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Abstract

Background: Primary Achilles tendon repair (ATR) can be performed in ambulatory surgery centers (ASCs) or hospitals.
We compared costs and complication rates of ATR performed in these settings.

Methods: We retrospectively queried the electronic medical record of our academic health system and identified 97
adults who underwent primary ATR from 2015 to 2021. Variables were compared between patients treated at ASCs vs
those treated in hospitals. We compared continuous variables with Wilcoxon rank-sum tests and categorical variables with
2 tests. We used an o of 0.05. Multivariable logistic regression was performed to determine associations between surgical
setting and costs. Linear regression was performed between each charge subtype and total cost to identify which charge
subtypes were most associated with total cost.

Results: Patients who underwent ATR in hospitals had a higher rate of unanticipated postoperative hospital admission
(13%) than those treated in ASCs (0%) (P=.01). We found no differences with regard to postoperative complications,
emergency department visits, readmission, rerupture, reoperation/revision, or death. Patients treated in hospitals had
a higher mean (*SD) implant cost ($664 + $810) than those treated in ASCs ($175 = $585) (P<<.0l). We found no
differences between settings with regard to total cost, supply costs, operating room charges, or anesthesia charges. Higher
implant cost was associated with hospital setting (odds ratio=16 [95% CI: 1.7-157]) and body mass index>25 (odds
ratio= 1.2 [95% Cl: 1.0-1.5]). Operating room costs were strongly correlated with total costs (R*=.94).

Conclusion: The overall cost and complication rate of ATRs were not significantly different between ASCs and hospitals.
ATRs performed in hospitals had higher implant costs and higher rates of postoperative admission than those performed
in ASCs.

Level of Evidence: Level lll, retrospective comparative study.
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As we move toward a value-based health care system, it
is important for surgeons to understand the drivers of surgi-
cal costs and how to minimize these costs. Few surgeons
understand the cost implications of the setting in which
their care is provided; therefore, they cannot make fully
informed decisions regarding costs of care.!!?* Surgical set-
ting has been found to be a significant contributor to cost of
care. 8

There is little research comparing the costs of ATR per-
formed in ASCs vs hospitals. Previous studies examining
the cost of treatment of Achilles tendon rupture have
focused on operative vs nonoperative care.?>?>? The only
study we are aware of that examined operative manage-
ment of Achilles tendon rupture focused on the costs of
open vs percutaneous repair.® There has been little research
into surgical setting as a cost driver in ATR; the study that
did address this question examined only cases performed
in ASCs and looked at whether the ASC was low or high
volume, as well as whether it was privately owned or hos-
pital-owned.'® Studies in the orthopaedic foot and ankle
literature have investigated surgical setting as a contributor
to costs in the operative management of ankle fractures,
finding that outpatient surgery is associated with lower
costs and fewer postoperative complications compared
with inpatient surgery.>2%?7

Our objective was to compare the costs and complications
of primary ATR performed in ASCs vs the hospital. We
hypothesized that ATR performed in ASCs would be less
costly and would not be associated with a higher rate of
complications compared with ATR performed in the hospital.

Methods

Institutional review board approval was obtained for this
study.

Data Source and Study Population

We searched the electronic medical record of our large,
urban, US academic medical system for patients who
underwent primary ATR (Current Procedural Terminology
code 27650) between January 2015 and September 2021.
We included patients aged 18 years or older who underwent
primary ATR by any method. We excluded patients who
underwent revision ATR, those who required flexor hallu-
cis longus tendon transfer, as well as those for whom cost
data were incomplete.

Variables of Interest

Patient characteristics. We extracted data on the following
patient characteristics: age, sex, race/ethnicity (white/
Caucasian, Black/African American, Asian/Pacific
Islander, Hispanic, Native American/Alaska native, other

race/ethnicity), body mass index (BMI) value, American
Society of Anesthesiologists (ASA) physical classifica-
tion (1-4), smoking status (never, former, current), car-
diopulmonary comorbidities (history of coronary artery
disease, myocardial infarction [MI], asthma, chronic
obstructive pulmonary disease), and diabetes status. We
also assessed data on whether the injury was acute or
chronic.

Surgical variables. Surgical variables of interest were date of
surgery, surgeon, surgeon’s subspecialty training (foot and
ankle, sports, or trauma), surgical setting (ASC or hospital),
surgical technique (open or percutancous [whether the
Achilles tendon sheath was opened during the procedure]),
suture technique if open (Krakow or core weave), and post-
operative hospital admission. Factors contributing to selec-
tion of surgical setting included surgeon preference and
patient comorbidity profile.

Complications. We assessed cardiopulmonary complica-
tions (MI, cardiac arrest, pneumonia, prolonged intuba-
tion [inability to extubate at the end of the procedure]);
thromboembolic complications (deep vein thrombosis,
pulmonary embolism, cerebrovascular accident); wound
complications (superficial surgical site infection, deep
surgical site infection, wound dehiscence, wound drain-
age); nerve complications (sensory deficit, motor deficit,
neuropathic pain) and reoperation/revision, rerupture,
emergency department (ED) visit, hospital readmission,
or death within 30 days after the procedure.

Costs. We assessed the following costs (in US dollars):
direct surgery cost, direct implant cost, and total direct cost.
Cost data were extracted directly from the electronic medi-
cal record.

Statistical Analysis

Patient characteristics, surgical factors, and postoperative
complications were compared between patients treated in
ASCs and those treated in the hospital. Continuous vari-
ables were assessed for normal distribution via the Shapiro-
Wilk test. All continuous variables were determined to be
nonnormally distributed, and we used Wilcoxon rank-sum
tests to compare them. Continuous variables are reported as
means = SDs and were compared using x> tests. The o-
value was set at .05.

For any cost subtype that differed significantly between
surgical settings on bivariate analysis, we performed multi-
variable logistic regression to identify whether surgical set-
ting was associated with differences in cost. Ultimately, the
multivariable model included age, sex, BMI value, active
tobacco use, surgeon subspecialty, and surgical setting. To
identify which charge subtype was most associated with
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Table |I. Demographic and Preoperative Characteristics of 97
Patients Who Underwent Primary Achilles Tendon Repair in
ASCs vs Hospitals from 2015 to 2021.

Table 2. Surgical Variables and Postoperative Complications of
97 Patients Who Underwent Primary Achilles Tendon Repair in
ASCs vs Hospitals from 2015 to 2021.

ASC Group, Hospital ASC Group, Hospital
n (%) Group, n (%) n (%) Group, n (%) P
Characteristic (n = 49) (n = 48) P Value? Variable (n = 49) (n=48)  Value®
Age, y, mean = SD 34=*9 38 14 .29 Attending subspeciality
Female sex 8 (16) 13 (27) .20 Foot and ankle 24 (49) 37 (77) <.001
Race/ethnicity Sports 25 (51) 5(10)
Caucasian 12 (24) 17 (35) A4l Trauma 0 (0) 6 (13)
African American 23 (47) 24 (50) Open repair 48 (98) 32 (67) <.001
Asian 9 (18) 4 (8) Suture technique
Hispanic 1 (2) 0 (0) Krakow 13 (27) 16 (33) .02
Other/not reported 4 (8) 3(6) Core weave 23 (47) 15 @3l)
BMI, mean = SD 28 + 4 29 x5 32 Other 12 (24) 1 (2)
Active tobacco use 1 (2) 9(19) <.0l Complication
Cardiopulmonary 10 (20) 11 (23) .76 Postoperative admission 0(0) 6(13) .0l
comorbidities Cardiopulmonary I (2) 1 (2) .99
Diabetes mellitus 1 (2) 3 (6) .30 complication
ASA classification Thromboembolic 2 (4) 0 (0) .16
| 31 (63) 22 (46) 14 complication
2 17 (35) 22 (46) Wound complication 4 (8) 5(10) .70
3 1 (2) 4 (8) Nerve complication I (2) 3 (6) .30
4 0 (0) 0 (0) Postoperative ED visit 2(4) 5(10) 23
Acute injury® 49 (100) 47 (98) 31 Readmission I (2) 3(6) 30
Tendon rerupture 0 (0) 0 (0) >.99
Abbreviations: ASA, American Society of An.esthesiologists; ASC, Reoperation/revision 0(0) 3 (6) 08
ambulatory surgical center; BMI, body mass index. Death 0 (0) 0 (0) ~99

2P values were calculated by Wilcoxon rank-sum test for continuous
variables and by y? test for categorical variables.
®Defined as repair less than 6 weeks after injury.

total cost, we performed simple linear regression between
cach charge subtype and total cost. Analyses were per-
formed in Stata, version 17, software (StataCorp LLC,
College Station, TX).

Ninety-seven patients were included in our analysis.
Demographic and preoperative patient characteristics are
described in Table 1. Patients who underwent ATR in the
hospital were more likely to be active tobacco users
(P <.01). Ninety-nine percent of ATRs were performed for
acute injuries.

In ASCs, ATRs were more often performed by sports
medicine subspecialists, and in hospitals, ATRs were more
often performed by foot and ankle or trauma subspecialists
(all, P<.001). In ASCs, ATRs more often used an open
technique (P<.001), with the Krakow and core weave
techniques being most common. Surgical characteristics for
the cohort are presented in Table 2.

Results

Complications

Postoperative complications are presented in Table 2. We
found no differences between the cohorts with regard to

Abbreviations: ASC, ambulatory surgical center; ED, emergency
department.
3P values calculated by y? test.

cardiopulmonary, thromboembolic, wound, or nerve com-
plications, and no differences in postoperative ED visits,
readmission, rerupture, reoperation/revision, or death.
Patients treated in the hospital were more likely to have an
unanticipated postoperative hospital admission than those
treated in ASCs (P=.01).

Costs

ATR cases performed in the hospital had a higher mean
implant cost than those performed in ASCs (P<.0l)
(Table 3). We found no differences between the ASC and
hospital groups with regard to total cost; however, we
found greater variability in total cost within the ASC
group (Figure 1). We found no differences between the
ASC and hospital groups with regard to supply costs,
operating room charges, or anesthesia charges (Table 3).
Multivariable logistic regression (Table 4) showed that
hospital setting (odds ratio [OR]=16 [95% CI: 1.7-157])
and BMI value (OR=1.2 [95% CI: 1.0-1.5]) were associ-
ated with higher implant cost. Operating room costs were
strongly correlated with total costs (R>=.94, Figure 2).
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Table 3. Procedure Costs for 97 Patients Who Underwent Primary Achilles Tendon Repair from 2015 to 2021, by Surgical Setting.?

Mean = SD
Item ASC Group Hospital Group P Value®
Supplies (direct cost) 260 = 188 224 = |72 31
Implants (direct cost) 175 + 585 664 = 810 <.0l
Operating room charges 5049 = 2861 4670 = 2198 .76
Anesthesia charges 497 = 261 479 = 282 61
Total costs 5634 = 3221 5816 = 2578 48
Abbreviation: ASC, ambulatory surgical center.
2All costs expressed in US dollars.
®P values were calculated by Wilcoxon rank-sum test.
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Figure |. Total cost (in US dollars) between Achilles tendon repairs performed at an ambulatory surgery center (ASC) vs those
performed in the hospital. Total costs between surgeries performed at an ASC were not significantly different than those performed

at a hospital.

Table 4. Adjusted Odds?® for Implant Direct Cost in 97
Patients Who Underwent Primary Achilles Tendon Repair from
2015 to 2021.

Variable Adjusted OR  95% CI P Value
Age .1 0.99-1.1 1
Male sex 0.57 0.09-3.6 .55
Body mass index value 1.2 1.0-1.5 .04
Surgery at hospital 16 1.7-157 .02
Active tobacco use 0.21 0.03-1.6 .14
Non—foot and ankle surgeon 0.40 0.07-2.3 .30

Abbreviation: OR, odds ratio.
2Area under receiver operating curve for model: 0.88.

Discussion

The goal of this study was to compare costs and complica-
tions of ATRs performed in ASCs vs the hospital. We found
no difference in total cost of ATR between settings. Thus,
our hypothesis regarding cost was not supported. This still
represents an important finding; insurance carriers are
attempting to move these procedures to ASCs under the
premise of cost containment. These data suggest that it is
not necessarily more cost efficient for the insurer.

We found that ATRs performed in hospitals had higher
implant costs and were more likely to result in postopera-
tive hospital admission in this population. We found no
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Figure 2. Operating room charges vs total cost of each Achilles tendon repair, per patient. Operating room charges had the highest
correlation with total cost of the procedure. The R? of the linear regression model was 0.94.

differences in rates of other complications between the
groups, which supports the hypothesis that performance of
ATR in ASCs is not associated with a higher rate of compli-
cations. Furthermore, we found that operating rooms costs
were most strongly correlated with total costs of ATR.

In ASCs, ATR was more likely to be performed by sports
medicine—trained surgeons and was more likely to use an
open technique. In contrast, ATRs performed in hospitals
were more likely to be performed by trauma or foot and
ankle subspecialists and were more likely to use a percuta-
neous technique. To our knowledge, this is the first study to
show such differences in ATR by orthopaedic subspecialty,
though this pattern may not be widely generalizable.
Previous research found no differences in surgical manage-
ment of Achilles tendon rupture between sports medicine
and foot and ankle surgeons.?® These differences may be
one explanation for the higher implant costs associated with
hospital-based procedures because foot and ankle surgeons,
who more frequently operated in the hospital setting, may
be more comfortable with the percutaneous technique and
use the accompanying implant systems, which are often
more expensive.'? Another potential explanation for this
pattern is that hospitals are able to bill for more expensive
implant systems, which drives the use of these implants out
of the ASC and into the hospital setting. Higher BMI value
was also associated with greater implant cost, though the
reason for this finding is unclear. A potential explanation for
this pattern is that surgeons may choose the percutaneous
ATR systems, which are generally more expensive, in this
population secondary to wound healing concerns because
obesity is a risk factor for wound complications after ATR.>
The use of a percutaneous technique involves a smaller sur-
gical incision and less soft-tissue dissection, both of which
help decrease incision-related complications.!?

Patients treated in the hospital were more likely to be
admitted to the hospital after ATR. This finding is consis-
tent with previous research on the subject, which found that
ambulatory orthopaedic procedures performed in hospital-
based facilities were associated with greater risk of unex-
pected disposition.?? Unanticipated hospital admission may
result from surgical, anesthesia, or medical complications,
as well as social or organizational issues. Numerous studies
have analyzed predictors of unanticipated admission after
ambulatory surgery; older age, ASA class 3 or 4, duration of
surgery, and patient comorbidities have consistently been
shown to be risk factors for admission after outpatient sur-
gery.”213133 Another potential explanation for this finding is
related to proximity, because it is easier to facilitate hospital
admission when a patient is already in the hospital.

Operating room costs were most strongly correlated with
total cost of ATR in this study. This finding is consistent
with other cost analyses in the orthopaedic literature.
Operating room costs were consistently significant drivers
of total cost in subspecialties as varied as sports medicine,
arthroplasty, trauma, and spine.>*%!4!° Implants and anes-
thesia costs were also frequently cited as the greatest con-
tributors to cost.»'*?* This finding is important because it
demonstrates drivers of cost that can be further optimized in
the orthopaedic surgery population. Given its correlation
with surgical costs, operating room cost is becoming an
increasingly important target for efficacy efforts."® Surgeons
can contribute to these efforts in various ways, including
reduction of operative time, standardization of surgical
instruments, and implementation of service-specific surgi-
cal teams.®

The main strength of this study is that it enabled analy-
sis of granular cost data, which is not typically possible
when using a large national database. Additionally, we
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were able to choose clinically important data points, such
as surgical technique and complications most likely to
affect the study population. However, the study also has
limitations. Our analysis relied on clinical data from one
large academic medical center, and therefore may have
limited generalizability. The sample size is also limited,
and we excluded patients with incomplete clinical or cost
data, which may reduce the generalizability of these results.
Additionally, we were unable to parse out other costs, such
as facility fees. Another potential confounding factor is
that the foot and ankle surgeons in this study were more
likely to operate in the hospital setting, as opposed to sports
surgeons, who overwhelmingly operate in ASCs. This fac-
tor may contribute to the differences we found in surgical
approaches and the associated cost differences. Finally,
given the retrospective design of this study, we cannot
determine causal relationships.

Conclusions

We found no difference in total cost of ATR performed in
ASCs compared with hospitals. However, ATRs performed
in hospitals had higher implant costs. Operating room costs
were most strongly correlated with total procedure cost of
ATR. Although we found a higher rate of postoperative
admission among patients treated in the hospital, we found
no other differences between the ASC- and hospital-based
cohorts with regard to postoperative complications.
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