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Abstract Objective: To assess the effectiveness and advantages of ultra-mini-
percutaneous nephrolithotomy (UM-PCNL) versus standard PCNL (S-PCNL), as
one of the most important differences between the various PCNL techniques is
the size of the renal access, which contributes to the broad spectrum of complica-
tions and outcomes.

Patients and methods: This clinical randomised trial was conducted in 2016. In all,
70 patients with renal or upper ureteric stones of 10–20 mm in diameter, whowere can-
didates for PCNL, were divided equally into two groups. Group A, underwent UM-
PCNL using a 9.8-F ureteroscope through a 16-F sheath; and Group B, underwent
S-PCNLusing a 24-Fnephroscope through a 30-F sheath. The stoneswere fragmented
bypneumatic lithotripsy.Anyperioperative complications andneed for analgesiawere
recorded, and postoperative pain was assessed in both groups using a visual analogue
scale (VAS).

Results: There were statistically significant differences in postoperative haemoglo-
bin values, haemoglobin drop, transfusion rate, duration of hospitalisation and post-
operative VAS pain score between the groups (P < 0.05). There were no significant
differences in operation time, need for auxiliary procedures or stone-free rate.

Conclusion: A minimally invasive UM-PCNL using a 9.8-F ureteroscope can play
an important role in the treatment of symptomatic renal and upper ureteric stones of
<20 mm in diameter with lesser blood loss, duration of hospitalisation, need of trans-
fusion, and postoperative pain compared with S-PCNL.
� 2017 Production and hosting by Elsevier B.V. on behalf of Arab Association of

Urology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Since the introduction of percutaneous nephrolithotomy
(PCNL) there have been various modifications to
improve success rates. The overall complication rate of
PCNL can be up to 83%, which can be minimised by
accurate patient selection and careful postoperative
follow-up [1]. One of the most important differences
between the various PCNL techniques is the size of renal
access (and the required specialised equipment), which
contributes to the broad spectrum of complications
and outcomes. Today, PCNL techniques include: stan-
dard PCNL (S-PCNL), mini-PCNL (also called mini-
perc), ultra-mini-PCNL (UM-PCNL) [2], and the
recently introduced micro-PCNL. S-PCNL is the
standard procedure in the treatment of renal and upper
ureteric stones using a 28–30-F ureteroscope. The mini-
PCNL (mini-perc) was first introduced by Helal et al. [3]
in 1997 using a 10-F paediatric cystoscope in children,
which reduced the complications of the standard
method. This technique was shown to have a stone-
free rate (SFR) of 85% with minimal morbidity in
young children [4]. Furthermore, it was shown that it
could be used for all kinds of upper tract stones [5]. In
UM-PCNL, the adult size ureteroscope is replaced with
a nephroscope with a smaller metal sheath. The last pro-
cedure is micro-PCNL using unique equipment as well.
In micro-PCNL, the 4.85-F needle reaches the collecting
system under direct vision, and renal access and PCNL
are performed in a single step [6].

In the present randomised clinical trial, we evaluated
the effectiveness and advantages of UM-PCNL vs S-
PCNL. We describe our modified UM-PCNL technique
that allows the use of transureter lithotripsy equipment
through a tract that is smaller than for S-PCNL and
even smaller than previously reported for mini-PCNL.

Patients and methods

In this a randomised clinical trial, 70 patients (45 males
and 25 females) were recruited from the Urology
Department of Emam Ali Hospital of Bojnurd who
were undergoing elective lithotripsy between January
2016 and April 2017. Inclusion criterion was patients
with 10–20 mm symptomatic renal and upper ureteric
stones that were inappropriate for extracorporeal shock-
wave lithotripsy (ESWL), ureteroscopy or due to the
lack of a holmium laser. The patients were equally
divided into two groups. Exclusion criteria included:
pregnancy, abnormal coagulopathy state, recent use of
NSAIDs, UTI, and stones of >20 mm.

The sample size was calculated using PASS software,
with a power of 80%, a of 0.05, and level of confidence
of 95%. Based on these calculations, an n = 35 was
determined for each group.
In all, 70 patients who met the inclusion criteria were
randomly assigned based on the list of random number
generator into two groups. Group A, comprised 35
patients who underwent UM-PCNL; and Group B,
comprised 35 patients who underwent S-PCNL (Fig. 1).

After obtaining informed consent from the patients,
the research objectives were explained to the patients.

Before surgery, we performed several assessments
including: complete physical examination, full medical
history, complete blood count, urine analysis, urine cul-
ture, blood clotting tests, kidney–urinary–bladder X-ray
(KUB), renal ultrasonography (US), and IVU or non-
contrast CT. UM-PCNL was performed under general
anaesthesia in Group A. After induction of anaesthesia,
with the patient in lithotomy, a 5-F urethral catheter
was inserted into the ureter via cystoscopy. Then the
patient was repositioned to prone. Then, an 18-G access
needle was placed into the preferred calyx under fluoro-
scopic guidance. A tiny incision was made in the skin
and fascia, and then the 16-F fascial dilator was used
to dilate the nephrostomy tract to pass the 16-F semi-
rigid plastic sheath. Then, a 9.8-F, 33-cm semi-rigid
ureteroscope (Richard Wolf Medical Instruments, Ver-
non Hills, IL, USA) was introduced to the sheath. The
ureteric stones were broken into pieces using pneumatic
lithotripsy. Fragmented stones too large for sponta-
neous passage from the ureter were removed using a
grasper. Finally, the ureteroscope and sheath were
removed and the tract site was packed for 2–3 min.
The ureteric catheter remained in situ for 48 h (before
discharge). In Group B, the patients underwent S-
PCNL. Again, under general anaesthesia in lithotomy,
a 5-F ureteric catheter was placed via cystoscopy. Hav-
ing changed the position to prone, an 18-G access needle
was inserted into the preferred calyx under fluoroscopic
guidance. A 30-F dilator dilated the tract under fluoro-
scopic guidance using a ‘one-shot’ dilatation method. A
30-F Amplatz sheath was inserted. The S-PCNL was
performed with a rigid 24-F nephroscope (Richard Wolf
Medical Instruments) and pneumatic LithoClast (Bos-
ton Scientific, Marlborough, MA, USA). Finally, the
Amplatz and nephroscope were removed and the tract
site was packed for 2–3 min. The ureteric catheter was
left in situ for 2 days.

Any perioperative complications and need for analge-
sia were recorded. Pethidine was used for pain control in
both groups. We administered a mean (range) of 50 (25–
75) mg pethidine in Group A and 100 (75–150) mg in
Group B to reduce postoperative pain in our patients.

KUB and US were performed in all patients to eval-
uate the success rate 48 h after the procedure before dis-
charge. Furthermore, we assessed postoperative pain in
both groups using a visual analogue scale (VAS), which
ranged from zero (no pain) to 10 (maximum pain). Writ-
ten informed consent was signed by all patients, and the



standard Ultra Mini

Assessed for eligibility (n=70) 

Excluded  (n=0)
Not meeting inclusion criteria (n=0)
Declined to participate (n=0)
Other reasons (n=0)

Analysed  (n=35)
Excluded from analysis (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Allocated to intervention (n=35) 
Received allocated intervention (n=35)
Did not receive allocated intervention (give 

reasons) (n=0)

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons)(n=0)

Allocated to intervention (n=35) 
Received allocated intervention (n=35)
Did not receive allocated intervention (give 

reasons) (n=0) 

Analysed  (n=35)
Excluded from analysis (n=0)

Allocation

Analysis

Follow-Up

Randomized (n=70) 

Enrollment

Fig. 1 CONSORT flow diagram.
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consent study protocol was approved by the Institu-
tional Ethics Committee.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS�,
version 13; SPSS Inc., Chicago, IL, USA) was used for
all analyses. We used the independent samples t-test
and theMann–WhitneyU-test for comparison of quanti-
tative variables and the chi-squared test for qualitative
variables. To remove the effect of factors affecting the
duration of hospitalisation and postoperative flank pain,
a linear regression model was used. In addition, quantita-
tive variables are given as themean ± standard deviation
(SD) and a P < 0.05 was considered statistically
significant.

Ethical considerations

The study was licensed by the Ethics Committee of
North Khorasan University of Medical Sciences based
on guidelines of the Declaration of Helsinki (Hong
Kong revision, 1983) and good clinical practice. All
patients participating in the study read and signed the
consent letter.

A recommendation for reporting the randomisation
clinical trial was conducted based on the definition of
the Consolidated Standards of Reporting Trials
(CONSORT) statement.

Results

In all, 70 patients were equally divided into two groups of
35 patients. The UM-PCNL group (Group A), contained
23 males (65.7%) and 12 females (34.3%), with a mean
(SD) age of 41.58 (13.35) years; and the S-PCNL group
(Group B), included 22 males (63%) and 13 females
(37%), with a mean (SD) age of 43.55 (10.94) years.

The patients’ characteristics are summarised in
Table 1. Considering each variable in both groups, we
found statistically significant differences in postopera-
tive haemoglobin values, haemoglobin drop, transfusion
rate, duration of hospitalisation, and postoperative pain
score (VAS) between the two groups (P < .05).

Neither group had supracostal or multiple accesses.
There were no significant differences in operation time,
need for auxiliary procedures, and SFR. There were
few complications in both groups and these included:
fever (two in the Group A and three in Group B), intra-
operative bleeding (one in both groups), and one case of
perirenal urinary collection in Group A compared to
three cases in Group B, which were managed by pro-
longed ureteric catheterisation. There was no significant
difference between the groups for the success rate.



Table 1 Patients’ characteristics.

Variable Group A

UM-PCNL

Group B

S-PCNL

P

Mean (SD):

Operation time, min 48 (4.3)

95% CI 67.16–68.84

51 (5.6)

95% CI 72.9–75.1

>0.05

Stone size, mm 14.26 (5.3)

95% CI 16.22–18.30

15.35 (5.85)

95% CI 15.21–18.49

>0.05

Preoperative haemoglobin, g/mL 14.79 (1.24)

95% CI 14.56–15.02

14.65 (1.14)

95% CI 14.43–14.87

>0.05

Postoperative haemoglobin, g/mL 13.14 (1.21)

95% CI 12.90–13.38

11.52 (1.30)

95% CI 11.26–11.77

<0.05

Haemoglobin drop, g/dL 1.65 (1.20) 3.13 (1.06) <0.05

Transfusion rate,% 5.71 11.4 <0.05

SFR,% 93.58 (5.97)

95% CI 92.41–94.75

94.60 (8.34)

95% CI 92.96–96.23

>0.05

Duration of hospitalisation, days 2.32 (0.84)

95% CI 2.26–2.58

3.60 (0.80)

95% CI 3.54–3.86

<0.05

Postoperative VAS pain score, median (range) 4.3 (3.1–5.7) 5.7 (4.8–6.5) <0.05

Access calyces: *SC-MC-IC, n (%) 5-12-18 (14-34-51) 4-11-20 (1-31-57) >0.05

* S, superior; M, middle; I, inferior; C, calyces.
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Moreover, two cases of urinary leakage from the
nephrostomy tract were reported in Group A, one trea-
ted with JJ insertion and the other with prolonged ure-
teric catheterisation, and one in Group B that was also
managed by prolonged ureteric catheterisation.

Discussion

The management of kidney and upper ureteric stones
using a safer, effective and less harmful procedure is
an ambition of every treatment surgery.

In the present study, we evaluated the efficacy of
UM-PCNL and S-PCNL procedures in the treatment
of symptomatic renal and upper ureteric stones of
<20 mm after failed ESWL or anatomical considera-
tions that required PCNL. We used ureteroscopes as
surrogates for different size nephroscopes. The SFR
for our present UM-PCNL cohort was 93.5%, which
is concordant with the other studies that have reported
SFRs of 77.8–97.2% [7–11].

Giusti et al. [7] reported that the haematocrit drop
and duration of hospitalisation were lesser for mini-
PCNL compared to S-PCNL, which is similar to our
present findings. However, they reported a longer oper-
ation time in for their mini-PCNL group, which is
exactly the opposite of our present results. Moreover,
the SFR was 94% for their S-PCNL group and 77.8%
in their mini-PCNL group for the treatment of stones
of <20 mm in diameter. It is clear that renal access
has a negative effect on renal tissue and thus larger
tracts can lead to more haemorrhage and subsequent
haemoglobin drop, which can be an important issue in
children and physically frail patients.

In 2013, Zeng et al. [12] reported that the mini-PNL
procedure had a shorter operation time and lesser
haemoglobin drop for simple and complex renal stones;
findings are consistent with our present study. These
outcomes may be attributed to the influence of the smal-
ler size of renal access in mini-PCNL, which led to its
introduction as a safe and effective procedure in the
treatment of renal and ureteric stones [5,11–14].

Jackman et al. [15] reported 83 mL blood loss, 6.6%
haematocrit reduction, and 1.7 days hospitalisation in
their patients undergoing mini-PCNL, with a SFR of
89%. They concluded that mini-PCNL may bring prac-
tical advantages in comparison to S-PCNL for haemor-
rhage, duration of hospitalisation, and postoperative
pain, which confirms our present results.

In 2013, Desai [2,16] revealed UM-PCNL as an effec-
tive and safe technique for renal and ureteric stones.
They reported a 1.4 mg/mL haemoglobin decrease, hos-
pital stay of 1.2 days and a SFR of 86.66% for renal
stones and 97.2% for upper ureteric stones, without
any significant postoperative complications. By con-
trast, Li et al. [17] reported no significant advantages
of mini-PCNL over S-PCNL for the surgical trauma
during their procedures.

In another study, Yang et al. [10] reported an opera-
tion time of 45 min, SFR of 97.2%, and no need of
blood transfusion for mini-PCNL in their patients with
upper ureteric stones. To our knowledge, no other study
has compared S-PCNL and UM-PCNL as in our pre-
sent study. One of the disadvantages of UM-PCNL
was the poor visibility due to intraoperative haemor-
rhage in the surgical field. Indeed, the presence of bleed-
ing in the surgical field is one of the most frequent causes
of intraoperative blurred vision. Thus, correct use of the
access tract and efficient irrigation is beneficial in reduc-
ing bleeding and its negative subsequent impact on the
operation. To summarise, there were various advantages
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of UM-PCNL over S-PCNL in the treatment of renal
and ureteric calculi. In our present study, we found
UM-PCNL to be a less invasive and effective technique
using a 9.8-F ureteroscope through a small access tract
for the treatment of renal and ureteric calculi, which
reduced the common consequences of the conventional
S-PCNL procedure. The haemoglobin drop, reported
pain, need of transfusion, and duration of hospitalisa-
tion were all lesser in the UM-PCNL group. However,
it had its own drawbacks, which included decreased
visualisation, poor irrigation, and difficult stone extrac-
tion. One of the most important benefits of this method
was the lesser postoperative pain, which may make it
superior to S-PCNL.

Some limitations of our present study warrant con-
sideration. The low number of patients studied and their
recruitment from a single institution are two major lim-
itations. Therefore, it carries all the inherent potential
issues associated with such studies. According to our
experience, we recommend UM-PCNL in patients with
renal and upper ureteric stones of <20 mm refractory
to ESWL. However, we do not recommend this proce-
dure for larger stones.

Conclusion

The UM-PCNL, a minimally invasive PCNL method
using a 9.8-F ureteroscope, can play an important role
in the treatment of symptomatic renal and upper
ureteric stones of <20 mm with lesser blood loss,
duration of hospitalisation, need of transfusion, and
postoperative pain compared with S-PCNL. This is a
new technique that awaits further technical develop-
ments before it can be offered as a standard technique
in all patients.

References

[1] Michel MS, Trojan L, Rassweiler JJ. Complications in percuta-

neous nephrolithotomy. Eur Urol 2007;51:899–906.

[2] Desai J, Zeng G, Zhao Z, Zhong W, Chen W, Wu W. A novel

technique of ultra-mini-percutaneous nephrolithotomy: introduc-
tion and an initial experience for treatment of upper urinary

calculi less than 2 cm. Biomed Res Int 2013;2013:490793.

[3] Helal M, Black T, Lockhart J, Figueroa TE. The Hickman peel-

away sheath: alternative for pediatric percutaneous nephrolitho-

tomy. J Endourol 1997;11:171–2.

[4] Jackman SV, Hedican SP, Peters CA, Docimo SG. Percutaneous

nephrolithotomy in infants and preschool age children: experience

with a new technique. Urology 1998;52:697–701.

[5] Li X, He Z, Wu K, Li SK, Zeng G, Yuan J, et al. Chinese

minimally invasive percutaneous nephrolithotomy: the Guangz-

hou experience. J Endourol 2009;23:1693–7.

[6] Desai MR, Sharma R, Mishra S, Sabnis RB, Stief C, Bader M.

Single-step percutaneous nephrolithotomy (microperc): the initial

clinical report. J Urol 2011;186:140–5.

[7] Giusti G, Piccinelli A, Taverna G, Benetti A, Pasini L, Corinti M,

et al. Miniperc? no, thank you! Eur Urol 2007;51:810–5.

[8] Huang Z, Fu F, Zhong Z, Zhang L, Xu R, Zhao X. Chinese

minimally invasive percutaneous nephrolithotomy for intrarenal

stones in patients with solitary kidney: a single-center experience.

PLoS One 2012;7:e40577.

[9] Monga M, Oglevie S. Minipercutaneous nephorlithotomy. J

Endourol 2000;14:419–21.

[10] Yang SF, Lei M, Li X. Minimally invasive percutaneous

nephrolithotomy for impacted upper ureteric calculi (a report of

71 cases). Chin J Mod Operative Surg 2003;4:297–8.

[11] Zhong W, Zeng G, Wu W, Chen W, Wu K. Minimally invasive

percutaneous nephrolithotomy with multiple mini tracts in a

single session in treating staghorn calculi. Urol Res

2011;39:117–22.

[12] Zeng G, Zhao Z, Wan S, Mai Z, Wu W, Zhong W, et al.

Minimally invasive percutaneous nephrolithotomy for simple and

complex renal caliceal stones: a comparative analysis of more

than 10,000 cases. J Endourol 2013;27:1203–8.

[13] Lahme S, Zimmermanns V, Hochmuth A, Janitzki A. [Minimally

invasive PCNL (mini-perc). alternative treatment modality or

replacement of conventional PCNL?]. Urologe A 2008;47:563–8.

[14] Long Q, Guo J, Xu Z, Yang Y, Wang H, Zhu Y, et al. Experience

of mini-percutaneous nephrolithotomy in the treatment of large

impacted proximal ureteral stones. Urol Int 2013;90:384–8.

[15] Jackman SV, Docimo SG, Cadeddu JA, Bishoff JT, Kavoussi

TW, Jarrett TW. The ‘‘mini-perc” technique: a less invasive

alternative to percutaneous nephrolithotomy. World J Urol

1998;16:371–4.

[16] Desai J, Solanki R. Ultra-mini percutaneous nephrolithotomy

(UMP): one more arma mentarium. BJU Int 2013;112:1046–9.

[17] Li LY, Gao X, Yang M, Li JF, Zhang HB, Xu WF, et al. Does a

smaller tract in percutaneous nephrolithotomy contribute to less

invasiveness? a prospective comparative study. Urology

2010;75:56–61.

http://refhub.elsevier.com/S2090-598X(17)30109-2/h0005
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0005
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0010
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0010
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0010
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0010
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0015
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0015
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0015
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0020
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0020
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0020
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0025
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0025
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0025
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0030
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0030
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0030
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0035
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0035
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0040
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0040
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0040
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0040
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0045
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0045
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0050
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0050
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0050
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0055
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0055
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0055
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0055
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0060
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0060
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0060
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0060
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0065
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0065
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0065
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0070
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0070
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0070
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0075
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0075
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0075
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0075
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0075
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0080
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0080
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0085
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0085
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0085
http://refhub.elsevier.com/S2090-598X(17)30109-2/h0085

	Ultra-mini-percutaneous nephrolithotomy (PCNL) versus standard PCNL: A randomised clinical trial
	Introduction
	Patients and methods
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	Conclusion
	References


