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Abstract

Introduction: Holmium laser lithotripsy is a standard energy source used for treatment of kidney stones during
flexible ureteroscopy. Efficiency of laser surgery may be affected by patient and operator characteristics or
perioperative management. Here, we sought to examine intraoperative data from patients undergoing high
frequency dusting with high-powered holmium laser lithotripsy to evaluate surgical and demographic factors
associated with lasing efficiency (LE).
Methods: A total of 82 intraoperative reports were analyzed from an ongoing laser lithotripsy clinical trial
evaluating the Lumenis Pulse� 120H holmium laser with renal stones up to 20 mm in diameter with and
without Moses 2.0 technology. For each case, the total pause time between lasing activations was corrected to
remove lengthy pauses and divided by the total lasing time to calculate an efficiency percentage. This was then
compared with patient demographics, anesthesia administration, stone burden, postoperative complications, and
stone-free rates using both univariate and multivariate analyses.
Results: Of the 82 included patients, 36 received endotracheal tube (ETT) intubation and 46 had a laryngeal
mask airway (LMA). Patients with ETT had significantly higher LE (78.7%) compared to those with an LMA
(73.3%) in our univariate analysis ( p < 0.01) as well as in the multivariate model that adjusted for maximum
stone size, number of stones, stone density, and patient body mass index ( p < 0.05). There was also significantly
higher mean LE in patients with no postoperative complications (76.3%) compared to those with any grade (I–V)
Clavien-Dindo complication within 30 days after surgery (70.0%) ( p < 0.05).
Conclusions: Flexible ureteroscopy and laser lithotripsy cases with higher LE are associated with lower rates of
postoperative complications. The data also support the use of ETT over LMA to improve overall LE; however,
this remains one consideration among many for choosing anesthesia administration.
Clinical Trial Registration number: NCT04505956.
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Introduction

Flexible ureteroscopy and laser lithotripsy

(fURSL) utilizing high-powered holmium laser energy is
the standard treatment option for kidney stones of various

sizes, locations, and compositions.1 Despite advancements in
fURSL, patient and operator characteristics can affect the
overall surgical efficiency of laser lithotripsy. This has pre-
viously been evaluated through assessing total operative
time, ablation speed, and perioperative parameters of stone-
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free rate and overall complication rates, all of which can be
influenced by surgeon experience, patient habitus, and stone
characteristics.2–4 Increased operative time has been associ-
ated with increased cost and risk of postoperative compli-
cations such as ureteral damage, bleeding, and urosepsis.3,5

However, operative time may not be sensitive enough to
measure small, yet, potentially modifiable intraoperative
differences between patients, such as respiratory motion.

During lithotripsy, patient breathing is known to cause
clinically significant movement of the kidneys, reported up to
8.1 – 4.33 mm in the superior-inferior direction.6 Depth and
frequency of respirations may be influenced by factors such
as body mass index (BMI) and airway securement by endo-
tracheal tube (ETT) or laryngeal mask airway (LMA).7–9

Repeated movement can defocus laser energy from a visu-
alized stone, requiring the surgeon to halt firing, creating
pauses between laser activations. Although these pauses may
not significantly affect overall operative time, they can po-
tentially reduce visibility of stone fragments and thus affect
stone-free rates and postoperative outcomes. Newer Lumenis
Pulse� 120H holmium laser systems provide access to
timestamps and durations of foot pedal laser activations
during surgery. These data allow for the calculation of the
duration of pauses between laser firings and can be used to
calculate a metric of laser surgery efficiency, herein known as
‘‘lasing efficiency (LE).’’

In this study, we aimed to examine intraoperative data
from patients undergoing high frequency dusting during
fURSL to evaluate for surgical and demographic factors as-
sociated with changes in LE. In addition, we sought to in-
vestigate differences in postoperative complications and
stone-free rates based on LE. We predicted that anesthesia
administration would be one factor to significantly affect LE
due to potential effect on patient breathing. We hypothesized
that ETT intubation will increase LE due to a greater re-
quirement for paralysis compared to LMA which may be
further augmented by increased stone burden or patient BMI.

Methods

Data collection and patient cohort

Patient data were analyzed from an IRB-approved, ongoing
clinical trial at Vanderbilt University Medical Center (VUMC)
comparing ureteroscopic treatment of kidney stones up to
20 mm in maximum diameter via high frequency dusting
fURSL with and without the use of Moses 2.0 technology
(NCT04505956). Deidentified study data were provided using
REDCap electronic data capture tools hosted at Vanderbilt
University10,11 and included metrics such as patient demo-
graphics, operative parameters, and postoperative complica-
tions. Data also included Excel files of intraoperative laser logs
exported directly from the Lumenis Pulse 120H holmium laser
system, which records the total lasing time and energy used for
each case in addition to timestamps and duration of individual
foot pedal laser activations.

Data were collected in December 2022 and only includes
patients who had surgery at VUMC between January 2021 and
December 2022. Ureteroscopy in each case was solely per-
formed by an attending endourologist utilizing a stone dusting
technique. At the time of writing, 88 patients were available
but only those with complete intraoperative laser logs and
demographic data were included in this study (n = 82).

Calculating the metric of LE

Intraoperative data logs recorded from each case were
analyzed. Timestamps indicating the start of each laser ac-
tivation and the duration of firing were utilized to calculate
the pause time leading up to the next laser activation. Adding
all pause times between laser activations yielded a ‘‘total
pause time’’ and subtracting the end timestamp of the last
activation from the first activation yielded the ‘‘total lasing
time.’’ In some cases, lengthy pauses reaching up to 10
minutes between laser activations were present due to
switching laser fibers, analysis of patient imaging, or move-
ment to a different location within the urinary tract. These
outliers were removed to reduce bias, as these may represent
false instances of decreased efficiency.

To determine a standardized cutoff point that immediate
lasering was not occurring due to a change in instrumentation
or location, lasing pause times across all cases were included
in a histogram to determine the distribution of data (Fig. 1).
Over 10,000 individual data points were included, and a
cutoff value of 30 seconds was chosen, which was approxi-
mately at the 98.5th percentile. Anecdotally, this cutoff can
also capture the time required for anesthesia personnel to
deepen the patient or (re)administer paralytic agent. The total
pause time for each case log was then modified to exclude any
pause times greater than or equal to 30 seconds.

The final metric of LE (%) was calculated by dividing the
total pause time (excluding pauses ‡30 seconds) by the total
lasing time and subtracting this from 1 (Fig. 2). This metric
shows the percentage of time the laser is actively in use,
adjusting for total lasing time and pause time outliers.

Covariates

The following variables were recorded for each patient:
age, sex, race, American Society of Anesthesiologists (ASA)
class, BMI, stone density in HU, number of stones, total laser
energy (kJ), method of anesthesia administration (LMA or
ETT), placement of stent or nephrostomy tube before

FIG. 1. Histogram of individual count data of lasing pause
times across all cases, including over 10,000 individual data
points. Most pause times were recorded as 1–3 seconds;
thus, the y-axis was broken at 100 to better show outlier
values. Our chosen cutoff of 30 seconds is mapped above,
and values greater than or equal to this value were excluded
from the final analysis.

FACTORS AFFECTING HOLMIUM LASER EFFICIENCY 9



surgery, stone location within the urinary tract (i.e., renal
pelvis, upper pole, lower pole, ureteropelvic junction, etc.),
use of a ureteral access sheath (UAS) during the surgery and
UAS time, lasing mode (Moses 2.0 or Standard), maximum
axial stone size determined by preoperative CT imaging, type
of ureteroscope (digital or analog), total lasing time, total
operative time, stone-free rate determined by presence of
residual stone fragments on postoperative CT imaging, and
postoperative complications within 30 days of surgery re-
ported by Clavien-Dindo classification.

Statistical analysis

Data were assumed to follow a Gaussian distribution and
parametric tests were used for statistical analysis. Simple
linear regression was utilized to predict LE based on con-
tinuous variables (e.g., age, BMI, stone density). A two-tailed
unpaired t-test was used for comparing mean LE between two
categorical variables (e.g., sex, use of UAS, lasing mode),
and a one-way analysis of variance was utilized to compare
mean LE between three or more categorical variables (e.g.,
race, ASA classification, stone location). A one-tailed un-
paired t-test was utilized to compare mean LE for ETT vs
LMA since the original hypothesis predicted ETT to have
higher LE. A multivariate linear regression was performed to
evaluate five preoperative factors predictive of LE, including
patient BMI, stone density, maximum axial stone size,
number of stones, and method of anesthesia delivery. All
statistical analysis was performed in GraphPad Prism version
10.0.3 (GraphPad Software � 2023. Boston, MA).

Results

Our primary objective was to identify operative and de-
mographic factors associated with our calculated metric of
LE. Within this objective, our main study comparison was
mean LE between patients who received ETT and LMA
during surgery. Of the 82 patients included in the study, 46
received an LMA and 36 received an ETT. Patients who
received ETT had significantly higher mean LE compared to
LMA (78.7% vs 73.3%, p < 0.01, one-tailed unpaired t-test),
shown in Figure 3. There was no significant univariate rela-
tionship between mean LE and other demographic and op-
erative variables, including patient BMI, stone density, stone
size, and number of stones. Comparison of LE to patient
demographics and operative parameters are listed in Table 1.

Patients with ETT and LMA were dichotomized, and
similar comparisons were made between demographic and

operative parameters. Compared to patients with LMA, pa-
tients who received ETT had significantly higher BMI (36.1
vs 29.5, p < 0.01, one-tailed unpaired t-test) and lower mean
stone density (999.7 vs 1197, p < 0.01, one-tailed unpaired
t-test). The rest of these comparisons are shown in Table 2.
The multivariate analysis additionally showed no signifi-
cance between LE and the factors analyzed except for ETT
over LMA. There was similarly no significant change in LE
predicted by stone burden, density, or BMI. A summary of
the multivariate linear regression model is shown in Table 3.

Our secondary objective was to evaluate differences in
postoperative complication rates and stone-free rates based
on LE. Postoperative complication data within 30 days of
surgery by Clavien-Dindo classification grade were available
for 78 patients in this study. Of these patients, 68 had no
reported postoperative complications within 30 days of sur-
gery and 10 patients had a reported postoperative complica-
tion. All 10 of these patients had an LMA, and the distribution
by complication grade is listed in Table 2. Grade I compli-
cations included return to emergency department due to

FIG. 2. Visual representation of the calculation of LE utilizing total pause time and total lasing time calculated from each
laser case log. Of note, most logs contained anywhere from 50 to 200 laser activations. LE = lasing efficiency.

FIG. 3. Patients who had an ETT had significantly higher
mean LE compared to patients with LMA. There were 36
patients with an ETT and had mean LE of 78.7%, compared
to 46 patients with an LMA who had a mean LE of 73.3%.
Statistics performed by one-tailed unpaired t-test, comparing
mean LE of both groups (**p < 0.01). Error bars show
standard error of the mean. The y-axis starts from 50 to
better illustrate differences between groups. ETT = endo-
tracheal tube; LMA = laryngeal mask airway.
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Table 1. Comparison of Lasing Efficiency to Demographics, Operative Parameters, and Patient Outcomes

Variables R2 (N = 82) p

Age 0.018 0.223
BMI 0.040 0.070
Stone density (HU) <0.001 0.811
Maximum axial stone size (mm) <0.001 0.967
UAS time (minutes) 0.039 0.096
Operating time (minutes) 0.037 0.082
Total lasing energy (kJ) 0.021 0.198

Patients (n) Mean (SD) p

Sex 0.423
Female 41 76.4 (7.8)
Male 41 74.9 (9.6)

Race 0.151
Caucasian 71 75.9 (9.1)
African American 7 76.2 (5.2)
Latino 2 71.1 (1.3)
Asian 2 70.6 (9.6)

Anesthesia 0.003
ETT 36 78.7 (7.1)
LMA 46 73.3 (9.2)

ASA classification 0.163
1 4 76.8 (4.5)
2 39 74.5 (8.9)
3 37 76.7 (8.9)
4 2 76.0 (14.9)

Pre-op stent or nephrostomy 0.801
Stent 19 75.2 (7.8)
Nephrostomy 0 0 (0)
None 63 75.8 (9.1)

Number of stones 0.165
1 46 24.6 (8.9)
2 24 22.8 (7.2)
3 6 25.3 (8.2)
4 1 34.6 (0)
5 4 31.2 (12.8)
6 1 8.8 (0)

Stone location 0.963
Renal pelvis 17 76.8 (9.4)
Upper pole 2 76.3 (7.9)
Lower pole 22 75.6 (8.3)
Proximal ureter/UPJ 15 74.2 (8.3)
Multiple locations 26 75.7 (9.5)

Stone composition 0.843
CAP 21 75.8 (8.0)
COD 4 79.5 (6.5)
COM 47 74.9 (9.2)
UA 5 76.8 (7.4)
Unknown 5 77.6 (12.0)

Use of UAS 0.463
Yes 75 73.3 (10.6)
No 7 75.9 (8.6)

Type of ureteroscope 0.142
Digital 59 76.5 (7.9)
Analog 23 73.4 (10.5)

Lasing mode 0.778
Moses 41 75.9 (8.8)
Standard 41 75.4 (8.8)

(continued)
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postoperative pain, nausea, fever, and urinary retention. Grade
II complications included readmission for Escherichia coli
bacteremia requiring IV antibiotics and readmission for
Pseudomonas pyelonephritis. Grade IIIb complications re-
quired repeat ureteroscopy for obstructing stone fragments.
One grade IVb complication included intensive care unit ad-
mission in the setting of sepsis and impacted stone fragments.

There was a significantly higher mean LE in patients with
no postoperative complications compared to those with any
grade (I–V) Clavien-Dindo complication (76.3% vs 70.0%,
p < 0.05, two-tailed unpaired t-test), shown in Figure 4. Stone-
free rates determined by residual stone fragments present on
postoperative CT imaging were available for 62 patients. Of
these patients, 37 had no residual fragments on postoperative
imaging, while 25 had residual fragments. There was no
significant difference in mean LE between these two groups
(74.1% vs 75.3%, p = 0.588, two-tailed unpaired t-test), shown
in Figure 5. Postoperative complication rates and stone-free
rates are listed at the end of Table 1.

Discussion

In this study, we utilized intraoperative data from Lumenis
Pulse 120H holmium laser systems in patients undergoing
high frequency dusting fURSL to calculate a new surgical
efficiency metric of ‘‘LE.’’ By examining lengths of pauses
between laser activations within each case, we established an
algorithm determining the percentage of active time that the
laser was presumably firing at a stone target, adjusted for total
lasing time and removing time required to maneuver to dif-
ferent sites within the kidney, refocus on a stone due to pa-
tient breathing, or change laser fibers.

Prior studies have examined similar concepts. Wang et al.
evaluated laser lithotripsy efficiency primarily through overall
operating time, number of times the laser foot pedal was fired,
laser working time, and laser pause time.12 They calculated a
‘‘stone fragmentation efficiency’’ defined as stone volume
divided by laser working time, however, they did not use the
duration of pauses to calculate their efficiency figure. Venti-
miglia et al. estimated a metric of ‘‘laser activity’’ by dividing
active laser time by total lithotripsy time to determine the
proportion of time during lithotripsy that the laser pedal re-
mains pressed.13 With their ratio, patients who have multiple
stones will require longer lithotripsy time to navigate between
calculi, which will artificially deflate the laser activity metric.

Majdalany et al. utilized a similar ratio.3 However, their
study, they excluded patients with multiple stones, provides a
more accurate representation of laser activity due to lack of
navigation between stones. We attempted to correct this
calculation by examining the lengths of pauses between in-
dividual laser activations provided through intraoperative
data instead of the provided active lasing time. In certain
surgical cases, there were pauses of up to 10 minutes in length
between pedal activations. This could be due to a variety of
factors, including navigation to a different calculus, change
in instrumentation, or a review of patient imaging within the
operating room. By setting a cutoff of 30 seconds and dis-
regarding pause times greater than this, we were able to ex-
amine instances where there was a break in active lasering
presumably caused by patient breathing or other obscuring
movement, which we regarded as true instances of decreased
efficiency.

We then compared LE to demographic and perioperative
factors such as anesthesia administration and postoperative
outcomes, including complication rate and stone-free rate.
Apart from method of anesthesia administration, no other
factors such as patient BMI, stone density, stone size, and
number of stones were associated with changes in LE on both
univariate and multivariate analysis. Patients who received
ETT intubation had significantly higher LE compared to
those with an LMA during surgery (78.7% vs 73.3%), shown
in Figure 3. This may be due to decreased respiratory
movement in patients with an ETT. With less respiratory
movement, the surgeon theoretically would not have to halt
firing to treat the stone, increasing LE. However, no current
research has investigated changes in respiratory movement or
overall surgical efficacy between ETT or LMA (with and
without use of neuromuscular paralytic agents).

Furthermore, there is no widely accepted guideline for
choosing a method of anesthesia administration during
fURSL, and the choice is largely dependent on hospital or
physician preference, patient BMI, and aspiration risk. LMA
use over ETT is associated with benefits, including better
patient tolerability and decreased requirement for paralyt-
ics.14,15 Although due to its supraglottic positioning, an LMA
cannot protect against the risk of aspiration. LMAs are also
not the preferred primary airway device in obese individu-
als.16 In such patients, a higher positive airway pressure is
required to adequately inflate the lungs, which can lead to air
leaks or risk of hypoventilation.17 These patients are also

Patients (n) Mean (SD) p

Residual fragments present on postoperative CT imaginga 0.588
Yes 25 75.3 (10.1)
No 37 74.1 (7.8)

Clavien-Dindo complication within 30 days of surgeryb 0.033
Yes (Grade I–V) 10 70.0 (7.0)
None 68 76.3 (8.7)

Bold values represent p-values that are less than or equal to the significance level cut-off of 0.05.
aPostoperative CT scans were not yet available for 20 cases.
bPostoperative complications were not yet available for 4 cases.
ASA = American Society of Anesthesiologists; BMI = body mass index; CAP = calcium phosphate; COD = calcium oxalate dehydrate;

COM = calcium oxalate monohydrate; ETT = endotracheal tube; LMA = laryngeal mask airway; SD = standard deviation; UA = uric acid;
UAS = ureteral access sheath; UPJ = ureteropelvic junction.

Table 1. (Continued)
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more likely to have comorbid diabetes which may lead to
undetected gastroparesis and lead to retained stomach con-
tents, further increasing aspiration risk.14

Moreover, we noted that patients with no postoperative
complications were significantly associated with higher LE
compared to those with any grade of Clavien-Dindo

Table 2. Comparison of Patients

with Endotracheal Intubation and Laryngeal

Mask Airway to Demographics, Operative

Parameters, and Patient Outcomes

Variables
ETT N = 36 LMA N = 46

pMean (SD) Mean (SD)

Age 56.5 (13.4) 53.6 (15.1) 0.363
BMI 36.1 (9.9) 29.5 (5.6) <0.001
Stone density (HU) 999.7 (329.0) 1197 (331.0) 0.009
Number of stones 1.8 (1.0) 1.7 (1.2) 0.745
Maximum axial stone

size (mm)
11.1 (3.6) 11.5 (3.7) 0.639

UAS time (minutes) 28.5 (10.9) 28.0 (10.4) 0.844
Total lasing time

(minutes)
17.0 (11.1) 18.6 (10.6) 0.502

Operating time
(minutes)

37.0 (11.2) 36.0 (13.3) 0.722

Total lasing energy
(kJ)

12.9 (9.3) 15.0 (10.3) 0.335

LE (%) 78.7 (7.1) 73.3 (9.2) 0.003

N (%) N (%)

Sex (female) 19 (52.7) 22 (47.8) 0.824
ASA classification

1 0 (0) 4 (8.7) 0.127
2 15 (41.7) 24 (52.2) 0.380
3 20 (55.6) 17 (37.0) 0.119
4 1 (2.8) 1 (2.2) 1

Stone location
Renal pelvis 7 (19.4) 10 (21.7) 1
Upper pole 1 (2.8) 1 (2.2) 1
Lower pole 11 (30.6) 11 (23.9) 0.617
Proximal

ureter/UPJ
5 (13.9) 10 (21.7) 0.404

Multiple locations 12 (33.3) 14 (30.4) 0.815
Use of UAS 33 (93.8) 42 (91.3) 1

Type of ureteroscope 1
Digital 26 (72.2) 33 (71.7)
Analog 10 (27.8) 13 (28.3)

Lasing mode 1
Moses 18 (50.0) 23 (50.0)
Standard 18 (50.0) 23 (50.0)

Residual fragments
present on
postoperative CT
imaginga

0.791

Yes 10 (43.5) 15 (38.5)
No 13 (56.5) 24 (61.5)

Clavien-Dindo complication within 30 days of surgeryb

None 33 (100.0) 35 (77.8) 0.004
Grade I 0 (0) 5 (11.1) 0.069
Grade II 0 (0) 2 (4.4) 0.506
Grade IIIa 0 (0) 0 (0) 1
Grade IIIb 0 (0) 2 (4.4) 0.506
Grade Iva 0 (0) 0 (0) 1
Grade IVb 0 (0) 1 (2.2) 1
Grade V 0 (0) 0 (0) 1

Bold values represent p-values that are less than or equal to the
significance level cut-off of 0.05.

aPostoperative CT scans were not yet available 13 ETT cases and
7 LMA cases.

bPostoperative complications were not yet available for 3 ETT
cases and 1 LMA case.

LE = lasing efficiency.

Table 3. Multivariate Linear Regression

of lasing Efficiency Compared to Anesthesia

Type and Stone Burden

Variables OR (95% CI)
Standard

error p

BMI 0.162 (-0.096 to 0.419) 0.129 0.215
Stone density

(HU)
0.005 (-0.002 to 0.011) 0.003 0.161

Maximum
axial stone
size (mm)

-0.043 (-0.571 to 0.485) 0.265 0.872

Number of
stones

-0.137 (-1.850 to 1.577) 0.861 0.874

Anesthesia
ETT 5.220 (1.113 to 9.326) 2.062 0.013
LMA Reference

Sample size
R2

82
0.129

Bold values represent p-values that are less than or equal to the
significance level cut-off of 0.05.

Multivariate linear regression includes anesthesia type, maximum
axial stone size, number of stones, stone density, and BMI.

CI = confidence interval; OR = odds ratio.

FIG. 4. Patients with no reported postoperative compli-
cations within 30 days of surgery had significantly higher
mean LE compared to those with any grade (I–V) postop-
erative Clavien-Dindo complication. There were 68 patients
with no postoperative complications and had a mean LE of
76.3%, while there were 10 patients with postoperative
complications who had a mean LE of 70.0%. Statistics
performed by two-tailed unpaired t-test, comparing mean
LE of both groups (*p < 0.05). Error bars show standard
error of the mean. The y-axis starts from 50 to better il-
lustrate differences between groups.
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complication within 30 days of surgery (76.3% vs 70.0%),
shown in Figure 4. In cases with high LE, it is thought that the
stone is better visualized, allowing for more thorough dust-
ing, leaving behind less fragments to cause postoperative
complications. However, when we compared LE between
patients with and without residual fragments on postoperative
CT imaging, there was no significant difference, as shown in
Figure 5.

This study is not without limitations. Stone volume was
not available for most of the cases included in this patient
cohort. Maximum axial stone dimension was used to best
reflect stone size; however, this is not as accurate of a
measurement compared to stone volume. We were also un-
able to measure renal anatomical differences between pa-
tients, including calix size, which may lead to differences in
efficiency. Given our sample size, it is difficult to make
definitive conclusions regarding use of ETT or LMA in ur-
eteroscopy without controlling for factors such as BMI, but
the data do tend to support our hypothesis. An ideal future
study would utilize paired comparisons in a larger sample
with randomized assignment to ETT or LMA groups re-
gardless of BMI. However, we also recognize that this may
not be feasible due to the contraindications of LMA use in
some populations.

A large limitation of the study was lack of access to an-
esthesia data, including use of paralytic agents as well as tidal
volumes during surgery which could be used to create more
accurate comparisons between patient breathing and use of
neuromuscular paralysis. Another major limitation of the
study was our calculation of LE. Since the calculation of
lasing pauses between firing has never been investigated in
previous studies, validation of our cutoff for discarding larger

pause times is required. Overall, our approach adds more
information to consider but requires further validation to hold
true. In the future, this algorithm can also be applied to other
surgeries that utilize laser energy such as holmium laser
enucleation of the prostate.

Conclusion

This study provides a novel analysis of intraoperative data
and calculation of laser surgical efficiency utilizing pause
times between laser activations instead of total lasing time.
Our data show that cases with higher LE are associated with
lower rates of postoperative complications but not overall
stone-free rates. These data also support the use of ETT over
LMA to improve efficiency when using holmium lasers in
fURSL. However, this remains one consideration among
many when choosing anesthesia administration.
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HU¼Hounsfield units
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