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Outcome, Efficacy and Safety of Ureteroscopic Pneumatic
Lithotripsy In Management of Lower and Mid Ureteric

Calculi
Mohammed Ali Ghadhban Department of Urology, AL-Diwaniya teaching Hospital
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ABSTRACT:
OBJECTIVE: To determine the efficacy and safety of pneumatic lithotripsy in the
treatment of mid and lower ureteric calculi.
DESIGN: prospective study.
DURATION: From 2014 to 2015
SETTING: Department of Urology, AL-Diwaniya teaching Hospital.
PATIENTS & METHODS:
Over a period of one year,one hundred (100) patients of ureteric stones were treated with
pneumatic lithoclast. Twenty five (25) Stones were located in mid ureter, Seventy five
(75) stones were located in lower ureter . Success rate was defined as symptom free, no
residual stones larger than 2mm. General anesthesia was given to all patients.
RESULTS:
Over all success rate was 90%. Success rate in middle and lower ureteric stones were
82%, 92% respectively. Completely fragmented stones cleared spontaneously within two
weeks in 95% of cases and all patients were free of stones one month after the procedure.
In six (6) patients stone was migrated, later on submitted for ESWL and successful.
Complications were encountered in 11% of cases and were managed conservatively.
Hospital stay was 24 to 48 hours.
CONCLUSION:
Pneumatic lithotripsy is reliable, highly effective rapid, safe and cost effective treatment
modality for ureteric stones with negligible incidence of complications.
KEY WORDS: Ureteric Stone, Lithoclast, General Anaesthesia.
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Introduction

Ureteroscopy was first described by
Young and McKay in 1929 but not until
the late 1970 as its clinical use
demonstrated. Currently, advances in
ureteroscope design, including fiber-optic
visualization, flexibility and downsizing,
and improvements in calculus
fragmentation ability, balloon dilation, and
various baskets, stents and wires, have
broadened ureteroscopic diagnostic and
therapeutic capabilities.?

Dramatic advances in ureteroscopic
design have occurred within the last
decade. Smaller caliber flexible steerable
ureteroscopes permit the endourologist to
maneuver into previously inaccessible
recesses of the collecting system. @

The indications for ureteroscopy
fall into two categories; diagnostic and
therapeutic. Diagnostic indications include
evaluating a patient with a radiological
filling defect, hematuria, or positive
cytology of the upper tract, or surveillance
of patients with upper tract malignancies
that have been treated endoscopically.
Therapeutic indications include removing
upper tract stones or other foreign bodies,
treating upper tract malignancies, or
treating strictures or areas of obstruction.®

The Ureteric divisions are: the
lower third of the ureter is the portion
below the level at which the ureter crosses
the bifurcation of the common iliac artery.
The upper third of the ureter is usually
taken to be that portion of the ureter lying
above the sacro-iliac joint and the middle
third is the portion between them.
However, in the report from the ‘Ureteral
Stones Clinical Guidelines Panel’ from the
AUA, analysis of treatment outcomes was
considered on the basis of the proximal
and distal ureter, the proximal ureter that
was taken to include the proximal and
middle thirds as described above.
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Rigid ureteroscopes range from 4 F
to 13.5 F at the tip and use channels for
instruments and/or irrigation ranging from
2.3 F to 5.4 F. Advantages of the rigid
scope includes the large working channel,
greater durability, and excellent
visualization. The disadvantages include
its rigidity and size, which become
apparent while trying to traverse the ureter
over the pelvic brim. @

Four methods of intracorporeal
lithotripsy are available. Stones can be
disintegrated by ultrasound using a long
thin rigid probe, but the inner diameter of
the hollow probe to which suction is
applied is small. Probes with an outer
diameter of 2 F are available for electro-
hydraulic lithotripsy (EHL). A pneumatic
lithotripter was introduced in 1992 and has
proved popular and successful. )

In an experimental study, the safety
of the Ho: YAG, CdL, EHL and
pneumatic disintegrator were compared.
The tip of each probe was positioned 0.5
mm from the ureteric wall and then
discharged. The length of time before
ureteric perforation occurred was recorded.
The Ho: YAG perforated after 2 s, the
EHL after 24 s, the CdL after 257 s and the
pneumatic device had not perforated the
wall after 6 min. The clinical implications
of the study are very clear. Not only the
ureteric wall was at risk but the distal lens
of the ureteroscope was also more
vulnerable to be damaged by Ho: YAG
and EHL than from other intracorporeal
lithotripters. @

There are many and various stone-
retrieval devices; the baskets that are most
commonly used are the flat-wire basket
and the Nitinol tip-less basket. For
retrieval of tissue, grasping forceps, cold-
cup and alligator-toothed biopsy forceps,
and retractable biopsy brushes are
available. ®
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The goal of surgical management
of ureteral calculi is to achieve complete
stone clearance with minimal morbidity to
the patient. Shock-wave lithotripsy, rigid
and flexible ureteroscopes, powerful
compact lithotrities, and new stone
retrieval devices have greatly improved the
urologist's ability to treat ureteral stones,
regardless of size or location in the ureter.
Most ureteral calculi are 4 mm or smaller
and pass spontaneously, although not
without discomfort and expense to the
patient. ®

Ureteral calculi of any size are
often associated with renal obstruction, and
care must be taken to prevent irreversible
damage to the kidney, whether choosing
expectant or active treatment. The
challenge facing the urologist treating
upper tract urinary calculi is to select the
optimal treatment modality based on the
patient's stone characteristics.(i.e., to
choose between the two most frequently
used modalities in ureteral stone
treatment—ESWL and ureteroscopy). ©

The indications for intervention in
the management of ureteral calculi are
intolerable/intractable symptoms,
infection, obstruction, and a stone that is
unlikely to pass spontaneously. (5)

Ureteroscopy can be used to treat
upper urinary calculi. Successful treatment
depends on access to the stone and
effective retrieval and/or fragmentation.
Technical advances in the instruments used
have been responsible for improving ease
and success of ureteroscopic treatment.
Small-diameter, rigid and flexible
ureteroscopes can reach nearly any part of
the ureter or intrarenal collecting system
with relatively little need for dilation and
with fewer traumas to the ureter than seen
with earlier generations of endoscopes.
The holmium laser capability of lithotripsy
with an ablative effect removes stone
volume and makes it particularly
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effective small-diameter
endoscopes. ©

Placing a ureteric stent after
ureteroscopy with stone extraction is a
routine, to prevent possible stenosis or to
decrease secondary pain caused by
mucosal edema. A stent is routinely placed
after ureteroscopic lithotripsy; if there are
particular complications, a stent may be
necessary to prevent late complications,
e.g. ureteric stricture. However, routinely
placing a stent to prevent late
complications or to relieve flank pain from
a ureteric stricture or mucosal edema after
surgery is questionable. Indeed, stents may
cause complications, e.g. haematuria,
painful urination, urgency, flank pain,
lower abdominal pain, bacteriuria,
infection, or it may migrate; these
symptoms can last for 3 days after
removing the stent. Moreover, if a stent is
placed for a long time it can cause stone
formation or denudation of the stent. ®
PATIENTS AND METHODS

From October 2014to October
2015, 100 patients (65 male and 35
female) with ureteral stones were admitted
to Al-Diwaniya teaching hospital, urology
unit and enrolled in this study, their age
range from 20 to 60 years with a mean age
of 39+ 3 years.

All patients were evaluated by
history, physical examination and
laboratory investigation (including
urinalysis, full blood count and renal
function tests). The stone size, location,
opacity and degree of obstruction were
assessed by preoperative radiographic

through

imaging  studies, including  KUB,
ultrasound and computerized tomography
(CT scan).

For all patients treatment was by
intracorporeal lithotripsy with pneumatic
lithoclast through a semirigid ureteroscope.
This treatment option chosed either from
the beginning (for stones more than 7mm
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in size) or after failure of expectant
treatment.

Active UTI treated with broad
spectrum antibiotics preoperatively.
Preliminary JJ stent insertion was needed
in 10 patients in whom the ureter was
difficult to be negotiated because of
narrow orifice and URS
was done 2 weeks later.

A morning KUB was obtained in
all patients. All patients received single
preoperative broad spectrum parenteral
antibiotic at the time of induction of
anesthesia. All the patients were operated
under general anesthesia, in lithotomy
position.

Our equipment was basically the
Swiss lithoclast, and 9.5 F semirigid
ureteroscope  with  5mm  working
channel,6° lens and with the aid of hand
pump for the irrigation fluid to improve the
view.

Unfortunately, all ureteroscopic
procedures were done without the aid of
fluoroscopy (not available). Introduction of
ureteroscope into the ureter was aided by a
guidewire (Polytetrafluoroethylene (PTFE)
coated guidewire) in most of patients.
Once the stone visualized, the lithoclast
metal probe was introduced via the
ureteroscope and the stone fragmented
with multiple transmitted shocks, the goal
was to break the stone into 2-3mm
fragments which can pass spontaneously.
Stone gravel usually passed down along

the flow of irrigant solution. Few pieces
sometimes required removal with grasper.
After completion of the procedure the
retrieved stone fragments/particles were
analyzed to know the chemical
composition of the stone. For all patients,
procedure time was determined (the time
from the start of the ureteroscopy to the
end of the procedure).
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Cases of failure of introduction of
the ureteroscope or those with small stones
retrieved by only grasper were excluded
from the study.

Requirement for other procedures,
because of failure of fragmentation of
stone or proximal migration of stone, was
considered failure. Post URS JJ
stent placement was done only in cases of
long time procedure, residual fragments,
bleeding or ureteral injury.

Parenteral antibiotic was continued
for 2 days, and then oral antibiotics and
analgesics were prescribed for 3- 5 days.
Residual fragments were followed by KUB
and ultrasound on the first postoperative
day, the 7th postoperative day and on the
3rd week.

Majority of the patients were
discharged on the first postoperative day.
JJ stent was removed in 3 weeks time.
Final results regarding clearance and
complications were assessed at 3 weeks
postoperatively.

Results
A total of 100 patients were treated
by ureteroscopy and intracorporeal

pneumatic lithotripsy for distal & mid
ureteric calculi. They were 65 males and
35 females (table 3).Their age ranged from
20 to 60 years with a mean age of 39+3
years (table 3).

Sixty three patients had calculi in
right ureter,and 37 in left (table 4). Seventy
five patients (75%) had lower ureteric and
25 patients (25%) had mid uretric calculi
(table 4). Mean calculus  size was
11.6+2.88mm (range 7-
20mm) (table 4).

Ten stones (10%) were radiolucent
and 90 stones (90%) were Radiopaque.
Preliminary JJ ureteric stenting was done
in  10(10%) patients. Introduction of
ureteroscope into the ureter was aided by a
guidewire in
90(90%) patients (table 5).
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Fragmentation rate was 90%.
Treatment failure occur in
10(10%)patients: two (2%)calculi were
failed to be fragmented with pneumatic
lithotripsy and treated by open
ureterolithotomy, and 6(6%)calculi
migrated from the ureter up into the kidney
during the
procedure was regarded as treatment
failure and later treated with ESWL(figure
1). Two patients (2%) required two
sessions of lithoclast for incomplete
fragmentation.

The early stone-free rate at the end
of the operation (Complete
clearance of calculi at the end of the
procedure) was 70(70%). Residual calculi
fragments were present 20 (20%) patients,
which were followed post operatively with
X-ray KUB film and ultrasound which was
performed on the first postoperative day
and another on the 7th postoperative day
and at third postoperative week were the
final result assessed (Figure 2).

At the end of the operation ureter
was stented with 6Fr JJ stent in 25(25%)
patients. This ureteric stent was removed
Age and gender of patients
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endoscopically under local anesthesia after
3 weeks postoperatively (Table 5).

Procedure time with
ureterorenoscopic lithotripsy in those 100
patients ranged between 10 minutes to 60
minutes with a mean of
36.51+10.05minutes. Hospital stay ranged
from24 hours to 48 hours.

The main complications
encountered were: (1)ureteric perforation
observed in four patient (4%) who was
teated with JJ stenting,

(2)heamaturia occurs in
16(16%)patients which resolved within the
first 48hr postoperatively (Figure 3).

Overall success rate (stone free rate
at the end of 3 weeks follow up) was 90%.
Whereas success rate in, middle and lower
ureter were 82% and 92% respectively.

Results of our study
(fragmentation, stone clearance, and
complications) were correlated to stone
parameters: size, site
in tables 7, 8, and 9 respectively. The
results were significant when we correlate
stone size with stone clearance,
complications and time of procedure.

20-30

31-40

41-50

51-60

Mean+SD(range)

Gender

Male

Female

total

Parameters of the treated stones (size, site,and opacity )

NO.

Size in mm: =<10 mm

46

>10 mm

54

Mean+SD (Range)

22

11.6+2.88
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Right

Ureter site: Mid

Lower

Stone
Radiolucent

opacity:

Radioopaque

Preliminary JJ stent:

Yes

No

Guide wire use:

Yes

No

Postoperative JJ stent:

Yes

No

Auxillary procedures: ESWL

Open ureterolithotom

Another session

No

Discussion

The management of ureteral calculi
represents one of the complex problems in
urological practice. In planning to treat
ureteral calculi, several factors are to be
considered simultaneously, including stone
size,chemical composition, location of the
stone, anatomy of the urinary tract and the
impact on the renal function, which are all
depend on the availability of modern
efficient radiological investigation. On the
other
hand available treatment modalities should
also considered and need to be evaluated
for their efficacy, cost and morbidity. All
these considerations make the management
of ureteral calculi uniquely challenging.®
Fortunately, during the past two decades, a
variety of new therapeutic modalities have
been developed with the aim of providing
effective treatment and at the same time
minimizing the unpleasant effects of
therapy. Accordingly, ureteric calculi are

23

primarily approached by ESWL or
ureteroscopy and several devices are
available for achieving intracorporeal stone
destruction which includes
electrohydraulic lithotripsy (EHL), laser
lithotripsy, ultrasonic lithotriptsy and
pneumatic (ballistic) lithotripsy. ©

In this study we evaluate the
efficacy and safety of treatment with
ureteroscopic pneumatic lithotripsy, which
is the primary treatment modality used in
our hospitals in the last few years.

Most of patients in our study were
young adults with age range from 20-60
years with mean age of 39+3 years. Other
studies conducted for the management of
ureteric stones reveal an age range between
16-70 years with a mean age of 46.8
years.0)

Male to Female ratio in our study
was 3: 1 which was comparable to other
studies in which male to female ratio was
2: 1 and reflect that men are affected two
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to three times more frequently than
women, (112

The  procedure  time  with
ureteroscopy and intracorporeal lithotripsy
recorded in our study was between 10
minutes to 60 minutes with a mean
36.51£10.05 . Lower ureteric stones and
stones less thanlOmm required less
procedure time than mid ureteric stones
and those more than 10 mm respectively
with a statistically significant differences
(P value <0.051 and <0.012 respectively),
which is a logical result and comparable to
other studies. 314

Since most of the stones treated in
our series were lower uereteric stones
(75%) and equal or less than 10mm in size
(63%), this explain why our mean
procedure time was shorter than other
studies. 314
Our overall success rate (stone free rate at
the end of third week) was 90% which is
within the reasonable range achieved by
other studies 69.5% to 98.99%,(10.15.16)

We achieved a higher stone

clearance rate and a less complication rate
with stones equal or less than 10 mm than
stones larger than 10 mm; which were
again statistically significant (P value
<0.0001).
These higher complication rates for larger
ureteral stones were stones explained by
the expected more difficulty and time
consuming for the access and efficient
fragmentation of the stones as mentioned
in many studies. (516)

Nevertheless the complications
encountered in our study were in
General equal to or less and easily
managed than in other studies, there was
four ureteric perforation (4%) while the
rates observed in other studies ranged 1%-
6.9%(*"*® | and 16 cases of hematuria
(16%), all subsided spontaneously within
48 hours. Proximal migration of stones
into the kidney happened in 6 of our
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patients (6 %), which inspite of being a
treatment failure in our protocol; all
patients were treated successfully with
ESWL. This drawback in pneumatic
lithotripsy described in many studies with
rates of 2%- 17%.178

We also compared our successful
fragmentation for mid and lower ureteral
stones (treated by ureteroscopic pneumatic
lithotripsy) with the successful
fragmentation rates achieved by ESWL
and mentioned in 2 large Iraqi
studies.(*>'Y Success rates with pneumatic
lithotripsy were 81.8% and 91.4% for mid
and lower ureteral respectively, while
those in ESWL were 76.9% and 77.5%.
(10,11)

From these results we noticed that
ureteroscopic pneumatic lithotripsy was
more efficient in the treatment of mid and
lower ureteral stones than ESWL, with
best results achieved for lower ureteral
stones.

The Swiss lithoclast is a unique device that
adds to the currently available devices for
performing  intracorporeal lithotripsy.
Advantages of this device include its
simplicity, reliability, and ease of use for
the urologist and other nursing personnel.
In addition, no disposable elements are
required, which adds to the cost effective
aspect of this device. There is no heat
generated during activation, making it a
safer treatment
modal ity.*°29)
Conclusions

1. Ureteroscopy and intracorporeal
lithotripsy is a good alternative in
treating ureteral stones especially
when the patient asks for ‘“single
shot” treatment.
Pneumatic  lithotripsy is a
minimally invasive, highly
effective, easy to use, cost effective
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with a high safety profile method of
treatment for ureteral stones.
Using the pneumatic lithotripsy ,
the success rate is significantly
better in lower than mid ureter
stones and in stones equal or less
than 10mm than those larger than
10mm in size; and it was effective
in all stone types with no
significant difference related to
chemical composition.
Ureteroscopic pneumatic lithotripsy
is more efficient than ESWL in
managing mid and lower ureteral
stones, and it should be considered
the primary treatment option for
impacted lower ureteral stones.
Recommendations

1. We hope in the future , that our
hospitals could be supplied with the
new generation advanced
pneumatic lithoclast with the
suction device, and the special
flexible nitinol probes that could be
used in smaller sizes ureteroscopes
and even in flexible ureteroscopes;
which will definitely improve the
success rate (stone free rate), and
decrease complications.
To conduct a comparation studies
for different types of intracorporeal
lithotripsy especially with laser
lithotripsy which we hope that
some of our hospital will be
equipped with in the future.
We recommend further studies with
larger sample size for more
accurate results.
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