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Introduction

Maintaining physical assets, including keeping buildings 
and equipment in satisfactory condition to extend their 
useful life, is a vital function of facility management (1). 
Nevertheless, maintaining physical facilities and fixed-
equipment activities is at times delayed because of budget 

constraints and the unavailability of labor and parts (2,3). 
Deferring maintenance can be a management approach 
when resources are limited and can have a quantifiable 
value. According to the Federal Accounting Standards 
Advisory Board (2), there is no clear standard that 
organizations should use to calculate the cost of deferred 
maintenance. However, accounting measurements do 
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typically include one of two primary methods: (I) condition 
assessments, which involve inspecting assets to determine 
their current condition and estimating the cost to correct 
deficiencies, and (II) life-cycle costing, which involves 
comparing actual and estimated deferred operating 
expenses to life-cycle forecasts. Deferred maintenance 
costs are not generally included on an organization’s 
financial statements but may be provided as supplementary 
information.

Deferred maintenance is  ubiquitous in faci l i ty 
management vocabulary and has a variety of meanings; 
the lack of one standard meaning creates challenges in 
addressing the topic (4). This paper considers the meaning 
of deferred maintenance from a financial perspective, 
defining the term as operational spending that is insufficient 
to sustain expected asset lifecycles and that does not include 
activities aimed at expanding or upgrading the capacity 
of an asset beyond its original intent. Sustainment is 
the opposite of deferred maintenance; facility operating 
expenses are sufficient to maintain expected asset lifespans. 
Asset renewal, replacement, and recapitalization are terms 
that describe efforts to extend the life of usable systems 
and to exchange unusable assets, and these activities are 
generally paid for with capital budget funds, which can 
accumulate over time as assets age (2,5-7). This paper 
uses the term recapitalization for expenses related to 
infrastructure renewal and replacement of existing facilities 

and equipment.
Facility sustainment and recapitalization in hospitals are 

critical to maintaining safe and effective built environments 
in which to provide community healthcare services, educate 
future healthcare professionals, and conduct clinical research 
(8,9). There is growing concern that without billions of 
additional dollars being invested in facility infrastructure, 
the majority of hospitals in North America may exceed 
their useful life by 2031 (10-12). Historically, organizations 
have struggled to secure sufficient capital funding for 
major infrastructure renewal projects (13). A contributing 
factor to this difficulty is a lack of information necessary 
to develop a sound business case for the projects (14).  
It is assumed that creating a method to predict financial 
returns from investments in facility operations will 
significantly increase the number of approvals related to 
facility funding (15).

As a means of addressing facility infrastructure 
recapitalization needs, the American Society for Healthcare 
Engineering (16) has encouraged its members to increase 
hospital facility operating expenditures to help prolong 
fixed-asset lifespans and reduce capital costs. This guidance 
presents a logical approach because adequate maintenance 
spending may extend facility systems’ lifespans and reduce 
the frequency of replacement (17). However, no current 
research indicates that increased spending, or investing, in 
facility operations has a clear return on investment (ROI). 
Numerous researchers have developed models to predict 
infrastructure recapitalization costs to support the strategic 
forecasting that is critical to successful organizations (18). 
These models are primarily based on system age and 
installation charges (19-23) and facility operating expenses, 
determined by considering hospital utilization metrics 
and property values (24,25). A common recommendation 
for estimating facility costs is to calculate 2–4 percent of 
a facility’s current replacement value (26); however, this 
method does not differentiate expense types and has not 
been widely adopted, partly because of a lack of statistical 
validation. Prior to this study, researchers had not examined 
how changes to facility maintenance and repair may 
affect capital asset spending and other quality outcomes. 
Therefore, the purpose of this study was to examine 
whether variations in a hospital’s facility operating expenses 
are associated with its infrastructure recapitalization costs. 
The findings can support healthcare organizations’ fiscal 
policies related to forecasting infrastructure renewal and 
overcoming barriers to securing facility budgets that are 
adequate to optimize the safety and performance of the 
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built environment.

Methods

The department of health website for each state was 
reviewed to identify hospitals’ publicly reported financial 
statements. To find these statements, the following 
search terms were used: “financial”, “income”, “balance 
sheet”, “statement”, and “annual report”. Only hospitals in 
Washington were included in this study because it was 
the only state that publicly reported detailed cost account 
information at the plant level. Financial statements for 2018 
and 2019 were evaluated in this study.

Statements from hospitals that experienced changes 
in gross square feet (GSF) or a decrease in gross plant, 
property, and equipment values (adjusted using building, 
building equipment, and lease improvement accounts) 
were not included in this study, to ensure that fluctuations 
in facility expenses were not the result of a major facility 
acquisition or disposition activity. Further, statements 
from behavioral health hospitals were not included in the 
study because their admission norms differ from acute-care 
hospitals. Of the 76 licensed hospitals in Washington, 59 
had GSF changes; had decreases in gross plant, property, 
and equipment values; or were behavioral health hospitals. 
Therefore, only 17 hospitals were included in this study. 
Although the sample size was small, it exceeded minimum 
sample size expectations for statistical reliability with a 
95% confidence level and a population proportion with a 
10% margin of error (27). The Declaration of Helsinki, 
participant consent, nor ethical approvals apply to this 
study as no medical research involving human subjects was 
conducted.

Statistical analysis

Differences in hospitals’ 2018 and 2019 adjusted plant, 
property, and equipment values were compared to facility 
operating expense benchmarks, calculated at $1,217 per 
admission based on the hospital facility expense ratio model 
developed by Call et al. (24) for hospitals in Washington 
during this same timeframe. The goal was to determine the 
annual infrastructure recapitalization investment. The data 
were analyzed through using a combination of statistical 
techniques, including an independent sample t-test, to 
examine whether statistically significant differences in 
infrastructure recapitalization spending exist between 
hospitals in a state of deferred maintenance and hospitals 

in a state of sustained maintenance. Linear regression was 
used to determine the relationship between infrastructure 
recapitalization costs and facility operation spending 
per admission. Land, land improvements, other fixed 
equipment, and lease equipment values were not considered 
to be part of infrastructure recapitalization investments 
because items charged to these accounts are not replaced or 
repaired and they are not fixed to the facility (e.g., medical 
equipment). A wide range of expense types may be included 
in buildings, building equipment, lease improvements, and 
construction-in-progress values as determined by generally 
accepted accounting principles (28).

Results

The average annual number of admissions between 2018 and 
2019 at the 17 hospitals analyzed in this study was 10,500, 
and the average facility operating variance (benchmark 
minus actual facility operating expense) was $2,100,000 
(Table 1). The average hospital area was 597,000 GSF, and 
the average annual infrastructure recapitalization investment 
was $2,800,000; the average infrastructure recapitalization 
investment per GSF was $5.34 (see Tables 1,2).

When fac i l i ty  operat ing expenses  were  be low 
benchmarks, hospitals in a state of deferred maintenance 
spent significantly more money on recapitalization than 
did hospitals in a state of sustained maintenance when 
facility operating expenses were at or above benchmarks 
(Table 3); just over half of the hospitals were in a state of 
sustained maintenance. There was a statistically significant 
difference in the average infrastructure recapitalization 
investment per GSF of hospitals grouped by those in a 
state of sustained maintenance and hospitals in a state of 
deferred maintenance, t(13)=−2.178, P<0.05. Two hospitals 
with infrastructure recapitalization investments greater 
than 5 times their group average (Hospital K at $32.82 and 
Hospital P at $7.26) were considered outliers and were 
therefore removed from this analysis.

A hospital’s infrastructure recapitalization costs can 
be reliably predicted by examining the hospital’s facility 
operating expenses in relation to the benchmark. Linear 
regression was completed to understand the effect of 
facility operating expenses on infrastructure recapitalization 
investment. To assess linearity, the researchers created 
a scatterplot of recapitalization investment per GSF in 
relation to facility operating expense variance (actual to 
benchmark) per admission (Figure 1). Visual inspection of 
the scatterplot indicates that there is a linear relationship 
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Table 1 Hospital admissions and facility operating expenses

Hospital Admissions
Facility operating expense variance 

(benchmark minus actual)
Facility operating expense  

variance per admission

A 325 $247,788 $762.42

B 1,089 $421,549 $387.10

C 1,216 $152,644 $125.53

D 300 $172,427 $574.76

E 204 $151,854 $744.38

F 2,832 $2,010,628 $709.97

G 5,667 $3,511,441 $619.63

H 1,471 $515,388 $350.37

I 5,408 $1,918,415 $354.74

J 19,567 $2,551,619 $130.40

K 22,069 $16,703,837 $756.89

L 8,472 $4,221,166 $498.25

M 9,520 $2,922,520 $306.99

N 8,505 $2,974,467 $349.73

O 32,112 $18,304,398 $570.02

P 16,073 $9,532,452 $593.07

Q 42,721 $15,099,377 $353.44

between these variables.
The prediction equation was as follows: annual 

infrastructure recapitalization investment per GSF =0.0087 
× facility operating expense variance per admission + 5.16, 
calculating the actual-to-benchmark variance of facility 
operating expenses per admission was verified to be a 
statistically significant method of predicting infrastructure 
recapitalization investment per GSF, F(1,15)=5.573, P<0.05. 
The actual-to-benchmark variance accounted for 20% of 
the variance in infrastructure recapitalization investment per 
GSF, with adjusted R2=22%, a medium size effect according 
to Cohen (29).

Discussion

The results of this research are useful in developing 
a business case to justify adequate facility budgets. As 
many hospitals continue to face increasing financial 
pressures from decreased margins (30), developing and 
communicating a sound business case is imperative to 
secure necessary funding amidst competing projects (31). 

The findings from this study provide a benchmark for levels 
of infrastructure recapitalization investment and reinforce 
the logic that adequate maintenance activities and spending 
can support facility systems’ lifespans (32). Because of the 
statistically significant correlation between facility operating 
expenses per admission and recapitalization investment, a 
linear model can be used to predict financial returns from 
capital savings as a result of increases to facility operating 
budgets. A similar model has been used by building owners 
and facility practitioners for decades in predicting capital 
construction costs savings from association to market 
factors and indexes (33,34).

The following example is presented to demonstrate how 
this model can be used to predict the financial returns from 
increasing facility operating budgets: Hospital XYZ has 
5,000 admissions per year and an area of 650,000 GSF. The 
hospital spends $4,000,000 annually on facility operations, 
and the benchmark is $6,085,000 (=5,000×1,217). 
Therefore, Hospital XYZ has a facility operating variance 
per admission of $417 [(=6,085,000−4,000,000)/5,000]. 
Using the linear model to predict annual infrastructure 
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recapitalization investment per GSF (=0.0087 × facility 
operating expense variance per admission + 5.16), the 
annual infrastructure recapitalization investment is 
predicted to be $8.79 per GSF [(=0.0087×417)+5.16]. If 
Hospital XYZ increased facility operating expenses by 
$2,085,000 to no longer operate in a state of deferred 
maintenance, the predicted infrastructure recapitalization 
investment would change to $5.16 per GSF, a savings 
of $3.63 per GSF (=8.79−5.16), equating to $2,360,000 
(=3.63×650,000) and an ROI of 13 percent [(=2,360,000–
2,085,000)/2,085,000]. Although the linear model may 
not always produce a positive ROI in terms of predicted 

capital savings, the model is still helpful in benchmarking 
the capital replacement funds needed for sustaining 
and replacing aging infrastructure to promote a reliable 
environment of care (35). As Washington is the only 
state to publicly report hospital utilization and financial 
statements along with facility operating expenses, the 
ratio model developed for this research may be unreliable 
beyond the Northwest region of the United States. In 
addition to this geographic limitation, this model does not 
account for time value of money and may be unreliable 
beyond acute-care hospital properties.

Conclusions

Hospitals in a state of deferred maintenance invest 
significantly more money in infrastructure recapitalization 
than do hospitals in a state of sustained maintenance. 
There is a statistically significant correlation between 
hospitals’ facility operating expenses per admission and 
infrastructure recapitalization costs. A linear model 
was created to benchmark expected levels of hospital 

Table 2 Hospital gross square feet and annual infrastructure recapitalization investment

Hospital Gross square feet
Annual infrastructure  

recapitalization investment
Annual infrastructure recapitalization 

investment per gross square foot

A 34,195 $0 $0.00

B 54,302 $309,419 $5.69

C 71,735 $0 $0.00

D 77,714 $368,419 $4.74

E 88,741 $1,789,895 $20.17

F 114,201 $66,854 $0.59

G 155,374 $462,847 $2.98

H 190,169 $0 $0.00

I 433,631 $0 $0.00

J 456,937 $2,638,971 $5.78

K 662,040 $21,726,273 $32.82

L 677,159 $0 $0.00

M 745,880 $354,145 $0.47

N 809,833 $1,352,360 $1.67

O 849,730 $7,261,484 $8.55

P 1,522,811 $11,056,437 $7.26

Q 3,200,145 $411,780 $0.13

Table 3 Comparison of hospital facility maintenance status and 
annual infrastructure recapitalization investment per gross square foot

Facility maintenance  
status

Infrastructure recapitalization  
expenses per gross square foot

Sustained $0.86

Deferred $6.27
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infrastructure recapitalization investment and to predict 
financial returns from investments in facility operations. 
This model can guide healthcare organizations in making 
fiscal policies related to forecasting facility infrastructure 
costs and in overcoming barriers to securing adequate 
facility budgets that optimize the safety and performance 
of the built environment. Future research should examine 
the connections between hospital facility expenses and 
patient and clinical outcomes. To address ongoing facility 
infrastructure challenges, it may be beneficial to develop 
and test models to predict facility cost savings for other 
property types in a variety of locations.
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