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Our objective was to estimate the US national cost burden of hospital-acquired
pressure injury (HAPI) using economic simulation methods. We created a Markov
simulation to estimate costs for staged pressure injuries acquired during hospitalisa-
tion from the hospital perspective. The model analysed outcomes of hospitalised
adults with acute illness in 1-day cycles until all patients were terminated at the
point of discharge or death. Simulations that developed a staged pressure injury
after 4 days could advance from Stages 1 to 4 and accrue additional costs for
Stages 3 and 4. We measured costs in 2016 US dollars representing the total cost
of acute care attributable to HAPI incidence at the patient level and for the entire
United States based on the previously reported epidemiology of pressure injury.
US HAPI costs could exceed $26.8 billion. About 59% of these costs are dispro-
portionately attributable to a small rate of Stages 3 and 4 full-thickness wounds,
which occupy clinician time and hospital resources. HAPIs remain a concern with
regard to hospital quality in addition to being a major source of economic burden
on the US health care system. Hospitals should invest more in quality improvement
of early detection and care for pressure injury to avoid higher costs.
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1 | INTRODUCTION

Although most hospital-acquired pressure injuries (HAPIs)
are reasonably preventable,1–4 approximately 2.5 million
individuals in the United States develop a pressure injury in
acute care facilities every year.5 Many of those who develop
pressure injuries during their acute care episode are elderly,
malnourished, and have remained hospitalised for longer
periods of time.6 These pressure injuries can result in exten-
sive harm, including chronic wounds, and as many as
60 000 deaths annually.7 In contrast, about 63 600 deaths
were related to drug overdose in 2016,8 44 000 people com-
mitted suicide in 2015,9 and nearly 56 000 died of influenza
between 2015 and 2016.10 Yet despite accounting for simi-
lar, if not greater, numbers of deaths, pressure injuries have
received much less attention as a public health crisis.

HAPI care represents a substantial financial burden on
health care systems. Previous estimates of the national cost
of treating HAPIs ranged from $3.3 billion11 to $11 billion12

annually. In comparison, recent claims by Medicare benefi-
ciaries showed that chronic pressure injury care accounted
about $22 billion.13 As the US Centers for Medicare and
Medicaid Services (CMS) reduced reimbursement related to
hospital-acquired conditions including HAPIs, hospitals
have faced the full financial burden of these harms12,14; a
single HAPI episode could cost hospitals anywhere from
$500 to more than $70 000.15

Several studies have provided estimates of patient-level
costs attributable to HAPIs, yet none have recently quanti-
fied the annual national cost of HAPI treatment in hospitals.
Doing so presents a challenge as HAPIs are not reliably
coded in billing claims, leaving the epidemiology and eco-
nomics of HAPIs incomplete. In 2010, the Society of
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Actuaries reported the national cost of medical errors but
aggregated both the inpatient and post-discharge costs asso-
ciated with HAPIs.16 Several economic evaluations esti-
mated the value of new modalities, technologies, and
nursing care to prevent HAPIs from the hospital perspec-
tive.4,17,18 These latter studies were performed primarily
using simulation modelling methods in order to overcome
limitations presented in hospital claims. Therefore, the
objective of this analysis was to provide a complete estimate
of HAPI costs to US hospitals using simulation methods
combined with best available data from existing literature.

2 | METHODS

2.1 | Study design

We used a Markov model to simulate the daily accumulation
of costs attributed to treating patients with HAPIs based on
state transitions between different HAPI stages and death
within acute care.17 The model represented the hospital per-
spective as it only considered costs delivered during inpatient
care. The model was built using TreeAge Pro Healthcare
(TreeAge Software, Williamstown, MA).19 Patients were
recruited to the model at hospital admission and either
remained in treatment for the index diagnosis, exited through
death or discharge, or developed a HAPI post-admission. Fur-
thermore, a patient developing a HAPI experienced continu-
ous progression of Stages 1, 2, 3, and 4; remained in their
current pressure injury stage; or exited because of death or
discharge.20,21 Patients cycled until reaching a terminal node.
Costs accumulated in 1-day cycles during this time span.

The probabilistic progression of HAPIs was modelled
based on information available from the National Pressure
Ulcer Advisory Panel (NPUAP) staging guidelines.22

Because of limited data on progression between Stages 3, 4,
and unstageable, and to account for the substantial differ-
ences in cost because of the intensity of intervention (eg,
debridement, excision, wound healing, radiology, associated
operative and laboratory costs), these stages were collapsed
into two groups: Stage 3/4 patients without significant addi-
tional costs (“Stage 3/4”) and Stage 3/4 patients who needed
substantially more resources (“enhanced Stage 3/4”). In
terms of progressions, “enhanced Stage 3/4” followed “Stage
3/4” (Figure 1).

2.2 | Transition probabilities and tunnel states

Transition probabilities were obtained from available litera-
ture. Probabilities were informed by a recent clinical trial on
the effect of nursing quality improvement for the incidence
of pressure injuries.23,24 These trial results allowed for a cal-
culation of HAPI cumulative incidence as well as the proba-
bility of remaining or advancing between HAPI stages
(Table 1).

The transition probability from index hospitalisation to
discharge was drawn from an exponential distribution func-
tion with a minimum of 0.50 probability of discharge, begin-
ning on Day 4. This discharge transition reflected the total
accumulated cost of an index hospitalisation without a pres-
sure injury given a national mean length of stay (LOS) of
4.5 days.25 Once a HAPI developed, transition probabilities
for remaining in the same stage, progressing to other stages,
or termination were drawn from Dirichlet distributions using

Inpatient 
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Hospital-
acquired
Pressure

Injury 
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Stage 2

Stage 3/4

Discharge/
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Enhanced 
Stage 3/4
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FIGURE 1 Markov model of transitioning health states between
hospitalisation, discharge, death, or a staged pressure injury. Pressure injury
staging begins with early Stage 1 symptoms and can then advance to
ulcerated and full-thickness wound stages (ie, Stages 2, 3, or 4). Some Stage
3 and 4 wounds may require extensive care in addition to standard nursing
and monitoring

Key Messages

• hospital-acquired pressure injury (HAPI) care can be costly to

hospitals in the United States as the US Centers for Medicaid

and Medicare Services has reduced reimbursements for

hospital-acquired conditions, with older estimates of the

national cost of treating HAPIs ranging from $3.3 billion to

$11 billion; while several studies have provided estimates of

patient-level costs attributable to HAPIs, none have recently

quantified the annual national cost of HAPI treatment in

hospitals

• using a Markov model to simulate the daily accumulation of

costs attributed to treating patients with HAPIs based on state

transitions between different HAPI stages and death within

acute care, we estimate that the incremental cost to hospitals

of treating HAPIs could be about $10 708 per patient, which

suggests that the national cost attributable to HAPI inpatient

care from the hospital perspective could exceed $26.8 billion

• as 59 % (59%) of the costs are disproportionately attributable

to a small rate of Stages 3 and 4 full-thickness wounds,

decreasing the probability of HAPI progression across stages

through stronger prevention efforts and early interventions has

been demonstrated to have the greatest effect on lowering cost
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TABLE 1 Model parameters

1a. Transition probabilities Expected value Range for sensitivity analysis Source

Index hospitalisation to pressure injury 0.045 0.038-0.52 28

Stage I to I 0.12 0.088-0.119 24

Stage I to Stage II 0.26 0.298-0.403 24

Stage I to heal 0.54 0.46-0.627 24

Stage II to Stage II 0.36 0.361-0.489 24

Stage II to Stage III/IV 0.22 0.075-0.1 24

Stage II to heal 0.42 0.414-0.56 24

Stage III/IV to heal 0.8 0.829-1.121 24

Stage III/IV to repeat surgery 0.2 0.17-0.23 17

Index discharge 0.5 0.425-0.575 Assumed

Repeat debridement to heal 0.25 0.21-0.29 17

Repeat debridement to repeat debridement 0.4 0.31-0.419 17

Repeat debridement to death 0.35 0.3-0.4 17

1b. Daily costs for staged pressure injuries Total cost ($) Source

Stage 1

Basic pressure injury care 334 17

Unforeseen costs (25%) 84 Assumed

Base case—Stage 1 418

Stage 2

Days 1-2

Basic pressure injury care 334 17

Unforeseen costs (25%) 84 Assumed

Base case—Stage 2, Days 1-2 418

Days 3-4

Hospital accommodation 2271 25

Basic pressure injury care 334 17

Unforeseen costs (25%) 651 Assumed

Base case—Stage 2, Days 3-4 3256

Stage 3/4

Day 1

Hospital accommodation 2271 25

Basic pressure injury care 334 17

Debridement 63 31

Operative management 1687 31

Wound dressing 16 12

Unforeseen costs (25%) 1093 Assumed

Base case—Stage 3/4, Day 1 5464

Days 2-6

Hospital accommodation 2271 25

Basic pressure injury care 334 17

Wound dressing 16 12

Unforeseen costs (25%) 655 Assumed

Base case—Stage 3/4, Days 2-6 3277

1c. Daily costs for Stages 3 and 4 HAPIs Total cost ($) Source

Day 1 2271

Hospital accommodation 334 25

Basic pressure injury care 1687 17

Operative management 1528 31

Wound closure 16 31

Wound dressing 180 12

Laboratory 4529 12

Radiology 7180 12
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gross number input parameters from the literature. Patients
could not regress in HAPI stages.

2.3 | Costs

Patient's LOS factored into the calculation of inpatient costs.
Patients with HAPIs tended to have higher acuity than aver-
age, making it difficult to attribute crude differences in LOS
and gross costs to the presence of pressure injuries alone.16

Previous research showed that HAPIs led to increased mean
LOS by 10.8 days.26 Other studies showed an average LOS
between 2.1 and 2.6 days attributable to HAPIs.27–29 How-
ever, none of these studies stratified excess LOS by stage or
by duration of pressure injury treatment. To calculate the
excess cost resulting solely from increased LOS because of
HAPIs, we assumed that Stage 1 would be treated for 2 days
with no excess LOS costs (Table 1); Stage 2 would be trea-
ted for 4 days with 2 days excess LOS costs; Stage 3/4
would be treated for 7 days with 7 days excess LOS costs;
and patients requiring additional care for Stage 3+ pressure
injuries (eg, surgery) would be treated for 14 days with
14 days excess LOS costs (Table 1). Tunnel states, in which
patients remained within a health state for a specified num-
ber of cycles before transitioning, were applied to reflect the
assumed duration that patients remained in a particular stage.
In addition to costs attributable to excess LOS from HAPI,
we included direct costs of HAPI care, including materials,
procedures, and staffing, according to NPUAP guide-
lines.2,30 Procedural costs (eg, debridement) or other services
were included in only one cycle of a tunnel state to avoid
double-counting costs.

National costs were obtained by multiplying the average
HAPI costs by the annual number of cases, estimated to be
2.5 million cases per year.31 All costs were inflation-adjusted
to 2016 USD. While the costs of deep tissue injuries (DTIs)
were not explicitly represented in the costing model, DTIs

are common precursors to Stages 3 and 4. The cost of DTI is
implicitly modelled into the cost of Stage 2 injuries that rep-
resent the cost preceding the escalation of Stages 3 and 4.

2.4 | Sensitivity analyses

Univariate sensitivity analyses were conducted by varying
the cost parameters by ±15%. Two-way sensitivity analyses
were used to estimate the cost-savings thresholds of increas-
ing the cost of treating Stage 1 and Stage 2 HAPIs to reduce
the probability of advancing beyond the respective stages by
50%. Probabilistic sensitivity analysis was conducted using
10 000 Monte Carlo simulations.

3 | RESULTS

3.1 | Incidence of HAPI

The cumulative incidence of HAPI among simulations was
8.3 HAPIs per 100 acutely ill patients. Among patients with
a HAPI, 61.5% only had a Stage 1 injury, 25.2% progressed
to Stage 2, 10.5% progressed to Stages 3 or 4, and 2.7%
required enhanced Stage 3/4 care (eg, debridement, excision,
and advanced wound care). Mortality was estimated to be
1.5% among all simulations. On average, patients with a
HAPI had 2.2 days excess LOS in comparison with all hos-
pitalised patients (6.7 days for patients with a HAPI against
4.5 days for all patients).

3.2 | Expected cost

The average expected cost of an inpatient hospitalisation for
all simulated patients was $11 887, with $867 (7.3%) being
attributable to HAPIs (Table 2). The average cost of HAPI
care was $10 708. This represented the incremental cost
incurred because of excess LOS attributable only to HAPIs.

TABLE 1 (Continued)

1a. Transition probabilities Expected value Range for sensitivity analysis Source

Operating room fees 130 12

Pathology 11 592 12

Ancillary services 1372 12

Consultation 7705 12

Unforeseen costs (25%) 38 526 Assumed

Base case—Day 1

Days 2-14

Hospital accommodation 2271 25

Basic pressure injury care 334 17

Wound dressing 16 12

Laboratory 180 12

Pathology 130 12

Unforeseen costs (25%) 1093 Assumed

Base case—Days 2-14 5464

Abbreviation: HAPI, hospital-acquired pressure injury.
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In particular, only 8% ($893) of the incremental cost accu-
mulated in Stage 1, 33% ($3560) accumulated in Stage
2, 31% ($2995) accumulated in uncomplicated Stage 3/4,
and 28% ($3260) accumulated in more complicated Stage
3/4 injuries. Based on the distribution of HAPIs by stage in
the United States, these costs could reflect a national cost
burden of $26.8 billion.

3.3 | Sensitivity analyses

Results did not change significantly based on one-way sensi-
tivity analyses. Reducing transition probabilities between
stages by 50% decreased the estimated incremental costs.
Two-way threshold analyses demonstrated that it was cost-
saving to pay up to five times the average cost of Stage I
treatment to reduce the probability of transitioning from
Stage I to Stage II by 50%, and spending 1.8 times the
amount of Stage 2 care was cost-saving if it led to a 50%
reduction in advancing to Stage 3. Probabilistic Monte Carlo
simulations produced a mean of $11 863 (95% confidence
interval [CI]: $11 704-$12 021) for inpatient hospitalisations
and $11 007 (95% CI: $10 485-$11 529) for incremental
costs because of HAPIs.

4 | DISCUSSION

Our analysis suggests that a HAPI could cost $10 708 per
patient on average, exceeding a total of approximately $26.8
billion in the United States annually based on 2.5 million
reported cases. This analysis also highlights that Stage 3/4
HAPIs accounted for 58% of all HAPI costs despite being a
rare outcome. Based on the CMS policy of reduced reim-
bursements for HAPIs, this tremendous potential financial

burden should provide an impetus to hospitals to strengthen
their harm reduction strategies aimed at preventing the
development of HAPIs.

Previous studies dating back over a decade estimated the
annual cost of HAPIs at $11 billion.16,28 These new results
suggest that the true national cost of HAPI care to hospitals
has grown to $10 billion, likely as a function of quantity and
price. On the one hand, wound care is more costly as the
field has introduced more expensive, life-saving technology
to grapple with the complexity of pressure injuries. On the
other hand, the United States is experiencing a spike in HAPI
rates that counters the purpose of CMS reimbursements –
one study reports nearly a 30% increase in pressure injuries
in academic medical centres between 2015 and 2017.29

These dynamics could result in the total cost increase exhib-
ited by this simulation. Even so, these costs represents a
lower-bound estimate of the societal impact of HAPI, which
also includes loss in labour productivity to the patient and
uncompensated informal care provided by family caregivers.

The solution to a rapidly growing concern is complex.
The 2008 CMS non-payment model for hospital-acquired
conditions appear to work at reducing HAPI rates in the
short term. The growing rates and costs of HAPIs in the late
2010s could be linked with a lack of incentives to invest
solely in HAPI prevention when other hospital-acquired con-
ditions under the PSI-90 payment penalty model are easier
to prevent. If penalties are not working, then CMS and other
payers should consider equal-sided risk models. That is, by
penalising hospitals that perform poorly with respect to
HAPIs, CMS could generate revenue to reward exemplary
performers of HAPI prevention. A “carrot and stick”
approach would motivate hospitals performing poorly to
achieve better outcomes to gain financial rewards.

TABLE 2 Proportion of costs accumulated by HAPI stage

A. All patients/hospitalisations

Maximum stage Proportion of patients (%)a Accumulated costs within stage ($)b Percentage of incremental cost (%)c

No pressure injury 91.7 10 980 92.69

Stage 1 5.2 74 0.62

Stage 2 2.1 293 2.47

Stage 3/4 0.9 247 2.09

Stage 3/4 (enhanced care) 0.1 253 2.13

Total 100 11 847 100

B. Patients with a pressure injury

Maximum stage Proportion of patients (%) Accumulated costs within stage ($) Percentage of incremental cost (%)

Stage 1 61.5 893 8.32

Stage 2 25.2 3560 33.25

Stage 3/4 10.6 2995 27.97

Stage 3/4 (enhanced care) 2.7 3260 30.45

Total 100 10 708 100

Abbreviation: HAPI, hospital-acquired pressure injury.
a Indicates the proportion of simulated patients who exited at a given state because of discharge or death. For example, 91.7% of all patients did not have a HAPI, while
8.3% had at least a Stage 1 HAPI.

b The average total costs accumulated within a stage.
c The percentage of the total incremental cost accumulated because of a given state.
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This study has several limitations. First, the transition proba-
bilities may not represent current US practice standards and pop-
ulation trends as these were obtained from a randomized
controlled trial (RCT) conducted in Australia; we assume that
the treatment effect of HAPI care is consistent between the
United States and Australia. Second, the cost parameters were
derived from older literature and might not reflect current trends
in the cost of actual clinical practice, especially for the most
severe HAPIs. New NPUAP guidelines on pressure injury treat-
ment have been released recently that may have influenced the
treatment of HAPIs.15 Third, well-characterised and validated
data on the overall duration of HAPI treatment and the associ-
ated excess LOS were not available; expert opinion guided the
choices for tunnel states and hospital accommodation costs.
Fourth, data on the variation between the costs associated with
the treatment of Stages 3 and 4 HAPIs are limited. Thus, we
assumed dichotomy between Stage 3/4 patients who are low-
cost or require more extensive, high-cost care over a longer time-
frame. Finally, DTIs and unstageable cases were not included in
the model because of a scarcity of data on these categories. We
assumed that these stages were subsumed by the model.

While this analysis relied on limited data and several
assumptions about the cost and epidemiological structure of
HAPI disease progression, the ancillary results support the
reliability of the estimated total incremental costs of HAPIs.
In particular, the results from our simulation of excess LOS
are consistent with previous empirical estimates.27,28,30 Fur-
thermore, the cumulative HAPI incidence of 8.3 per
100 patients and the incidence across stages were also con-
sistent with prior research.31–33

In conclusion, incremental costs to hospitals regarding
treating HAPIs could be about $10 708 per patient. These
costs amount to $26.8 billion in the United States, most of
which is represented by the extensive cost of treating Stages
3 and 4 HAPIs. Decreasing the probability of HAPI progres-
sion across stages has been demonstrated to have the greatest
effect on lowering costs. Prevention efforts and early inter-
ventions may be the most cost-effective for hospitals.34
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