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ABSTRACT

Background: Holmium YAG (yftrium-aluminum-garnet) laser, a comparatively new technique,
can clear all types and sizes of stones and is only being used in two institutes of Karachi,
Pakistan. The study aimed to compare pneumatic lithoclast and holmium YAG laser, to
evaluate stone-free rate (SFR), postoperative complications, operative duration, and
effectiveness.

Methods: This cross-sectional research included 60 patients with age 16-65 years having
ureteric stones, reporting to kidney center, Urology Department, Karachi, Pakistan. CT Scan of
Kidneys, Ureter, and Bladder (KUB) were used to record stone size, laterality, and location within
the ureter. Patients were divided into two clusters of 30 each, group A (Ho: YAG laser) and
group B (pneumatic Lithoclast) having 0.5 to 02 cm of size ureteric stones. An Independent
two-sample “t” test was used to assess the difference for the continuous variables. A p-value of
<0.05 was considered stafistically significant.

Results: Stone sizes distribution was 1.3+0.3cms and 1.4+0.3cms for A and B groups respectively
(p=0.8). The insignificance of the p-value demonstrated no substantial divergence between
both groups and stone sizes. Clearance from the proximal ureter was noted 26(84.6%) in group
A and 41.7% in group B with (p<0.05). A reduced lithotripsy activation period of 30.8+3.7mins
was associated with stone size (p<0.05).

Conclusion: Holmium: YAG Laser had better stone-free rate (SFR), with 84% clearance than
pneumatic. Improved and effective clearance reduces the risk of residual stones within a lesser
fime, required for getting back to normal life routines.
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INTRODUCTION

Renal stones are prevalent worldwide, formenting
as the third most commonly occurring renal disease
after Urinary tfract infection and prostate problems
such as benign prostate hyperplasia, approximately
20% incidence rates have been recorded with
higher frequencies in Asian countries like India,
Pakistan, Afghanistan, and Nepal. Pakistan is known
fo be geographically situated on the Afro-Asian
stone belf, which makes Pakistani population
incidence rates higher than neighboring countries.
The reason for increased prevalence varies
between the geographical placement of Pakistan
along with nutritional deficiencies and delayed
health-seeking behavior of population’2,

Renal physiology tends to pass out the small renal
stone with a maximum of 0.4 cm of size, any stone
larger than 0.4 cms could be stuck in the kidney or
ureter, causing severe pain, hydronephrosis, hema-
turia, and obstructive uropathy. In the 0.4cms size
stones, 70%-90% are passed without any adverse
outcome and sometimes cause mild and folerable
pain fo the patient3*4. The size of renal stones deter-
mines the requirement of intervention in urology;
smaller stones with higher chances of smooth
passage do not usually require any intervention the
best method is to wait. The urology surgeons decide
after complete evaluation of stone size, site, and
location whether any kind of intervention is neces-
sary or not. The protocols to manage ureteric calculi
have been progressed in the past few decades
from percutaneous nephrolithotomy for pushed
back stones, extracorporeal shockwave lithotripsy
(ESWL) to ureteroscopy (URS). Especially in manag-
ing the middle and distal areq, ureteric calculihave
been changed enormously after the infroduction of
assorted  ureteroscopy  methodologies and
lithotripters. From the list of many procedures, two
lithotripters are known as most effective in the
present era, an old and trusted Pneumatic lithoclast
and a new, modified, and efficient holmium YAG
laser>é. The published literature is supportive of laser
with an efficacy of 92% for laser and 82.1% for
lithoclast. Some researchers assessed the mean
difference of stone fragmentatfion fime and
stone-free rates amid both lithotripters and speci-
fied higher fragmentatfion and reduced lithotripsy
period in laser’8,

Pneumatic lithoclast is more frequently used by
urologists as they are known o be easy to use,
install, and comparatively cost-effective. Pneumat-
ic lithoclast is a cheap treatment option for patients.
However, complications like increased retropulsion
of stone in kidney especially while fragmenting
larger calculi®. Coagulation properties along with
vaporization of ftissues, holmium laser has come
forward as a superior substitute to pneumatic
lithotripter. Holmium YAG laser can clear all types

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2022, VOL. 11 (01)

Asadullah et al.

and sizes of stones. However, its elevated cost and
preservation cost restricts its use in developing
countries like Pakistan. Research with 102 partici-
pants indicated 50% efficacy of SFR with pneumatic
lithoclast for ureteric stones’.

With the arrival of innovative versions of lithotripters,
urologists’ job has been made easy with decreased
chances of retropulsion and resulting morbidity.
Urology institutes of Pakistan pneumatic lithoclast
were tried and tested modality for ureteric calculi
for decades, Holmium Yag laser is comparatively
new and has only been used in two insfitutes of
Karachi, Pakistan. The usage of holmium YAG laser
requires highly experienced surgeons, increased
cost, and maintenance, which is not fitting for small
capacity urology centers. The study results will be a
beneficial addition to the literature for any differ-
ence present in Stone Free Rates, post-operative
complication, smaller operative span, duration of
lithotripter activation (minutes), and total operative
time difference within both modalities. This study
aimed to compare the efficacy of pneumatic
lithoclast and holmium YAG laser in the tfreatment of
ureteric calculi measuring < 2.0cms and fo evaluate
Stone-free rate (SFR), postoperative complications,
and operative duration.

METHODS

This is a prospective study with a cross-sectional
research design. The patient data (n=60) was
obtained from the kidney center, Urology Depart-
ment, Karachi Pakistan. The data were collected for
four months starting from December 2020. Upon
ethical approval from the institutional ethical review
committee with reference # 48-URO-070223. A
purposive, non-probability sampling technique was
used, patients reporting in health care insfitutes
ranging from 16-65 years age group presented with
ureteric stones within four months were enrolled in
the study. CT KUB was used as a diagnostic tool to
confirm stone size, laterality, and location within the
ureter. Only 0.5 to 02 cms of size ureteric stones were
included in the study. Patients with large stone sizes,
multiple stones, and gross hydronephrosis were
excluded from the study. After signing the consent,
the demographic details, such as age, weight,
gender, relevant history about co-morbidities and
previous renal stone history, and laboratory investi-
gations were recorded.

Computer-based software was used for randomiza-
tion fo minimize the confounding factors; partici-
pants were randomly sorted info two groups. Group
Aincluded the patients who got Holmium YAG laser
modality while Group B patients got Pneumatic
lithoclast as a modality. Fragmentation time and
SFR on the operafion table were documented.
Patients were asked to visit OPD after 7 days of
procedure for follow-up; imaging modalities such as
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X-rays and ulirasound of Kidneys, Ureters, and
Bladder (KUB) areas were performed to assess the
presence of residual stones and evaluate stone-free
rates, and confirmation of any residual calculi or
retropulsion calculi on follow up radiological
reports. No retropulsion with complete clearance
on the 7" follow-up day of surgery was measured as
effective surgery. All the collected data were
entered in version 20 of the statistical package for
social science (SPSS). SPSS was used for the analysis
of data; descriptive variables such as age, weight,
gender was analyzed, and results were measured in
mean and standard deviation values. Stone char-
acteristics including size and operative details with
lithotripsy time, serum creatinine was mentioned as
meanwhile stone location and site were reported in
frequencies. An independent two-sample “t" test
was performed to evaluate the difference for the
continuous variables. A p-value of 0.05 or less was
measured as statistically significant.

RESULTS

The sample size n=60 of the study having age 16-65
years with the predominant age group was 30-35
years. Patients were arranged in equal numbers in
two clusters (groups), in group A 30 patients went
through Ho: YAG laser for stone fragmentation of
ureter, similarly, group B participants had pneumat-
ic Lithoclast in 30 patients. To eliminate the chances
of biased results, the significance of the data was
measured. The mean age of group A members was
34.8+4.0 years and 34.5+3.4 years in group B. The
gender allocation of groups was 36.7% male and
63.3% female, and 40% male and 60% female for
Laser and Pneumatic. The statistics were significant,
p-value <0.05. The dominance of the female popu-
lation in our study is diverse from other referenced
studies. The serum creatfinine was calculated in
mean + standard deviation, representing an
outcome of 1.0£0.9 and 1.2+1.1 for the Laser and
Pneumatic groups respectively, with a significant
p-value<0.05.
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Figure 1: Lithotripsy activation time associated with radiolucency and stone size (group A - Holmium (Ho):

YAG Laser, group B - Pneumatic Lithoclast).

Stone sizes were measured< 2cms, the distribution
of stone size was1.3+0.3cms and 1.4+ 0.3cms (Figure
1) for A and B groups respectively with p-value=0.8,
the insignificance demonstrated no substantial
divergence between both groups and stone sizes.
The site of stone was dominant on the left side, like
other renal stone studies with higher prevalence
rates of stones on the left side. The position of stone
was calculated in groups demonstrafing 40%,
16.7%, and 43.3% in proximal, mid, and distal
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ureteric stones of Group A participants. The results
of group B were 33.3%, 16.7%, and 50% in proximal,
mid, and distal ureter respectively, with a significant
p-value of <0.05. The activation time of the
lithotripter in group A was 32.3 = 3.8 mins, while in
group B 30.8 = 3.7mins. Upon analyzing the
association of stone size with lithotripter activation
time the outcome was 30.2 £ 3.6 mins and 28.6 *
3.6mins in groups A and B respectively with a
p-value of <0.05 as shown in Table 1.
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Table 1: Details of demographics, lithotripsy activation time, and distribution of stone location within ureter

with stone clearance.

Variables Laser Group (A) Pneumatic Group (B) p-Value
Gender Male 27 (90%) 22 (73.3%) 0.09
Female 3 (10%) 8 (26.7%)
Proximal 12 (40%) 10 (33.3%)
Locationin ureter Mid 5(16.7%) 5(16.74%) 0.9
Distal 13 (43.3%) 15 (50%)
Complete Clearance 26 (84.6%) 19 (63.3%) 0.03
Clearance results Residual stone 1(3.3%) 3 (10%) 0.3
Retropulsion 3 (10%) 8 (26.7%) 0.09
Age 36.8 +£10.68 372 %1457 0.9
Stone size 1.35+0.35 1.45+£0.31 0.82
Lithotripsy activation Time 308 £3.71 323 +38 0.1
Lithotripsy activation associated with stone size 28.6 £3.6 302 3.6 0.05

In addition, 84.6% clearance was noted in group A
from the proximal ureter, 41.7% clearance from
group B was reported from the same location with
<0.05 p-value. Ho: YAG Laser was vastly competent
in the clearance of mid and distal ureter stones as

well. Division of lithotripter activation time with the
allocation of radiolucency, calculi dimension, and
locations of stone within groups associated with
lithotripsy activation fime was signified in (Figure 2).
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Figure 2: Lithotripsy time distribution associated with a stone location within the ureter.

Age, gender, and size of calculi were not estab-
lished fo be an interpreter for clearance of stone.
The difference in lithotripter activation time and
fotal operative fime from both groups is comparo-
ble as only one surgeon performed all the cases,
eradicating the surgeon’s learning curve delays
and error. Double J stent was inserted in all patients
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after surgery to avoid ureteric spasm and improve
stone passage, Double J stent was removed after 3
weeks of surgery. Accumulated operative fime,
catheterization, hospital stay, stone-free rates, and
complication rates of group A and Group B are
mentioned in Table 2.
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Table 2: Operative details within Group A and Group B.

Variables Laser Group (A) Pneumatic Group (B) p-Value
Total operative Time (mean * SD) 48.5+92 564 +11.1 0.03
Catheterization n (%) 80% (24) 90% (27) 0.07
Hos pitalization days (mean *SD) 13+0.9 1.5+0.6 0.1
Stone free rate n (%) 26 (86.7%) 19 (63.3%) 0.03
Complication rate n (%) 5(16.6%) 11 (36.6%) 0.04

DISCUSSION

Managing ureteric stones have been transformed
radically in a few years, including affirming theories
indicating the beneficial effect of medical expulsion
therapies on small-sized (<0.8cms) distal ureteric
stones, to different lithoclast used by urologists while
performing URS. This study signifies the efficacy of two
major modadalities used in Pakistan’s best urology
institutes to eradicate ureteric stones. The results speci-
fied that Ho: YAG Laser has better Stone Fee Rates,
with 84% clearance than pneumatic with a reduced
lithotripsy activation period of 30.8+3.7min. Although,
some other studies specified improved stone-free
rates 88% and smaller operatfion duration 7.86 +
3.25min  with pneumatic lithoclast the variance
between both pieces of research possibly because of
stone size and arangement facilitate lithotripter to
acquire exira time in crumbling the calculi™©.

The Ho: YAG laser fragment the stones in minute
dusting constituent parts, trouble-free to pass lacking
soreness or other undesirable results'?'3. Our study
outcomes demonstrated the elevated frequency of
female patients with 60% and 63.3% in the laser versus
pneumatic group. Distal ureteric stones were maxi-
mum in numbers with 50% frequency in the laser
group and 43.4% frequency in the pneumatic group
and different researches indicated comparable
results'#'5, For calculating lithotripsy, duration there's
no standardized method, an RCT compared pneu-
matic and Ho: YAG Laser and evaluate complete
operation time mentioning increased duration in the
pneumatic group by 18+3.4 difference between the
group. The lithotripter activation time of this study is
32.3+£3.8 versus 30.8+3.7 in pneumatic and laser group
respectively with a p-value of 0.1, which is like
referenced researches'¢!. Upon dividing the proce-
dure fime with stone characteristics to evaluate the
variation, the location of stones showed elevated
lithotripsy time in proximal ureter with a difference of
10 minutes. Another local study indicated higher
clearance rates in proximal ureteric stones by pneu-
matic modality with 52.6% clearance and overall
stone-free rates of 88.5% 6.

While a study with a similar sample size of 60 patients
evaluated stone clearance rates and resulted in 92%
stone-free rafes with pneumatic lithoclast in proximal
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ureter stones". Rigid stones revise their position during
the pneumatic lithoclast, the location changes during
the procedure make it difficult for the urologist to
emphasize on stone and break it. At the same time as
affirmed in several pieces of research Ho: YAG Laser
carries superior usefulness weigh against pneumatic
modadality with improved stone-free rates and
decreased operative duration?, This study results
indicated 86.7% versus 63.3% stone clearance on
follow-up radiological investigations such as
ultrasound KUB and X-rays KUB, in pneumatic and
laser groups respectively. Retropulsion had only been
reported in proximal ureter calculi®.

Reported results indicate improved chances of
retropulsion in pneumatic lithoclast modality with 10%
of refropulsion in the Ho: YAG Laser and 26.7% in the
Pneumatic lithoclast group. Due fo the best possible
results, the Ho Yag laser should be the first choice as a
fragmentation modality specifically in proximal ureter
stones. Similarly, the pneumatic lithoclast method is
more effective in the fragmentation of the middle
and inferior stones of the ureter'*?'. A randomized
control trial indicated smaller lithotripsy duration of
pneumatic lithoclast with the difference of 10-15 mins
approximately, while clearance differences for ureter-
ic stones were recorded higher in the laser group with
79.3% 22. Another study evaluated a larger group of
100 patients in each category, the results of this
comparative study indicated higher laser lithotripsy
activation duration for renal stones with the difference
of 8-12 minutes with pneumatic lithoclast, the study
groups mentioned equal stone sizes and similar
location. While stone-free rates were recorded as
improved in the laser group?.

The duration of lithotripter activation differs in almost
every referenced research; the reason could be the
composition and size of the targeting stone?. Another
study indicated lower operative duration and higher
clearance rates in the holmium YAG laser group as
compared fo pneumatic?®. Although the safety profile
of Ho YAG: Laser is improved as compared to pneu-
matic lithoftripter, the choice of using this modality is sill
doubtful for proximal ureteric stones. Upon assessing
the stone-free rates within proximal ureter, the effico-
cy of pneumatic lithoclast out shadowed the Ho: YAG
laser and specified improved stone-free rates with
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fewer complications. Surgeons’ knowledge is sugges-
fively associated with increased success and
decreased complications in ureteroscopic laser
lithotripsy with the holmium laser. The association of
gender, stone size, and radiolucency had no signifi-
cant effect upon stone-free rates, although the
location of stones within the ureter specified by many
other studies indicated retropulsion in proximal ureter-
ic stones. The limitation of the study was a smaller
number of study participants, a multi-center study with
improved sample size is required to assess the accu-
rate outcomes, and comparing advantages as well
as complications in allmodalities used to treat ureteric
stones is required. The comprehensive categorization
of study participants with co-morbidities, stone size,
location and reported post-operative complications
may help in establishing a valuable piece of literature
to defend the best modality for the ureteric stone.

CONCLUSION

Ho: YAG laser was found more effective than the former
modality of Pneumatic lithoclast for eradicating ureteral
stones. However, Pneumatic lithoclast success rates
were higher in proximal ureter stones. For mid ureter and
distal ureter stones Laser Ho: YAG was comparable with
Pneumatic lithoclast efficacy. Vigilant assessment of
stone location is crucial for the choice of lithoftripter for
many urology surgeons, to obtain maximum fragmenta-
fion of ureteral stones, reduced lithotripsy time, and
complete operative timings.
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