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Aim: To estimate the economic impacts of increased use of specialty care infusion centers for treating
adults experiencing vaso-occlusive crises. Methods: A Markov model is developed to estimate the impact
of expanding use of specialty care infusion centers to treat vaso-occlusive crises compared to emergency
department care. Results: Access to infusion centers for sickle cell disease could result in savings over
US$1.9 billion in formal medical costs and over US$2 billion in societal costs, based on uptake assumptions
over 10 years. Conclusion: Expansion of adult sickle cell disease centers across the nation could lead to
considerably better economic outcomes in the form of reduced costs and hospital length of stay in addition
to improved clinical outcomes as reported in the existing literature.

Plain language summary: Specialty care centers for sickle cell disease crises offer improved care and
patient experience over typical emergency department care. This paper is based on a recent study, which
compared the treatment for sickle cell disease crises at specialty centers and emergency departments by
estimating the potential economic impacts of expanded specialty care centers. We estimate the impacts of
increased specialty care use on healthcare costs, caregiver time, patient time and employer absenteeism
costs. When 35% of the USA adult population acquires access to a specialty sickle cell disease center, a
total savings over US$1.9 billion can be obtained after 10 years.
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Background

Approximately 100,000 Americans currently live with a group of inherited red blood cell disorders known as sickle
cell disease (SCD). Individuals with SCD commonly experience prolonged and painful vaso-occlusive crises (VOCs)
that require hospitalization. These painful crises, the most frequent complication of SCD, occur sporadically and
last many days. Patients often seek treatment in emergency departments (EDs), where they receive intravenous
infusions of pain-reducing medicines. However, VOC patients have expressed dissatisfaction with the care they
receive in EDs, citing significant delays in the administration of required medication [1]. For instance, Tanabe
et al. found a median wait time of 90 min for the first dose of which is analgesic, significantly longer than the
15-20 min that the American Pain Society recommends [1]. Significant differences in time to first dose across
patients reporting similar pain levels were also found. Silbergleit ez a/. found just 20% of ED physicians follow
a protocol when caring for patients experiencing a VOC [21. These deficiencies have encouraged the creation of

specialty centers for handling VOCs.

Overview of peer-reviewed research on modes of care for sickle cell disease-related vaso-occlusive
crises

In recent years, infusion centers (ICs) have provided an alternative to the ED for the care of patients with VOCs.
Lanzkron ez al. evaluated the differences in care and quality of care received for uncomplicated VOCs in the ED and
IC (3]. The authors defined these uncomplicated VOCs as acute pain episodes requiring parenteral therapy for pain
relief, with no other known cause. To compare the two modes of care, they conducted a prospective observational
cohort study that followed 444 patients across four USA cities for 18 months. Participants were excluded if they
were on chronic transfusion therapy and experienced no acute care visits for at least 2 years prior to engaging in the )
study. Propensity score matching was used to control for the possibility of unequal discase severity between the two ~ FUtUre 7%

modes of care. The results show statistically significant differences between these two settings in the quality of care ~ Medicine ™
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received for VOC crises. In the IC, Lanzkron and colleagues found reduced time to first dose of pain medication,
quicker pain reassessment by attending medical staff and reduced inpatient hospitalization.

We use these finding to estimate the formal and informal impacts of access to IC and ED treatment for patients
experiencing VOC:s for all adult SCD patients in the United States. A body of research has examined the costs
of specialty care (see Rousseau et al., Okpala ez al., Yang et al.), but to our knowledge, our research is the first
to compare the impacts of these two modes of care at a societal level [4-6]. We measure these impacts from the
perspectives of patients, families, payers, employers and society over a 10-year time horizon using yearly estimated
cohorts of the adult SCD population.

Methods

We developed a population-level Markov model to simulate the effects of uptake of IC care for VOCs over a
10-year time horizon. Our model estimates the impact of a baseline and ‘treated’ state. In the baseline state, all
SCD patients who experience VOC events and require acute care, receive their care in an ED. In the treated state,
patients receive acute care in either the ED or an IC. The number of acute care events in the IC in the treated state
is based on assumptions of the proportion of patients with access to ICs and the percentage of patients seeking care
at an IC when an IC is available.

Each year, a new cohort of SCD patients enters the model. In the treated state, these patients receive care in
the ED or IC, or conduct self-care at home, or receive no care. To simulate the patient population with access to
an IC, we estimate a beginning estimate of patients with access, followed by an annual uptake rate of IC access
every year. A recent literature has outlined the elements needed to run an adult specialty sickle cell center and
highlighted implementation workshops with new SCD care centers (7]. The Patient-Centered Outcomes Research
Institute (PCORI) is funding work to identify barriers to the expansion of specialty care for SCD and develop an
implementation toolkit [8]. To account for this push to expand access to adult sickle cell disease specialty care, we
assume a constant rate of growth in patient access to ICs over time. The model estimates acute care event frequency,
payer and out-of-pocket medical costs, caregiver time and travel costs and employer costs in the form of foregone
wages.

Model parameters
Model parameters were identified in the literature and across publicly available data sources. A full list of these
parameters and sources appears in appendix A, Supplementary Table 1A.

Population & clinical parameters

We estimate the population over our study period using 10 population cohorts. The first cohort is based on an
estimated prevalence of SCD among adults 18 and older (0.23 per 1000 people) [9-11]. Subsequent cohorts include
the number of incidents (0.40 per 1000 people) and prevalent 18-year-olds each year [11,12]. In all 10 cohorts, we
estimate annual mortality for adules with SCD each year [13].

We use findings from Brousseau ¢t 4/, to estimate the number of adults with SCD who experience zero acute
care encounters [14]. Each year, we remove this proportion of individuals from our model to arrive at an accurate
population estimate of SCD patients seeking treatment each year.

The baseline cohort includes approximately 60,000 USA adults with SCD who seek care for SCD-related pain
crises. In each subsequent year of the model, a new cohort of 1500 incident patients enters the model, based on
an estimate of the incidence of SCD cases [11]. This incidence rate was applied to the population of adults 18 and
older in the USA. We assumed the proportion of SCD patients requiring care for pain episodes was the same as
in the prevalent population. Patients only exited the model upon death; we assume 15 patients per year per 1000
prevalent SCD patients die [13].

To account for the recurrent nature of SCD pain episodes, our model assumes patients experiencing pain crises
episodes seek medical care an average of 2.7 times per year [3].

Healthcare utilization parameters

In the baseline state of our model, we assume that each year all individuals with SCD either experience a VOC
requiring care at an ED (74%) or do not have any VOCs requiring care (26%). Among patients receiving care
in the ED, a proportion return home after treatment (62%), and the remainder are admitted to the hospital and
subsequently discharged home (38%). The proportion of patients at each choice node are based on proportions we
obtained from published literature (Figures 1a and 1b) (3,11,13,15,16], clinical input from Dr Joy Ogunsile].
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Figure 1. Diagram for baseline and treatment state models. (A) Baseline state: impact analysis model for two modes
of care for sickle cell disease crises. (B) Treatment state: impact analysis model for two modes of care for sickle cell
disease crises.

ED: Emergency department; IC: Infusion center.

In our model, patients with access to specialty IC who seek care for a VOC will receive treatment at an emergency
department or a specialty IC. We assume that the proportion of patients with access to ICs increases each year.
Based on the conversations with a clinical expert, we assume that during the base year of the model, 15% of patients
with SCD have access to ICs, and in each subsequent year the proportion of patients with access increases by
10% [E Ogunsile, Pers. Comm., December 14, 2020]. By the 10th year of the model, we assume 35% of patient
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have access to ICs. As many individuals live in areas where there is not a large population of patients with SCD,
we assume specialty ICs will never be available to the entire SCD patient population. Unfortunately, there are no
available data on the total number of existing specialty care facilities, although work is in progress to expand access
to specialty care through workshops and other informational tools for healthcare providers (7).

In our model, we assume that 70% of patients with access to specialty ICs will seek treatment at the ICs. In our
model, patients who receive treatment at ICs may then be sent home (80%), transferred to an ED and admitted
to the hospital (5%), transferred to an ED and subsequently sent home (9%), or admitted directly to the hospital
(6%) [E. Ogunsile, Pers. Comm., December 14, 2020].

Healthcare cost parameters

Healthcare costs considered in this study are the cost of inpatient hospital stays, ED costs and the costs of specialty
care ICs. The cost of inpatient hospitalization is estimated from the Agency for Healthcare Research and Quality’s
Healthcare Cost and Utilization Project (HCUP) [17). We estimate inpatient costs by identifying mean charges for
ICD-10 codes for uncomplicated SCD crises. ED and specialty care costs are estimated by identifying the average
cost for an ED and IC visit at the Johns Hopkins Hospital in Baltimore, Maryland [S. Lanzkron, Pers. Comm.,
October 25, 2020]. We construct a measure of out-of-pocket costs for patients by finding the ratio between total
and out-of-pocket charges in the Medical Expenditure Panel Survey (MEPS) and applying it to the total costs of
care from HCUP and Johns Hopkins [17,18].

Patient time, travel, & productivity cost parameters

We estimated productivity, caregiver, transportation and patient time costs for IC care and care in the ED. To
estimate transportation costs, we used the average distance between home and the ED in the United States and a
standard mileage rate from the internal revenue service of 58 cents per mile [19,20. We assumed two trips to and
from the ED or IC for a cost of US$7.89 per acute care event. We assumed that ICs are collocated with a hospital
building or campus and that there are no time or transportation costs for travel between IC, ED, or inpatient visits
and stays.

Patient time costs were estimated by using the average length of stay for inpatient hospital admissions and
ED visits for uncomplicated VOCs from HCUP [17]. Lanzkron ez al. estimate time-to-first dose in the IC being
64 min faster than for similar care received in the ED [31. To estimate the length of stay in the IC we assume a
similar length of time for care received after the first dose. This gives us an estimated 5.4 h spent in ED and 4.3 h
spent in the IC [3,17].

Productivity costs are determined by estimating employer absenteeism through the length of stay across care
settings, multiplied by a median hourly wage and the employment rate of adult SCD patients. Lanzkron et al. [21)
estimated approximately 40.9% of adult SCD patients are employed. The U.S. Department of Labor’s (DOL)
Bureau of Labor Statistics (BLS) finds a median hourly wage of US$29.95 across all labor categories [22].

SCD patients are typically not allowed to operate a vehicle after receiving their care. To estimate the burden on
caregivers for transporting patients home, we assume a caregiver wage of US$16.90 multiplied by 1 h per acute
care event. This caregiver wage is based on the median wage for nursing and home health aides [22].

Societal cost estimation

To estimate the total societal costs, we summed the costs from all payers, patient time and out-of-pocket healthcare
costs, and employer productivity costs. These calculations avoid double-counting costs to patients and payers.
We count employer productivity costs as the cost of foregone productivity and patient time costs according to
household productivity losses.

Sensitivity analyses
One-way & probabilistic sensitivity analyses

We assessed the sensitivity of our model findings using one-way sensitivity analyses. This approach produces a
plausible range for each outcome by allowing the value of one input parameter to vary across a distribution between
20% above and below the inputted mean, while holding all other input parameters constant. We also calculated
probability sensitivity analyses based on 1000 iterations of the model in which all inputs could vary across a
distribution of values.
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Infusion centers operating cost estimates

In calculations separate from our Markov Model, we estimated annual operating costs for a specialty care clinic
for providing care to SCD patients who experience pain episodes. Based on our conversations with clinical subject
mactter experts, we estimated that most ICs currently operate with three to four infusion beds and that each infusion
treatment takes approximately 5 h [E Ogunsile, Pers. Comm., December 14, 2020]. These clinics are typically
open to treat patients 8 h a day 5 days a week and are staffed by a part-time hematologists, a registered nurse, a
physician assistant, a nurse technician, and a front office administrator. Assuming the clinics are open 52 weeks a
year, we estimate an annual staffing cost for US$350,979 per clinic [22]. We assume a clinic with four beds will be
able to care for two patients per bed per day and is utilized at 75% of its maximum capacity. This estimate suggests
that one facility could care for 1560 SCD crises each year.

Many currently operating SCD clinics are co-located within hospitals or other previously built clinical facilities (3).
For such facilities, the upfront costs would be limited to retrofitting of existing facilities. Using expert input, we
estimate the cost of retrofitting a facility with four beds at US$371,718. In year 10 of our model, 31,151 SCD
crises take place within a SCD specialty IC. Using our estimates of facility capacity, we estimate approximately 20
SCD specialty ICs would need to exist to provide this care. Retrofitting costs of these 20 facilities would equal
approximately US$7.4 million spreading out the capital costs of hospital construction over 10 years and adding
annual operating costs, we estimate total annual capital and operating costs of US$1,094,415 to care for 31,151
SCD crises in a specialty care setting. Subtracting these costs from annual direct medical cost savings still saves
approximately US$1.8 billion.

We exclude these costs from the Markov Model to avoid double-counting the staff and facility operating costs
because those costs are already captured by the payer and patient direct medical costs included in our model.

These cost calculations are intended solely as back-of-the-envelope estimates because of the absence of published
information on the size, scope or operating costs of existing ICs and the likely large variance in operating costs
across the relatively small number of ICs across the country. Although these estimates do suggest that with the
addition of these capital costs, substantial direct medical cost savings do occur.

Results

The 10-year healthcare utilization and cost impacts of having access to specialty ICs for the treatment of SCD/VOC
pain crises compared with the current treatment practice at EDs are shown in Table 1. We estimated a 14% reduction
in ED visits and a 12% reduction in hospital admissions. Based on our model, the patients who avoided 175,000
ED visits and 55,000 hospital stays instead had nearly 205,000 treatments at specialty ICs. Total societal cost savings
are the sum of formal and informal sector cost savings, equaling US$2,007,153,548 over 10 years, or US$3,275
per patient per year.

Because of the high cost of the avoided ED visits and hospital stays, payers would receive the vast share of the
cost savings estimated from increased access to ICs for treatment of SCD crises. On the 10-year time horizon,
payers save US$1,811,386,274. This equates to a per-patient savings of US$2956 per year.

Patients benefit from treatment at ICs compared with EDs regarding reduced time and out-of-pocket costs.
Based on our model assumptions of less patient time for treatment at ICs, we estimate that over 10 years, patients
would save 6,385,842 h compared with the treatment of all patients at EDs (10 h per patient per year). Patients
would also have lower out-of-pocket healthcare costs when they have access to ICs. On the 10-year time horizon,
patients would save US$170,014,834 in out-of-pocket medical costs, or US$277 per patient per year.

The reduced time for treatment at ICs also translates to benefits for employers. We estimate 870,603 fewer h of
missed work. From the employer’s perspective, this equates to a US$25,752,439 in avoided productivity losses.

Patients who receive treatment for SCD pain crises often require accompaniment at completion of their treatment.
We model the time and time costs from the family perspective by assuming patients are accompanied by one working-
age care partner while traveling to and from treatments of SCD pain crises. Because many ICs are co-located with
hospitals, we assume equivalent travel distance and times to both EDs and ICs. As a result, we estimate no difference
in family time or family costs between baseline treatment state and the alternative, IC intervention state.

We estimated that there are no transportation savings or cost differences between the baseline and treatment
states. In our model, all patients who seck care make two trips: one to the acute care facility and another to their
home after discharge. Patients experience these two trips regardless of whether they receive their initial care in the
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Table 1. Costs and healthcare utilization after 10 years for sickle cell disease patients receiving crisis care exclusively at

emergency departments or with access to treatment at infusion centers.

Outcome Baseline state: Treated state: Total savings Annual per-patient savings
ED treatment IC or ED treatment

Utilization

Number of hospital admissions 460,131 405,045 55,086 0.09

Number of ED visits 1,210,870 1,035,411 175,460 0.29

Number of IC visits 0 204,897 (204,897) -0.33

Patient perspective

Patient time (h) 59,378,722 52,992,881 6,385,842 10

Indirect costs (transportation) $9,551,344 $9,551,344 $0 $0

Direct medical costs $1,515,634,740 $1,345,619,906 $170,014,834 $277

Total costs $1,525,186,084 $1,355,171,250 $170,014,834 $277

Payer perspective

Formal medical costs $16,148,002,484 $14,336,616,210 $1,811,386,274 $2956
Family perspective

Unpaid caregiving time (h) 1,210,870 1,210,870 0 0.00
Total cost of unpaid caregiving $19,131,748 $19,131,748 $0 0.00
Employer perspective

Productivity loss (h) 8,095,299 7,224,696 870,603 1.42
Total cost of productivity loss $239,458,948 $213,706,509 $25,752,439 $42
Societal perspective

Total formal medical costs $17,663,637,224 $15,682,236,116 $1,981,401,109 $3233
Total costs $17,931,779,265 $15,924,625,717 $2,007,153,548 $3275

ED: Emergency department; IC: Infusion center; SCD: Sickle cell disease.

IC or ED. Our assumption is that IC care is embedded in a larger clinical space shared by other programs, such as
a hospital. This assumption mirrors that of many existing models of SCD care [7].

Costs by payer

We estimate the proportion of total payer costs incurred by public (Medicare and Medicaid) and private payers. We
do so by attributing proportions of all payer costs by the share of the SCD population we estimate is covered by each
payer. Research has approximated 50% of the SCD population to be covered by Medicaid, 20% by Medicare, and
30% by private insurers [23]. This suggests approximately US$905.7 million in savings would accrue to Medicaid,
US$362.3 million to Medicare, and US$543.4 million to private insurers over 10 years.

Sensitivity & scenario analyses

Our model results are most sensitive to variation in input assumptions related to treatment transition probabilities
(e.g., the proportion of patients who seek treatment at the ED subsequently admitted to hospital). This is not a
surprising result considering the high cost of care in the ED and inpatient settings. The impact of expanding access
to IC treatment on many outcomes swings widely above and below zero when the care transition probabilities
are varied plus or minus 20% from the default input values (Figures 2 & 3). Additionally, our sensitivity analyses
include a range of possible scenarios for the proportion of VOCs among patients with access to the IC that result
in initial care occurring in an ED. Anecdotal information suggests that most ICs operate between 9 am —5 pm on
Monday through Friday. Alternatively, ICs in areas with high demand could operate longer hours. We vary this
range between 5% and 30% to estimate various scenarios in which ICs could potentially operate.

The model results are sensitive to the proportion of patients with SCD who have access to care at ICs during
the base year of the model. In the absence of published estimates of the current proportion of patients with SCD
who have access to IC care, we assume a baseline access to specialty care of 15%. This assumption was based on
conversation with subject matter experts and our best estimates of treatment capacity for the existing ICs. Savings
are positive for all one-way sensitivity analysis based on the credible range of the proportion of patients with access
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Select outcome: Total societal costs
Baseline savings = 2,007,153,548

Savings presented = Low = High

Parameters (range) '496,1150‘31 5 503,8?9,685 1,503,849,685 2,503,8149,685 3,503,8149,685 4,503,8149,685

Frequency of acute care visits (2.00-6.00)

Uptake of specialty care in year 1 (0.12-0.18)

Proportion of patients with specialty care access who use ED (0.05-0.30)
Total inpatient hospital costs (25,700.50—-38,550.75)

Prevalence (0.18-0.28)

Year-to-year change in uptake (percentage) (0.08-0.12)

Total ED costs (1903.86-2855.78)

Incidence (0.32-0.48)

Total specialty care IC visit cost (803.67-1205.51)

Proportion of ED visits resulting in hospital admission (0.38-0.39)

Death (12.11-18.16)

Proportion of crises where patient conducts self-care at home or receives no care (0.25-0.27)
Proportion of specialty care IC visits sent to ED (0.11-0.18)

Wage rate (7.25-35.50)

Productivity loss multiplier — employer (0.33-0.49)

Length of stay in hospital (91.87-137.81)
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Low
1,503,485,803
1,605,722,838
2,725,057,993
1,653,218,237
1,654,114,584
1,822,093,855
1,923,641,118
1,958,761,802
2,048,321,067
2,007,153,548
2,037,951,957
2,084,277,244
2,021,852,913
1,987,712,981
2,002,003,060
2,002,051,169

High
4,510,457,410
2,408,584,257
2,007,153,548
2,361,088,858
2,360,192,512
2,212,813,329
2,090,665,978
2,055,545,203
1,965,986,029
2,073,642,009
1,976,874,657
1,980,029,851
1,987,554,394
2,012,304,035
2,012,304,035
2,012,255,926

Figure 2. Tornado diagram of total societal costs, 10-year analysis.
ED: Emergency department; IC: Infusion center.

Select outcome: Total patient costs
Baseline savings = 170,014,834

Savings presented Input

Parameters (range) 42,026,139 7,973,861 57,973,861 107,973,861 157,973,861 207,973,861 257,973,861 307,973,861 357,973,861 Low High

Frequency of acute care visits (2.00-6.00) ' ! ! ! : : : : 127,351,936 382,055,807
Uptake of specialty care in year 1 (0.12-0.18) 136,011,867 204,017,801
Proportion of patients with specialty care access who use ED (0.05-0.30) 230,824,145 170,014,834
Total inpatient hospital costs (25,700.50-38,550.75) 139,645,288 200,384,381
Out of pocket cost for inpatient hospital visit (2205.24-3307.86) 139,645,288 200,384,381
Prevalence (0.18-0.28) 140,110,864 199,918,805
Year-to-year change in uptake (percentage) (0.08-0.12) 154,339,455 187,435,133
Total ED costs (1903.86-2855.78) 162,849,020 177,180,648
Out of pocket cost for ED (163.36-245.04) 162,849,020 177,180,648
Incidence (0.32-0.48) 165,915,838 174,113,830
Total specialty care IC visit cost (803.67-1205.51) 173,547,228 166,482,440
Out of pocket cost for specialty care IC visit (68.96-103.44) 173,547,228 166,482,440
Proportion of ED visits resulting in hospital admission (0.38-0.39) 170,014,834 175,638,824
Death (12.11-18.16) 172,623,597 167,450,078
Proportion of crises where patient conducts self-care at home or receives no care (0.25-0.27) 172,312,332 167,717,336
Proportion of specialty care IC visits sent to ED (0.11-0.18) 171,264,686 168,348,366

Figure 3. Tornado diagram of total patient costs, 10-year analysis.
ED: Emergency department; IC: Infusion center.

to specialty care during the base year of the model (showing savings). The range of outcomes for these sensitivity
analyses is large (Figures 2 and 3).

Based on 1000 iterations of our model, the results from our probabilistic sensitivity analysis show the bounds on
the credible range for all outcomes (Table 2). For each outcome with any nonzero impact we find that the credible
ranges do not include zero. For example, we estimate a credible range of avoided ED visits of between approximately
45,000 and 320,000 visits after 10 years. The effect of the change in utilization could result in a savings of between
US$43 million and US$325 million for patients and between US$512 million and US$3.8 billion in total societal

costs savings over 10 years.

Discussion

Our analysis follows growing findings of the efficacy of specialty SCD care versus care received in the ED. This
study is, to the authors’ knowledge, the first to compare the economic impacts of specialty SCD care with traditional
care at the societal level. Researchers have estimated the annual economic burden of SCD to payers and patients at
US$2.98 billion per year [24]. Lee and colleagues [15] conducted a systematic review of the literature on the economic
burden of adults with SCD in the USA and found that the most current literature is related to healthcare resource
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Table 2. Probabilistic sensitivity analysis findings for treatment of SCD crises at specialty infusion centers versus current

practice of treatment at emergency departments, 10-year analysis.

Outcome

Utilization

Number of hospital admissions
Number of ED visits

Number of IC visits

Patient perspective

Patient time (h)

Indirect costs (transportation) ($)
Direct medical costs ($)

Total costs (3$)

Payer perspective

Formal medical costs ($)

Family perspective

Unpaid caregiving time (h)

Total cost of unpaid caregiving ($)
Employer perspective
Productivity loss (h)

Total cost of productivity loss ($)
Societal perspective

Total formal medical costs ($)

Total costs ($)

Impacts avoided or cost savings

Credible range lower bound

Credible range upper bound

55,086 14,222 100,543
175,460 45,596 323,575
(204,897) (376,960) (52,900)
6,385,842 1,540,982 11,973,678
0.00 0.00 0.00
170,014,834 43,731,697 324,856,125
170,014,834 43,731,697 324,856,125
1,811,386,274 456,726,273 3,452,022,340
0 0 0

0 0.00 0.00

870,603 213,449 1,655,896
25,752,439 5,888,126 57,115,766
1,981,401,109 501,500,967 3,769,260,204
2,007,153,548 512,795,999 3,811,993,386

ED: Emergency department; IC: Infusion center; SCD: Sickle cell disease.

utilization, and only some of the recent literature identifies direct medical costs, highlighting the need for more
economic research in this area. Molokie ez 4. 25) compared inpatient admissions and lengths of stay following care
in specialty care centers and the ED. This research found a higher rate of hospital admission following ED care and
similar lengths of stay in the hospital following ED and specialty care.

Other benefits of expanded access to specialty ICs are not measured in our impact estimates. These include
reported patient satisfaction, decreased time to first dose, and more frequent pain reassessment throughout the
patient care experience [3]. This suggests that specialty care could reduce costs and utilization while increasing
patient satisfaction.

One recent study examined the relationship between prescription drug monitoring programs (PDMPs) and
access to opioids for patients in the ED. Zhang et /. (26] found a reduction in opioid dispensation for patients
presenting to the ED with a SCD crisis after the implementation of PDMPs [26]. These PDMPs could potentially
affect our model inputs and results by increasing the time to first dose of pain medication in EDs, resulting in lower
quality of care. Additionally, PDMPs could have a greater impact on patients presenting to the ED because of less
provider familiarity with SCD crises and the individual patient.

It is worth noting that we do not model an immediate nationwide or universal rollout of specialty care. Our
model assumes a gradual uptake of specialty care over 10 years. If a steady state of widespread specialty care use
was achieved more quickly than we assumed, then our estimated savings would increase.

Limitations

There are limitations to this study. There were few published sources for several important model inputs, including
costs for treatment of SCD crises and the proportion of patients with access to specialty care. Our cost estimates
for the ED and specialty care centers are limited to one health system, which may not be representative of estimates
in community hospitals or research hospitals in other regions. The model results are highly sensitive to the initial
uptake of specialty care or the current proportion of patients with access to specialty care. This number is uncertain
because there is no current comprehensive list of all specialty care SCD centers in the USA. In consultation with
our clinical expert, we created an estimate of 15% of the population with access to specialty care in year 1. This
highlights the need for additional research on the economic burden for specialty care in SCD.
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We do not model any downstream direct or indirect costs associated with follow-up outpatient care for SCD
crises, which is something that occurs occasionally but infrequently [27,28]; [F. Ogunsile, Pers. Comm., December
14, 2020]. However, we did not identify any data suggesting the differences in outpatient follow-up care between
specialty care and emergency department crisis care. It remains unclear if there are differences in follow-up care for
crises treated at specialty ICs versus emergency departments and the implications of that on impacts of expanded
access to specialty ICs.

We should also note that VOC event rates and acute care use could differ based on prescription drug use. Zaidi
et al. 129] finds significantly lower acute care utilization among individuals taking L-glutamine. As far as we are
aware, there are no data that indicate whether patients taking L-glutamine would be more or less likely to attend
an ER or IC during a VOC.

Additionally, the existing data do not allow us to extrapolate to children experiencing VOCs. It is possible that
pediatric patients may experience similar benefits in the specialty care setting. Modeling the treatment of children
receiving care for VOCs in the ED and specialty care centers may require accounting for burdens not present in our
model. These burdens may include the costs of missed school and additional caregiving responsibilities of parents
and family.

Our analysis also includes an attempt to present the costs of implementation of SCD specialty care by estimating
the capital construction costs of a new facility and operating expenses of staffing the facility with a team of medical
practitioners. The incorporation of this scenario analysis may underestimate savings since patients and payers will
pay for the implementation of the specialty centers through their direct medical costs.

Finally, we should note the variations in expert opinion regarding acute care for VOCs. We relied on our clinical
expert for a handful of metrics in which data were sparse, such as the proportions of patients who transition between
certain treated states such as the transition probabilities condition on receipt of initial care in the IC and ED.

Conclusion

The United States could potentially avert 55,086 inpatient hospital stays with increased uptake of specialty care for
SCD crises over 10 years. By providing specialty care and reducing hospital admissions, payers and patients could
save over US$1.9 billion in formal medical costs over 10 years. This equates to approximately 6.4 million h of
patient time, or US$26 million in productivity losses as a result of reduced employee absenteeism. These savings
equate to approximately US$2.0 billion in total societal costs.

Summary points

Background

e Care for vaso-occlusive crises often occurs in the emergency department. Specialty infusion care centers for sickle
cell disease (SCD) crises have been created in some areas as an alternative.

e Patients attending specialty infusion care centers experience reduced time to first dose of pain medication,
quicker pain reassessment by attending medical staff and reduced inpatient hospitalization.

Methods

e This paper develops a population-level Markov model to simulate the formal and informal impacts of greater
access to specialty care for SCD for all adult SCD patients in the USA.

e Our model is based on the findings from a previous research, which indicates that SCD centers provide more
timely care during vaso-occlusive crises.

e The model estimates healthcare utilization and costs and work absenteeism costs for SCD crises in the emergency
department and specialty care settings.

Results

e Uptake of specialty care for SCD could reduce formal medical costs by US$1.9 billion over 10 years and total
societal costs by US$2 billion over 20 years.

e Hospital admissions were estimated to decline by approximately 55,000 over 10 years.

Conclusion

e Expanding uptake of specialty care for SCD crises has the potential to decrease costs while producing equal to
greater health outcomes.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/
suppl/10.2217/cer-2021-0257
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