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OBJECTIVE To determine the most cost-effective approach to the management of distal ureteral stones in chil-
dren given the potential for recurrent renal colic during a trial of passage versus potential stent
discomfort and complications of ureteroscopy.

We developed a decision tree to project costs and clinical outcomes associated with observation,
medical explusive therapy (MET), and ureteroscopy for the management of an index patient with
a 4-mm-distal ureteral stone. We determined which strategy would be least costly and offer the
most pain-free days within 30 days of diagnosis. We performed a one-way sensitivity analysis on the
probability of successful stone passage with MET. We obtained probabilities from the literature and
costs from the 2016 Pediatric Health Information System Database.

Ureteroscopy was the costliest strategy but maximized the number of pain-free days within 30 days of diag-
nosis ($5282/29 pain-free days). MET was less costly than wreteroscopy but also less effective ($615/
21.8 pain-free days). Observation cost more than MET and was also less effective ($2139/15.5 pain-
free days). The one-way sensitivity analysis on the probability of successful stone passage with MET dem-
onstrated that ureteroscopy always has the highest net monetary benefits value and is therefore the recom-
mended strategy given a fixed willingness-to-pay.

Using a rigorous decision-science approach, we found that ureteroscopy is the recommended strategy
in children with small distal ureteral stones. Although it costs more than MET, it resulted in more
pain-free days in the first 30 days following diagnosis given the faster resolution of the stone episode.

METHODS

RESULTS

DISCUSSION
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he incidence of nephrolithiasis is increasing in

children and the economic impact is significant."”

The management options for children who present
with ureteral stones include: (1) a trial of spontaneous pas-
sage, (2) medical expulsive therapy (MET), (3) uretero-
scopy, and (4) extracorporeal shock wave lithotripsy
(SWL). The 2016 American Urological Association guide-
lines recommend a trial of spontaneous passage or MET for
children with uncomplicated ureteral stones less than or
equal to 10 mm.” Parents may elect ureteroscopy or SWL
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for children with proximal or mid ureteral stones who can-
not pass their stone spontaneously.” The guidelines recom-
mend ureteroscopy for children with distal ureteral stone
that fail a trial of observation or MET. SWL is not indi-
cated for these patients due to poor penetration of shock
waves in the pelvis and limited efficacy. In addition, there
are concerns about its long-term adverse effects and evi-
dence of decreasing utilization. "’

In a recent meta-analysis, pediatric patients who
received alpha-blockers as part of MET had 2.2 times the
odds of stone passage within 6 weeks compared to those
who did not.® There is evidence, however, that physicians
do not prescribe MET consistently in children.” In one ret-
rospective multi-institutional cohort study of pediatric
patients with ureteral stones up to 10 mm, only 36% of
them received MET.” There are potential disadvantages to
observation, MET, and ureteroscopy. Patients who elect
observation or MET may have recurrent episodes of renal
colic resulting in repeated visits to the clinic or Emergency
Department (ED). They also may limit activities and/or
miss school while awaiting spontaneous stone passage. In a
study of adults with ureteral stones, 11% visited the ED
again within 30 days of stone diagnosis.” Ureteroscopy is
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more costly than the other options and patients may expe-
rience stent-related discomfort postoperatively.

The objective of our study was to compare the cost-
effectiveness of 3 strategies for the management of ureteral
stones in children: (1) observation, (2) MET, and (3) ure-
teroscopy. Our goal was to determine which strategy
would be least costly and offer the most pain-free days
within 30 days of diagnosis (ie most cost-effective).

METHODS

Model Structure

We developed a decision tree (Fig. 1) to project costs and clinical
outcomes associated with the management of uncomplicated,
small, distal ureteral stones in children from the perspective of the
healthcare system. We defined “uncomplicated” patients as those
with no signs of sepsis or acute renal failure, no solitary kidney,
and no bilateral obstruction. We compared 3 strategies, (1) obser-
vation, (2) MET, and (3) ureteroscopy. We defined MET as a 14-
day trial of stone passage with a daily alpha-blocker such as tamsu-
losin. The model simulated costs and clinical outcomes for a hypo-
thetical 10-year old female patient with a 4-mm-distal ureteral
stone (Fig. 1). We estimated the total number of pain-free days
within the first 30 days following the onset of acute renal colic.

Key Assumptions
Some of the key simplifying assumptions in this model included
the following:

(1) There were no stones in the kidney.

(2) There was no evidence of urinary tract infection.

(3) If the patient did not spontaneously pass the stone within
14 days of diagnosis (in either MET or observation branches)
she would undergo ureteroscopy.

(4) The urologist always achieved retrograde access for uretero-
scopy without active or passive dilation. (The model assumes
that a variety of ureteroscopes are available including ultra-
thin 4.5 Fr semirigid ureteroscopes).'%'?

(5) The urologist always placed a ureteral stent after uretero-
scopy.

(6) All patients removed the ureteral stent with a string at home.

(7) One ureteroscopy was required for stone clearance.

(8) All patients were stone-free within 30-days of stone diag-
nosis.

Model Parameterization

Appendix 1 shows the base case values for selected model param-
eters. To the extent possible, we used published scientific articles
to derive these parameter estimates. Models were created using
TreeAge Pro 2017 (TreeAge Software, Inc., Williamstown,
MA). We did not seek Institutional Review Board approval for
this study because we used only publicly available resources for
parameterizing our model.

Probabilities

We used specific probabilities from the pediatric and adult stone
literature to define the likelihood of the index patient progress-
ing to each branch in the decision tree (Appendix 1). We
extrapolated probabilities from the adult literature when pediat-
ric data were not available. In the MET and observation
branches we modeled the probability of a visit to the ED within
30 days of diagnosis of the symptomatic ureteral stone.” In the
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MET branch, we modeled the probability of a MET-related
adverse event using data from a systematic review of medical
expulsive therapy in children.® We assumed that the cost of a
MET-related adverse event was roughly equivalent to the cost of
a visit to the ED. We determined the probability of spontaneous
stone passage and median time to passage in the MET and obser-
vation branches from a randomized controlled trial of tamsulosin
in children with ureteral stones."” We determined the probabil-
ity of perioperative ureteroscopy-related complications based on
the incidence of Satava and Clavien grade 3 complications from
a systematic review of pediatric ureteroscopy studies.'*!” We
assumed that the cost associated with a perioperative complica-
tion was roughly equivalent to a 23-hour hospital stay. Given
that surgery might be required, (1) the cost of a 23-hour hospital
stay alone likely represents the minimal cost of managing a peri-
operative complication and (2) our assumption biases in favor of
ureteroscopy. We also modeled the probability of perioperative
anesthetic adverse events requiring rapid response assistance.'®
We assumed that patients who had a perioperative ureteroscopic
or anesthetic-related adverse events would be admitted to the
hospital for a 23-hour observation. Finally, we modeled the
probability of a visit to the ED within 30 days after the uretero-
scopy based on data from a large series of adult patients.'’

Costs

We derived costs associated with the various health states in the
model primarily from the Pediatric Health Information System, an
administrative database from approximately 54 US children's hos-
pitals (Appendix 2)."® We extracted median adjusted Ratio of
Cost to Charges-based costs for common outpatient kidney stone
procedures from January 1, 2016 to December 31, 2016. We deter-
mined the median cost of outpatient ureteroscopy with laser litho-
tripsy and ureteral stent placement at United States children's
hospitals in 2016. We excluded patients with concurrent proce-
dures in order to avoid inclusion of nonstone procedures such as
pyeloplasty that commonly involve ureteral stent placement. We
assumed that costs for adverse events associated with MET were
equivalent to one ED visit. We calculated the median cost of a
visit to the ED for any reason at US children's hospitals in 2016, as
a precise estimate of an ED visit for a medication side effect was dif-
ficult to ascertain. We also included costs of ED visits during a trial
of spontaneous passage (with or without MET) and the costs of
ED visits postureteroscopy. We assumed that costs for a periopera-
tive complication were roughly equivalent to a 23-hour admission
to the hospital. We used Access Medicine to determine the cost of
a 30-day supply of tamsulosin."”

Outcomes Assessed

The primary outcomes assessed were the costs and clinical out-
comes among children with symptomatic distal ureteral stones.
We estimated the total number of pain-free days within the first
30 days following the onset of acute renal colic. First, we deter-
mined the number of symptomatic stone days defined as the time
from the diagnosis of the symptomatic ureteral stone to the day
of stone clearance (Appendix 3). We considered patients
“stone-free” after they passed the stone spontaneously or
removed the stent following ureteroscopy. We subtracted the
number of symptomatic stone days from 30 in order to determine
the number of pain-free days within 30 days of diagnosis.

We performed a one-way sensitivity analysis in which we var-
ied the probability of successful stone passage with MET from O to
1. We performed a net benefits calculation, combining cost, effec-
tiveness, and willingness-to-pay (WTP) ($50,000) into a single
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Figure 1. Decision tree with initial branches (Color version available online).

value. The strategy with the highest net benefits value is the rec-
ommended strategy given a fixed WTP. If one strategy's line is
always the highest on the vertical benefits scale, there are no CE
thresholds in that case for the given variable range and WTP.

Figure 1 depicts the initial branches of the decision tree
including the probability of a repeated ED visit within the first
30 days after diagnosis of the ureteral stone. There are also
branches modeling the probability of an adverse event related to
MET and the probability of a perioperative complication at the
time of ureteroscopy. In addition, we modeled the probability of
a repeated ED visit following ureteroscopy. Finally, if the index
patient failed a trial of observation or MET, she progressed to
ureteroscopy in the model.

RESULTS

Base-Case Results

Under base-case assumptions, ureteroscopy was the costliest
strategy but maximized the number of pain-free days within
30 days of diagnosis ($5282/29 pain-free days) (Table 1). MET
was less costly than ureteroscopy but also less effective ($615/
21.8 pain-free days). Observation cost more than MET and was
also less effective ($2139/15.5 pain-free days). Therefore, the
observation strategy is dominated by MET. Figure 2 depicts the
cost-effective frontier which is a line connecting the 2 strategies,
ureteroscopy and MET, that are not dominated. The willing-
ness-to-pay slope intersects with the favored strategy which, in
this case, is ureteroscopy.
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Sensitivity Analysis

The one-way sensitivity analysis on the probability of successful
stone passage with MET demonstrated that ureteroscopy always
has the highest net monetary benefits value (ie the lines for
MET and ureteroscopy do not intersect) and is therefore the rec-
ommended strategy given a fixed WTP (Fig. 3).

DISCUSSION

Using a rigorous decision-science approach, we found that
ureteroscopy is the recommended strategy in children with
small distal ureteral stones. Although it costs more than
MET, it resulted in more pain-free days in the first 30 days
following diagnosis given the faster resolution of the stone
episode. We also noted that MET is always more effective
and less costly than observation and thus should be utilized
in all eligible children. URS maximizes the number of
pain-free days within the first 30 days after diagnosis and
costs approximately $4600 more than MET and approxi-
mately $1500 more than observation. The increased proba-
bility of spontaneous passage and decreased time to stone
passage likely explains the decreased cost of MET com-
pared to observation since patients have fewer opportuni-
ties for ED visits. The cost of a 30-day supply is nominal
and MET-related adverse events are rare.

Although ureteroscopy was the preferred strategy in our
study for managing small distal ureteral stones in children,
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Table 1. Cost-effectiveness of 3 strategies for management of small, distal ureteral stones in children

Cost Incr. Cost Ave. Effectiveness
*MET $615 21.8
**0BS $2139 $1524 15.5
***JRS $5282 $4667 29.0

Incr. Effectiveness Ave. Cost-Effectiveness ICER
28.2 0

—-6.30 138.2 —241.8

7.19 182.3 649.4

* MET, medical expulsive therapy.
** OBS, observation.

*** RS, ureteroscopy.

Ave., average.

Incr., incremental.

it has several disadvantages including stent discomfort,
perioperative complications, and increased cost. Tamsulo-
sin is still a reasonable option for pediatric patients with
small distal ureteral stones who wish to avoid the risks of
surgery and the potential sequelae of ureteral stent place-
ment. Despite evidence of the safety and efficacy of tamsu-
losin, it is underutilized for children with ureteral stones.’
A recent study using commercial claims data found that
only 15% of children evaluated for ureteral stones in the
ED filled a prescription for MET within 1 week of their
visit.” Joshi and colleagues estimated that approximately
80% of adults experience stent discomfort that has a nega-
tive impact on quality of life.”” Therefore, identification
of patients most likely to benefit from MET could help
avoid some of the adverse effects associated with uretero-
scopy and ureteral stenting.

Meta-analyses of numerous randomized controlled trials
of tamsulosin for adults with ureteral stones confirmed that
patients treated with tamsulosin have higher stone expul-
sion rates and lower analgesic requirements.”'”’ Several

recent high quality, large randomized controlled trials,
however, have questioned the clinical effectiveness of tam-
sulosin for MET.**** The Spontaneous Urinary Stone Pas-
sage by Drugs trial found that neither tamsulosin nor
nifedipine decreased the need for treatment of ureteral
stones to achieve stone clearance after 4 weeks.”” Another
multicenter, phase Il trial found no benefit of tamsulosin
for patients with distal ureteral stones less than or equal to
10 mm in terms of spontaneous passage, time to stone pas-
sage or analgesic requirements.”! In a subgroup analysis of
patients with larger distal ureteral stones, however, tamsu-
loin increased stone passage.”* Ye and colleagues recently
published the largest multicenter, randomized, double blind
trial to date comparing tamsulosin to placebo.”® Patients in
the tamsulosin group had a higher stone expulsion rate, a
shorter time to expulsion, and lower use of analgesics.”® Sub-
group analysis identified a specific benefit for tamsulosin for
the treatment of large distal ureteral stones (>5 mm). Fur-
thermore, a recent meta-analysis of 3 randomized controlled
trials and 2retrospective cohort studies in pediatric patients

5,500 |
*
5,000 |
4,500 §
i
2
4,000 )
=

g P A A~ MET

:" 3.000 :E ® dominated

e :

@) i < observation
2,500 i undominated
2,000 @ E - ureteroscopy
1,500 |
1,000 §

500 A ‘
14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Effectiveness, LY

Figure 2. Cost-effectiveness analysis of options for the management of small distal ureteral stones in children (Color ver-

sion available online).
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Figure 3. One-way sensitivity analysis on the probability of stone passage with medical expulsive therapy (Color version

available online).

found that MET increased the odds of stone passage by
approximately twofold compared to observation.’

Prior cost-effectiveness studies in the adult stone literature
have compared ureterosopy to SWL for renal calculi.””*® In
an instrumental variable analysis, Hollingsworth and col-
leagues noted that expenditures were significantly lower after
MET versus endoscopic stone removal in patients with
ureteral stones.”” To our knowledge, there are no prior cost-
effectiveness analyses in the adult or pediatric stone litera-
ture comparing observation, MET, and ureteroscopy.

The primary limitation of this study is the relative pau-
city of reliable data in children to estimate parameters in
our model. We made several assumptions about probability
and costs which might limit the generalizability of our
results to some populations and clinical scenarios. As such,
we included data from small, pediatric randomized con-
trolled trials comparing MET to observation and we extrap-
olated data from the adult literature when pediatric data
were not available. Other limitations include the omission
of parent and patient-centered outcomes such as missed
days of work/school and stent-related discomfort. We also
did not use utilities for the decision tree since there are no
published utilities for pediatric stone disease. To our knowl-
edge, there are no published utilities for certain stone pro-
cedures such as ureteroscopy even in the adult population.

CONCLUSION

In children with small distal ureteral stones, ureteroscopy
is the preferred strategy and medical expulsive therapy is
superior to observation. Future studies are needed to
determine parental and/or child preferences in the man-
agement of pediatric stone disease and to expand our
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knowledge of the costs and probabilities used to parame-
terize the model.
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