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Background: Trigger finger release (TFR) is a common surgical procedure, rep-
resenting a financial burden to the healthcare system. Our null hypothesis is that
the choice surgical setting [operating room (OR) versus procedure room (PR)]
and anesthetic type [local-only or monitored anesthesia care (MAC) ] do not affect
surgical encounter costs for TFR.

Methods: Adult patients undergoing isolated unilateral TFR between May 2014 and
December 2017 by 5 fellowship-trained hand surgeons at a single academic medical
center were identified by Current Procedural Terminology (CPT) code (26055).
We excluded patients undergoing revision surgery, tenosynovectomy, or additional
procedures. Using our institution’s information technology value tools, we calcu-
lated total direct costs for each surgical encounter, which were compared between
groups. Univariate and multivariable gamma regression were used to model costs.
Results: Of 210 included patients, 54% (113/210) of cases were performed in the
PR and 46% (97/210) in the OR. No significant differences in demographics were
observed between PR and OR groups. Compared to local-only in the PR, the OR with
local-only, and OR with MAC, demonstrated 2.2- and 3.2-fold greater median costs.
Multivariable models suggested that use of the OR independently led to 221% [95%
Confidence interval: 137%-345%; P< 0.01] greater mean costs than the PR, and use
of MAC was associated with 30% (95% confidence interval: 13%-49%; P< 0.01) great-
er mean costs for OR cases than local-only, while controlling for other confounders.
Conclusion: Performing TFR in the PR setting under local-only anesthesia minimizes
surgical encounter direct costs for this common procedure. (Plast Reconstr Surg Glob
Open 2019;7:¢2231; doi: 10.1097/GOX.0000000000002231; Published online 3 May 2019.)

INTRODUCTION
The value of health care delivered in the United States
has received increased attention in the past decade, in
part due to policy changes that have included value-based

payment models."? Trigger finger, or stenosing tenosynovi-
tis, is one of the most common clinical entities involving the
hand, affecting as much as 3% of the general population and
17% of diabetics.>® Therefore, treatment costs attributed to
this condition represent a burden to the healthcare system.
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Although it is clear that surgeons have several options
to consider when performing trigger finger release (TFR)
surgery for appropriately indicated patients, including
choice of surgical setting and anesthetic type, the associ-
ated cost implications are less clear but may be substantial.
With regard to anesthetic type, performing TFR under lo-
cal anesthetic without sedation has been shown to be ef-
fective,”'” while other anesthetic methods including Bier
block, monitored anesthesia care (MAC), regional block,
or general anesthesia are also well-established options.

Performing TFR under local-only anesthesia admin-
istered by the surgeon in a procedure room (PR) may
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provide an opportunity to reduce costs by eliminating
the need for an anesthesia team, by reducing need for
routine preoperative medical testing,'"" and allowing for
“wide-awake local anesthesia no tourniquet” (WALANT)
surgery in ambulatory- or clinic-based PRs. WALANT has
been utilized successfully for TFR,'** yielding significant
cost-reductions in the context of the US Military Health-
care System'? and in Canada.' It remains unclear whether
these results are generalizable to the majority of the US
population covered by commercial and nonmilitary gov-
ernment payers.

Given that surgical setting and anesthetic type have
cost implications without proven impact on overall patient
outcomes in the current literature, costs should be consid-
ered in the surgical treatment of trigger finger. Our insti-
tution has developed a “Value Driven Outcomes” (VDO)
database containing detailed patient- and item-level total
direct cost and payment data for a variety of healthcare
services. This has successfully identified areas of high vari-
ability in cost,’*'® leading to improved value of care deliv-
ered.! In the current study, the VDO tool was utilized to
test our null hypothesis that choice surgical setting and
anesthetic type do not affect total direct costs related to
TFR surgery.

METHODS

This IRB-approved retrospective cost analysis study in-
cluded all adult (=18 years of age) consecutive patients
undergoing isolated unilateral trigger digit release be-
tween May 2014 and December 2017 by fellowship-trained
hand surgeons at a single tertiary academic institution.
Trigger finger and thumb releases were included. Patients
were identified by CPT code (26005), and correspond-
ing basic demographic and surgical data were tabulated.
Manual chart review of all operative, anesthesia, and clinic
notes was performed to record the surgical setting and an-
esthesia type. Patients undergoing additional simultane-
ous procedures including other surgeries, injections, or
bilateral and/or multidigit trigger releases were excluded.
Also excluded were patients undergoing revision TFR,
tenosynovectomy, flexor digitorum superficialis slip exci-
sion, or those undergoing surgery before July 2014 (corre-
sponding with initiation of WALANT hand surgery at our
institution). The decision to perform TFR in PR versus
operating room (OR) was based upon patient preference
using a shared decision-making model.

WALANT Protocol

Patients were not required to undergo preoperative
medical or anesthesia evaluation regardless of their co-
morbidities. Al WALANT surgeries were performed in a
PR setting, adjacent to the ambulatory surgery center ORs.
Patients were brought directly from the surgical waiting
room into the PR and placed supine on an OR table with
an adjacent mobile hand table, where local anesthesia was
administered to the operative site in standard sterile fash-
ion using a formulation of 4.5cm? of 1% lidocaine and
4.5cm® of 0.5% bupivacaine with 1:100,000 epinephrine
buffered with 1 cm? of 8.4% sodium bicarbonate (10:1 ra-
tio).? An injection of approximately 5 cm® was done before
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the subsequent formal preparation and draping of the
surgical site to allow time for the epinephrine to fully act
as a vasoconstrictor. Phentolamine was available for use if
critical digital ischemia occurred."

Patients were not asked to disrobe, and the arm was
exposed and sterilized to the level of the elbow. All home
medications including anticoagulation agents were not
held before nor discontinued after the procedure, and
patients were not required to fast before the procedure.
No cardiovascular monitoring was used, nor was an intra-
venous (IV) line placed. Staffing of the PR included an
attending hand surgeon, medical assistant to assist with
achieving field sterility, hand surgery fellow or resident,
and a nurse assigned specifically to the PR setting. A ster-
ile nonpneumatic tourniquet was available for use if re-
quested by the attending surgeon. After the procedure,
patients received postoperative care instructions and were
discharged directly to home or selfcare.

Operating Room Protocol

Patients receiving surgery in the OR, by comparison,
were required to fast for at least 8 hours before the proce-
dure, disrobed and placed into a surgical gown, had an IV
placed, and underwent routine evaluation by an anesthe-
siologist in the preprocedural setting before being taken
back by gurney to the OR. Choice of anesthesia performed
in the OR was based on surgeon’s and anesthesiologist’s
preference and included local-only anesthesia using a 1:1
mix of plain lidocaine (1%) and bupivacaine (0.5%), or
MAC supplemented with the same local anesthetic mix.
A forearm tourniquet was used to minimize intraopera-
tive bleeding. In accord with hospital policy, intraopera-
tive cardiovascular monitoring was routinely supervised
by an attending anesthesiologist. After the surgery, the
patients were taken by gurney to the postanesthesia care
unit where further cardiovascular monitoring and nursing
services were utilized, and then they were discharged to
the care of a companion after receiving postoperative care
instructions.

Total direct cost data were extracted from the VDO da-
tabase for each individual surgical encounter. The VDO
information technology tool draws prospectively collected
payment data and patient- and item-level total direct cost
data from our institution’s data warehouse for specific
patient encounters. VDO costing methods have been pre-
viously described, yielding total direct costs for materials
used for patient care, facility utilization direct costs (in-
cluding sterile processing costs), and time-based cost al-
locations including procedure/operative time and cost of
staff involved in care (nursing, surgical technicians, and
medical assistants)."!>1% As the outcome measure was total
direct costs, rather than payments, reimbursement for the
surgeon, anesthesiologist, and facility were not included
— however, time-allocated costs for the surgeon, anesthe-
siologist, and facility use were captured by the database.
Further description of all cost categories captured by the
VDO tool are provided in SDC 1 (see appendix, Supple-
mental Digital Content 1 which displays breakdown of Val-
ue-Driven Outcomes database categories for total direct
costs, INSERT LINK HERE).
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Regardless of the surgery setting and anesthesia type,
transverse or longitudinal incisions were used depending
on surgeon preference for trigger finger releases, and
transverse incisions along with the metacarpophalan-
geal joint flexion crease were universally used for trigger
thumb releases. Through the resulting incision, which was
approximately 1.25cm in length, the Al pulley was sec-
tioned sharply or using tenotomy scissors. Wounds were
irrigated and closed with 5-0 nylon horizontal mattress su-
tures, and a bulky soft dressing was placed.

Cost data were normalized using each individual’s cost
divided by the median cost in the PR group, to comply
with institutional guidelines prohibiting the public report-
ing of any financial data related to the details of confiden-
tially disclosed contractual agreements. At our institution,
both PR and OR are located within an ambulatory surgery
center, and the PR is considered a place of service 22 (a
PR within a hospital). Both PR and OR incur a facility cost.

Patient age was summarized as mean + SD and categori-
cal variables were summarized as count and percentage (%).
Patient characteristics were compared between PR and OR
using a Student’s ¢ test for age, and a Fisher’s exact or chi-
squared test for categorical demographic variables. Compari-
sons in insurance type were not performed, as this variable
would affect payments but not the study outcome (total di-
rect costs). We were interested in comparing costs among
the following groups defined by a combination of operation
location (OR or PR) and anesthesia type used for this surgery
at our institution (local or MAC). As such, the 3 groups iden-
tified included PR/Local-Only, OR/Local-Only, and OR/
MAC. Relative group costs were calculated relative to the low-
est group (PR/Local-Only) by dividing each distinct group

Table 1. Patient Baseline Characteristics and Surgical Details

median by the lowest group median. Total direct costs were
compared across groups using Kruskal-Wallis tests, followed
by Nemenyi post hoc tests to conduct pair-wise tests among
the groups adjusted for multiple comparisons.?* Univariate
and multivariable gamma regression models with a log link
were performed to identify factors associated with surgical
direct costs, where the factors considered included age, an-
esthesia time, digit involved, marital status, provider, race,
sex, surgery setting, and surgery time. Because surgical time
and MAC anesthesia were specific to OR cases, an additional
multivariable analysis was performed within the OR cohort
to determine the effect of these variables. Statistical signifi-
cance was assessed at the 0.05 level, and all tests were 2-tailed.
An a priori power analysis was performed. We based our
sample size calculations on a medium effect size of 0.40 in
SD units. We expected a 1:1 ratio of PR versus OR cases for
TFR based on prior experience. With a 2-sided, 2-sample ¢
test, we needed a total sample size of 200 (100 PR and 100
OR) to detect a medium effect size of 0.40 for cost between
PR and OR groups with 80% power at a 0.05 alpha level.

RESULTS

Patient baseline characteristics and surgical details
are summarized in Table 1 for the 210 included patients.
Mean age was 60.1+11.0 years, and 60% were female.
There were no significant differences in baseline patient
characteristics between PR and OR groups. The break-
down of TFR surgeries by surgical setting and anesthesia
type is illustrated in Table 2 with associated sample sizesa
total of 3 unique groups were identified.

Total direct costs differed significantly between each
TFR release group (P< 0.05; Figure 1). TFR performed un-

Black or African American 1 (0.5%)
Insurance statusf
Commercial 138 (65.7%)
Medicare 63 (30.0%)
Medicaid 8 (3.8%)
Workers compensation 1 (0.5%)
Marital status]
Married 138 (65.7%)
Single 29 (13.8%)
Divorced 17 (8.1%)
Legally separated 4 (1.9%)
Life partner/domestic partner 7 (3.3%)
Widowed 13 (6.2%)
Unknown 2 (1.0%)
Surgical details
Anesthesia typet
Local-only 126 (60.0%)
MAC 84 (40.0%)
Providery
A 73 (34.8%)
B 35 (16.7%)
C 13 (6.2%)
D 49 (23.3%)
E 40 (19.0%)
Digit involvedt
Finger 129 (61.4%)
Thumb 81 (38.6%)

0 (0%) 1 (1.0%)
0.51
79 (69.9%) 59 (60.8%)
30 (26.5%) 33 (34.0%)
3 (2.7%) 5 (5.2%)
1(0.9%) 0 (0%)
0.29
78 (69.0%) 60 (61.9%)
12 (10.6%) 17 (17.5%)
11 (9.7%) 6 (6.2%)
2 (1.8%) 2 (2.1%)
2 (1.8%) 5 (5.2%)
8 (7.1%) 5 (5.2%)
0 (0%) 2 (2.1%)
<0.01
113 (100%) 18 (18.4%)
0 (0%) 84 (86.6%)
<0.01
6 (5.3%) 67 (69.1%)
33 (29.2%) 2 (2.1%)
13 (11.5%) 0 (0%)
49 (37.2%) 7(7.2%)
19 (16.8%) 21 (21.6%)
0.20
74 (65.5%) 55 (56.7%)
39 (34.5%) 42 (43.3%)

Data represents mean + SD, or count (percent of total).
*Pvalue calculated based on a ¢ test.

TPvalue calculated based on a chi-squared test.
fPvalue calculated based on a Fisher’s exact test.

Bold p-values denote statistical significance (p < 0.05).



Table 2. Summary of Unique Study Groups Based upon
Surgical Setting and Anesthesia Type

Sample

Size Anesthesia

(n) Surgical Setting Type

113 Procedure room Local only
(WALANT)

13 Operating room Local only

84 Operating room MAC

der WALANT (PR with local-only anesthesia) was associated
with the lowest total direct costs (relative cost of 1.0). Per-
forming TFR in the OR under local-only anesthesia was as-
sociated with direct costs that were 2.2-fold times the median
cost of WALANT [95% confidence interval (CI): 1.71-4.07;
P<0.01], and using MAC anesthesia in the OR was 3.2-fold
more costly (95% CI: 3.12-3.39; P< 0.01).

Univariate analysis suggested that surgical setting,
anesthesia type, provider, surgical time, and anesthe-
sia time were significantly associated with surgical direct
costs for TFR (Table 3). While controlling for anesthesia
type, provider, and digit type (thumb versus finger), mul-
tivariable gamma regression modeling for all TFR cases
(Table 4) revealed that the OR was on average significant-
ly more costly than the PR by 221% (95% CI: 137%-345%;
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P < 0.01). For TFR performed in the OR (Table 5), use
of MAC anesthesia was on average 30% more costly than
local-only anesthesia (95% CI: 13%-49%; P < 0.01), and
each additional 1 minute of surgical time increased surgi-
cal costs by an average of 6% (95% CI: 4%-7%; P< 0.01).

DISCUSSION

The main finding of this study is that performing TFR
using surgeon-administered local-only anesthetic in a PR
setting was the least costly TFR method at our institution.
Use of the ambulatory surgery center OR resulted in a
221% cost increase as compared to the PR independent of
other factors. Therefore, we reject our null hypothesis that
choice of surgical setting (OR versus PR), and anesthetic
type (local versus MAC) does not affect costs for TFR.

Surgical setting contributed significantly to surgical costs
independent of anesthesia type, as performing the surgery
under local-only in the OR, versus under local-only in the
PR, significantly increased surgical direct costs by 2.2-fold.
Insignificance of anesthesia type in our primary multivari-
able model is difficult to interpret given that MAC anesthe-
sia was unique to the OR group, and the OR group showed
significantly greater costs than the PR. Due to association of
these 2 variables (use of OR and MAC anesthesia), we believe
that the multivariable analysis specific to the OR subgroup

i

PR/ Local-Only
(WALANT)

OR / Local-Only

OR / MAC

Fig. 1. Surgical encounter direct costs. Data represent median + standard error of the
mean. As the reference group, the mean cost for the PR/ Local-Onlyl (WALANT) group
was normalized to 1.0. *P < 0.05 as compared to left-sided neighboring value per Krus-
kal-Wallis tests and Nemenyi post hoc multiple comparison tests. Values over graph
bars represent fold-change differences relative to the reference group (WALANT).
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Table 3. Univariate Analysis to Identify Factors Associated Table 5. Multivariable Gamma Regression Analysis to

with Surgical Encounter Total Direct Costs

Relative Cost*

Identify Factors Associated with Surgical Encounter Total
Direct Costs for OR Cases

95% Relative Cost*
Confidence 95%
Factor Coefficient Interval P Confidence
Aget 0.95 0.87-1.03 0.92 Factor Coefficient Interval P
ﬁnestﬁes&a timef 1.00 1.00-1.01 <0.01 Anesthesia type
nesthesia type ) Local-only Reference category
Local;only Reference category MAC 1.0 1.13-1.49 <0.01
.MAC+ 2.17 1.74-2.73 <0.01 Digit involved
Digit involved Finger Reference category
Finger Reference category Thumb 0.93 0.85-1.01 0.10
T}_lumb 0.81-1.20 0.88 Providert
Marital status A Reference category
Unmgrrled Reference category B 1.27 0.94-1.75 0.14
Ma}rned 0.85 0.70-1.04 0.12 D 1.992 1.00-1.51 0.04
PTZVldCF Ref. . E 0.90 0.80-1.00 0.05
eference category S time? 1.06 1.04-1.07 0.01
B 0.46 0.34-0.64  <0.01 sy UMEL =
C 0.65 0.49-1.07 0.07 *Relative cost: gamma univariate regression coefficients (ef). For example, a
D 0.62 0.47-0.83 <0.01 value of 1.6 is interpreted as a 60% increase in total direct costs as compared
E 0.74 0.55—1.01 0.05 to the reference category.
Race fProvider C does not have any OR cases.
Nonwhite Reference category {Per each 1 additional minute, surgical encounter costs increase by 6%.
White 0.89 0.69-1.12 0.33 Bolded Pvalues were determined to be statistically significant.
Sex
{f;leale Refereng%;ategory 0.73-1.08 0.94 influences TFR surgery costs, because we found that surgical
Surgery setting ‘ T ' direct costs were significantly greater by 1.3-fold for MAC as
Procedure room  Reference category ) compared to local-only, for cases done in the OR.
Su?glzfr’;aé‘:;l% Joom f(())?} fég‘?gg :ggi Our findings regarding the costsaving potential of
1 . .03-1. .

*Relative cost: gamma univariate regression coefficients (ef). For example, a
value of 1.6 is interpreted as a 60% increase in total direct costs as compared
to the reference category.

1Per each additional decade of age.
{Variables that are only available for OR cases.
Bolded Pvalues were determined to be statistically significant.

would yield a more accurate estimate of additional costs as-
sociated with use of MAC anesthesia over local-only anesthe-
sia. As such, we conclude that anesthesia type independently

Table 4. Multivariable Gamma Regression Analysis to

Identify Factors Associated with Surgical Encounter Total
Direct Costs for All Cases

Relative Cost*

95%
Confidence

Factor Coefficient Interval P
Anesthesia type

Local-only Reference category

MACt 1.01 0.73-1.37 0.95
Digit involved

Finger Reference category

Thumb 0.93 0.80-1.07 0.31
Provider

A Reference category

B 1.25 0.96-1.65 0.11

C 1.99 1.40-2.86 <0.01

D 1.25 0.98-1.60 0.08

E 1.12 0.90-1.40 0.31
Surgery setting

Procedure room  Reference category

Operating room 3.21 2.37-4.45 <0.01

*Relative cost: gamma univariate regression coefficients (ef). For example, a
value of 1.6 is interpreted as a 60% increase in total direct costs as compared
to the reference category.

TOnly available for OR cases.
Bolded Pvalues were determined to be statistically significant.

WALANT and the impact of surgical setting on cost are
congruent with previous literature. Rhee et al. observed
70% cost savings for TFR performed under WALANT as
opposed to the OR in their series of 33 TFR cases.'? The
authors projected nearly $400,000 in savings to the Mili-
tary Health Care System by performing 100 surgeries in a
clinic-based PR rather than the OR. Lalonde and Martin
have also reported success in performing a multitude of
procedures under WALANT in Canada.”® Despite these
promising findings, the generalizability to the nonmilitary
population in the United States is questionable. Luther
et al. performed a cost-minimization study that suggested
immediate TFR in the office was the least costly of 4 treat-
ment algorithms studied for diabetic patients.?' Total costs
of care for immediate release in the clinic and OR were es-
timated as $642 versus $1,203, respectively, or $750 versus
$1,344 when accounting for additional care provided to
address minor and major complications. However, these
figures included costs for associated nonsurgical care in-
cluding office visits, making it difficult to discern surgical
cost differences between the 2 settings. By specifically elu-
cidating cost differences between surgical settings and an-
esthesia type for TFR and controlling for other factors that
could potentially lead to cost variation, the results of the
current study are complimentary to those of Luther et al.
Limitations of the current study deserve mention. Initial
identification of patients by procedure code and the retro-
spective study design introduce potential for selection bias.
Generalizability of our results may be limited by our unique
pricing agreements between our institution and suppliers,
which may affect total direct costs and lead to differences
between institutions. Given that we could not identify any
patients undergoing TFR in a main hospital OR setting, we
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could not analyze cost differences based upon this variable.
Nonetheless, it has been previously established that the hos-
pital-based OR setting is significantly more expensive than
an ambulatory surgery setting for carpal tunnel release sur-
gery.'"? We believe that excluding this costlier surgical set-
ting does not curtail the goal of the current investigation,
which is to highlight opportunities for cost-savings for TFR
surgery. We are unable to comment on costs associated with
TFR treatment strategies beyond those performed at our
institution. This includes use of Bier blocks, regional anes-
thesia, or general anesthesia. We also did not evaluate costs
associated with percutaneous Al pulley release, which has
gained popularity in recent years but is not performed at
our institution.** As we did not evaluate costs related to
preoperative or postoperative care following trigger finger
release, our results are not intended to reflect cost savings
beyond the surgical encounter itself. We speculate that it is
possible that evaluating costs for the treatment process in
its entirety may uncover even greater cost savings afforded
by WALANT, through minimization of the need for pre-
operative medical evaluation.” We did not evaluate the
opportunity cost associated with PR utilization, which may
afford the ability to perform more surgeries per unit time
through increased efficiency.® The VDO database does not
include indirect cost data such as housekeeping, electricity,
or property rent/depreciation. Although the relative dollar
amounts reported in this manuscript allow for comparison
of costs and payments between groups, an additional limita-
tion is that our institution does not allow raw cost data to be
presented. Despite a lack of evidence supporting superior
clinical outcomes for one TFR technique over another,”
and paucity of literature supporting differences in outcomes
based upon anesthesia type or operative setting, it deserves
emphasis that we did not perform a true cost-effectiveness
analysis. Therefore, our results describe only cost differ-
ences rather than differences in value or quality-adjusted
life years between treatment strategies. However, our results
may be useful for guiding future cost-effectiveness studies.

In conclusion, this study demonstrates substantial
cost-savings for trigger release surgery performed under
WALANT (local-only anesthesia in the PR setting) for a
US nonmilitary population. Compared to WALANT, other
variations of TFR are associated with 2.2- to 3.2-fold great-
er total direct costs, depending on the chosen surgical set-
ting and anesthesia type.

Nikolas H. Kazmers, MD, MSE
Department of Orthopaedics
University of Utah

590 Wakara Way

Salt Lake City, UT 84108

E-mail: nkazmers@gmail.com
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