has not been well studied. Herein, we
aimed to evaluate the outcome of ultrasound–guided
PCNL using BD and compare the outcome with that of
PCNL using TMD.

Methods
Study design
The data of patients underwent PCNL with kidney
stones over 2.0 cm, with multiple or staghorn stones
were collected in this retrospective study.Patients with
chronic renal failure, congenital abnormalities of the kid-
ney (horseshoe kidney etc.), and solitary kidney were
excluded.
Between August 2016 and December 2018, 95 patients

who had kidney stones were treated in our hospital by
ultrasound-guided PCNL using balloon dilation. CT was
used in all patients for evaluation of the stone. Patients’
demographic data,such as age, sex, body mass index
(BMI), size, number and location of the stone(s),past his-
tory of kidney operation were recorded. Preoperative la-
boratory tests included routine urine analyses and
cultures,serum creatinine and blood routine, coagulation
tests,. All patients signed an informed consent form be-
fore operation. The study was approved by the ShengJ-
ing hospital ethics committees (NO.2015PS266K).
Authors had no access to information that could identify
individual participants during or after data collection.
During the same period, Ultrasound-guided PCNL was

performed in 1161 patients using telescopic metal dila-
tion. From this cohort, we selected 95 patients as the
control group. The 95 patients were matched at a 1:1 ra-
tio to index balloon dilation (BD) cases with respect to
Guy’s stone score which works as an independent pre-
dictive factor for complications and stone-free rate, as
well as age, sex, BMI, degree of hydronephrosis and
stone area. When more than one possible matches were
available, controls were labeled with a random number
generator within Excel (Microsoft Corp, Redmond, WA,
USA) and PCNL data corresponding to the lowest ran-
dom numbers assigned were selected as controls. Both
of the procedures was the standard of care at the time
and whether patients would receive PCNL using balloon
dilation or telescopic metal dilation depended on the
preference of the surgeon and availability of the equip-
ment at the operation time. Operative data such as stone
free rate, complication rate, cost, need for auxiliary treat-
ment and postoperative hospital stay were evaluated.
Ultrasonographic guidance was used in all steps of the

procedure during PCNL; X-ray was not used in this
study.

Intervention
After anesthesia, patients were first placed in the lithot-
omy position, and then the ureteral catheter was placed
and secured. PCNL was performed after patients were
placed in the prone or lateral position. A colored-
Doppler ultrasound system with a 3.5-MHz transducer
(Hitachi Aloka, Tokyo, Japan) was used. Under ultra-
sound guidance, an 18-gauge coaxial needle was targeted
and introduced into the most convex point of the target
calyx. In the case of no or mild hydronephrosis, saline
was injected through the ureteral catheter to help the
ballooning of the renal calyx. After puncture, the obtur-
ator was removed and a 5-mL syringe was attached to
the needle to observe the recovery of the injected saline
from the ureteral catheter which helped to confirm suc-
cessful access to the renal calyx. J-tipped 0.038-in. guide-
wire was inserted after removal of the stylet, and the
length of the needle from the skin to renal calyx was
measured and marked to ensure that the length of the
dilator was equal to that length [11].

TMD group
Establishment of the working channel was done by using
a previously described two-step method [11]. After dila-
tion, a 24-Fr Alken sheath was positioned and a 20.8-Fr
rigid nephroscope (Richard Wolf) was introduced into
the renal calyx. Operation was performed by using a
Swiss LithoClast®device.

BD group
Using a stiff guidewire, the Balloon (30-Fr, BD Company,
USA) was inflated up to 30 atm for 1 min. The inflation
of the balloon was confirmed by ultrasound. First, a 6-Fr
fascial dilator was inserted along the guidewire to pre-
dilate the tract which can facilitate the insertion of the
balloon dilator; the length of the balloon dilator between
the skin and the renal calyx was equal to the dilation
depth which was measured and marked by the 6-Fr
fascial dilator. The location of balloon was confirmed
under ultrasound. The 30-Fr sheath was passed over the
inflated balloon and the balloon was then removed. The
sheath was kept in place as the working channel (Fig. 1).
Then, Calculus disintegration was performed as de-
scribed above.

Postoperative evaluation and follow-up
On the first postoperative day, hematocrit levels were
assessed, Low dose CT scan was performed to evaluate
status of residual stones 48 h after operation routinely.
Nephrostomy tubes were removed after CT scan if a
second-look procedure was not needed. Second-look
PCNL, ureteroscopy, and shock wave lithotripsy were
considered as auxiliary treatments .
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Outcome measures
Patients’ baseline demographic data, Guy’s STONE grade
[12] and operative data were compared between the two
groups. Modified Clavien–Dindo classification of surgi-
cal complications was used to evaluate the complicate
[13]. Operative time was defined as the time from the
placement of the ureteral catheter, until the access tract
was sealed or nephrostomy tube was placed. The ab-
sence of visible fragments on CT was defined as stone
free status. Non-obstructive residual stones that were
less than 4 mm in diameter,, and asymptomatic were de-
fined as clinically insignificant residual fragments
(CIRF).

Statistical analysis
Data were analyzed by SPSS (version 22; IBM Corpor-
ation; Armonk, NY, USA). For statistical analysis, con-
tinuous variables were given as mean or median
(interquartile range) when necessary. Categorical values
were given in frequency or percentages. T test, Welch T

test and Mann Whitney U tests were used for continu-
ous variables. Chi-square test was used for categorical
variables. A p value < 0.05 was accepted as statistically
significant.

Results
One hundred ninety patients (95 in the BD group, 95 in
the TMD group) were included in this study.Total op-
erative time in the BD group was significantly shorter
(62.2 ± 22.4 min vs. 70.2 ± 25.8 min, p = 0.024). Tract es-
tablishment time in the BD group was significantly
shorter (3.4 ± 1.8 min vs. 4.3 ± 2.3 min, p < 0.001). The
success rate of tract dilation by first attempt was higher
in the TMD group compared with that of BD group;
however there was no significant difference. In the BD
group (n = 95), BD was successful in 83(87.4%) at first
attempt but failed in 12 cases (8 cases were kidney stone
without hydronephrosis). In such cases of no hydrone-
phrosis, the cone-shaped tip of the balloon could slip
outside the renal calyx right after inflation, as there was

Fig. 1 a Location of needle was confirmed, needle appeared as the bright “line” under ultrasound(small arrow). b Under the monitoring of
ultrasound,location of guidewire was confirmed .Small arrow showed the soft tip of the guidewire coiled in the calyx and big arrows showed the
dilated calyx. c Under the monitoring of ultrasound,location of balloon was confirmed; then the balloon was inflated with 25 atm for 1 min(big
arrow). The soft tip of the guidewire was coiled in the calyx(small arrow) . d Location of working sheath was confirmed under ultrasound, the
dilated calyx collapsed after urine flew out through the sheath
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no space between the renal calyx and the stone to hold
the tip of the dilator(Fig. 2). However, BD was successful
on the second attempt in 10 cases and the remaining 2
cases were converted to TMD. In the TMD group, TMD
was successful in 91 patients (95.8%) at the first attempt;
and the remaining 4 cases were all successfully dilated
on the second attempt. The stone-free rate after first
session of PCNL was 82.1% (78/95) for the BD group,
which was higher when compared with 78.9% (75/95)
for the TMD group; but the difference was not signifi-
cant (p > 0.05). The need for ancillary procedures (12
cases) was similar between groups (5.3% in BD group vs.
7.4% in TMD group). Second-look PCNL was necessary
in 5 patients (3 in BD group and 2 in TMD group). Ure-
teroscopy was performed in 4 patients (2 patients in
each group). SWL was performed in 3 patients (1 in BD
group and 2 in TMD group). The cost of PCNL was nu-
merically higher in the BD group than that in the TMD
group (US $4831.4 ± 1114.8 vs. US $4328.4 ± 975.7, p =
0.012). (Table 1).
There was no significant difference between groups in

regards to Clavien grade I, II, or III complications
(18.9% in BD group vs.20.0% in TMD group, p = 0.827;
Table 3). Neither of the group had grade IV or V com-
plications (sepsis shock, bleeding requiring nephrectomy,

or death). The blood transfusion rate was comparable
between groups (2 in BD group and 3 in TMD group).
Postoperative fever (> 38 °C) occurred in 10 patients in
the BD group and 10 patients in the TMD group,all the
patients were successfully treated with antibiotics. Ser-
ious postoperative hematuria occurred in one patient
after BD and two patients after TMD. They were treated
with angio-embolization after failure to control the
bleeding (Table 2).
Subsequent analysis revealed that mild or no hydrone-

phrosis were risk factor for failure of balloon dilation
under ultrasound, while BMI, laterality, calyx of punc-
ture, were not related to the success rate of balloon dila-
tion. (Table 3).

Discussion
X-ray guidance is commonly used for PCNL. Given the
recurrent nature of nephrolithiasis and high volume of
patients in some stone center, cumulative exposure to
radiation may be of significant concern to both patients
and intraoperative personnel [14]. A prospective study
done by Ortiz [15] demonstrated total radiation dose in-
creases in proportion to BMI;which was caused by auto-
matically increased radiation dose in over weight
patients. Thomas Chi and his colleagues also demon-
strated that radiation exposure dose increase with BMI
[16]. Applying ultrasound guidance to PCNL for patients
with higher BMI may potentially reduce radiation expos-
ure for patients and staff. Other advantages of ultra-
sound over fluoroscopy include improved visualization
of adjacent viscera, clearer delineation of the anterior
and posterior calyces, detection of radiolucent stones
and the avoidance of vascular injury with colored Dop-
pler imaging [17].
The establishment of working tract is the critical step

of PCNL. Previous reports have suggested that balloon
dilation is safer and associated with less hemorrhagic
complications [7–9]. However, according to recently
published outcomes from the Clinical Research Office of
the Endourological Society, more transfusions and sig-
nificant hematocrit level declines were found in patients
undergoing BD compared with those who underwent
telescopic/serial dilation [18]. Tomaszewski and his col-
leage suggested that BD was associated with lower blood
transfusion rate [19]. However, Wezel et al. found more
complication in patients using BD [20]. Joel et al. [21]
reported a 17% dilatation failure rate in 99 patients.using
balloon dilation in X-ray guided PCNL. However,
Osman et al. [22] reported a failure rate of less than
3.5% in a series of more than 300 patients using TMD.
Most of the studies mentioned above were using X-ray
guidance in performing PCNL. There are few studies
concerning balloon dilation method in totally
ultrasound-guided PCNL in the literature. Ren et al.

Fig. 2 a Balloon dilation in case without hydronephrosis. b Short
dilation inspected by nephroscope
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compared the outcomes of PCNL using two tract dila-
tion methods under unltrasound guidance and con-
cluded that BD had a higher success rate of access
creation and less blood loss [23].Zhou et al. suggested
that BD was preferable for beginners because it was as-
sociated with less hemorrhage complication compared
with that of Amplatz dilation [24]. However, we failed to
find any significant difference between two groups re-
garding blood loss and complication in this study; The
Hb drop was mainly caused by hemodilution. During the
operation and after operation, approximately 2000ml
fluid was given to the patient.However, in cases of trans-
fusion and embolization, the Hb drop was caused by

hemorrhage, and usually the Hb drop was more than 10
g/dl. In this series, hemostatic coagulant was not used
after completion of the procedure at working port re-
moval,but we did use some hemostatic coagulant by IV
right after the operation. The success rate of tract dila-
tion by first attempt was somewhat lower in the BD
group although the result was not statistically
significant.
In the present study, the operative time in the BD

group was shorter compared with that in the TMD
group; and the stone-free rate in the BD group was
higher (not statistically significant)after the first oper-
ation; these differences could be related to less tract

Table 1 Intraoperative and Postoperative data according to patients’ group

Group 1 (95)
Balloon dilation

Group 2 (95)
Telescopic metal dilation

P value

Anesthesia (General/ epidural) 11/95 12/95 0.828

Success rate of dilation by first attempt 83/95 (87.4%) 91/95 (95.8%) 0.054

Operation time(min) mean ± SD 62.2 ± 22.4 70.2 ± 25.8 0.024

Tract establishing time(min) mean ± SD 3.4 ± 1.8 4.3 ± 2.3 < 0.001

Number of tract Single/multiple 85/10 84/11 0.885

Access of calyx 0.575

Upper 25 27

Middle 49 43

Lower 21 25

Hb drop(g/dl) mean ± SD 3.2 ± 2.8 3.1 ± 1.7 0.821

Stone free rate (N, %) 78/95 (82.1%) 75/95 (78.9%) 0.735

CIRF rate 10/95 (10.5%) 11/95 (11.5%) 0.863

auxiliary treatments 5/95 (5.3%) 7/95 (7.4%) 0.175

Hospital stay (day) mean ± SD 3.2 ± 1.1 3.4 ± 1.5 0.614

Cost(U.S dollar) $4831.4 ± 1114.8 $4328.4 ± 975.7 0.012

Abbreviations CIRF Clinical insignificant residue fragments

Table 2 Complications of percutaneous nephrolithotomy classified according the modified Clavien system

Group 1 (95)
Balloon dilation

Group 2 (95)
Telescopic metal dilation

P value

Grade 1

Nephrostomy tube displacement 0 1 –

Transient fever < 38 °C 10 10 –

Grade 2

bleeding requiring transfusion 2 3 –

Nonseptic infections requiring additional antibiotics 5 4

Grade 3

Grade 3 a

Bleeding requiring embolization 1 2

Grade 4 – – –

Grade 5 – – –

Overall (N, %) 18/95 (18.9%) 19/95 (20.0%) 0.827

Data are presented as n (%)
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dilation time and the softer and bigger working channel
in the BD group(F30). Using a softer sheath allows for
extraction of bigger stone fragments, which results in
decreased lithotripsy time and number of stone frag-
ments. The use of ureteroscope to make sure the punc-
ture was a good additional step in the TMD group, but
this may add to operative time already longer in this
group.
The use of TMD or the Amplatz dilator cannot be

monitored under ultrasound, which may lead to dis-
lodgement of the guidewire, and perforation of collecting
system during tract dilation. In order to overcome this
drawback, we developed the two-step dilation method.
By using a 16-Fr peel-away sheath, the ureteroscope
could be introduced into the renal calyx to check the
position of the puncture point, helping to avoid further
damage to the kidney if the tract was not in the proper
position. There were some major differences between
the two dilation methods: first, each step of BD can be
performed under ultrasound; second, BD simplifies the
entire procedure of tract establishment and reduces po-
tential trauma and the chance of guidwire dislodgement
related to serial manipulation of the Amplatz dilator, es-
pecially for inexperienced surgeons. The tip of the bal-
loon dilator can be identified as a high echo point
moving along the guidewire; thus the location of the di-
lator can be easily identified and balloon inflation can
also be monitored under ultrasound as shown in Fig. 1.
There are some important steps when performing BD

under ultrasound guidance. First, a perfect puncture on
the most convex point of the renal calyx is very import-
ant; prior to BD, we always use a fascia dilator to pre-
dilate the tract to 6-Fr which can facilitate the insertion

of the balloon dilator. Second, the indwelling length of
the balloon is measured and marked, which is equal to
the fascia dilator. Third, establishing access to the target
renal calyx in cases without hydronephrosis is some-
times difficult because of the limited space between the
renal calyx and the stone. In the X-ray guided PCNL,
the safety guidewire is usually navigated down to the
bladder, which may help to immobilized the kidney
when dilation was performed; however, it is quite diffi-
cult to pass the guidewire down to the ureter under
ultrasound. With its cone-shaped tip, the tip of the bal-
loon dilator can be pushed backward and further away
from the collecting system by inflating the balloon, as
we observed in some of our cases. Moreover, the end of
the balloon dilator is taper-shaped and has an approxi-
mate tip length of 0.5 cm beyond the taper; so the mea-
sured balloon length should exclude the length of the tip
to avoid short dilation in patients without hydronephro-
sis. Pakmanesh H [25] performed a prospective study to
check the feasibility of performing USG Guided Balloon
dilatation (24 FR) of PCNL tract for access, and they
concluded that a higher rate of short dilation occurred
in Amplatz dilation compared that with balloon dilation,
which were quite different from present study. A poorly
dilated calyx was not good for performing ultrasound-
guided tract dilation using a balloon dilator. In case of
no hydronephrosis, saline is injected through the ur-
eteral catheter to help the ballooning of the renal calyx.
These measures compensate for aiming the target point
of renal calyx without the help of X-ray to some extent.
Although the success rate of dilation by first attempt
was not significant different between the groups, the
success rate in patients without hydronephrosis seemed
to be lower in the BD group.
This result was quite different from the previous stud-

ies [24, 25], we do not suggest BD in cases without
hydronephrosis for beginners; for such cases, two-step
TMD under ultrasound as we previously reported or x-
ray guidance may be a better choice. The cost of the dis-
posable balloon is much higher than that of the TMD in
China due to insurance policy; the telescopic metal dila-
tor can be reused, which further lowers the cost of the
operation. The cost was full hospital stay, including op-
eration cost(surgical drapes, gowns, gloves, irrigation,
lines, lubrication and procedure-specific materials such
as hydrophilic wires, access sheath, dilators, laser fibers
and baskets),auxiliary procedures cost, cost of treatment
for complication. Because there was no significant differ-
ence regarding the complication rate, hospital stay and
needs for auxiliary treatments between the two groups;
the reason for this big difference was that telescopic
metal dilator was reusable, which can help to reduce the
cost of the operation. Although the operation time was
shorter in the BD group, balloon dilator was only for

Table 3 Analysis of risk factors for the failure of balloon dilation
in ultrasound-guided PCNL

Variables Number
(95)

Success rate (85.6%)
83/95

P Value

BMI 0.085

≥ 30 kg/m2 44 38 (86.3%)

< 30 kg/m2 51 45 (88.2%)

Access of calyx 0.712

upper 25 21 (84.0%)

middle 49 44 (89.8%)

lower 21 18 (85.7%)

Hydronephrosis degree 0.015

Mild or none 28 18 (64.3%)

Moderate 46 44 (95.7%)

Severe 21 21 (100.0%)

Side of the Puncture 0.727

Left 48 41 (85.4%)

Right 47 42 (89.4%)
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single use, which cost approximately 600 dollar, and this
cost was not covered by insurance in this hospital.
There are some limitations in the present study. First,

the study reflects the experience of a single center. Sur-
geons in this hospital were well trained in ultrasound-
guided PCNL. Second our inability to find significant
difference in some parameters, such as stone-free and
complication rates may be secondary to limited patients
number.

Conclusion
In conclusion, PCNL using BD under totally ultrasound
guidance is feasible, BD has acceptable complication and
stone free rates; however, BD under ultrasound is not
suggested for stone cases without hydronephrosis.
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