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Abstract

Background: This study sought to characterize charges associated with operative treatment of distal radius fractures
and identify sources of variation contributing to overall cost. Methods: A retrospective study was performed using
the New York Statewide Planning and Research Cooperative System database from 2009-2017. Outpatient claims
were identified using the International Classification of Diseases-9/10-Clinical Modification diagnosis codes for distal
radius fixation surgery. A multivariable mixed model regression was performed to identify variables contributing to
total charges of the claim, including patient demographics, anesthesia method, surgery location (ambulatory surgery
center [ASC] versus a hospital outpatient department [HOPD], operation time, insurance type, Charlson Comorbidity
Index, and billed procedure codes. Results: A total of 9029 claims were included, finding older age, private primary
insurance, surgery performed in a HOPD, and use of local anesthesia (vs general or regional) associated with increased
total charges. There was no difference between gender, race, or ethnicity. Additionally, open reduction and internal
fixation (ORIF), increased operative time/fracture complexity, and use of perioperative medications contributed
significantly to overall costs. Conclusions: Charges for distal radius fracture surgery performed in a HOPD were
28.3% higher than compared to an ASC, and cases with local anesthesia had higher billed claims compared to regional
or general anesthesia. Furthermore, charges for percutaneous fixation were 54.6% lower than ORIF of extraarticular
fracture, and claims had substantial geographic variation. These findings may be used by providers and payers to help
improve value of distal radius fracture care.
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Introduction open reduction and internal fixation (ORIF), and/or exter-
nal fixation, each of which has its own advantages and
disadvantages.''"!4

A recent randomized-controlled trial comparing CRPP
and ORIF of distal radius fractures in adults found no dif-
ference in functional outcomes between the 2 treatment
methods, and also that CRPP was less expensive (£727)
and faster (31 vs. 66 minutes) than ORIF."> However, the

Cost is an important and growing concern in orthopedics
and healthcare, as expenditures can dramatically outpace
inflation and strain the healthcare system in an unsustain-
able way.!-> Therefore, it is imperative to evaluate orthope-
dic management strategies by not only their clinical
benefits, but also their financial costs. A number of studies
have identified substantial variation in the costs of implants
anq procedures—even bf:tween similar types of injuries— IBrigham and Women's Hospital, Boston, MA, USA
which identifies a modifiable cost factor for improving  2Brown University, Providence, RI, USA
value in orthopedic surgery.*!°

Depending on the needs of individual patients and
severity of their injuries, distal radius fractures can be
treated with several different methods, including both - ne ~ .
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Table |I. Current Procedural Terminology Codes for Distal Radius Fracture Fixation.

Code Description

25606  Percutaneous fixation distal radius fracture or epiphyseal separation

25607  Open treatment of extraarticular distal radial fracture or epiphyseal separation, with or without fracture of ulnar styloid,
with or without internal or external fixation

25608  Open treatment of intraarticular distal radial fracture or epiphyseal separation with internal fixation of 2 fragments

25609  Open treatment of intraarticular distal radial fracture or epiphyseal separation with internal fixation of 3 or more fragments

20690  Application of a uniplane (pins or wires in | plane), unilateral, external fixation system

ideal treatment method for distal radius fractures remains
controversial, and the costs vary substantially.>!® Fur-
thermore, cost can be challenging to compare across
populations and systems with different insurance carriers
and reimbursements, contracts, patient demographics,
and costing methods, and often carry a risk of systematic
bias.!”

Financial terminology in healthcare can be opaque and
confusing, but it is important to distinguish between differ-
ent terms. “Cost” can have different meanings: to providers,
cost is the expense incurred to deliver health care services;
to payers, it is the amount they pay to providers; to patients,
it is the out-of-pocket expense.'® “Reimbursement” is a
payment made by a payer (usually a third-party insurer) to
a provider, which can be for a particular service (fee-for-
service), a period of time (per diem), episode of care (e,
diagnosis-related group, or DRG), or patient under care
(capitation). “Charge,” which is the unit considered here, is
the amount billed by a provider of service.

We sought to characterize the charges associated with
operative treatment of distal radius fractures in an outpa-
tient setting in a large, statewide, captured population. We
additionally aimed to identify sources of variation, includ-
ing patient demographics, comorbidities, treatment loca-
tion, anesthetic variables, and procedure type.

Methods

Adult patients (18 years and older) were identified in the
New York Statewide Planning and Research Cooperative
System (SPARCS) database from 2009 to 2017. SPARCS is
a comprehensive all-payer database collecting all inpatient
and outpatient preadjudicated claims in New York. This
includes all International Classification of Diseases (ICD)
diagnosis codes and ICD/Current Procedural Terminology
(CPT) procedure codes associated with all visits.

Claims in the outpatient setting were identified using
the ICD-9-Clinical Modification (CM) and ICD-10-CM
diagnosis codes for distal radius fractures (see Table 1 for
codes used). The patients included in the analysis had a
primary diagnosis of distal radius fracture to avoid more

complex cases which would have increased charges but
did allow for secondary procedures such as ulnar styloid
fixation. Claims were then further filtered for distal radius
fixation surgery (CPT codes 25606, 25607, 25608, 25609;
with or without 20690), and only included outpatient sur-
gery. Charges for each claim were adjusted for inflation
to January 2017 prices.!” Only a patient’s first surgery
was included in the analysis.

A multivariable mixed model regression with random
effects for the facility was performed to assess the vari-
ables that contribute significantly to the total charge of the
claim. The total charge was modeled as the natural log of
the total charge to account for the nonnormal distribution.
The variables included in the regression were patient age,
sex, anesthesia method (local without or without moni-
tored anesthesia care [MAC], regional, or general),
whether the surgery took place in an ambulatory surgery
center (ASC) versus a hospital outpatient department
(HOPD), operation time in minutes, primary insurance
type, race, ethnicity, and Charlson Comorbidity Index
(CCI).2® Charlson Comorbidity Index was dichotomized
to a score of 0 versus a score of = 1.

Outliers for operation time in minutes were removed. A
lower limit was set at 5 minutes and an upper limit was set
at Q3 + 1.5 * interquartile range (IQR). Once these outliers
were removed, to avoid modeling outlier charges, we used
80% of the average charge reported by Medicare in each
year in New York across each CPT code used for surgical
fixation of distal radius which was $572- to $671 for CPT
25606, $615 to $743 for CPT 25607, $702 to $834 for CPT
25608, and $896 to -$1,060 for CPT 25609.' These lower
bounds were applied to the charges before they were
adjusted for inflation.!” After charges were adjusted for
inflation, an upper bound was set at Q3 + 1.5 * IQR for the
billed charges.

P-values were adjusted using the false discovery rate
method to adjust for type I error given the number of inde-
pendent variables in the regression model. An adjusted
P-value < .05 was considered significant across all statisti-
cal analyses. All analyses were performed using SAS 9.4
(SAS Inc, Cary, North Carolina).
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Table 2. Patient Demographics and Characteristics.

Demographic n = 9029 P-value
Total charge, median (mean, SD) $12,729 ($13,541, 6044)
Age, median (mean, SD) 58 (56.3, 15.8)
Operation time in minutes, median, (mean, SD) 81 (86.1, 37.2)
Gender, n (%)
Female 6606 (73.2) <.0001
Male 2423 (26.8) —
Ethnicity, n (%)
Hispanic 700 (7.8)
Non-Hispanic 8329 (92.3)
Race, n (%)
White 7347 (81.4)
Asian 364 (4.0)
African American 361 (4.0)
Other 957 (10.6)
Primary insurance, n (%)
Private 4983 (55.2)
Federal 3007 (33.3)
Worker’s compensation 539 (6)
Self-pay 500 (5.5)
Charlson Comorbidity Index, n (%)
0 7765 (86.0) <.0001
= | 1264 (14.0) —
Primary procedure
CPT 25606 528 (5.9)
CPT 25607 2635 (29.2)
CPT 25608 3202 (35.5)
CPT 26509 2664 (29.5)

Note. CPT = Current Procedural Terminology.

Results

From 2009 to 2017, 9029 claims were included, with signifi-
cantly more women (73.2%) than men (26.8%) (Table 2).
The number of cases stayed relatively constant over the
time period reaching a maximum of 1259 (range: 713 to
1259) cases in 2014. The median charge per claim was
$12,729 with a mean of $13,541. The majority of patients
had a Charlson Comorbidity Index of 0 at the time of sur-
gery. The median time in the operating room in minutes was
81 minutes (Table 2).

There were significant differences in average billed
claims between Health Service Areas (HSA, Figure 1,
Supplemental Table 1). The most expensive region was
Nassau and Suffolk counties (which encompass Long
Island, New York), which had an average claim 2-fold
higher than the least expensive HSA, the Finger Lakes
region ($16,867 vs. $8,399).

The CPT code 25608 (open reduction internal fixation,
2-part intraarticular fracture) was the dominant procedure

Figure |. Relative value of average billed claims by Health
Service Area. Darker shaded regions indicate a higher bill than
lighter-shaded regions (range: $8399-$16,867).
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with approximately 35.5% cases whereas CPT code 25606
(closed reduction and percutaneous pinning) was the least
common accounting for approximately 5.9% of cases (Table
2). The majority of cases were performed in a HOPD
(84.5%) as opposed to an ASC. General anesthesia was the
most common method of anesthesia accounting for 73% of
cases (Table 3).

In the multivariable analysis to determine independent
risk factors, older age significantly contributed to increased
total charge amounts, although this may not be clinically
significant (0.1%/year of age). Both general and regional
anesthesia were associated with lower total charge with
respect to local anesthesia (with or without MAC). Having
the procedure in a HOPD was independently associated
with approximately a 28.3% (95% CI: 12.5%-44%) increase
in total charge amount when compared to ASC. Having
worker’s compensation as a primary insurer was associated
with lower total charge amounts when compared to private
primary insurance. In terms of drugs used, claims with ben-
zodiazepines, narcotics, nonsteroid/narcotic pain agents,
preoperative antibiotics, or steroids were associated with
higher total charge amounts. Claims that included billing
for external fixation (CPT 20690) were associated with
35.9% (95% CI: 30%-41.8%) higher total charge amounts
than those without. A 1-minute increase in operation time
was associated with a 0.26% (95% CI: 0.24%-0.28%)
increase in total charge. Compared to CPT 25607, CPT
25606 had over 50% lower total charges per claim whereas
CPT 25609 had increased total charges per claim; CPT
25608 was similar to 25607 (Table 3). The charge distribu-
tions for CPT codes 25607, 25608, and 25609 were similar,
while CPT code 25606 is distributed toward lower charges
(Figure 2).

Discussion

In this administrative database study, we found that the
charges for surgery performed in a HOPD were 28.3%
higher than those performed in an ASC. The charge for
CRPP was 54.6% lower than for ORIF of extraarticular
fractures, and supplemental external fixation increased
claims by 35.9%. Interestingly, cases with local anesthesia
(with or without MAC) were associated with a higher billed
claim than those performed under regional or general anes-
thesia. We also found significant regional variation in claim
amount.

Fixation with CRPP has consistently been shown to be
less costly than ORIF in several recent studies. A multi-
center prospective randomized controlled trial found that
K-wire fixation was approximately 20% less costly than
locking plate fixation; this was consistent when considering
both the payer and societal perspectives.!>?> In a database
study of 23,453 patients, Huetteman® demonstrated that the
surgical cost for percutancous pinning was $3440, com-

pared with $6289 for ORIF (44.3% decrease), and that sur-
gery itself comprised a majority of the overall cost of care.
Nandyala et al®® compared the costs between CRPP and
ORIF in the perioperative period out to 1 year postopera-
tively and found that CRPP was significantly less expensive
over all time points, including approximately 63% less peri-
operatively, although CRPP had worse functional outcomes.
Similarly, we found that CRPP was associated with signifi-
cantly lower billed charges (by 54.6%) than ORIF of
extraarticular fractures, while external fixation increased
claims by 35.9%. Compared with extraarticular fractures,
complex intraarticular fractures may require more opera-
tive/anesthesia time and potentially more hardware.® The
question if ORIF provides an improved outcome commen-
surate with the increased cost remains controversial.

The location of surgery proved to be a significant and
clinically meaningful predictor of overall billed charges. This
study demonstrated that compared to ASCs, distal radius
fixation performed in HOPDs incurred a 28.3% increase,
similar to other recent studies.'®?*?°> Mather et al® retrospec-
tively compared the cost of volar plate fixation for distal
radius fractures at ASCs to inpatient surgery, and found that
the mean operative cost of the inpatient facility was signifi-
cantly greater ($7640) versus the average outpatient facility
($5220). The authors concluded that the only significant pre-
dictor of operative cost and time was facility type; set-up and
nursing times were 100% longer in the inpatient facility.
Treatment location has also been shown to affect cost of care
in other surgical procedures. A systemic review of orthopedic
procedures found 7 studies with an average savings of 18% to
58% for outpatient procedures compared to inpatient, further
reinforcing the cost-containment implications of shifting dis-
tal radius fracture surgery to ASCs.?®

Anesthesia method was found to have a significant
impact on overall charge, with both general and regional
anesthesia incurring approximately 10% lower claim
charges when compared to local anesthesia (with or without
monitored anesthesia care). Interestingly, claims including
the use of benzodiazepines, narcotics, and nonsteroid/nar-
cotic pain agents were associated with higher total charge
amounts compared to claims that did not include these
agents. A possible explanation may be that local anesthesia
requires the use of these adjuvant medications (ie, moni-
tored anesthesia care) to adequately control pain and
maintain appropriate sedation levels. While previous
studies have noted lower overall costs associated with
local anesthesia compared to regional or general anesthe-
sia in minor hand procedures, a review by Lalonde and
Martin note that the success of local anesthesia in these
procedures is associated with the removal of tourniquet
use and relatively quick surgical time.'®?>?7-? Distal
radius fracture fixation can involve deep surgical dissec-
tion and the use of a tourniquet, which may necessitate the
use of adjuvant medication intra-operatively, increasing
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Table 3. Predictors for Total Billed Amount for Distal Radius Fracture Surgery.

n = 9029 (%) Fractional estimate of change from baseline (95% ClI) SE P-value
Age — 0.1% (0.05% to 0.12%) 0.002%  <.0001
Females® 6606 (73.2) 0.5% (-0.6% to 1.7%) 0.6% 4782
Anesthesia method®
General 6590 (73) =12.6% (—15.0% to —10.3%) 1.2% <.0001
Regional 1512 (16.8) =9.1% (—11.6% to —6.5%) 1.3% <.0001
HOPD< 7627 (84.5) 28.3% (12.5% to 44.0%) 8.04% .0012
Operation time (per minute) — 0.3% (0.2% to 0.3%) 0.01% <.0001
Primary payer?
Federal 3007 (33.3) -0.7% (—=1.9% to 0.5%) 0.6% .3072
Self-Pay 500 (5.5) —-2.2% (—4.52% to 0.16%) 1.19% 1274
Worker’s compensation 539 (6) =3.0% (-5.1% to —1.0%) 1.05% .0102
Charlson Comorbidity Index = 1¢ 1264 (14) 1.6% (0.2% to 3.1%) 0.73% .055
Racef
Asian 364 (4) 0.2% (-2.4% to 2.8%) 1.34% 9133
African-American 361 (4) 1.8% (-0.8% to 4.4%) 1.31% 2479
Other 957 (10.6) 1.3% (—0.7% to 3.2%) 1.02% .3066
Hispanic ethnicity? 700 (7.8) 0.8% (—1.5% to 3.1%) 1.18% .6043
Procedure code categories
Anticholinergic agent 24 (0.3) 7.8% (—1.5% to 17.0%) 471% .166
Anticoagulant agent 41 (0.5) 7.2% (—1.0% to 15.4%) 4.19% .1555
Anti-emetic agent 3,356 (37.2) —0.6% (—2.0% to 0.9%) 0.75% .5486
Anti-histamine agent 432 (4.8) 1.9% (—0.6% to 4.34%) 1.27% 2119
Anti-psychotic agent 50 (0.6) -4.4% (—10.9% to 2.1%) 3.32% .2688
Benzodiazepine 3,731 (41.3) 6.1% (4.5% to 7.6%) 0.79% <.0001
Electrocardiogram 421 (4.7) 0.2% (-2.2% to 2.6%) 1.25% 9133
Functional assessment 84 (0.9) 3.9% (—1.5% to 9.3%) 2.77% 2479
Imaging 4948 (54.8) 3.7% (2.2% to 5.2%) 0.76% <.0001
Image guided procedure 199 (2.2) 9.8% (5.5% to 14.1%) 221% <.0001
Immunization 12 (0.1) —11.3% (-24.4% to 1.8%) 6.69% 1591
Bronchodilator 48 (0.5) 2.3% (—4.7% to 9.2%) 3.52% .6043
IV fluids 917 (10.2) 10.1% (8.0% to 12.3%) 1.1% <.0001
Labs 1495 (16.6) 1.9% (0.5% to 3.4%) 0.74% 0211
Muscle relaxant 159 (1.8) =0.1% (=3.9% to 3.7%) 1.96% .9556
Muscle strengthener 170 (1.9) 3.5% (-0.2% to 7.3%) 1.91% .1248
Narcotic 4615 (51.1) 4.7% (3.0% to 6.3%) 0.84% <.0001
Nonsteroid/narcotic 1684 (18.7) 1.8% (0.4% to 3.3%) 0.74% 0291
External fixation 71 (0.8) 35.9% (30.1% to 41.8%) 3% <.0001
Pre-op antibiotics 3560 (39.4) 2.4% (1.0% to 3.9%) 0.73% .0022
Prophylaxis injection 179 (2) 2.0% (—3.7% to 7.8%) 2.94% .5986
Pulse oximetry 244 (2.7) 3.8% (—2.4% to 10.0%) 3.15% .3067
Recovery supplies 169 (1.9) 8.4% (1.2% to 15.5%) 3.63% .0455
Sedation services 43 (0.5) 1.0% (—8.6% to 10.6%) 491% 9133
Steroid 1439 (15.9) 6.6% (4.9% to 8.3%) 0.87% <.0001
Surgical supplies 5269 (58.4) 16.2% (14.6% to 17.8%) 0.82% <.0001
Ventilation 58 (0.6) 0.3% (—6.1% to 6.7%) 3.27% .9486
Primary procedure code"
CPT 25609 2664 (29.5) 2.8% (1.5% to 4.2%) 0.69% .0001
CPT 25608 3202 (35.5) 0.2% (—1.1% to 1.4%) 0.64% .8759
CPT 25606 528 (5.9) —-54.6% (=57.2% to —52.1%) 1.3% <.0001

Note. Cl = confidence interval; HOPD = hospital outpatient department; Charlson Comorbidity Index = Charlson Comorbidity Index;

CPT = Current Procedural Terminology; ASC = ambulatory surgery center.

2Compared to males.

®Compared to local anesthesia (with or without monitored anesthesia care).

‘Compared to ASC.

dCompared to private primary insurance.

¢Compared to Charlson Comorbidity Index = 0.

fCompared to white race.
2Compared to non-Hispanic ethnicity.
"Compared to CPT 25607.

The bold faced values are those that are statistically significant (i.e. p<<0.05).
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Figure 2. Claim charges for operative fixation of distal radius fractures, by current procedural terminology code.

overall cost. This suggests there is utility to considering
regional anesthesia to reduce the use of adjuvant agents that
may increase total costs.

There was significant regional variation between the
Health Service Areas, with a 2-fold difference between the
highest and the lowest. Similarly, other investigations dem-
onstrate unexplained geographic differences in cost, inten-
sity of care, and outcomes, despite controlling for patient
and population characteristics.?*3* Sun and Baker** found
that increased market concentration was associated with a
7% increase in physician fees. This may represent a further
opportunity to improve value by directing care to provid-
ers/facilities that consistently demonstrate low cost and
high quality.?>3¢

The analysis of patient demographics indicated that
older age contributes slightly toward increased charges,
while patient sex and race did not demonstrate any signifi-
cant differences, similar to the findings of Kazmers et al.'®
While there is a paucity of literature regarding the effect of
comorbidities on the cost of distal radius fracture care,
Johnson et al?’ analyzed the relationship of Charlson
Comorbidity Index and hip fractures, and found that increas-
ing Charlson Comorbidity Index scores were associated
with longer length of stay and increased overall costs. We

found a trend toward increased charges for patients with a
Charlson Comorbidity Index = 1, although not statistically
significant (P = .055). This may be reflective of an overall
relatively healthy cohort who underwent surgery.

When accounting for differences between insurance sta-
tus, Day et al’’ found that hand/wrist patients with Work-
er’s Compensation insurance had a higher intensity of care
than those with commercial insurance, but the difference
was often in the diagnostic workup. Considering perioper-
ative related charges alone, we found that Worker’s Com-
pensation insurance was associated with lower billed claim
compared to other insurance types. This may be due to dif-
ferences in insurance contracting and expected claim reim-
bursement, and represents an area of future study.

The present study has a number of limitations, mostly
related to the administrative database design. Several clin-
ically important factors, such as fracture pattern, are not
included, nor are clinical or functional outcomes, which
may be an important component of value. Although this
necessarily and appropriately limits the analysis and con-
clusions to just the surgical episode, this also allows for
more external validity and comparisons with other health
systems. The multivariable mixed effects model attempted
to adjust for many factors to seek independent associtions,
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but there may be hidden confounders that were not ade-
quately captured, and therefore not controlled for. Only
billed claim amounts are considered, rather than costs or
reimbursements In this database, billed claims (charges)
were the most robust source of data, and found to be the
most reliable. Charges (in addition to costs and reimburse-
ments) will also vary significant between facilities, and
while this analysis considers all patients in the state of
New York, it may not be directly applicable to any particu-
lar institution. Additionally, the patients and treatment pat-
terns may vary by region, and those of New York may be
meaningfully different than another region, which may
limit the generalizability of the analysis.

In our study of adult patients undergoing outpatient dis-
tal radius fracture surgery in New York State, we found that
charges for distal radius fracture surgery performed in a
HOPD were 28.3% higher than those performed in an ASC,
and cases with local anesthesia (with or without MAC) had
higher billed claims than those using regional or general
anesthesia. Furthermore, charges for CRPP cases were
54.6% lower than ORIF of extraarticular fracture, and the
claims had substantial geographic variation. These findings
may be used by providers and payers to help improve the
value of distal radius fracture care.
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