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EDITOR’S CHOICE
Cost of Immediate Surgery Versus

Non-operative Treatment for Trigger

Finger in Diabetic Patients
Gaurav Aman Luther, MD,* Praveen Murthy, MD,* Philip E. Blazar, MD*
Purpose As health care costs continue to rise, providers must increasingly identify and imple-
ment cost-effective practice measures without sacrificing quality of care. Corticosteroid in-
jections are an established treatment for trigger finger; however, numerous clinical trials have
documented the limited efficacy of these injections in the diabetic population. Furthermore, the
most cost-effective treatment strategy for diabetic trigger finger has not been determined. The
purpose of this study was to perform a decision analysis to identify the least costly strategy for
effective treatment of diabetic trigger finger using existing evidence in the literature.

Methods Four treatment strategies for diabetic trigger finger were identified: (1) 1 steroid
injection followed by surgical release, (2) 2 steroid injections followed by surgical release, (3)
immediate surgical release in the operating room, and (4) immediate surgical release in the
clinic. A literature review was conducted to determine success rates of the different treatment
strategies. Costing analysis was performed using our institutional reimbursement from
Medicare. One-way sensitivity and threshold analysis was utilized to determine the least
costly treatment strategy.

Results The least costly treatment strategy was immediate surgical release in the clinic. In pa-
tients with insulin-dependent diabetes mellitus, this strategy results in a 32% and a 39% cost
reduction when compared with treatment with 1 or 2 corticosteroid injections, respectively. For
1 or 2 corticosteroid injections to be the most cost-effective strategy, injection failure rates
would need to be less than 36% and 34%, respectively. The overall cost of care for immediate
surgical release in the clinic was $642.

Conclusions Diabetic trigger finger is a common problem faced by hand surgeons, with a variety
of acceptable treatment algorithms. Management of diabetic trigger finger with immediate
surgical release in the clinic is the most cost-effective treatment strategy, assuming a cortico-
steroid injection failure rate of at least 34%. (J Hand Surg Am. 2016;41(11):1056e1063.
Copyright � 2016 by the American Society for Surgery of the Hand. All rights reserved.)
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I N THE RAPIDLY EVOLVING U.S. HEALTH CARE landscape,
providers have been asked to bear greater re-
sponsibility to provide quality care at lower costs.

Despite decades of reform, rising health costs burden
the economy and often compromise treatment of
patients. Currently, U.S. health care costs exceed
17% of the gross domestic product and continue to
rise at a rate that outpaces inflation.1e4 Furthermore,
physician practice variability is often cited as a driver
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of increasing health care costs without measurable
differences in clinical outcomes.5 In this climate of
change, it is imperative that physicians identify and
implement cost-effective practice measures without
sacrificing quality of care.

Stenosing tenosynovitis remains one of the most
common pathologies treated in the hand surgeon’s
office, affecting up to 3% of the general population.6

Current treatment utilizes corticosteroid injections
into the affected flexor tendon sheath,7e11 with
published success rates in up to 80% of patients.9,10,12

However, several studies have shown that these
success rates are lower in the diabetic patient pop-
ulation.6,13e15 One case-control study showed that
corticosteroid injections for trigger finger were
significantly less effective in diabetic patients than in
nondiabetic patients (49% and 76%, respectively).15

Other retrospective reviews have shown success
rates as low as 50% after multiple corticosteroid in-
jections in diabetic patients.13 Furthermore, a pro-
spective, randomized control trial demonstrated that
corticosteroid injections for diabetic trigger fingers
did not decrease the rate of surgery or improve
symptom relief when compared with placebo.6 Taken
together, these studies suggest the limited efficacy of
corticosteroid injections in the diabetic population.

A recent study by Kerrigan et al16 found that 2
steroid injections followed by surgery was the least
costly treatment strategy for all patients with trigger
finger. However, no studies have evaluated the most
cost-effective treatment strategy in the diabetic patient
cohort. The purpose of this study was to determine the
most cost-effective strategy for treatment of trigger
finger in diabetic patients from a payer perspective.We
analyzed 4 possible treatment strategies—1 cortico-
steroid injection followed by surgery, 2 injections
followed by surgery, A1 pulley release in the operating
room, or A1 pulley release in an office setting—to
determine the most cost-effective algorithm. We
assumed that complication rates among office- and
operating roomebased trigger finger release were
similar. Under this assumption, we hypothesized that
earlier surgical release, especially when done in the
clinic setting, would be the most cost-effective solu-
tion for the diabetic cohort.
MATERIALS AND METHODS
Literature review

A systematic review was performed of PubMed and
the Cochrane Database for literature published up
to July 2015. The following key words were used in
the searches: (trigger finger) OR (trigger digit) OR
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(stenosing tenosynovitis) AND (injection) OR (dia-
betes). A total of 274 studies were identified.

All noneEnglish language studies were excluded
(16 studies). All reviews, case studies, response
letters, and conference proceedings were excluded
(236 studies). Retrospective and prospective studies
commenting on success of corticosteroid injection in
treating trigger finger in adult patients were initially
included, regardless of study design or method
of injection (22 studies). Studies that did not directly
specify the outcome of injection in patients with
diabetes mellitus were then excluded (17 studies).

All 3 authors independently selected trials for in-
clusion, based on content of the title, abstract, and full
text as applicable. Consensus was obtained via dis-
cussion in cases of disagreement. With use of our
search strategy, 5 titles were identified. Three studies
were retrospective chart reviews, 1 of which included
only patients with diabetes.13,17,18 Two were pro-
spective studies, including 1 prospective cohort
study19 and 1 randomized controlled trial.20 All au-
thors adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines.21

Studies with level I through level IV evidence were
included.

Full-text articles were then individually analyzed.
Extracted data included study characteristics (study
design and interventions) and patient demographics
(number of patients, number of trigger digits, per-
centage with diabetes mellitus, subsets with
noneinsulin-dependent diabetes mellitus [NIDDM]
and with insulin-dependent diabetes mellitus [IDDM],
if available). Outcomes included rate of treatment
failure or success (defined as recurrence of triggering),
rates ofminor andmajor complications and duration of
follow-up. Each outcome measure was qualitatively
assessed for homogeneity. Given the small number of
studies, no statistical analysis of heterogeneity was
performed for data that appeared heterogeneous. For
each homogeneous outcome measure, a random-
effects model was performed to pool results while
accounting for the number of subjects in individual
studies.
Treatment algorithm

A decision analysis was conducted to compare the 4
treatment strategies for management of diabetic
trigger finger. A decision tree was conducted for each
treatment strategy, as shown in Figure 1. We defined
“success” as any patient not needing any additional
treatment. We defined “failure” as a recurrence of
symptoms needing any additional interventions. The
. 41, November 2016



FIGURE 1: Decision tree analysis. Four treatment arms are depicted with all potential outcomes for diabetic patients presenting with
trigger finger. The outcomes within each treatment arm are either success or failure of treatment. The probability of success is calculated
from the published literature, and the probability of failure is 1 minus the probability of success. For patients undergoing surgical
release, an additional treatment node was created to account for any failures from the initial surgery. Success was defined by complete
resolution of symptoms, not requiring any additional treatment. OR, operating room.
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duration of follow-up for all included studies ranged
from 12 to 96 months.

The treatment strategies were (1) 1 steroid injection
followed by surgical release for failures (steroid option
A), (2) 1 steroid injection followed by a second in-
jection for failures, followed by surgical release if
needed (steroid option B), (3) initial surgical release in
the operating room (surgery operating room), or (4)
initial surgical release in the clinic (surgery clinic). For
patients requiring surgical release after failing corti-
costeroid injection treatment, we assumed surgery was
scheduled via a phone call, rather than necessitating an
additional clinic visit. The surgeries were modeled as
being performed under local anesthesia only in the
operating room or in the clinic, as is our standard
practice. For all patients receiving surgical treatment,
an additional surgical node was created to account for
any failures from the initial surgery. Based on histor-
ical data, the probability of requiring revision surgery
was estimated as 1%.22e25

Probability estimates

The probably of success and failure for corticosteroid
injections was obtained from a review of the published
literature. For this study, 5 articles were utilized to
calculate the probability of treatment success. Rates of
successful treatment of IDDM and NIDDM were
extracted from each study (Table 1). The failure rate
was defined as 1esuccess rate. Because no literature
specifically documented the success rates of a second
corticosteroid injection in diabetic patients, we defined
J Hand Surg Am. r Vol
the success rate of the second injection as identical to
the published success rates of the first injection. The
success rate of surgery was defined as 99%, with a
revision surgical rate of 1% based on prior literature.22

Rates of minor complications (those not requiring
revision surgery), such as stiffness, wound erythema
and pain, were estimated based on published data and
ranged between 5% and 28%.22e25

Costs

Cost estimation in medical care is often quite complex
and difficult to determine. One must determine
whether the cost perspective is from that of providers,
society, patients, or payers. Given the relative paucity
of data evaluating indirect costs (lost productivity) and
intangible costs (quality of life, pain) for patients with
trigger finger, we chose to use the payer perspective.
We applied our institution’s reimbursements from
Medicare to determine the cost of care for each treat-
ment strategy. Relative value units (RVUs) were ob-
tained from the Centers for Medicare Web site (www.
cms.gov) using the respective current procedural ter-
minology codes. We utilized current procedural ter-
minology codes 99203 (Level 3 Initial Visit), 20550
(Injection of Tendon Sheath), 26055 (Incision Tendon
Sheath), and 99213 (Level 3 Return Visit). Using the
2013 conversion factor at 34.02, RVU cost was
calculated using the formula [(wRVU � wGPCI) þ
(pRVU � pGPCI) þ (mRVU � mGPCI)] � [Con-
version Factor], where “w” is work, “m” is malprac-
tice, and “GCPI” is the geographic practice cost index.
. 41, November 2016
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TABLE 1. Published Recurrence Rates for Corticosteroid Injections in Diabetic Trigger Finger

Author Number of Digits Intervention Recurrence Rate (%)
Duration of

Follow-Up (mo)

Griggs et al13 Total: 121 Betamethasone Total: 50 36

IDDM: 93 IDDM: 56

NIDDM: 28 NIDDM: 29

Nimigan et al17 Total: 26 Betamethasone Total: 78 21

IDDM: 5 IDDM: 100

NIDDM: 21 NIDDM: 71

Wang & Hutchinson20 Total: 16 Methylprednisolone Total: 44 58

IDDM: 4 IDDM: 50

NIDDM: 12 NIDDM: 42

Rozental et al19 Total: 26 Triamcinolone Total: NA 12

IDDM: 6 IDDM: 100

NIDDM: 20 NIDDM: NA

Wojahn et al18 Total: 14 Dexamethasone Total: 43 96

IDDM: 8 IDDM: 50

NIDDM: 6 NIDDM: 33

Aggregate Total: 203 Total: 46 37

IDDM: 116 IDDM: 60

NIDDM: 87 NIDDM: 45

SURGERY FOR DIABETIC TRIGGER FINGER 1059
The practice expense RVU (pRVU) was adjusted ac-
cording to the location of A1 pulley release (facility or
nonfacility). Office-based procedures cost an addi-
tional $300 in the form of increased pRVU. Utilizing
these RVU cost estimates, the total cost of care was
calculated for each of the 4 treatment pathways.

One-way sensitivity/threshold analysis

Upon identifying the least costly treatment strategy,
we utilized 1-way sensitivity and threshold analysis
to determine the point at which one treatment strategy
became more effective than the others. While holding
all other variables constant, the failure rate for corti-
costeroid injections was varied. A graphical repre-
sentation of the cost for steroid option A and steroid
option B, based on the variable failure rate, was
created. The intersection of the lines on the graph
indicates the point at which one treatment strategy
becomes more effective than the second.

RESULTS
The 4 possible treatment algorithms are shown in
Figure 1. The recurrence rates for corticosteroid in-
jections are listed in Table 1. Overall, the recurrence
rate for all diabetic trigger fingers treated with in-
jections ranged from 43% to 78%. As expected, the
failure rates for IDDM were higher than for NIDDM
J Hand Surg Am. r Vol
patients, ranging from 50% to 100%. After aggre-
gating the data, the mean failure rate for all diabetic
patients was 46%. Themean failure rate for IDDMwas
60%, and the failure rate for NIDDM was 45%. The
length of follow-up ranged from 12 to 96 months.

As shown in Figure 2, 1-way sensitivity analysis of
the corticosteroid injection failure rate was performed.
Using failure rates ranging from 20% to 100%, the cost
of care was determined for patients in steroid option A
(1 corticosteroid injection followed by surgery; Fig. 2A)
and steroid option B (2 corticosteroid injections fol-
lowed by surgery; Fig. 2B). Utilizing the mean injection
failure rates (60% for IDDM and 45% for NIDDM), the
most cost-effective treatment for all patients was im-
mediate surgical release in the clinic. Steroid option A is
the most cost-effective treatment for injection failure
rates lower than 36%, and surgical release in the clinic is
most cost effective for injection failure rates greater than
36%. Steroid option B is the most cost-effective treat-
ment if injection failure rates are less than 34% for both
injections. For injection failure rates greater than 34%,
surgical release in the clinic is more cost effective than
steroid option B. In order for immediate surgical release
in the operating room to be the most cost-effective
treatment, the failure rate of injections would have to
be 82% for patients in steroid option A and 72%
(for both injections) for steroid option B.
. 41, November 2016



FIGURE 2: One-way sensitivity analysis on recurrence rates associated with A 1 or B 2 corticosteroid injections. The recurrence rates
following 1 or 2 corticosteroid injections were varied while all other variables were held constant. The vertical lines represent the mean
recurrence rates for patients with IDDM and NIDDM, based on published literature. The horizontal dashed lines represent the cost of
immediate surgical release in the operating room (OR) or clinic. As the recurrence rate following corticosteroid injection increases, the
expected cost of steroid options A and B increases. Utilizing this range of recurrence rates, one can calculate the threshold at which
immediate surgical release in the OR or clinic becomes more cost effective. As shown in A, it would be more cost effective to perform
immediate surgical release in the clinic or the OR for a recurrence rate greater than 36% or 82%, respectively, for steroid option A. B For
steroid option B, it would be more cost effective to perform immediate surgical release in clinic or the OR for recurrence rates of 35% or
72%, respectively. TF, trigger finger.

1060 SURGERY FOR DIABETIC TRIGGER FINGER
Table 2 shows the overall cost of care for each
treatment algorithm. Utilizing the mean injection
failure rates of 46% for all patients, 60% for IDDM
and 45% for NIDDM, the cost of care was calculated
based on Medicare RVU reimbursement. We found
J Hand Surg Am. r Vol
that for all treatment strategies, immediate trigger
finger release in the clinic was the most cost-effective
treatment for diabetic patients. This was especially
true in patients with IDDM, in whom surgical release
in the clinic resulted in a 32% reduction in cost
. 41, November 2016



TABLE 2. Cost Comparison of Injection Versus Surgery

Patient Category
Steroid Option A

(1 Injection)
Steroid Option B
(2 Injections)

Initial Release
in Clinic

Initial Release in
Operating Room

All patients $765.49 $847.37 $642.00 $1,203.00

IDDM $940.63 $1,047.43

NIDDM $752.98 $833.08
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compared with patients in steroid option A and a 39%
reduction in cost compared with patients in steroid
option B.

Taken together, one can argue that the assumptions
of this decision model favor immediate surgical
release because of an underestimation of minor
complications requiring additional clinic visits and
major complications requiring additional operating
room treatment. To address this, a separate costing
analysis was conducted assuming a surgical revision
rate of 3% and minor complication rate of 30%
requiring 2 additional clinic visits. We utilized these
numbers to model the highest possible complication
rate that has been published. Under these criteria, the
overall cost of immediate surgical release in clinic or
the operating room would be $750 and $1,344,
respectively, showing that immediate surgical release
in the clinic is still the most cost-effective option.
DISCUSSION
Trigger finger is one of the most common entities
encountered by hand surgeons in practice. Although
corticosteroid injections remain a cornerstone of
treatment, numerous studies have documented lesser
success rates of these injections in the diabetic
patients.13,17e20 However, there is no uniform treat-
ment algorithm that has been adopted among hand
surgeons for the treatment of diabetic trigger finger.
Given the lack of adequate evidence, there exists
significant variation regarding the number of in-
jections, time to surgery, and location of surgery
(clinic or operating room) when treating this cohort of
patients. The purpose of this study was to utilize
published literature to determine the least costly
treatment strategy for management of diabetic trigger
finger. In our study, we found that immediate surgical
release in the clinic was the least costly strategy when
injection failure rates are higher than 36% and 34%
for 1 or 2 corticosteroid injections, respectively.

Two prior studies have evaluated the cost of sur-
gical release and corticosteroid injections for trigger
finger. Both studies evaluated all patients presenting
to the clinic, with no specific analysis of the diabetic
J Hand Surg Am. r Vol
cohort. Benson and Patszek26 retrospectively
reviewed 109 trigger fingers and concluded that 1
corticosteroid injection followed by surgical release
may be the best treatment strategy. Kerrigan and
Stanwix16 performed a decision analysis on all pa-
tients with trigger finger and concluded that 2 corti-
costeroid injections followed by surgical release was
the most cost-effective treatment. Given the higher
likelihood of failure for corticosteroid injections in
the diabetic cohort, it is not surprising that our study
actually favors immediate surgical release in the
clinic as the most cost-effective treatment for diabetic
trigger finger.

Surgical release of trigger finger in the clinic has
been well described, although most published studies
highlight the outcomes of percutaneous trigger
release.27e32 Furthermore, the location of the surgical
procedure (clinic, ambulatory treatment room, or
operating room) appears to have little impact on sur-
gical outcomes or complication rates. In our own
practice, patients are treated both in the operating room
and in the clinic, and we have found no increased
complication rates for those patients treated in the
clinic setting. This also avoids additional costs and
resource utilization that is associated with operating
room procedures. Furthermore, Medicare reimburse-
ment provides physicians approximately $300 addi-
tional compensation for a clinic-based trigger finger
release (in the form of increased pRVU), largely to
cover the additional materials required to perform a
surgical procedure in the office setting.

As demonstrated in Figure 2, we utilized 1-way
sensitivity analysis to test a range of failure rates, and
associated costs, for corticosteroid injections. Some
may believe that, in their own institution, the recur-
rence and complication rates for corticosteroid in-
jections differ from the published literature we
utilized. By considering the range of possible recur-
rence rates, it is possible to identify the threshold
value at which one treatment becomes more cost
effective than another. For injection failure rates less
than 36%, treatment with 1 corticosteroid injection
followed by surgery is the least costly strategy (ste-
roid option A). For injection failure rates less than
. 41, November 2016
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34%, treatment with 2 corticosteroid injections fol-
lowed by surgery is the least costly strategy (steroid
option B). Immediate surgical release in the clinic is
the least costly strategy only when injection failure
rates are higher than these threshold values. Imme-
diate surgical release in the operating room would
only be more cost effective than steroid option A or
steroid option B for injection failures rates greater
than 82% and 72%, respectively. Utilizing these
threshold values, one can determine the most cost-
effective strategy for management of diabetic
trigger finger in practice.

In our analysis of patients undergoing 2 cortico-
steroid injections followed by surgery, we could not
find any published data on recurrence rates of a
second steroid injection for diabetic patients. There-
fore, we assumed that the recurrence rate of the
second injection was the same as the first, which
possibly overestimates the likelihood of successful
treatment with 2 injections. Previous literature
analyzing the success rates of 2 corticosteroid in-
jections have shown significantly decreased efficacy
of the second injection,8,9,33 with recurrence rates as
high as 81%.33 In a separate analysis, we identified 5
studies with published recurrence rates for a second
steroid injection for all patients with trigger fin-
ger.7e9,26,33 After aggregating the data from these
studies, we identified a mean failure rate of 74% for
the second corticosteroid injection. If one assumes
this failure rate for diabetic patients receiving 2
corticosteroid injections, the overall cost of care for
steroid option B would be approximately $1,220. In
this scenario, all other treatment options would be
considered more cost effective than 2 corticosteroid
injections. Therefore, we believe that, from a stand-
point of cost efficacy, diabetic patients, especially
those with IDDM, should receive a maximum of 1
corticosteroid injection.

It should be noted that, in this decision model, we
utilized a surgical success rate of 99% for A1 pulley
release in the clinic and operating room. Success was
defined as no need for any further surgical interven-
tion. In the largest series examining complications of
open trigger finger release, Bruijnzeel et al22 docu-
mented a 0.5% incidence of revision surgery for all
patients. Smaller retrospective studies have docu-
mented a slightly higher incidence of revision sur-
gery, between 1% and 2%.23e25 Aggregating these
data, we assumed a surgical success rate of 99%, with
1% of patients requiring return to the operating room
for any reason. The incidence of minor complications
(wound erythema, stiffness, and scar tenderness not
requiring return to the operating room) has been
J Hand Surg Am. r Vol
documented at between 5% and 28% for patients
undergoing A1 pulley release22e25 and is even higher
in the diabetic patient cohort.22 It should be noted that
our primary decision analysis did not include the
potential costs associated with these minor compli-
cations or complications from the corticosteroid in-
jection (steroid flares, subcutaneous atrophy, skin
depigmentation, pain). To address this, a separate
analysis was conducted utilizing the highest pub-
lished complication rates (3% revision surgery, 30%
minor complication rate) for A1 pulley release. Under
these assumptions, immediate surgical release in the
clinic was still the most cost-effective option, with an
estimated cost of $750.

In this study, we chose to use Medicare RVU-based
reimbursement as the measure for cost of care. This
strategy is limited in that it does not take into account
other associated indirect or intangible costs. Currently,
there are no accepted models for estimating quality-
adjusted life years (QALYs) following corticosteroid
injections or A1 pulley release. Given the lack of
available evidence, the decision analysis was limited
only to direct costs as approximated by Medicare
reimbursement rates. This may bias the results toward
surgery if the indirect costs of A1 pulley release are
significant. Furthermore, given the lack of available
data for estimating QALYs, we assumed that the gain
in QALYs were similar for each treatment arm. With
this assumption, the incremental cost-effectiveness
ratio for each treatment could not be calculated. It
also does not account for the significant variation in
reimbursement based on payer and, therefore, un-
derestimates the cost savings with reimbursements that
are, on average, significantly higher than Medicare.
Furthermore, although other costing methodologies
such as hospital billing reimbursement and activity-
based costing have been described, we believe the
RVU-based cost analysis is currently the most gener-
alizable to a hand surgeon’s practice.

There are several limitations in our study. The
decision analysis is based on a retrospective review of
published data on diabetic trigger finger. This strat-
egy is limited by the few published studies evaluating
recurrence rates for corticosteroid injections in dia-
betic patients and by the limited number of level I and
level II studies available for inclusion, lending itself
to publication bias. Two of the 5 studies did not
include reporting of a power analysis, thereby raising
the possibility that some of the included studies were
underpowered, introducing a detection bias.13,17

Another limitation is the heterogeneity of the studies
with regards to type of injection (betamethasone,
methylprednisolone, triamcinolone, dexamethasone).
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This limited our ability to pool the studies in a way
that allowed us to analyze predictors of outcome.
Because the duration of follow-up was different in
each of the included studies, the mean injection fail-
ure recurrence rates could be affected by lead-time
bias, in which IDDM only hastens trigger finger
recurrence, rather than increasing the true incidence
of recurrence.

The costing analysis is limited because it did not
evaluate indirect costs (lost productivity) or intan-
gible costs (quality of life, pain). Furthermore, owing
to the lack of available literature on trigger finger
cost, our costing analysis was based only on the
payers’ perspective. Because this study only analyzes
the most effective treatment from a cost standpoint, it
should only serve as an adjuvant to clinical decision
making. Patient preferences may dictate immediate
surgery for those who desire immediate definitive
treatment or have aversion to injections. Conversely,
the potential risk of surgical complications may
persuade patients and physicians to pursue nonop-
erative options. Furthermore, physicians may choose
to pursue a greater number of injections if their
success rates are higher than those in published
literature.

We believe this study helps synthesize the current
evidence to determine the most cost-effective treat-
ment strategy for diabetic trigger finger. By utilizing
these data as an adjunct to patient- and physician-
dependent factors, a more informed decision for
management of diabetic trigger finger can be made.
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