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Background: Opioid use disorder is a significant cause of 
morbidity, mortality, and health care costs. A transitional pain 
service (TPS) approach to perioperative pain management has 
been shown to reduce opioid use among patients undergoing 
orthopedic joint surgery. However, whether TPS also leads to 
lower health care use and costs is unknown. 
Methods: We designed this study to estimate the effect of TPS 
implementation relative to standard care on health care use 
and associated costs of care following orthopedic surgery. We 
evaluated postoperative health care use and costs for patients 
who underwent orthopedic joint surgery at 6 US Department 
of Veterans Affairs medical centers (VAMCs) between 2018 and 
2019 using difference-in-differences analysis. Patients enrolled 
in the TPS at the Salt Lake City VAMC were matched to 
control patients undergoing the same surgeries at 5 different 

VAMCs without a TPS. We stratified patients based on history 
of preoperative opioid use into chronic opioid use (COU) and 
nonopioid use (NOU) groups and analyzed them separately. 
Results: For NOU patients, TPS was associated with a mean 
increase in the number of outpatient visits (6.9 visits; P < .001), 
no change in outpatient costs, and a mean decrease in inpatient 
costs (−$12,170; P = .02) during the 1-year follow-up period. 
TPS was not found to increase health care use or costs for COU 
patients. 
Conclusions: Although TPS led to an increase in outpatient visits 
for NOU patients, there was no increase in outpatient costs and a 
decrease in inpatient costs after orthopedic surgery. Further, there 
was no added cost for managing COU patients with a TPS. These 
findings suggest that TPS can be implemented to reduce opioid 
use following joint surgery without increasing health care costs. 
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Opioid use disorder (OUD) is a sig-
nificant cause of morbidity, mor-
tality, and health care costs in the 

US.1,2 Surgery can be the inciting cause for 
exposure to an opioid; as many as 23% of 
patients develop chronic OUD following sur-
gery.3,4 Patients with a history of substance 
use, mood disorders, anxiety, or previous 
chronic opioid use (COU) are at risk for re-
lapse, dose escalation, and poor pain control 
after high-risk surgery, such as orthopedic 
joint procedures.5 Recently focus has been 
on identifying high-risk patients before or-
thopedic joint surgery and implementing 
evidence-based strategies that reduce the 
postoperative incidence of COU.

A transitional pain service (TPS) has been 
shown to reduce COU for high-risk surgi-
cal patients in different health care settings.6-9 
The TPS model bundles multiple interven-
tions that can be applied to patients at high 
risk for COU within a health care system. 
This includes individually tailored programs 
for preoperative education or pain manage-
ment planning, use of multimodal analgesia 
(including regional or neuraxial techniques 
or nonopioid systemic medications), ap-
plication of nonpharmacologic modalities 

(such as cognitive-based intervention), and 
a coordinated approach to postdischarge 
instructions and transitions of care. These 
interventions are coordinated by a multidis-
ciplinary clinical service consisting of anes-
thesiologists and advanced practice clinicians 
with specialization in acute pain manage-
ment and opioid tapering, nurse care coor-
dinators, and psychologists with expertise in 
cognitive behavioral therapy.

TPS has been shown to reduce the inci-
dence of COU for patients undergoing ortho-
pedic joint surgery, but its impact on health 
care use and costs is unknown.6-9 The TPS 
intervention is resource intensive and in-
creases the use of health care for preopera-
tive education or pain management, which 
may increase the burden of costs. However, 
reducing long-term COU may reduce the use 
of health care for COU- and OUD-related 
complications, leading to cost savings. This 
study evaluated whether the TPS interven-
tion influenced health care use and cost for 
inpatient, outpatient, or pharmacy services 
during the year following orthopedic joint 
surgery compared with that of the standard 
pain management care for procedures that 
place patients at high risk for COU. We used 
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TABLE 1 Patient Demographic and Clinical Characteristics

Demographics 

Nonopioid use Chronic opioid use

TPS cohort Control cohort TPS cohort Control cohort

Pre  

(n = 215)

Post  

(n = 146)

Pre  

(n = 1851)

Post  

(n = 1333)

Pre  

(n = 113)

Post  

(n = 36)

Pre  

(n = 919)

Post  

(n = 341)

Mean age at surgery, y 65 64 63 64 66 68 63 64

Male, No. (%) 195 (91) 130 (89) 1710 (92) 1236 (93) 107 (95) 33 (92) 843 (92) 318 (93)

Race and ethnicity, No. (%)
  Black 
  Hispanic
  White

4 (2)
9 (4)

194 (90)

4 (3)
8 (5)

130 (89)

159 (9)
76 (4)

1489 (80)

126 (9)
53 (4)

1083 (81)

2 (2)
5 (4)

104 (92)

1 (3)
1 (3)

32 (89)

100 (11)
30 (3)

724 (79)

36 (11)
16 (5)

259 (76)

Branch, No. (%)
 Air Force
 Army
 Marine Corps
 Navy

35 (16)
97 (45)
15 (7)

32 (15)

17 (12)
60 (41)
19 (13)
26 (18)

205 (11)a

841 (45)
216 (12)
358 (19)

147 (11)a

568 (43)
163 (12)
220 (17)

20 (18)
45 (40)
19 (17)
18 (16)

8 (22)
15 (42)

2 (6)
5 (14)

111 (12)
450 (49)
97 (11)
175 (19)

29 (9)
162 (48)
41 (12)
65 (19)

Rural, No. (%) 55 (26) 34 (23) 965 (52)a 650 (49)a 44 (39) 9 (25) 431 (47) 169 (50)

Surgery, No. (%)
  Rotator cuff repair
  Total hip arthroplasty
  Total knee arthroplasty
  Shoulder arthroplasty
  Other procedures

23 (11)
37 (17)
84 (39)
24 (11)
47 (22)

12 (8)
26 (18)
57 (39)
23 (16)
28 (19)

163 (9)
298 (16)
730 (39)
368 (20)
292 (16)

10 (8)
227 (17)
535 (40)
253 (19)
208 (16)

12 (11)
31 (27)
33 (29)
10 (9)
27 (24)

1 (3)
11 (31)
10 (28)

2 (6)
12 (33)

79 (9)
174 (19)
319 (35)
147 (16)
200 (22)

26 (8)
79 (23)
104 (30)
46 (13)
86 (25)

Service connected, No. (%) 141 (66) 93 (64) 1262 (68) 945 (71) 77 (68) 21 (58) 650 (71) 237 (70)

Encounter for mental health in past year, No. (%) 77 (36) 56 (38) 564 (30) 442 (33) 46 (41) 19 (53) 361 (39) 131 (38)

Diagnosis for mental health in past year, No. (%)
  Anxiety
  Bipolar disorder
  Depression
  Trauma

30 (14)
5 (2)

44 (20)
49 (23)

23 (16)
4 (3)

41 (28)
38 (26)

203 (11)a

67 (4)
406 (22)a

400 (22)a

180 (14)a

42 (3)
335 (25)a

355 (27)a

12 (11)
1 (1)

28 (25)a

20 (18)

7 (19)
0 (0)

17 (47)a

11 (31)

161 (18)
40 (4)

291 (32)
248 (27)

61 (18)
14 (4)

125 (37)
87 (26)

Diagnosis for substance abuse in past year, No. (%)
  Alcohol
  Cannabis
  Opioid
  Tobacco

8 (4)a

3 (1)
6 (3)

12 (6)

14 (10)a

3 (2)
5 (3)
7 (5)

137 (7)
43 (2)
21 (1)

208 (11)a

97 (7)
43 (3)
15 (1)

107 (8)a

8 (7)
0 (0)
4 (4)
8 (7)

2 (6)
0 (0)
2 (6)
2 (6)

82 (9)
25 (3)
32 (3)

156 (17)a

26 (8)
11 (3)
16 (5)

39 (11)a

Antidepressant use—past year, No. (%)
  Antidepressant
  Benzodiazepine
  Gabapentinoid
  Muscle relaxant
  Nonbenzodiazepine sedative hypnotic

75 (35)
10 (5)

40 (19)
24 (11)
9 (4)

58 (40)
7 (5)

34 (23)
21 (14)
10 (7)

640 (35)
153 (8)a

283 (15)a

387 (21)a

120 (6)

489 (37)
82 (6)a

260 (20)a

328 (25)a

79 (6)

59 (52)
14 (12)
35 (31)
25 (22)a

17 (15)

23 (64)
4 (11)
15 (42)
14 (39)a

5 (14)

445 (48)
119 (13)
311 (34)
336 (37)
88 (10)a

180 (53)
38 (11)
121 (35)
123 (36)
47 (14)a

Antidepressant use—active, No (%)
  Antidepressant
  Benzodiazepine
  Gabapentinoid
  Muscle relaxant
  Nonbenzodiazepine sedative hypnotic

51 (24)
3 (1)a

24 (11)a

4 (2)a

7 (3)

35 (24)
2 (1)a

22 (15)a

6 (4)a

5 (3)

456 (25)
76 (4)a

158 (9)a

144 (8)a

66 (4)

356 (27)
36 (3)a

152 (11)a

131 (10)a

41 (3)

44 (39)
7 (6)

23 (20)
10 (9)
11 (10)

19 (53)
2 (6)

10 (28)
7 (19)
4 (11)

344 (37)
54 (6)

191 (21)
172 (19)

58 (6)

129 (38)
19 (6)
77 (23)
68 (20)
31 (9)

Abbreviation: TPS, transitional pain service.
aStatistically significant at α = 0.05 between pre- vs postperiod from t test for continuous variable; χ2 test for categorical variables. A small number of unknowns 
were not listed in the table.
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a difference-in-differences (DID) analysis to 
estimate this intervention effect, using mul-
tivariable regression models that controlled 
for unobserved time trends and cohort  
characteristics. 

METHODS 
This was a quasi-experimental study of pa-
tients who underwent orthopedic joint sur-
gery and associated procedures at high risk 
for COU at the Veterans Affairs Salt Lake 
City Healthcare System (VASLCHS) be-
tween January 2016 through April 2020. 
The pre-TPS period between January 2016 
through December 2017 was compared with 
the post-TPS period between January 2018 
to September 2019. The control patient co-
hort was selected from 5 geographically di-
verse VA health care systems throughout the 
US: Eastern Colorado, Central Plains (Ne-
braska), White River Junction (Vermont), 
North Florida/South Georgia, and Portland 
(Oregon). By sampling health care costs 
from VA medical centers (VAMCs) across 
these different regions, our control group 
was generalizable to veterans receiving or-
thopedic joint surgery across the US. This 
study used data from the US Department of 
Veterans Affairs (VA) Corporate Data Ware-
house, a repository of nearly all clinical 
and administrative data found in electronic 
health records for VA-provided care and fee-
basis care paid for by the VA.10 All data were 
hosted and analyzed in the VA Informat-
ics and Computing Infrastructure (VINCI) 
workspace. The University of Utah Institu-
tional Review Board and the VASLCHS Of-
fice of Research and Development approved 
the protocol for this study.

TPS Intervention
The VASLCHS TPS has already been de-
scribed in detail elsewhere.6,7 Briefly, patients 
at high risk for COU at the VASLCHS were 
enrolled in the TPS program before surgery 
for total knee, hip, or shoulder arthroplasty 
or rotator cuff procedures. The TPS service 
consists of an anesthesiologist and advanced 
practice clinician with specialization in acute 
pain management and opioid tapering, a 
psychologist with expertise in cognitive be-
havioral therapy, and 3 nurse care coordina-
tors. These TPS practitioners work together 
to provide preoperative education, including 

setting expectations regarding postoperative 
pain, recommending nonopioid pain man-
agement strategies, and providing guidance 
regarding the appropriate use of opioids for 
surgical pain. Individual pain plans were de-
veloped and implemented for the periopera-
tive period. After surgery, the TPS provided 
recommendations and support for nonopi-
oid pain therapies and opioid tapers. Patients 
were followed by the TPS team for at least 
12 months after surgery. At a minimum, the 
goals set by TPS included cessation of all 
opioid use for prior nonopioid users (NOU) 
by 90 days after surgery and the return to 
baseline opioid use or lower for prior COU 
patients by 90 days after surgery. The TPS 
also encouraged and supported opioid taper-
ing among COU patients to reduce or com-
pletely stop opioid use after surgery.

Patient Cohorts
Veterans having primary or revision total 
knee, hip, or shoulder arthroplasty or rota-
tor cuff repair between January 1, 2016, and 
September 30, 2019, at the aforementioned 
VAMCs were included in the study. Patients 
who had any hospitalization within 90 days 
pre- or postindex surgery or who died within 
8 months after surgery were excluded from 
analysis. Patients who had multiple surger-
ies during the index inpatient visit or within 
90 days after the index surgery also were 
excluded. Comorbid conditions for men-
tal health and substance use were iden-
tified using the International Classification 
of Diseases, 10th revision Clinical Modifica-
tion (ICD-10) codes or 9th revision equiv-
alent grouped by Clinical Classifications 
Software Refined (CCS-R).11 Preoperative 
exposure to clinically relevant pharmaco-
therapy (ie, agents associated with prolonged 
opioid use and nonopioid adjuvants) was 
captured using VA outpatient prescription 
records (eAppendix 1, available online at 
doi:10.12788/fp.0438).

The study patient cohort was stratified 
into either NOU or COU groups based on 
opioid use before surgery. Preoperative COU 
was defined as > 25% nonzero days (calcu-
lated using the cabinet supply method) in 
the 180 days before surgery admit date time 
(> 45 nonzero days) or ≥ 1 opioid prescrip-
tion for ≥ 28-day supply released within 90 
days before surgery date.12,13 For NOU pa-
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tients, the postoperative outcome of interest 
was new postoperative prolonged opioid use. 
This was defined by Page and colleagues as  
≥ 1 opioid prescription released between sur-
gery discharge date and postdischarge day 
44, ≥ 1 opioid prescription released between 
postdischarge day 45 and 89, and ≥ 1 opioid 
prescription released between postdischarge 
day 90 and 180.14 For COU patients at the 
time of surgery, the postoperative outcome 
measure of interest was continued COU, de-
fined as > 25% nonzero days between post-
discharge day 90 and 240 (> 37 nonzero 
days) or ≥ 1 opioid prescription for ≥ 28-day 
supply released between postdischarge day 
90 and 180. 

Outcome Variables
Outcome variables included health care use 
and costs during 1-year pre- and postperi-
ods from the date of surgery. VA health care 
costs for outpatient, inpatient, and pharmacy 
services for direct patient care were collected 
from the Managerial Cost Accounting System, 
an activity-based cost allocation system that 
generates estimates of the cost of individual 
VA hospital stays, health care encounters, and 
medications. Health care use was defined as 
the number of encounters for each visit type 
in the Managerial Cost Accounting System. 
All costs were adjusted to 2019 US dollars, 
using the Personal Consumption Expendi-
tures price index for health care services.15

A set of sociodemographic variables in-
cluding sex, age at surgery, race and ethnic-
ity, rurality, military branch (Army, Air Force, 
Marine Corps, Navy, and other), and ser-
vice connectivity were included as covari-
ates in our regression models. In addition, 

ICD-9 and ICD-10 codes were used to de-
fine the indicators of whether veterans 
had a diagnosis of mental illness (includ-
ing anxiety, bipolar disorder, depression, 
or trauma) or substance use (including al-
cohol, cannabis, opioids, or tobacco). Fi-
nally, pharmacy records were used to 
create indicators for prescribed opioid- 
relevant pharmacotherapy (including antide-
pressants, benzodiazepines [BZD], gabapen-
tinoids, muscle relaxants, non-BZD sedative 
hypnotics) and active antidepressant drug 
use during the 1-year preindex period.

Statistical Analyses
Descriptive analyses were used to evaluate 
differences in baseline patient sociodemo-
graphic and clinical characteristics between 
pre- and postperiods for TPS intervention 
and control cohorts using 2-sample t tests for 
continuous variables and χ2 tests for categor-
ical variables. We summarized unadjusted 
health care use and costs for outpatient, in-
patient, and pharmacy visits and compared 
the pre- and postintervention periods using 
the Mann-Whitney test. Both mean (SD) and 
median (IQR) were considered, reflecting the 
skewed distribution of the outcome variables. 

We used a DID approach to assess the in-
tervention effect while minimizing confound-
ing from the nonrandom sample. The DID 
approach controls for unobserved differences 
between VAMCs that are related to both the 
intervention and outcomes while control-
ling for trends over time that could affect out-
comes across clinics. To implement the DID 
approach, we included 3 key independent 
variables in our regression models: (1) an in-
dicator for whether the observation occurred 

TABLE 2 Intervention Effect of Transitional Pain Service on Health Care Encounters and Costs

Health care 
measures No.

Observation  
inpatient visits Outpatient

P 
valuea Inpatient

P 
valueb Pharmacy

P 
valuea

Encounters, mean (SD)
  Nonopioid use
  Chronic opioid use

3507
1405

–
–

6.9 (1.9)
6.7 (4.1)

< .001c

.11
0.04 (0.05)
0.03 (0.09)

.39

.74
-0.4 (1.7)
0.4 (3.1)

.85

.90

Costs, mean (SD)d

   Nonopioid use
   Chronic opioid use 

3507
1405

607
289

$2787 (2749)
$11,080 (9459)

.55

.31
−$12,170 (6100)
−$5630 (8538)

.02c

.12
−$1815 (1773)
$4206 (3336)

.08

.14

aP value from difference-in-differences analyses with generalized linear models.
bP value from difference-in-differences analyses with generalized linear models contingent upon having any inpatient visits.
cStatistically significant at α = 0.05 (from t test for continuous variable; χ2 test for categorical variables).
dAll costs were adjusted to 2019 US dollars.
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in the postintervention period; (2) an indica-
tor for whether the patient was exposed to the 
TPS intervention; and (3) the interaction be-
tween these 2 variables. 

For cost outcomes, we used multivariable 
generalized linear models with a log link and 
a Poisson or Υ family. We analyzed inpatient 
costs using a 2-part generalized linear model 
because only 17% to 20% of patients had ≥ 1 
inpatient visit. We used multivariable nega-
tive binomial regression for health care use 
outcomes. Demographic and clinical covari-
ates described earlier were included in the 
regression models to control for differences 
in the composition of patient groups and 
clinics that could lead to confounding bias.

RESULTS
Of the 4954 patients included in our study 
cohort, 3545 (71.6%) were in the NOU 
group and 1409 (28.4%) were in the COU 
group. Among the NOU cohort, 361 patients 
were in the intervention group and 3184 in 
the control group. Among the COU cohort, 
149 patients were in the intervention group 
and 1260 in the control group (Table 1). 
Most patients were male, White race, with a 

mean (SD) age of 64 (11) years. The most 
common orthopedic procedure was total 
knee arthroplasty, followed by total hip ar-
throplasty. Among both NOU and COU co-
horts, patients’ characteristics were similar 
between the pre- and postintervention pe-
riod among either TPS or control cohort.

Figures 1 and 2 and eAppendix 2 (avail-
able online at 10.12788/fp.0438) depict un-
adjusted per-person average outpatient, 
inpatient, and pharmacy visits and costs in-
curred during the 1-year pre- and postint-
ervention periods for the NOU and COU 
cohorts. Average total health care follow-
up costs ranged from $40,000 to $53,000 
for NOU and from $47,000 to $82,000 for 
COU cohort. Cost for outpatient visits ac-
counted for about 70% of the average total 
costs, followed by costs for inpatient visits 
of about 20%, and costs for pharmacy for 
the remaining. 

For the NOU cohort, the number of 
health care encounters remained fairly sta-
ble between periods except for the outpa-
tient visits among the TPS group. The TPS 
group experienced an increase in mean 
outpatient visits in the postperiod: 30 vs 
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FIGURE 1 Health Care Encounters per Patient During the 1-year  
Pre- and Postintervention Periods 

Abbreviations: COU, chronic opioid use; NOU, nonopioid use; TPS, transitional pain service.
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37 visits (23%) (P < .001). Mean outpa-
tient and inpatient costs in the pre- and 
postintervention periods were not signifi-
cantly different for either the TPS or con-
trol groups. Similarly, within the COU 
cohort, the TPS group experienced a 27% 
increase in the mean number of outpatient 
visits (41 vs 52 visits; P = .02) and a 39% 
increase in mean outpatient costs in the 
postintervention compared with the pre-
intervention period ($44,682 vs $61,890;  
P = .02). Although the mean number 
of outpatient visits for control group re-
mained at a similar level, average outpa-
tient costs increased roughly 13% ($31,068 
vs $35,148; P = .01) between the pre- and 
postintervention periods. 

Table 2 summarizes the results from the 
multivariable DID analyses for the outpa-
tient, inpatient, and pharmacy visit and cost 
outcomes. Here, the estimated effect of the 
TPS intervention is the coefficient from the 
interaction between the postintervention 
and TPS exposure indicator variables. This 
coefficient was calculated as the difference 
in the outcome before and after the TPS in-
tervention among the TPS group minus the 

difference in the outcome before and after 
the TPS intervention among the control 
group. For the NOU cohort, TPS was asso-
ciated with an increase in the use of outpa-
tient health care (mean [SD] increase of 6.9 
[2] visits; P < .001) after the surgery with no 
statistically significant effect on outpatient 
costs (mean [SD] increase of $2787 [$3749]; 
P = .55). There was no statistically signifi-
cant effect of TPS on the use of inpatient 
visits or pharmacy, but a decrease in costs 
for inpatient visits among those who had at 
least 1 inpatient visit (mean [SD] decrease of 
$12,170 [$6100]; P = .02). For the COU co-
hort, TPS had no statistically significant im-
pact on the use of outpatient, inpatient, or 
pharmacy or the corresponding costs. 

DISCUSSION
TPS is a multidisciplinary approach to peri-
operative pain management that has been 
shown to reduce both the quantity and du-
ration of opioid use among orthopedic 
surgery patients.6,7 Although the cost bur-
den of providing TPS services to prevent 
COU is borne by the individual health care  
system, it is unclear whether this expense 

FIGURE 2 Health Care Costs per Patient During the 1-year  
Pre- and Postintervention Periods

Abbreviations: COU, chronic opioid use; NOU, nonopioid use; TPS, transitional pain service.
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is offset by lower long-term medical costs 
and health care use for COU- and OUD- 
related complications. In this study focused 
on a veteran population undergoing orthope-
dic joint procedures, a DID analysis of cost 
and health care use showed that TPS, which 
has been shown to reduce COU for high-risk 
surgical patients, can be implemented without 
increasing the overall costs to the VA health 
care system during the 1 year following sur-
gery, even with increased outpatient visits. For 
NOU patients, there was no difference in out-
patient visit costs or pharmacy costs over 12 
months after surgery, although there was a 
significant reduction in subsequent inpatient 
costs over the same period. Further, there was 
no difference in outpatient, inpatient, or phar-
macy costs after surgery for COU patients. 
These findings suggest that TPS can be a 
cost-effective approach to reduce opioid use 
among patients undergoing orthopedic joint 
surgery in VAMCs. 

The costs of managing COU after surgery 
are substantial. Prior reports have shown that 
adjusted total health care costs are 1.6 to 2.5 
times higher for previously NOU patients 
with new COU after major surgery than those 
for such patients without persistent use.16 

The 1-year costs associated with new COU 
in this prior study ranged between $7944 
and $17,702 after inpatient surgery and be-
tween $5598 and $12,834 after outpatient 
index surgery, depending on the payer, which 
are in line with the cost differences found in 
our current study. Another report among pa-
tients with COU following orthopedic joint 
replacement showed that they had higher use 
of inpatient, emergency department, and am-
bulance/paramedic services in the 12 months 
following their surgery than did those with-
out persistent use.17 Although these results 
highlight the impact that COU plays in driv-
ing increased costs after major surgery, there 
have been limited studies focused on inter-
ventions that can neutralize the costs asso-
ciated with opioid misuse after surgery. To 
our knowledge, our study is the first analysis 
to show the impact of using an intervention 
such as TPS to reduce postoperative opioid 
use on health care use and cost. 

Although a rigorous and comprehensive 
return on investment analysis was beyond the 
scope of this analysis, these results may have 
several implications for other health care sys-

tems and hospitals that wish to invest in a 
multidisciplinary perioperative pain manage-
ment program such as TPS but may be reluc-
tant due to the upfront investment. First, the 
increased number of patient follow-up vis-
its needed during TPS seems to be more than 
offset by the reduction in opioid use and as-
sociated complications that may occur after 
surgery. Second, TPS did not seem to be asso-
ciated with an increase in overall health care 
costs during the 1-year follow-up period. To-
gether, these results indicate that the return 
on investment for a TPS approach to periop-
erative pain management in which optimal 
patient-centered outcomes are achieved with-
out increasing long-term costs to a health care 
system may be positive. 

Limitations
This study has several limitations. First, this 
was a quasi-experimental observational study, 
and the associations we identified between in-
tervention and outcomes should not be as-
sumed to demonstrate causality. Although 
our DID analysis controlled for an array of 
demographic and clinical characteristics, dif-
ferences in medical costs and health care use 
between the 2 cohorts might be driven by un-
observed confounding variables. 

Our study also was limited to veterans 
who received medical care at the VA, and re-
sults may not be generalizable to other non-
VA health care systems or to veterans with 
Medicare insurance who have dual benefits. 
While our finding on health care use and 
costs may be incomplete because of the un-
captured health care use outside the VA, our 
DID analysis helped reduce unobserved bias 
because the absence of data outside of VA 
care applies to both TPS and control groups. 
Further, the total costs of operating a TPS 
program at any given institution will depend 
on the size of the hospital and volume of 
surgical patients who meet criteria for en-
rollment. However, the relative differences 
in health care use and costs may be extrap-
olated to patients undergoing orthopedic 
surgery in other types of academic and com-
munity-based health care systems. 

Furthermore, this analysis focused pri-
marily on COU and NOU patients un-
dergoing orthopedic joint surgery. While 
this represents a high-risk population for 
OUD, the costs and health care use associ-
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ated with delivering the TPS intervention to 
other types of surgical procedures may be 
significantly different. All costs in this anal-
ysis were based on 2019 estimates and do 
not account for the potential inflation over 
the past several years. Nonmonetary costs 
to the patient and per-person average total 
intervention costs were not included in the 
study. However, we assumed that costs asso-
ciated with TPS and standard of care would 
have increased to an equivalent degree over 
the same period. Further, the average cost 
of TPS per patient (approximately $900) is 
relatively small compared with the average 
annual costs during 1-year pre- and postop-
erative periods and was not expected to have 
a significant effect on the analysis.

CONCLUSIONS
We found that the significant reduction in 
COU seen in previous studies following the 
implementation of TPS was not accompa-
nied by increased health care costs.6,7 When 
considering the other costs of long-term opi-
oid use, such as abuse potential, overdose, 
death, and increased disability, implementa-
tion of a TPS service has the potential to im-
prove patient quality of life while reducing 
other health-related costs. Health care sys-
tems should consider the implementation 
of similar multidisciplinary approaches to 
perioperative pain management to improve 
outcomes after orthopedic joint surgery and 
other high-risk procedures. 
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eAPPENDIX 2 Unadjusted Follow-up Health Care Use and Costs Stratified by Intervention Types

Medication use

Transitional pain service Control 

Pre Post Pre Post

Mean (SD) Median (IQRa) Mean (SD) Median (IQRa) P  
valueb

Mean (SD) Median (IQRa) Mean (SD) Median (IQRa) P  
valueb

1-year health care use, No. of visits

Nonopioid, No. 215 146 1851 1333

  Inpatient
  Outpatient
  Pharmacy

0.4 (0.7)
30 (24)
21 (16)

0 (1)
24 (27)
18 (21)

0.4 (0.6)
37 (21)
21 (15)

0 (1)
31 (26)
18 (19)

.98
< .001

.71

0.2 (0.5)
28 (18)
21 (20)

0 (0)
24 (22)
17 (21)

0.2 (0.5)
29 (18)
23 (18)

0 (0)
25 (21)
19 (21)

.64

.15
< .001

Chronic opioid, No. 113 36  919 341

  Inpatient
  Outpatient
  Pharmacy

0.4 (0.7)
41 (23)
37 (20)

0 (1)
39 (31)
36 (28)

0.5 (0.6)
52 (25)
41 (20)

0 (1)
49 (36)
40 (31)

.54

.02

.23

0.2 (0.5)
32 (19)
36 (22)

0 (0)
28 (23)
32 (27)

0.2 (0.6)
34 (18)
36 (21)

0 (0)
30 (23)
33 (27)

.93

.14

.69

1-year health care costs, $

Nonopioid, No. 215 146 1851 1333

  Overall
  Inpatient
  Outpatient
  Pharmacy

52,722 (56,927)
11,814 (25,978)
36,806 (40,400)

4101 (9331)

32,752 (54,298)
0 (12,529)

23,597 (26,863)
1984 (3375)

52,541 (54,751)
8511 (16,127)

40,360 (40,476)
3670 (9065)

36,479 (46,372)
0 (14,698)

26,959 (32,894)
1943 (3262)

.36

.96

.09

.92

36,430 (44,645)
7590 (25,173)

25,400 (22,696)
3440 (17,096)

23,605 (29,610)
0 (0)

20,100 (20,939)
1152 (2245)

40,163 (48,092)
7823 (26,067)

28,159 (27,611)
4181 (14,663)

24,670 (34,982)
0 (0)

20,572 (21,905)
1476 (3122)

.02

.73

.06
< .001

Chronic opioid, No. 113 36 919 341

  Overall
  Inpatient
  Outpatient
  Pharmacy

64,443 (64,636)
13,538 (30,042)
44,682 (42,874)

6223 (9424)

42,049 (40,306)
0 (13,446)

32,362 (35,729)
4077 (4553)

81,969 (62,808)
8823 (11,462)

61,890 (50,693)
11,256 (19,987)

60,555 (90,544)
0 (19,834)

45,266 (46,956)
5362 (7269)

.02

.49

.02

.13

47,065 (50,600)
10,235 (33,002)
31,068 (25,108)
5762 (16,425)

30,942 (42,273)
0 (0)

24,113 (25,048)
2486 (3552)

51,845 (53,331)
10,171 (28,779)
35,148 (26,535)
6527 (15,272)

34,567 (45,688)
0 (0)

27,941 (31,916)
2893 (4536)

.10

.90

.01

.10
aIQR is reported as quartile 3 minus quartile 1.
bP values from Wilcoxon Mann-Whitney test.

eAPPENDIX 1 Selected Pharmacotherapy Agents Relevant to Opioid Use

Drug types Names

Antidepressant Amitriptyline, amoxapine, bupropion, citalopram, clomipramine, desipramine, desvenlafaxine, doxepin, duloxetine,  
escitalopram, esketamine, fluoxetine, fluvoxamine, imipramine, isocarboxazid, levomilnacipran, maprotiline, milnacipran, 
mirtazapine, nefazodone, nortriptyline, paroxetine, phenelzine, protriptyline, selegiline, sertraline, tranylcypromine,  
trazodone, trimipramine, venlafaxine, vilazodone, vortioxetine

Benzodiazepine Alprazolam, chlordiazepoxide, clonazepam, clorazepate, diazepam, estazolam, flurazepam, lorazepam, midazolam, 
oxazepam, quazepam, temazepam, triazolam

Gabapentinoid Gabapentin, pregabalin

Muscle relaxant Aspirin/caffeine/orphenadrine, aspirin/carisoprodol, baclofen, carisoprodol, chlorzoxazone, cyclobenzaprine, dantrolene, 
metaxalone, methocarbamol, orphenadrine, tizanidine

Nonbenzodiazepine 
sedative hypnotic

Buspirone, eszopiclone, meprobamate, suvorexant, zaleplon, zolpidem
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