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ABSTRACT

INTRODUCTION: Mini-percutaneous nephrolithotomy (mPCNL) has been described as
an alternative to standard nephrolithotomy (sPCNL) for select stones. Studies suggest that
mPCNL has comparable stone-free rates, with potential for decreased complications and
shorter hospital stay. Costs associated with both procedures present a challenge to Canadian
institutions due to capital acquisitions of equipment and ongoing disposables. The objective
of this study was to compare the cost-effectiveness of both procedures at our institution.

METHODS: A decision tree analytic model was developed to compare costs and outcomes
of both procedures. Primary outcomes included assessment of total capital, operative, and
hospitalization costs. Cost and outcome of peri- and postoperative parameters were obtained
using a retrospective analysis of 20 mPCNL and 84 sPCNL procedures on |-2.5 cm stones
between January 2020 and June 2022, and supplemented with internal hospital expenditure
records and literature outcome data. Descriptive statistics and regression models were
performed.

RESULTS: The estimated total cost-per-patient was $7427.05 and $5036.29 for sPCNL and
mPCNL, respectively, resulting in cost-savings of $2390.76 in favor of mPCNL, with a com-
parable stone-free rate. The savings were due to lower costs associated with complications
and hospital stay. mMPCNL had higher capital costs ($95 |16.00) compared to sPCNL ($78
517.00), but per-procedure operative costs were lower for mPCNL ($2504.48) compared
to sPCNL ($3335.72). Cost-per-case regression of total costs intersected at 5.5 cases when
accounting for operative and hospitalization costs, and at 20 cases when only considering
operative costs.

CONCLUSIONS: Despite higher upfront costs, mMCPNL may represent a valid, cost-effective
alternative to sPCNL for select stones due to clinical and economic benefits in Canadian
institutions.

INTRODUCTION
Standard percutaneous nephrolithot-
omy (sPCNL) is the established first-
line treatment for nephrolithiasis >20
mm in several international guide-
lines given its high stone-free rate
(SFR)."? The procedure has under-
gone several modifications since
its inception to improve outcomes
while reducing invasiveness. One
such modification is the miniaturiza-
tion of the access sheath. Minimally
invasive PCNL (mPCNL) was first
developed for use in the pediatric
population by Jackman et al, and sub-
sequently adapted for adult patients
by Lahme et al.>* The mPCNL tech-
nique makes use of smaller sheath
sizes of 14-20 F as opposed to the
sPCNL sheath sizes of 24-30 F.>
Several studies comparing mPCNL
to sPCNL have since been published,
exploring the complication profile
and efficacy of both procedures.®'®
Recent metanalyses have suggested
that mPCNL had comparable SFR
to that of SPCNL, and may be asso-
ciated with reductions in bleeding,
perforation, and leakage, along with
fewer transfusion, less pain, and
shorter hospitalization.'*'
Containing Canadian healthcare
costs has continued to be a major
challenge. In 2021, total health spend-
ing in Canada was expected to reach
$308 billion, representing 12.7% of
Canada'’s gross domestic product
and equal to $8019 per Canadian.??
Healthcare has remained the lar-
gest expense in provincial spending,
accounting for nearly one-third of
total expenditure.”® Surgical proced-
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KEY MESSAGES

B Despite higher upfront costs (that are
negated if the institution already has laser
capabilities), mPCNL may represent a valid,
cost-effective alternative to sSPCNL for select
stones.

B sPCNL disposable equipment costs drive the
significant difference in per-procedure operative
costs at more than 3 times that of mPCNL's
equipment costs.

B Cost-per-case regression of total costs
between both procedures demonstrate
mPCNL is more effective after ~20 cases,
and even less when considering differences in
hospitalization costs.

ures are one of the costliest interventions in healthcare.
The Canadian Institute for Health Information (CIHI)
describes the “Major Intervention on Upper Urinary
Tract” category, which encompasses PCNL procedures,
as having an average estimated hospital cost of $9535.%
With an estimated 1600 PCNL operations occurring
annually in Canada, there is incentive to minimize costs
associated with this procedure, particularly if newer
technology can offer similar or improved outcomes.”
Costs associated with both sPCNL and mPCNL pro-
cedures currently present a challenge to Canadian
institutions due to the capital acquisitions of required
equipment and significant use of disposables.

In this study, we aimed to investigate and com-
pare sPCNL and mPCNL procedures at our academic
institution and conduct a cost-effectiveness analysis
between both procedures. Our objective was to gain
insight into the various systematic, operative, and pos-
toperative factors driving costs associated with both
procedures, while identifying opportunities for potential
cost savings.

METHODS

Study design

A retrospective analysis was conducted of sSPCNL and
mPCNL procedures at our institution to establish baseline
demographic and stone variables, along with major cost-
defining peri- and postoperative parameters, including
postoperative length of stay (LOS) and operative time.
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Data collection

Data for the study were obtained from a retrospective
data review of 20 mPCNL and 84 sPCNL procedures
performed on |-2.5 cm stones between January 2020
and June 2022. Specific inclusion criteria included:
age over >18 years, nephrolithiasis >15 mm, or >10
mm lower calyceal, non-contrast computed tomog-
raphy (NCCT) available preoperatively, along with
postoperative imaging of either plain kidney ureter
bladder X-ray (KUB), ultrasound (US), or NCCT, and
underwent mPCNL or sPCNL between January 2020
and June 2022. Specific exclusion criteria included
patients with congenital renal abnormalities or soli-
tary kidney and scheduled staged procedures for large
stone burden.

The major cost-defining peri- and postoperative
parameters, along with baseline demographic and
stone variables, complications, emergency department
encounters, and readmissions before the patient’s first
postoperative outpatient visit (4—6 weeks postopera-
tively) were collected from patient records. A deci-
sion tree analytic model was subsequently developed
to compare the costs and outcomes associated with
each procedure, incorporating the parameters collected
and supplemented with internal hospital expenditure
records and literature outcome data.

MEASURED PARAMETERS FROM DATA COLLECTION

Postoperafive LOS

Patients were stratified based on their experience of a
complication, ED presentation, and readmission in each
of the sSPCNL and mPCNL populations. Average LOS
was subsequently calculated for each group and was
used as a surrogate to quantify the cost of incurring
a “complication.” Patients who had a prolonged LOS
due to non-medical reasons (i.e., disposition) had an
adjustment in their calculated LOS for analysis purpos-
es by capturing the time between their postoperative
status and the time their medical issues were deemed
“resolved,” by standardized institutional criteria deter-
mined by the medial team. Due to a lack of patients
who experienced a complication at our institution in
the mPCNL arm, the mPCNL complication arm of the
decision tree was assumed on a “worst case scenario”
basis, where the LOS used was the LOS of the no-
complication mPCNL arm multiplied by the ratio of
sPCNL complication LOS arm/sPCNL no complication
LOS arm.



Operative time

The average operative time was calculated from each
of the sSPCNL and mPCNL populations and used as a
component of the operative cost in the analysis.

ASSUMED PARAMETERS

Although SFR and complication rates were calculated
for our local population, to minimize risk of bias given
the low sample size and as per other cost-effective-
ness studies, we used literature-established parameters
of the SFR and complication rate to calculate cost-
effectiveness. SFR and complication rate parameters
were extrapolated using literature outcome data from
a recent meta-analysis comparing outcomes of sSPCNL
and mPCNL.22!

COST PARAMETERS
Internal hospital expenditure records were used to
quantify the cost to the following parameters:

- LOS: calculated at a rate of $86.71/hour; and

—  Operative time: calculated at a rate of $23.45/

minute.

Internal hospital expenditure records combined with
external Canadian Olympus™ (Tokyo, Japan) list prices
(2022) were also used to quantify the cost of capital
and operative equipment fees (Tables I, 2).

Outcome measures

The primary outcomes assessed in this study included
the total capital, operative, and hospitalization costs
associated with each procedure.

DATA ANALYSIS

Descriptive statistics were used to summarize the data
obtained from the retrospective analysis. Regression
models were performed to evaluate the relationship
between costs and the number of cases for each pro-
cedure.

Cost analysis

The total cost per patient was estimated for each
procedure. This included capital costs, operative costs,
and hospitalization costs. Capital costs associated with
acquiring the required equipment were assessed for
both procedures. Operative costs included the expens-
es related to the procedure itself, such as equipment
and operative time. Hospitalization costs were calcu-
lated based on the LOS and were used as a surrogate
for quantifying the cost of a complication.

Cost-effectiveness analysis

The cost-effectiveness analysis was conducted by com-
paring the costs and outcomes of MPCNL and sPCNL
procedures. The incremental cost-effectiveness ratio
(ICER) was calculated to determine the cost-effective-
ness of MPCNL compared to sPCNL. The ICER was
assessed based on the cost savings associated with com-
plications and length of hospitalization, while assuming a
comparable SFR from literature established parameters.

Statistical analysis

Appropriate statistical tests were performed to analyze
the data and evaluate the significance of the findings,
with demographic and outcome variables compared
using Student-t, Mann-Whitney, Chi-squared (2),
Fisher's exact tests, and linear regression as appropri-
ate. The statistical analysis aimed to support the conclu-
sions drawn from the cost and outcome comparisons
between mPCNL and sPCNL procedures.

Ethical considerations

This study was conducted in accordance with ethical
guidelines and regulations. Institutional review board
approval was obtained with the Ottawa Hospital
Research Institute Research Ethics Board Protocol
(number 20220444-01H), and patient data were
anonymized and handled confidentially to protect
patient privacy and confidentiality.

RESULTS

Baseline demographic data

Twenty mPCNL and 84 sPCNL procedures were
included in the final retrospective data review. The
patient characteristics are summarized in Table |.
Patients were homogenous in characteristics between
both groups, with significant differences only apparent
in drainage type. Notably, there was no difference in
operative time between procedures (p=0.2123); how-
ever, there was a difference in length of hospitalization
(46.62 vs. 21.44 days for sSPCNL vs. mPCNL, respect-
ively, p<0.0001). There was an 85% SFR in the mPCNL
group compared to the sPCNL rate of 76.19%; this
was not statistically significant. For complication rate,
however, there was a statistically significant difference
between the mPCNL rate of 0% compared to sSPCNL
rate of 41.67% (p=0.0001).

Operative equipment cost and fees
ltemized common and procedure-specific equip-
ment costs were collected and are outlined in
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Table 1. Demographic and operative factors of sSPCNL vs. mPCNL cases

Number of cases
Age (years)
Sex
Male
Female
BMI
Stone size (mm)
Stone density (HU)
Stone number
Laterality
Right
Left
Stone location
Lower pole
Mid pole
Upper pole
Renal pelvis
Staghorn/multicalyx
Proximal ureter
upJ
Drainage type
None
Stent
Nephrostomy tube
Both
Operative time

Total length of hospitalization (including re-
admissions/ED encounters due fo complications) (hr)

Total length of hospitalization (no complications)
ED visits

Readmissions

Complication rate (any Clavien-Dindo)

Stone-free rafe

Values are presented as number of patients (%) or mean + standard deviation (range) as

SPONL
84
59.61+15.51

48 (57.1%)
36 (42.9%)
29.63+6.39
18.03+3.96
837.7+333.8
1.44+0.68

32 (38.1%)
52 (61.9%)

43/124 (34.1%)
3/124 (2.4%)
9/124 (7.3%)
34/124 (27.4%)
141124 (11.3%)
9/124 (7.3%)
12/124 (9.6%)

1
41

39

3
87.37+23.33
46.62+56.72

28.49+11.36
5(5.95%)
7(8.33%)
35 (41.67%)
64 (76.19%)

mPCNL
20
58.05+10.61

11 (55%)

9 (45%)
30.37+5.88
15.95+3.62
878.4+254.2
1.60+0.88

7 (35%)
13 (65%)

14/32 (43.8%)
2/32 (6.3%)
1132 (3.1%)
8/32 (25%)

0

0

7/32 (21.9%)

93.75+24.00
21.44+9.26

21.44+9.26
0(0%)
0(0%)
0 (0%)
17 (85.00%)

p

0.3570
>0.9999

0.6261
0.1365
0.6620
0.5603
0.7972

0.0737

<0.0001*

0.2123
<0.0001*

0.0069*
0.5804
0.3412
0.0001*
0.5524

appropriate. Mann-Whitney, Chi-squared (x?), or Fisher's exact tests were used as appropriate.
*Significant. BMI: body mass index; ED: emergency department; HU: Hounsfield unit; mPCNL: mini
percutaneous nephrolithotomy; sPCNL: standard percutaneous nephrolithotomy; UPJ: ureteropelvic

junction.
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Table 2. Common equipment costs were $292.89.
Total sSPCNL equipment costs per-procedure were
$1286.89 as compared to the total mMPCNL equip-
ment cost per-procedure of $306.04.

Micro-cost analysis

The total cost per patient was estimated to be $7378.14
for sSPCNL and $4363.54 for mPCNL, resulting in a cost
savings of $3014.60 in favor of mPCNL at our institu-
tion. MPCNL had higher capital costs ($95 116.00)
compared to sSPCNL ($78 517.00) due to the acquisi-
tion of required equipment; however, per-procedure
operative costs were lower for mPCNL ($2504.48)
compared to sPCNL ($3335.72). The detailed break-
down of capital, operative, and hospitalization costs is
provided in Table 3.

Decision tree analysis

A decision tree analytic model was developed to com-
pare the costs and outcomes mPCNL and sPCNL
procedures while considering literature-established
complication rate and SFR (Figure 1). Using a rollback
method through summation of all weighted pathway
costs and their associated probability, total procedural
costs were $7427.05 and $5036.29 for sPCNL and
mPCNL, respectively. This demonstrated a cost sav-
ings of $2390.76 in favor of mPCNL, with a dominant
ICER due to lower costs associated with complications
and length of hospitalization with a comparable SFR
(Table 4).

Cost-per-case regression

A regression analysis of the total costs between mPCNL
and sPCNL procedures was performed (Figure 2).
When considering both operative and hospitalization
costs, the cost-per-case intersection point occurred at
551 cases. This suggests that mPCNL becomes more
cost-effective than sPCNL after this threshold. When
considering operative costs alone, the cost-per-case
intersection point was at 20 cases, further supporting
the cost-effectiveness of mPCNL.

DISCUSSION
In this study, we aimed to investigate and compare the
sPCNL and mPCNL procedures in terms of their cost-
effectiveness at our academic institution. Our findings
shed light on the various factors driving costs associated
with both procedures and identified opportunities for
potential cost savings from a Canadian perspective.
The total cost per patient showed a significant cost
saving in favor of mPCNL at our institution, primar-



ily driven by the reduced operative costs and shorter
hospitalization associated with mPCNL.

The operative costs, comprising both operative
time and equipment fees, demonstrate that it is the
latter that contributes to the significant cost difference.
The total per-procedure equipment fee for sSPCNL is
more than three times that of mPCNL, approaching
$1286.89. Further analysis demonstrates that it is the
sPCNL procedure-specific equipment that primarily
contributes to that figure, most notably the cost of
the disposable equipment (i.e., shock pulse lithotripsy
probes, balloon dilators, and sheaths). These proced-
ure-specific disposable equipment costs alone add up
to $994 — almost 77% of the total equipment cost
and almost 30% of the total operative cost. This is con-
sistent with previous studies that have demonstrated
the cost of disposable balloon dilatation to be high
relative to other dilatation techniques in the PCNL
procedure ®?’

Other studies have evaluated the use of alterna-
tive, more cost-efficient dilatation techniques in sSPCNL.
Specifically, Frattini et al introduced a novel “one-shot”
dilatation with a 25 Fr or 30 Fr Amplatz dilator and
compared it to previously established dilatation tech-
niques, including Alken metal telescoping dilators and
balloon dilatation.?® The authors demonstrated the
technique compared favorably with both of the other
dilation techniques without an increase in morbidity and
with significant reductions in X-ray exposure and costs,
with the one-shot technique costing approximately $60
USD. A systematic review and meta-analysis of all dila-
tation techniques further supported this finding, with
one-shot dilatation significantly decreasing fluoroscopy
time and resulting in less hemoglobin decrease com-
pared to other dilatation techniques. One-shot dila-
tation should be considered for most patients who
undergo PCNL procedures.?®

The use of balloon dilation at our institution is con-
sistent with contemporary dilation techniques that most
urologists in Canada currently use for PCNL proced-
ures; however, there is clearly room for cost savings
in using alternative techniques, as outlined previously.
The operative costs of mMPCNL are relatively lower
due to more reprocessed materials (dilators, sheaths,
and laser fibers). While these fees may vary across
institutions, they are unlikely to reach that of sPCNL
in centers that already have established holmium or
thulium laser infrastructure and contracts. There were
no significant differences in operative time between
both procedures at our institution, with costs associ-
ated with operative time approaching $2048.83 and

Table 2. sPCNL and mPCNL equipment cost per procedure

Equipment

Urine drainage bag

Cystoscopy irrigation tubing

Sterile 50 cc syringe

Guidewire angiography package

Verfical isolation barrier drape

Contrast (iopamidol 41%) media 100 cc

Sponge gauze 4"x8" 12 pack

Sterile lubricating jelly

Carm drape

Major pack all services™

Sterile surgical gown

16 Fr 2-way Foley catheter

Amplatz guidewire

W-Bore tubing set

Solu-IV 4-pack sponge 0.05%

Sterile connecting tube

Olympus nephroscope instrument set™
Percutaneous instrument set™

5 Fr flexible tip catheter

Camera drape

Sterile surgical glove

Minor plastic/ENT pack

Olympus shockpulse lithotriptor instrument set™
0.9% NaCl irrigation solution 3000 cc

Angled glidewire

Trocar needle w/locking stylette

Tuohy-Borst adapter

8/10 Dilator 8 Fr sheath stylet set, 10 Fr safety wire
#11 Scalpel blade

ysto-nephro flexible fiberscope instrument set”™
Disposable shockpulse lithotripsy probe set
Disposable 30 Fr renal clear sheath kit + balloon dilator
550 um Holmium laser fiber re-processing
Total sPCNL equipment cost per procedure

Total mPCNL equipment cost per procedure

mPCNL

X X X X X X X X X X X X X X X X X X X X X X X X X X X X XxX Xx

Number
1
1
2

Cost (1 unit)
2.95
21.62
0.36
20.17
18.28
11.00
0.24
0.71
3.47
0.01
2.32
0.45
27.00
9.78
435
0.93
0.01
0.01
11.50
9.79
0.68
7.15
0.01
8.21
45.39
22.59
17.00
40.00
0.69
0.01
750.00
244.00
13.15

Total cost
2.95
21.62
0.72
20.17
18.28
11.00
0.96
2.84
3.47
0.01
4.64
0.45
27.00
9.78
4.35
0.93
0.01
0.01
11.50
9.79
1.36
7.15
0.01
8.21
45.39
22.59
17.00
40.00
0.69
0.01
750.00
244.00
13.15
1286.89
306.04

*Standard reusable institution-specific instrument sets without an identifiable cost, logged for sake
of completeness at a cost of $0.01. mPCNL: mini percutaneous nephrolithotomy; SPCNL: standard

percutaneous nephrolithotomy.
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$2198.44. Operative time and its cost calculation is
subject to surgeon experience, practice variation, and
institutional practices. Furthermore, while some studies
have shown mPCNL may take longer, the mean differ-
ence in operative time was shown to be |2 minutes in
one meta-analysis, which is unlikely to contribute to a
major difference in operative costs.?

Based on our institutional data, there was a significant
difference in length of hospitalization — 28.49 hours

Table 3. Micro-cost analysis between both sPCNL

and mPCNL procedures of capital, operative, and
postoperative costs

sPCNL mPCNL

Initial capital cost

Shockpulse lithotriptor system $62 535.00

Standard nephroscope set $15982.00

Mini nephroscope set $13 241.00

Holmium laser $80 000.00

550 um reusable laser fiber $750.00

Total inifial capital cost $78517.00 | $93991.00
Operative cost

Per-procedure equipment fee (Table 2)  $1286.89 $306.04

Operative fime ($23.45/min) $2048.83 $2198.44

Total operative cost $3335.72 $2504.48
Postoperative cost

Total hospitalization cost (86.715/hr) | $4042.42 $1859.06

Total postoperative cost $4042.42 $1859.06
Total inifial capital cost $78517.00 | $93991.00
Total per procedure cost $7378.14 $4363.54

*Pricing as per Canadian Olympus list prices Nov 2022. mPCNL:
mini percutaneous nephrolithotomy; SPCNL: standard percutaneous
nephrolithotomy.

for sPCNL compared with 21.44 hours for mPCNL
— even among those procedures that had no com-
plications. When looking to include procedures that
had complications, the sPCNL length of hospitalization
significantly increases to almost double at 46.62 hours,
which accounts for a difference of $2183.36 between
procedures. This difference is present even with both
groups showing homogenous preoperative factors,
including stone burden and location, among other vari-
ables. This highlights that the difference is not due to
more complicated cases in the sSPCNL population. The
postoperative cost of hospitalization alone comprises
54% of the total per-patient procedural cost of SPCNL,
as compared to 42% in mPCNL. The increased length
of hospitalization of sSPCNL compared to mPCNL is
supported in other studies and is likely attributed to
the increased complications and morbidity associated
with the procedure, further highlighting the economic
advantages of MPCNL compared to sPCNL.'*?

Our analysis also revealed that mPCNL had higher
capital costs compared to sSPCNL due primarily to the
acquisition of a holmium laser and mPCNL set, resulting
in an initial capital difference of almost $15 474. Our
regression analysis, however, revealed that this differ-
ence is quickly made up after approximately 20 mPCNL
procedures or even at five procedures when account-
ing for the postoperative costs of both procedures.
Furthermore, the capital costs of acquisition of the hol-
mium laser can be negligible in institutions that already
have established laser capabilities and may be even
less than stated when compared to costs from other
vendors that this study did not explore. This shows the
significant impact cost-savings this initial investment can
have on healthcare institutions, particularly in resource-
constrained environments.

The calculated total per-procedure cost at our insti-
tution was found to be $7378.14 and $4363.54 for
sPCNL and mPCNL, respectively, with a raw cost sav-
ings of $3014.6. This finding is with consideration of
our local complication rates for mPCNL and sPCNL,

Table 4. Estimated total and incremental costs and outcomes for sPCNL and mPCNL

Infervention Total costs SFR Difference in SFR | Cost difference ACER ICER
sPCNL $7427.50 0.84 8841.71
mPCNL $5036.29 0.85 $0.01 $2390.76 5925.05 Dominant

Total costs are calculated through the summation of all weighted pathway costs and their associated probability. ACER: average cost-effectiveness
ratio; ICER: incremental cost-effectiveness ratio; mPCNL: mini percutaneous nephrolithotomy; sPCNL: standard percutaneous nephrolithotomy; SFR:

stone-free rate.
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A 0.84 0.61
Stone-f — :
— o073 one-iree s 4 $5806.96
No complication
$2471.24 016
1.00 Not stone-free bOO { 0.12
sPCNL $'333 > $0. $5806.96
5.7
Stone-free 0.84 { 0.23
- 0.27 $0.00 $11807.29
Complication 847157
Not stone-free L{ 0.04
Stone management $0.00 $11807.29
Stone-free gbsgo { 0.72
No complication 0.55 ' $4360.08
$1855.60 0.15 013
1.00 Not stone-free {
: $0.00 $4360.08
mPCNL
$2504.48 0.85 0.13
Stone-free  p——— { :
Complicati 0.15 $0.00 $8868.13
omplicalion ™¢67353 65 0.15
- : 0.02
Not stone-free $0.00 { $8866.13
B
Intervention Total costs SFR Difference in SFR  Cost difference ACER ICER
sPCNL $7,427.05 0.84 8841.73
mPCNL $5,036.29 0.85 0.01 $2,390.76 5925.05 Dominant

Figure 1. (A) Decision tree model comparing outcomes between percutaneous nephrolithotomy (PCNL) and mini (m)PCNL. The decision free starts with the option of stone management
with PCNL or mPCNL. Circles represent chance nodes with possible events. Top values are the probability of the event occurring, with the bottom value representing the cost of that event occur-
ring. End points (riangles), have final cumulative probabilities and costs of occurring, represented by the top and bottom values respectively. Probability of a pathway=summated probability of
all events in the pathway. Cost of a pathway=the sum of the cost of all events in the pathway. (B) Estimated fotal and incremental costs and outcomes for sPCNL and mPCNL. Total costs are
calculated through the summation of all weighted pathway costs and their associated probability. ACER: average costsffectiveness ratio; ICER: incremental cost-effectiveness ratio
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“ mPCNL is associated with lower procedural
costs compared to sPCNL, as well as a
comparable SFR| indicating that mPCNL is a

cost-effective alternative to sPCNL. *?
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which were 0% and 41.67%, respectively. To account
for our institution’s low patient population and lack of
complications in our mPCNL population, which may
skew cost differences, a decision tree analytic model was
developed considering the rates of complications and
SFR obtained from literature outcome data, while using
our local, stratified, postoperative hospitalization data to
obtain a more accurate analysis. This analysis supported
our institutional findings, with the total per procedure
costs approaching $7427.05 and 5036.29 for sSPCNL and
mPCNL, respectively. This further supports the external
validity of our results and highlights the economic advan-
tage of MPCNL over sPCNL, even when incorporating
literature-supported complication data.

Ultimately, the decision tree analysis demonstrated
that mPCNL was associated with lower procedural
costs compared to sPCNL, resulting in a cost savings
of $2390.76. This finding, along with a comparable SFR,
indicates that mMPCNL is a cost-effective alternative to
sPCNL with a dominant ICER. Notably, the ICER would
be more dominant and continue to support our find-
ings when using our local complication rates and SFR,
which show a mPCNL SFR of 85% (similar to that
of the literature-extrapolated SFR parameter) and a
complication rate of 0% (a much more favorable rate
than that of the literature-extrapolated complication
rate of 15%).

Limitations
The study has several important limitations that should
be taken into consideration when interpreting the find-
ings. Firstly, the study was conducted at a single aca-
demic institution in Canada, which may limit the gener-
alizability of the findings to other healthcare settings or
countries with different healthcare systems. Variations
in patient populations, surgical techniques, and resource
availability across different regions could significantly
affect the cost-effectiveness outcomes observed.
Furthermore, the sample size in the study, particu-
larly in the mPCNL group, was relatively small. A sample
size calculation was also not performed, as we were
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limited by the relatively small number of mPCNL pro-
cedures performed at our institution. This may affect
the statistical power and precision of the results, limit-
ing the ability to draw definitive conclusions. The small
sample size also increases the risk of selection bias and
reduces the representativeness of the study popula-
tion. This is especially apparent when addressing our
calculated local SFR and complication rates, which are
significantly affected by the small population.

While our local SFR was reasonably similar to that
of literature-established SFR of mPCNL and sPCNL,
our compilation rates were much more heterogen-
ous. Although the decision tree analysis was performed
using literature parameters, the postoperative LOS data
could be subject to overestimation given the differences
in complication rates. In addition, atthough preoperative
stone factors were statistically homogenous between
both groups, it is important to acknowledge the | 1.3%
staghormn population in the sSPCNL group.

Stone characteristics in this study were based on
preoperative CT reports and operative notes, which
introduce an element of subjectivity in defining a ““true”
staghorn calculus. Given the homogeneity in other
stone characteristics and all stones assessed in this study
being under 2.5 cm, it is also unlikely these stones were
true staghorn calculi. In any case, it is worth noting that
inclusion of this population in the cost-analysis may
overestimate postoperative costs and results should
be interpreted accordingly.

Furthermore, only patients with stone sizes of [-2.5
cm were chosen for this study, with the complication
and SFR parameters from the literature data that was
used not being restricted to those stone sizes. Aflthough
this may affect the true cost-effectiveness of the pro-
cedures, a recent meta-analysis comparing sPCNL and
mPCNL specifically in stone sizes >2 cm has dem-
onstrated no significant difference in SFR between
both procedures.”” Given this, the cost-effectiveness
of MPCNL found in this study likely would not signifi-
cantly change with varying stone size.

Additionally, the analysis in this study considered
only the direct costs associated with the procedures,
such as surgical equipment, operative time, and hospi-
tal stay. The study used internal hospital expenditure
records and external list prices to estimate the costs
associated with the procedures; however, the cost of
equipment and supplies can vary among healthcare
institutions and may be subject to negotiations and
discounts, especially with varying vendors. This study
also used postoperative length of hospitalization as a
surrogate for complications and did not explore specific



complication-related costs (imaging, bloodwork, medi-
cations, etc.) that may affect the final cost.

Nevertheless, LOS is known to be one of the most
significant costs associated with a patient’s admission
and so was used as a reasonable surrogate for the
purposes of this study. Furthermore, given the rela-
tively short time period that was chosen for this study
and the heterogeneity in choice of urinary drainage
between surgeons, indirect costs related to repeat
procedures, including costs related to productivity loss
or long-term followup expenses (nephrostomy tube
vs. stent, cystoscopy appointments to remove stents,
repeat procedures, etc.), were not included in the
economic evaluation. These indirect costs can have an
impact on the overall cost-effectiveness of a procedure
and should be considered when assessing the value of
different treatment options. Inclusion of indirect costs
would provide a more comprehensive picture of the
economic implications of MPCNL and sPCNL.

This study is also subject to possible selection bias.
Although patients had similar “stone burden” between
both procedures, theoretically, to equally undergo
either procedure, we acknowledge that there may be
hidden, unaccounted-for patient factors (comorbidities,
body mass index, patient preference, etc.) or possible
surgeon factors (available operative resources, surgeon
preference/experience, relative novelty of the mPCNL
procedure in our institution, etc.) that may lead to
selection bias of one procedure over the other. The
study also did not account for variations in surgeon
experience and practice patterns, which can influence
operative time and outcomes. Surgeons with different
skill levels or preferences may have different outcomes
and associated costs. Therefore, the generalizability of
the findings to other surgical teams should be inter-
preted with caution. Further research with larger sam-
ple sizes, multicenter studies, and a broader range of
outcome measures is warranted to validate and expand
upon these findings.

Despite these limitations, the study contributes
valuable information regarding the cost-effectiveness
of mPCNL compared to sPCNL. There has been an
effort in recent years to explore the idea of ambulatory
PCNL in Canada, with studies demonstrating success
in select patients. >3 One study estimated a possible
cost savings of over $3000 per PCNL in Canada by
shifting PCNL from an inpatient to an outpatient pro-
cedure.” In our study, we show that similar cost savings
can be achieved by simply shifting from the sPCNL to
mPCNL, with comparable outcomes in select cases.

Cost-effectiveness of standard vs. mini PCNL

CONCLUSIONS

Our study provides evidence supporting the cost-
effectiveness of mMPCNL compared to sPCNL in the
Canadian healthcare system. The cost savings associ-
ated with mPCNL are driven by lower operative costs,
shorter hospital stays, and reduced equipment fees.
Despite higher initial capital costs, mPCNL becomes
more cost-effective after a certain number of proced-
ures. These findings have implications for healthcare
institutions aiming to minimize costs while maintaining
favorable outcomes for patients with nephrolithiasis.
Future research with larger sample sizes and multicen-
ter studies would strengthen the evidence base and
provide more robust guidance on the cost-effectiveness
of mPCNL in different healthcare contexts.
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