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Purpose: We evaluated the cost-effectiveness of anti-retropulsion devices used
during ureteroscopic lithotripsy.
Materials and Methods: A decision analysis model was constructed to compare
the cost-effectiveness of ureteroscopic lithotripsy with vs without an anti-retro-
pulsion device. The risk of stone retropulsion was determined from published
data in the English language literature. Expected value calculations were used to
determine whether the additional cost of a device would be cost-effective to
prevent secondary procedures used to treat retropulsed stones. Device cost was
determined using the average cost of all commercially available devices.
Results: It became cost-effective to use an anti-retropulsion device at or above a
6.3% retropulsion rate. The weighted probability of retropulsion with vs without
an anti-retropulsion device was 98.1% vs 83.7%. The estimated costs of secondary
procedures needed to treat retropulsed stones were $5,290 for shock wave litho-
tripsy and $6,390 for ureteroscopy. Average device cost was $278. Thus, the
average additional cost of ureteroscopic lithotripsy with vs without an anti-
migration device would be $384 vs $952.
Conclusions: It is cost-effective to use an anti-retropulsion device at a retropul-
sion rate of greater than 6.3%.

Key Words: ureter, ureteral calculi, ureteroscopy, lithotripsy, disposable
equipment

URETEROSCOPIC lithotripsy is a com-
mon first line treatment for ureteral
stones that fail to pass spontaneously
and a second line treatment for SWL
failure.1 In recent years reports have
demonstrated increasing success and
decreasing complication rates for this
procedure.2 Stone migration or retro-
pulsion remains a concern, that is the
cephalad movement of stone frag-
ments toward the upper ureter or kid-
ney as a result of lithotripsy. Stone
retropulsion has been reported using
all current lithotrites.3–5

Stone migration may lead to in-
creased operative time to capture ret-
ropulsed stone fragments, increased

costs when the operator must switch
from a semirigid to a flexible uretero-
scope to find a retropulsed fragment
at a more proximal location, and in-
creased secondary procedures for ret-
ropulsed stone fragments of clinically
significant size.6–9 In addition, in the
laboratory setting preventing stone
retropulsion increased fragmentation
efficiency and resulted in more rapid
stone fragmentation.10,11

Several commercially available
anti-retropulsion devices can be used
to prevent cephalad stone migration
during ureteroscopic lithotripsy. They
include the Stone Cone™ Nitinol Uro-
logical Retrieval Coil, BackStop® Gel,
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NTrap® Stone Entrapment and Extraction Device,
and Accordion® Stone Management Device. Studies
using each device have been reported. Overall re-
sults show that all devices decrease stone migration
compared to ureteroscopic lithotripsy done without
the devices.4,12–15 We determined whether using an-
ti-retropulsion devices for ureteroscopic lithotripsy
would be cost-effective.

MATERIALS AND METHODS
We constructed a decision analysis model using TreeAge
3.5 (TreeAge Software, Williamstown, Massachusetts) to
compare the cost-effectiveness of ureteroscopic lithotripsy
with vs without an anti-retropulsion device. To complete
the decision analysis, several data points were obtained,
including the stone-free rate of lithotripsy with and with-
out anti-migration devices, costs of devices and costs of
secondary procedures that are commonly used to treat
clinically significant retropulsed stone fragments. Out-
come probabilities were derived from the peer reviewed
literature. We performed a PubMed® search to identify all
articles published in the English language that described
ureteroscopic lithotripsy using any anti-retropulsion de-
vice. Data were included in analysis only if the study
included a comparison group, ie if the study compared
ureteroscopic lithotripsy with and without an anti-retro-
pulsion device. Data from series without a control group
were excluded.

Outcome probabilities for ureteroscopic lithotripsy
with anti-retropulsion devices were available for certain
commercial products in the peer reviewed literature, in-
cluding the NTrap, lidocaine jelly, Stone Cone and Back-
Stop.4,12–15 These outcome probabilities included pneu-
matic and laser lithotripsy. The results of all device
studies were pooled.

We constructed the decision analysis model to test 2
possible treatments, that is ureteroscopic lithotripsy with
an anti-retropulsion device vs ureteroscopic lithotripsy
without an anti-retropulsion device. For each treatment
option retropulsion was considered the failing condition
and no retropulsion was the successful condition. The
primary end point to determine device success was the
stone-free rate compared to that of controls, ie uretero-
scopic lithotripsy without an anti-retropulsion device. The
average hospital cost of anti-migration devices was $278
and each was obtained from the manufacturer (see table).

SWL and ureteroscopy were identified as secondary
procedures that would be the standard of care for clin-
ically significant retropulsed stone fragments. The costs
of SWL and ureteroscopy were estimated using Medi-
care reimbursement scales for outpatient procedures
based on CPT or HCPCS (Healthcare Common Proce-
dure Coding System) codes. For each code Medicare
professional and Medicare technical reimbursement
were obtained through the urology and hospital billing
offices. Surgeon fees, anesthesia costs, average proce-
dure time, imaging and outpatient procedures were con-
sidered.

A decision tree was constructed that included costs and
probabilities. Expected value calculations were used to
determine whether the initial added cost of a device was
cost-effective for preventing secondary procedures to re-
trieve retropulsed stones.

Baseline Assumptions
We made certain baseline assumptions. 1) Ureteroscopy
with pneumatic or holmium/YAG laser lithotripsy was the
initial treatment. 2) Patients who experienced a retropul-
sion event would undergo a secondary procedure to treat
the retropulsed residual stone. 3) Of patients who re-
quired a secondary surgical procedure 50% would undergo
extracorporeal SWL and 50% would undergo ureteros-
copy. 4) Outcome probabilities of ureteroscopic lithotripsy
with device use were pooled among NTrap, lidocaine jelly,
Stone Cone and BackStop. 5) The average cost of using a
device was pooled among NTrap, Stone Cone, Accordion
and BackStop. The hospital purchase price was provided
by the product manufacturers.

RESULTS

Costs and Stone-Free Rate
The table shows individual device costs and an
anti-migration device average estimated cost of
$278. The estimated costs of secondary procedures
needed to treat retropulsed stones were $5,290 for
SWL and $6,390 for ureteroscopy. The weighted
probability of retropulsion with vs without an
anti-retropulsion device was 98.1% vs 83.7%. By
subtraction the stone retropulsion rate with vs
without a device was 1.9% vs 16.3%.

Estimated cost of anti-retropulsion devices and associated stone-free rates

Wang et al13 Zehri et al14 Desai et al15 Lee et al12 Rane et al4 Av

Device NTrap Lidocaine jelly Stone Cone NTrap BackStop
No. controls 57 25 20 68 34 —
No. devices 56 25 23 76 34 —
Lithotripsy type Pneumatic Pneumatic Pneumatic Laser Laser —
Ureteral site Upper — — Upper Upper —
% Stone-free rate:

Control 84.2 72.0 70.0 89.7 87.8 80.7
Device 100.0 96.0 100.0 98.7 93.9 97.7

Cost ($) 215 — 241 215 378 278
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Decision Analysis
Figure 1 shows the decision analysis model. In cases
of no retropulsion the additional average cost was
$278 vs $0 with vs without an anti-retropulsion
device. Conversely, when stone retropulsion oc-
curred, the added cost was $6,118 vs $5,840 with vs
without a device. Since the probability of stone ret-
ropulsion is significantly greater without a device,
the average added cost to a ureteroscopic lithotripsy
case was $568 less with vs without an anti-migra-
tion device ($384 vs $952) (fig. 1).

Based on the current estimated costs of anti-retro-
pulsion devices and associated secondary procedures,
the relationship of the stone-free rate and the added
cost of ureteroscopy procedures followed a linear rela-
tionship (r2 ! 1.00). Figure 2 shows the current aver-
age stone-free rate and the corresponding added costs.
If these associated prevention and re-treatment costs
remained relatively constant, the retropulsion rate
above which it would be cost-effective to use an anti-
migration device would be 6.3% when device costs
were averaged ($278) (fig. 2). When examining the
least and most expensive devices (NTrap and Back-
Stop, respectively), the retropulsion rate above which
it would be cost-effective to use an anti-migration de-
vice would be 4.2% to 12.3% (fig. 2).

DISCUSSION
Stone retropulsion during ureteroscopic lithotripsy
increases costs, operative time and the need for sec-
ondary procedures to treat clinically significant ret-
ropulsed fragments.3–5 We created a decision anal-
ysis model to determine whether using devices
designed to prevent stone retropulsion during uret-
eroscopic lithotripsy would be cost-effective. As with

any disposable product, a strong argument for use
would be if the device provided cost savings to the
health care system despite the added cost per case of
the device. As health care policy changes across the
globe, cost-effectiveness and resource allocation are
becoming an increasingly high priority for those who
make policy as well as those who practice medicine.16

Our decision analysis model included all reports
in the English language that compared uretero-
scopic lithotripsy success between cases in which
anti-retropulsion devices were and were not used.
We identified 5 studies, including 3 of pneumatic
lithotripsy and 2 of laser lithotripsy. Since laser and
pneumatic lithotripsy are the 2 most commonly used
lithotrites worldwide, we think that they are repre-
sentative of energy source use during ureteroscopic
lithotripsy in the urological community at large. Us-
ing the decision analysis mode described, at a retro-
pulsion rate of greater than 6.3% it would be cost-
effective to use an anti-retropulsion device during
ureteroscopic lithotripsy.

We also believe that our model underestimates
the cost-effectiveness of anti-retropulsion devices.
The model was based on the stone-free rate and the
need for secondary procedures. However, several im-
portant factors are not included in the model. Our
model does not account for the increased cost in the
case of a lower ureteral stone that is retropulsed to the
upper ureter, for which the surgeon must switch from
the semirigid to the flexible ureteroscope. Even when
that retropulsed fragment is retrieved and, therefore,
the patient is stone free, additional costs are incurred
due to increased operative time and the cost per use of
the flexible ureteroscope.17 Recent studies demon-
strated that flexible ureteroscopes must undergo re-
pair every 5 to 18 uses18 and flexible ureteroscope

Figure 1. Decision analysis model. w/o, without. w/, with. URS, ureteroscopy.
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repair may cost upward of $5,000.17,19 Thus, although
the cost associated with flexible ureteroscopes is not
accounted for in our model, preventing retropulsion
during semirigid ureteroscopy should decrease costs
by decreasing flexible ureteroscope use and damage.

Notably, in many parts of the world flexible ure-
teroscopes are not widely used due to cost and pro-
cessing issues. For those who do not perform flexible
ureteroscopy the treatment for a clinically signifi-
cant retropulsed fragment would be SWL or percu-
taneous nephrolithotomy. It is well established that
percutaneous nephrolithotomy is significantly more
costly and carries significantly greater morbidity
than ureteroscopy. In addition, lithotripsy is per-
formed more quickly with than without anti-retro-
pulsion devices, which is another potential contribu-
tion of anti-retropulsion devices to decreasing costs
that is not reflected in our model.10,11 Finally, sec-
ondary procedures also result in additional time out
of work for patients with nephrolithiasis.

Our study has several limitations. Anti-retropul-
sion devices could theoretically be associated with
an increased risk of injury to the ureter or other
complications. Lee et al reported several cases of
ureteral perforation and a single case of ureteral
avulsion when using the NTrap.12 However, these
complications were due to ureteroscopy and litho-
tripsy, and not to the anti-retropulsion device. In
addition, in a large series and review of Stone Cone
uses no device related complications were noted.5

Furthermore, as with any decision analysis
model, we made assumptions. One such assumption
was that 50% of secondary procedures would be
SWL and 50% would be ureteroscopy. In practice
SWL, ureteroscopy and percutaneous nephrolithot-
omy are performed in these cases, often based on
surgeon preference.

Perhaps the greatest limitation of our study is
that in the real world the fate of the retropulsed
fragment is not as clear as in our model. We as-
sumed that retropulsed fragments would require
secondary procedures for removal. However, in real-
ity there are probably 3 initial fates of the retro-
pulsed fragment, including 1) observation, 2) conver-
sion from semirigid to flexible ureteroscopy or flexible
ureteroscope advancement to the proximal ureter or
kidney to remove fragments during the initial proce-
dure and 3) a secondary procedure, most often SWL or
ureteroscopy. Our model assumes outcome 3, which
may not always be the case. Importantly, while it
appears that outcome 3 has the greatest immediate
cost, outcomes 1 (postoperative obstruction, future
stone events and fragment growth/enucleation) and 2
(increased operative time, and the cost of flexible ure-
teroscope use and repair) may also have significant
associated additional costs. For these reasons the
greatest efficacy of these devices may be for pneu-
matic lithotripsy, which tends to cause greater
fragment retropulsion than laser lithotripsy. Clin-
ical studies are needed to examine some of these
issues and shortcomings.

Figure 2. Cost-effectiveness threshold of lithotripsy with (w/)
and without (w/o) anti-retropulsion device. SFR, stone-free rate.
Open circles indicate added cost of retropulsion. Black circles
indicate current lithotripsy cost-effectiveness.

COST-EFFECTIVENESS OF ANTI-RETROPULSION DEVICES FOR URETEROSCOPIC LITHOTRIPSY 1765



CONCLUSIONS
Anti-retropulsion devices are cost-effective for uretero-
scopic lithotripsy at a retropulsion rate of greater than

6.3%. Urologists who perform this procedure may
want to assess retropulsion rates to determine
whether these devices would be beneficial in practice.
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