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Abstract

Purpose—Dorsal wrist ganglions are treated commonly with aspiration, or open or arthroscopic
excision in operating room (OR) or procedure room (PR) settings. As it remains unclear which
treatment strategy is most cost-effective in yielding cyst resolution, our purpose was to perform a
formal cost-minimization analysis from the societal perspective in this context.

Methods—A microsimulation decision analytic model evaluating 5 treatment strategies for
dorsal wrist ganglions was developed, ending in either resolution or a single failed open revision
surgical excision. Strategies included immediate open excision in the OR, immediate open
excision in the PR, immediate arthroscopic excision in the OR, or 1 or 2 aspirations before each of
the surgical options. Recurrence and complications rates were pooled from the literature for each
treatment type. One-way sensitivity and threshold analyses were performed.

Results—The most cost-minimal strategy was 2 aspiration attempts before open surgical
excision in the PR setting ($1,603 £ 1,595 per resolved case), followed by 2 aspirations before
open excision in the OR ($1,969 + 2,165 per resolved case). Immediate arthroscopic excision was
the costliest strategy ($6,539 + 264 per resolved case). Single aspiration preoperatively was more
cost-minimal than any form of immediate surgery ($2,918 + 306 and $4,188 + 306 per resolved
case performed in the PR and OR, respectively).

Conclusions—From the societal perspective, performing 2 aspirations before surgical excision
in the PR setting was the most cost-minimal treatment strategy, although in reference to surgeons
who do not perform this procedure in the PR setting, open excision in the OR was nearly as cost-
effective. As patient preferences may preclude routinely performing 2 aspirations, performing at
least 1 aspiration before surgical excision improves the cost-effectiveness of dorsal wrist ganglions
treatment.
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Dorsal Wrist Ganglions (DWG) are common, and account for approximately 60%—-80% of
wrist ganglions.1=® Though first line treatment generally is reassurance and observation,
patients may elect for intervention. The most common treatments include aspiration,

open excision, and arthroscopic excision. Despite the abundance of literature describing
recurrence rates following these treatments, it is unclear which treatment strategy is most
cost-effective.

Recently there has been an increased emphasis on healthcare cost, which is in part because
of the policy changes that have included value-based payment models.”8 In 2016, the United
States spent nearly 18% of the gross domestic product on healthcare, with nearly double

the mean spending per capita of the 10 other high-income countries studied.® Physician
practice variability in the setting of similar outcomes has been cited as a potential driver

for increasing healthcare costs.10 When trying to determine the optimal treatment pathway
for a given condition, it must be considered that different treatment options often are

are associated with different index costs, complication and reoperation rates, duration of
time off from work, and outcomes. A cost-minimization analysis framework is ideal for
combining the effect of these parameters to determine the most cost-minimal treatment
strategy. Cost-minimization analysis was chosen because health states or utilities, which are
necessary for a cost-effectiveness analysis, are not reported commonly for DWG excision
results in the literature. Cost-minimization analysis methods also are appropriate for DWG
treatment, where the treatment goal is resolution, and the outcome is binary (resolution
versus lack of resolution). Cost-minimization analysis methodology would apply to DWG
treatment because, although arthroscopic DWG excision is considerably more expensive
than open excision in the operating room (OR), this potentially could be offset by a lower
recurrence rate.11 Similarly, aspiration is inexpensive relative to surgery and does not require
time off work, but recurrence is more likely. Moreover, minor hand surgery procedures

such as DWG excision, could be transitioned out of the operating room setting and into

the procedure room (PR) setting using the wide-awake local anesthesia with no tourniquet
technique.12-14 For a variety of small hand surgical procedures, use of the PR has been
shown to reduce surgical costs through omission of an anesthesia team, by reducing facility
charges, and through reduction in routine preoperative lab testing and facility costs.141°
Though performing DWG treatments in the PR is likely to be more cost-effective than in the
OR, we do not know how the cost-effectiveness would compare while factoring in 1 or 2
aspirations before surgical treatment.

Given the challenges and limitations in interpreting recurrence rates, complication rates,
surgical or procedural costs, and time off work in isolation, the purpose of this study was
to perform a cost-minimization analysis from a societal perspective that elucidates the least
costly of 5 treatment strategies aimed at DWG resolution.
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METHODS

Economic simulation

This cost-minimization analysis was performed in accord with the recommendations of the
Second Panel on Cost-Effectiveness in Health and Medicine.18 A microsimulation decision
analytic model comparing 5 different treatment strategies was developed, from the societal
perspective, for patients undergoing treatment for DWGs. The effectiveness measure was
resolution of the DWG. Model parameter inputs were obtained from the University of Utah
Value-Driven Outcomes database, published literature, or from expert opinion (consensus
of 4 fellowship-trained hand surgeons at our institution).” The model was programmed in
TreeAge Pro 2020 (TreeAge Software).

Model structure

Figure 1 depicts the structure of the decision analytic model. Treatment strategies included
open excision in the PR setting, open excision in the OR, arthroscopic excision in the OR,
and each of these surgical options following either 1 or 2 attempts at aspiration. Patients
enter the model having 1 of 5 treatments for DWGs. Each aspiration can succeed or fail

to resolve the DWG, which leads the patient to have another aspiration, open excision in

the OR/PR, or arthroscopic excision, depending on the treatment strategy. Each surgery

also can succeed or fail to resolve the DWG, with or without infection. If there is failure
after any surgical excision, revision reoperation is an open excision in the OR. Revision
reoperation is offered only once and can succeed or fail to resolve the DWG, with or without
infection. The model ends with resolution of the DWG, or after a single revision reoperation
regardless of success or failure. We assumed that no patient experienced continued infection
after irrigation and debridement. Further details of the model and its rationale are found in
Appendix A (available online on the Journal’s website at www.jhandsurg.org).

Input parameters: probabilities

The movement of hypothetical patients through the model was governed by probability
input parameters. The model uses weighted averages based on the number of cohorts

in each study for recurrence rate and complication rate data derived from available
literature (Table 1).17-46 A full description of the literature inclusion criteria is found in
Appendix B (available online on the Journal’s website at www.jhandsurg.org). Recurrence
and infection rates of each procedure are summarized in Table 1. Weighted averages and
standard deviations (SD) were calculated for the recurrence rates after procedure/surgery
and complications resulting in revision surgery. Given a lack of available data, we assumed
that the rate of recurrence after a revision procedure was the same as for the index excision
procedure.

Input parameters: costs

Direct and indirect costs were included in the study to provide the cost-minimization result
from a societal perspective. Direct costs related to ambulatory index surgical procedures and
for surgical procedures related to complications were calculated as the sum of Medicare
payments to the surgeon, anesthesia, and facility obtained through a query of respective
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current procedural terminology codes. Average 2016 Medicare standardized payments were
used for surgeon costs, and ambulatory facility and anesthesia costs were obtained from

the 2013 Florida State Ambulatory Surgery and Service Database as well as from the Value-
Driven Outcomes tool at the University of Utah.47:48 Please see Appendix C (available
online on the Journal’s website at www.jhandsurg.org) for further description of the Value-
Driven Outcomes tool.’

Indirect costs were estimated using the lost income because of the time spent receiving
medical care and the time out of work for recovery. We estimated a half day off work

for aspiration and reaspiration, 7 days off of work for each excision, another half day off

of work for an either preoperative or postoperative clinic visit, and 14 days off work for
irrigation and debridement based on expert opinion of 4 fellowship trained hand surgeons at
our institution. Days off work then were multiplied with average median earnings obtained
from the Bureau of Labor Statistics of full-time wage and salary workers for age 35-44
years old.#9 Total indirect costs for each treatment and infection were summarized in Table
2. All costs were adjusted to 2019 United States dollars using the personal consumption
expenditures price index for healthcare services.?0

Sensitivity analysis

RESULTS

Point estimates for each input parameter value were used in the base case analysis.

To determine model robustness, we performed 1-way sensitivity analyses to measure

and evaluate the uncertainly among key input parameters and those obtained via expert
opinion. The results from 1-way sensitivity analyses assessed the impact of the change

in a certain parameter on the results of the analysis. Key input parameters analyzed were
aspiration failure rate, open excision recurrence rate, days out of work after procedures, total
arthroscopic resection cost, total aspiration cost, and total costs for open excision in the OR
and PR. We also performed 1-way sensitivity analyses on direct cost and indirect cost inputs
separately and in a probability sensitivity analysis.

Literature reported recurrence rates

From the literature, the weighted average and standard deviation for recurrence is 53.9%
+ 2.1% after aspiration, 20.7% * 1.6% after open resection, and 9.5% =+ 0.4% following
arthroscopic resection (Table 1).17-46 The mean follow-up periods for the included studies
were 32.7 months for arthroscopy, 37.1 months for open resection, and 19.6 months for
aspiration.

Microsimulation results

Based on our microsimulation, we found that performing 2 attempts at aspiration before
undergoing any given surgical intervention was the most cost-minimal strategy with surgical
excision in the PR being the dominant strategy (Table 3). The combined direct and indirect
costs from this strategy were $1,603 + 1,595 per resolved case. The most expensive strategy
was immediate arthroscopic excision in the OR, with an average projected cost of $6,539

+ 264 (Table 3). Notably, although performing 2 aspirations before surgical excision is less
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costly than 1 aspiration before surgical excision, performing 1 aspiration before considering
surgery is less costly than performing surgery as the initial treatment.

One-way, threshold analyses, and probability sensitivity analysis

Our findings were robust in 1-way and threshold analyses. In the PR and OR, the failure rate
of aspiration would need to increase from 54% to 86% or 89%, respectively, for it to be less
expensive to proceed to surgical excision as the index procedure than 2 aspirations before a
surgical excision (Fig. 2). Similarly, even in the setting of the open excision recurrence rate
approaching 0% instead of 20.7%, 2 aspirations before surgical excision would still be the
dominant strategy.

One-way sensitivity analysis shows 2 aspirations followed by open excision in the PR
remained cost-effective unless the total cost of aspiration becomes twice, triple, or more
than quadruple, compared with open excision in PR, open excision in OR, or arthroscopic
excision in OR, respectively (Fig. 3). The results on the direct costs remained consistent.

The cost of arthroscopic excision would have to be lowered by 61% and 34% to become
equally cost-effective as primary open excision in the PR and OR, respectively. Results
from 1-way sensitivity analyses on direct cost of arthroscopic resection were consistent with
the results for total cost. One-way sensitivity analysis also showed that in the hypothetical
scenario with 0 days off work following arthroscopic resection, it still would be the most
expensive strategy ($5,021 + 1,955). One-way sensitivity analysis for days out of work
showed that the results are robust to this parameter. Specifically, the treatment strategy
involving 2 aspirations before excision in the PR remained the most cost-effective, and

the strategy involving initial treatment with arthroscopic excision remained the least cost-
effective, regardless of days out of work (Fig. 4).

Finally, 2 aspirations followed by open excision in the PR remains cost-effective as
compared with open excision in the OR regardless of the direct cost of open excision or
unless the total cost drops to less than one-fifth (approximately $800) of our estimate. Two
aspirations followed by open excision in the PR also remains cost-effective as compared
with arthroscopic excision in the OR regardless of the direct cost of arthroscopic excision
unless the total arthroscopic cost drops to less than one-fourth (approximately $1,500) of our
estimate.

The results from the probability sensitivity analysis are consistent with our baseline
microsimulation results.

DISCUSSION

The principle finding of this cost-minimization analysis is that, from a societal perspective,
the least expensive strategy for DWG resolution is to attempt 2 aspirations followed by
open excision of the DWG in the PR. Moreover, 2 attempts at aspiration outperformed a
single aspiration attempt as well as immediate surgical excision in each respective surgical
technique (open excision in the PR, open excision in the OR, and arthroscopic excision

in the OR; Table 3). It is important to emphasize that the total cost from each strategy
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is not just the cost of the single procedure, but in fact, a combination of direct and

indirect costs of each treatment strategy. These values represent the cost of the treatment
strategy including possible revision surgeries for recurrence, irrigation and debridement for
infections, lost wages related to recovery, and the expected preoperative and postoperative
clinic visits along the treatment course. The most expensive strategy according to our
microsimulation was immediate arthroscopic excision despite its lower recurrence rate
(9.5% = 0.4% arthroscopically, versus 20.7% + 1.6% for open excision and 53.9% + 2.1%
for aspiration).

As the healthcare market has evolved to increase its focus on medical spending and
payments, treatment strategies have evolved as well. With the popularization of wide-awake
local anesthesia with no tourniquet surgery and similar techniques, an increasing number of
hand and wrist soft tissue procedures are now being performed in a PR without formal aid
from an anesthesiologist13:19:51.52 Tg this effect, cost analyses recently have been used to
evaluate treatment strategies for pathologies, such as wrist arthritis, carpal tunnel syndrome,
and trigger finger.11:13.14.53-57 |nterestingly, the concept of 2 attempts at a nonoperative
treatment strategy (corti-costeroid injection) preoperatively also was seen to be the dominant
strategy in a recent trigger finger management cost-effective analysis.>’

Arthroscopy was the most expensive surgical strategy even in isolated scenarios of no

time off work or decreased cost by 34%. For immediate open surgical excision in the

PR to be less expensive than 2 attempts at aspiration before open excision, the failure

rate after ganglion aspiration would need to be greater than 86%, which is 1.6 times its
currently accepted rate of 53.9 + 2.1%. Similarly, if open excision is planned for the OR, the
aspiration recurrence rate would need to be >89% (or 1.65 times the currently accepted rate)
for immediate surgery to be less expensive. Rephrased, if the success rate after aspiration

is >11%, 2 aspiration attempts before surgical intervention is the dominant strategy. The
sensitivity analysis also shows that even in the setting of the open excision recurrence

rate being 5% instead of 20.7%, 2 aspirations before surgical excision still would be the
dominant strategy.

The rates of recurrence seen in this study are similar to that reported in the 2015 systematic
review and meta-analysis, with 6% recurrence for arthroscopic excision, 21% for open
excision, and 59% for aspiration.? The cost-based study by Pang et al'! expressed a similar
result, concluding that arthroscopic excision was significantly more expensive than open
excision in the OR at a cost per payer of $3,668 compared with $1,821. Though also a
cost-minimization analysis, its focus was primarily on the direct cost of the 2 procedures
under the supposition that there was nonsuperiority of arthroscopic resection over open
resection in terms of recurrence rates,53-57

There are several limitations to this study. The recurrence rates are based on weighted
averages from the literature, which does not necessarily account for certain variables;
therefore we are unable to factor in patient activity levels, handedness, or variations in
surgical skill. Moreover, these studies are subject to potential publication bias. Although
there is uncertainty, the robustness of our 1-way sensitivity analysis supports our results even
in extreme cases. As open excision is the most common procedure, the research impetus
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is placed upon evaluating alternatives to open excision, potentially favoring aspiration or
arthroscopic techniques. All variations of aspiration attempts were grouped together because
there have not been randomized controlled trials demonstrating superiority of aspiration plus
injection or with ultrasound over aspiration alone.17-21.23.24 The retrospective payment data
used for our calculations were collected from a single institution, which may potentially
affect the generalizability of the cost data. As arthroscopic ganglion excision is not
performed commonly at our institution, diagnostic wrist arthroscopy with or without
synovial biopsy (current procedural terminology 29840) was used. This was similar to

the method used by Pang et al'! in evaluating the payer cost of arthroscopic excision.
However, our 1-way sensitivity analysis showed that our findings were robust to direct costs
of surgeries and aspiration. For irrigation and debridement following ganglion excision,
wrist arthrotomy current procedural terminology was used. As a result, there may be more
variability in the cost data acquired from the associated codes, and this variability is likely
an underestimation of these costs, although this is a rare complication following DWG
excision. Some patients may attend physical or occupational therapy after DWG surgery

or wrist irrigation and debridement, and associated costs were not included in the model.
Despite recommendations for cost-minimization analysis studies to be performed from a
societal perspective, it is possible that other patient-related factors were not included in our
calculations,18 and costs from the perspective of the patient could be interpreted differently.
Lastly, our study results do not factor in patient preferences e these results may help guide
shared decision-making between the surgeon and patient that reviews chances of DWG
resolution, costs, time off work, and convalescence.

Despite its limitations, this study has several key strengths. Owing to the inclusion of

3 different surgical options and effectively 9 different treatment strategies (Fig. 1), these
results can be applied to any surgeon based on their preferences or facilities’ capabilities in
regard to arthroscopic and PR cases. Moreover, because of the relatively simple treatment
techniques advocated in this study (e.g., aspiration, open excision) there is less of a barrier
for surgeons to change their current treatment strategy based on the results of the study.
Lastly, the sensitivity analysis highlights the robustness of our results between different
treatment strategies.

In conclusion, performing 2 aspirations before surgical excision in the PR setting was

the most cost-minimal treatment strategy in our study for DWG treatment. In reference

to surgeons who do not use the PR setting, open excision in the OR was nearly as cost-
effective. Realizing that patient preferences may preclude routinely performing 2 aspirations,
we advocate for performing at least 1 aspiration before surgical excision because this will
improve the cost-effectiveness of DWG treatment.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1:
Decision analytic model of DWGs.
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FIGURE 2:
Results from 1-way sensitivity analysis on the recurrence rate of aspiration.
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FIGURE 3:
Results from 1-way sensitivity analysis on the total cost of aspiration.
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Total Costs of Each Treatment Strategy

TABLE 3.

Mean Cost (2019 dollars) SD

1) Two aspirations followed by (when needed)

Open excision in PR $1,603 $1,595

Open excision in OR $1,969 $2,165

Arthroscopic excision in OR $2,648 $3,226
2) Single aspiration followed by (when needed)

Open excision in PR $2,159 $1,614

Open excision in OR $2,841 $2,242

Avrthroscopic excision in OR $4,102 $3,409
3) Open excision in PR $2,918 $306
4) Open excision in OR $4,188 $306
5) Arthroscopic excision in OR $6,539 $264
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