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From the Society for Clinical Vascular Surgery
Quantifying the costs and profitability of care for diabetic

foot ulcers treated in a multidisciplinary setting
Caitlin W. Hicks, MD, MS,a,b Joseph K. Canner, MHS,c Hikmet Karagozlu, MBA,d

Nestoras Mathioudakis, MD, MHS,a,e Ronald L. Sherman, DPM, MBA,a,b James H. Black III, MD,b and

Christopher J. Abularrage, MD,a,b,c Baltimore, Md
ABSTRACT
Objective: Increasing Wound, Ischemia, and foot Infection (WIfI) stage has previously been shown to be associated with
prolonged wound healing time, higher number of surgical procedures, and increased cost of care in patients with dia-
betic foot ulcers (DFUs) treated in a multidisciplinary setting. However, the profitability of this care model is unknown. We
aimed to quantify the hospital costs and net margins associated with multidisciplinary DFU care.

Methods: All patients presenting to our multidisciplinary diabetic limb preservation service (January 2012-June 2016)
were enrolled in a prospective database. Inpatient and outpatient costs and net margin (U.S. dollars) were calculated for
each wound episode (initial visit until complete wound healing) overall and per day of care according to WIfI
classification.

Results: A total of 319 wound episodes in 248 patients were captured. Patients required an average of 2.6 6 0.2 inpatient
admissions and 0.9 6 0.1 outpatient procedures to achieve complete healing. Limb salvage at 1 year was 95.0% 6 2.4%.
The overall mean cost of care per wound episode was $24,2266 $2176, including $41,4206 $3318 for inpatient admissions
and $11,265 6 $1038 for outpatient procedures. The mean net margin was $2412 6 $375 per wound episode, including
$5128 6 $622 for inpatient admissions and a net loss ($�3730 6 $596) for outpatient procedures. Mean time to wound
healing was 136.3 6 7.9 days, ranging from 106.5 6 13.1 days for WIfI stage 1 wounds to 229.5 6 20.0 days for WIfI stage 4
wounds (P < .001). When adjusted for days of care, the net margin ranged from $2.66 $1.3 per day (WIfI stage 1) to $23.66

$18.8 (WIfI stage 4).

Conclusions: The costs associated with multidisciplinary DFU care are substantial, especially with advanced-stage
wounds. Whereas hospitals can operate at a profit overall, the net margins associated with outpatient procedures per-
formed in a hospital-based facility are prohibitive, and the overall net margins are relatively low, given the labor required
to achieve good outcomes. Thus, reimbursement for the multidisciplinary care of DFUs should be re-examined. (J Vasc
Surg 2019;70:233-40.)
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The costs of diabetic foot ulcer (DFU) care are substan-
tial, equaling an estimated $1.38 billion per year.1 These
costs are rapidly escalating with time, largely as a result
of an increased number of hospitalizations occurring in
a population of progressively sicker patients.2 Affected
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patients tend to be impoverished, undereducated, and
without regular health care access,3-5 resulting in
delayed wound presentation that may cost anywhere
between $3609 and $50,464 to achieve healing6,7 or
between $17,103 and $32,663 for major amputation.8,9

The Society for Vascular Surgery Wound, Ischemia, and
foot Infection (WIfI) classification system was developed
as a prognostic tool to estimate a patient’s risk of major
amputation at 1 year.10 Patients with advanced-stage
wounds (WIfI stage 3/4) have significantly longer wound
healing times and are associated with major amputation
rates ranging from 5% to 64%, depending on the popula-
tion studied.11-14 Although the risk of major amputation is
high in patients with advanced DFU, a number of groups
have demonstrated good limb salvage outcomes with
the introduction of a multidisciplinary care team.15-18 We
have previously shown that a multidisciplinary team
including a vascular surgeon, surgical podiatrist, pros-
thetist, and endocrinologist led to low rates of major
amputations even in patients with severe wounds.14

However, the costs associated with this multidisciplinary
model can be prohibitive, especially in the short term.19
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ARTICLE HIGHLIGHTS
d Type of Research: Retrospective review of prospec-
tively collected single-center diabetic foot ulcer
(DFU) cohort

d Key Findings: Based on data from 319 DFUs, the
mean net margin was $2412 per wound episode,
including $5128 for inpatient admissions and a net
loss ($�3730) for outpatient procedures. When
adjusted for days of care, the net margin ranged
from $2.6 per day (stage 1 wounds) to $23.6 per day
(stage 4 wounds).

d Take Home Message: Although hospitals can oper-
ate at a profit overall, the net margins associated
with multidisciplinary DFU care are relatively low,
given the labor required to achieve good outcomes.
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We recently investigated whether the charges and
costs associated with DFU care increase with higher
WIfI stages. For our multidisciplinary diabetic limb pres-
ervation service, the total cost of care from wound pre-
sentation to healing increased progressively from WIfI
stage 1 ($3995) to stage 4 ($50,546) wounds.6 However,
the profitability of this care model is unknown. In this
study, we aimed to quantify the hospital costs and net
margins associated with multidisciplinary DFU care,
both overall and stratified by WIfI stage.

METHODS
All patients presenting to our multidisciplinary diabetic

limb preservation service (January 2012-June 2016) were
enrolled in a prospective database. The database cap-
tures sociodemographic, comorbidity, and wound data
from initial consultation onward. It is updated at each
hospital and clinical encounter in real time by the
enrolling physicians. The Institutional Review Board
approved the study. Patients signed informed consent
before their data were collected. Patients with WIfI clas-
sification stage 5 wounds were excluded because their
limbs are considered unsalvageable.10 Patients with
missing cost data and those without wounds were also
excluded from this analysis.

Definitions. The WIfI classification system has been
extensively described previously.10 In brief, the wound
characteristics, level of ischemia, and degree of infection
are graded individually and then combined to obtain a
clinical stage designed to correlate with risk of major
amputation in 1 year.10 All limbs are assigned a WIfI
classification based on provider consensus at the time of
initial presentation. Whereas the original intent of the
WIfI classification was to analyze outcomes by limb, we
have shown that the WIfI classification also applies to
individual wounds as well.14,20 For the purposes of this
analysis, patients with multiple wounds were assigned a
WIfI stage based on their worst wound at initial presen-
tation. Patients with wounds on both limbs were
assigned a WIfI stage for each limb separately.
Inpatient and outpatient costs and net margins were

calculated for each wound. All cost and margin data
were collected from the Johns Hopkins financial office
and are reported in 2016 U.S. dollars. The cost data
include all hospital-based costs (not charges), including
both direct and indirect and variable and fixed costs
that the hospital incurs to provide care for a given
encounter. Professional fees are not included in the hos-
pital costs that we report because the hospital does not
capture professional fee costs. However, professional fee
charges and professional fee revenue were captured
and reported on a per-patient basis for a given wound
episode. Net margin represents the profit that the hospi-
tal makes on an encounter; it is calculated as the net
revenue minus the total hospital costs. Of note, our
outpatient procedures are performed in a hospital-
based facility. Because all care provided in this study
was performed in hospital-based facilities, we were
able to capture all services rendered by our team. How-
ever, we could not account for costs within rehabilitation
facilities or hyperbaric oxygen treatments.
Costs and net margins were calculated for each wound

episode, which is defined as the time from initial visit
until complete wound healing. They were also calculated
on a per-day basis for each WIfI stage, adjusting for the
mean number of days from presentation to healing.
Wounds were considered healed if they maintained
complete epithelialization for 6 weeks after functional
status was restored.21,22

Multidisciplinary diabetic limb preservation service.
Our multidisciplinary diabetic limb preservation service
consists of a vascular surgeon, surgical podiatrist, endo-
crinologist, dedicated wound care nurse, physician assis-
tant, and prosthetist.14 Consultations are obtained from
infectious diseases, plastic surgery, and orthopedic foot
and ankle surgery services on an as-needed basis. The
service attends to both inpatient consultations and
outpatient referrals.
All patients undergo noninvasive vascular laboratory

testing and three-view foot radiography on initial presen-
tation. Those with abnormal results undergo lower
extremity angiography, with endovascular or open revas-
cularization as appropriate. Once revascularization is
achieved, the wounds are débrided to healthy tissue.
Any evidence of osteomyelitis on radiography or mag-
netic resonance imaging is resected, and aggressive local
wound care is employed. All wounds are offloaded with
the help of our prosthetist, and patients are discharged
after débridement to home with regular home care visits,
a rehabilitation center, or a skilled nursing facility on the
basis of their physical status and their home situation.
Patients are observed in the clinic on a regular basis
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Fig. There was a progressive increase in the number of diabetic foot wounds treated per year during the course of
the study (P ¼ .02). The data for 2016 are not shown because cost data were available only through June 2016.
DFU, Diabetic foot ulcer.
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according to the status of their wounds and vascular
status per the comprehensive foot examination and
risk assessment guidelines.23

All tests and services rendered by the multidisciplinary
diabetic limb preservation service are available to both
the multidisciplinary team and other providers in the
hospital system. The major difference between the
multidisciplinary team and care provided by other pro-
viders is that the multidisciplinary team meets in a single
clinic visit and coordinates care on the basis of group
consensus. Furthermore, patient care by the multidisci-
plinary team is based on protocol and algorithms as pre-
viously described.14 At our institution, all patients with
DFU are treated by our multidisciplinary team.

Statistical analysis. Continuous data were summarized
as mean 6 standard error of the mean, and categorical
data were summarized as count (percentage). Wound
outcomes, including time to wound healing and per-
centage limb salvage at 1 year, were calculated on the
basis of Kaplan-Meier curves and life-table analyses.
Total hospital costs and net margins were calculated per
wound episode (from presentation to healing) overall as
well as by WIfI stage. Costs and net margins per day of
care were also calculated for each WIfI stage, adjusting
for the number of days of treatment provided from
wound presentation until complete healing was ach-
ieved. Difference in total and per-day costs and margins
were subsequently compared across WIfI stage using
analysis of variance statistics. The analysis was performed
using Stata version 14.0 software (StataCorp LP, College
Station, Tex). All reported P values are two tailed with a
set at P < .05.
RESULTS
Study cohort. A total of 319 wound episodes in 248

patients were captured. There was a progressive increase
in the number of wounds treated per year (P ¼ .02; Fig). A
complete summary of the baseline sociodemographic
and comorbidity data of this cohort has previously been
reported6 and is partially summarized in Table I. There
was a mean of 1.4 6 0.1 active wounds per limb; the worst
wound at initial presentation was considered for the
purposes of this analysis (Table II). Mean time from
wound onset to assessment by our limb preservation
service was 2.6 6 0.3 months. Mean wound area at
presentation was 8.8 6 1.2 cm2, and mean wound depth
was 0.6 6 0.04 cm. There was a fairly even distribution of
WIfI stages overall, including 30.7% (n ¼ 98) WIfI stage 1,
15.7% (n ¼ 50) stage 2, 29.8% (n ¼ 95) stage 3, and 23.8%
(n ¼ 76) stage 4 wounds.

Summary of care overall. Mean time to wound healing
for all patients was 136.3 6 7.9 days. Limb salvage at 1 year
was 95.0% 6 2.4%. Overall, patients required 2.56 6 0.15
inpatient admissions and 0.92 6 0.08 outpatient proced-
ures to achieve complete healing. The mean total num-
ber of procedures (inpatient and outpatient) performed
per wound episode was 2.19 6 0.14.
For the inpatient admissions, patients required an

average of 2.38 6 0.14 procedure-related admissions
and 0.14 6 0.03 nonoperative admissions. Inpatient podi-
atric procedures were common, occurring 1.96 6 0.12
times per wound episode. Inpatient vascular procedures
occurred 0.42 6 0.06 times per wound episode,
including 0.20 6 0.04 open and 0.21 6 0.03 endovascular
revascularization procedures.



Table I. Demographics and baseline wound characteris-
tics of diabetic foot ulcer (DFU) patients treated by our
multidisciplinary diabetic limb preservation service

Variable Overall (N ¼ 248)

Age, years 58.1 6 0.73

Male sex 150 (60.5)

Race

White 83 (33.5)

Black 157 (63.3)

Asian 3 (1.2)

Other/unknown 5 (2.0)

Insurance status

Medicare 137 (55.2)

Medicaid 45 (18.1)

Private or self-pay 64 (25.8)

None 2 (0.8)

Comorbidities

Hypertension 203 (81.9)

Dyslipidemia 125 (50.4)

Coronary artery disease 61 (24.6)

Congestive heart failure 39 (15.7)

Peripheral vascular disease 97 (39.1)

Chronic kidney disease 48 (19.4)

Dialysis 30 (12.1)

Smoking status

Current 65 (26.2)

Former 77 (31.1)

Never 106 (42.7)

Categorical variables are presented as number (%). Continuous
variables are presented as mean 6 standard error of the mean.

Table II. Summary of wound characteristics and care for
total wound episode per leg (presentation to wound
healing)

Characteristic (N ¼ 319)

Wound characteristics

No. of active woundsa 1.4 6 0.1

Wound area,b cm2 8.8 6 1.2

Wound depth,b cm 0.6 6 0.04

WIfI stage

1 98 (30.7)

2 50 (15.7)

3 95 (29.8)

4 76 (23.8)

Time from onset to assessment, months 2.6 6 0.3

Care per wound episode

Inpatient admissions 2.56 6 0.15

Outpatient procedures 0.92 6 0.08

Total No. of procedures, inpatient and
outpatient

2.19 6 0.14

Time to wound healing, days 136.3 6 7.9

WIfI, Wound, Ischemia, and foot Infection.
Categorical variables are presented as number (%). Continuous
variables are presented as mean 6 standard error of the mean.
aPer limb.
bWorst wound per limb at initial presentation.
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Outpatient procedures were less common. On average,
patients underwent 0.51 6 0.08 outpatient podiatric pro-
cedures, 0.41 6 0.07 outpatient vascular interventions,
and 0.25 6 0.06 outpatient diagnostic angiograms per
wound episode.

Costs and margins overall. The mean overall cost of
care per wound episode was $24,226 6 $2176, including
$41,420 6 $3318 for inpatient admissions and $11,265 6

$1038 for outpatient procedures. The mean net margin
was $2412 6 $375 per wound episode overall, including
$5128 6 $622 for inpatient admissions and a net loss of
$�3730 6 $596 for outpatient procedures (Table III).
When calculated on a per-day basis, the net margin was
$17.4 6 $5.4 per day overall.

Margins stratified by WIfI stage. When wound episodes
were stratified by WIfI stage (Table IV), the overall net
margin increased significantly with increasing WIfI stage
(stage 1, $1866 $285; stage 4, $52426 $1145; P < .001). The
net margin for inpatient admissions did not reach
statistical significance based on WIfI stage (stage 1,
$1883 6 $1810; stage 4, $6884 6 $1279; P ¼ .07).
Outpatient procedures were associated with a persis-
tently negative net margin regardless of wound severity
(stage 1, $�3951 6 1130; stage 4, $�3114 6 $804; P ¼ .78).
Themean time towound healing increased significantly

with increasing WIfI stage, ranging from 106.5 6 13.1 days
for stage 1wounds to 229.56 20.0 days for stage 4wounds
(P < .001). After adjusting for number of days of care
provided, the overall net margin associated with DFU
care was only $2.6 6 $1.3 for stage 1 wounds, $19.5 6 $11.0
for stage 2 wounds, $25.7 6 $7.4 for stage 3 wounds, and
$23.6 6 $18.8 for stage 4 wounds (P ¼ .35; Table IV).

Margins stratified by insurance payer. When wound
episodes were stratified by insurance payer, the overall
net margin varied significantly (Table V; P ¼ .008).
Overall net margins were highest for Medicare patients
($4758 6 $873), followed by private insurance or self-
pay patients ($4593 6 $1382), then Medicaid patients
($824 6 $839). As expected, there was a substantial loss
for patients with no insurance ($�8351 6 $11,063). The
net margins for inpatient admissions followed the
same trend as the overall net margins; inpatient net
margins were highest for Medicare ($6283 6 $909),
followed by private insurance or self-pay ($6200 6

$1385), then Medicaid ($2307 6 $717), then no insur-
ance ($�8351 6 $11,063; P ¼ .004). In contrast, the net
margins for outpatient procedures were negative for all
payers and did not significantly differ by insurance type
(P ¼ .25; Table V).



Table III. Summary of mean inpatient and outpatient
hospital costs and net margins for total wound episode
(presentation to wound healing)

Total cost Net margin

Overall, inpatient and
outpatient

24,226 6 2176 2412 6 375

Inpatient admissions 41,420 6 3318 5128 6 622

Outpatient procedures 11,265 6 1038 �3730 6 596

Endovascular intervention 10,222 6 1196 �2873 6 799

Diagnostic angiography 7284 6 1243 �2323 6 864

Podiatric procedure 11,900 6 1671 �4393 6 1006

All costs are shown in U.S. dollars 6 standard error of the mean.
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Professional fee charges and revenue. The overall
mean professional fee charges per patient per wound
episode equaled $3702 6 $377, including $4164 6 $613
in inpatient professional fee charges and $1571 6 $211 in
outpatient professional fee charges (Table VI). The over-
all mean professional fee revenue per patient per wound
episode was $1089 6 $100, including $1094 6 $164 in
inpatient professional fees and $493 6 $52 in outpatient
professional fees.

DISCUSSION
The cost of care of DFU is soaring.1,2 Excellent limb

salvage outcomes can be achieved using a multidisci-
plinary approach to care,14-18 but the profitability of
this care model is unknown. In this study, we aimed to
quantify the hospital costs and margins associated with
multidisciplinary DFU care, both overall and stratified by
wound severity. We found that care for a single wound
episode treated by a multidisciplinary limb preservation
servicedfrom presentation to healingdcosts approxi-
mately $24,226 6 $2176. Overall net margins are approxi-
mately $2412 per wound episode and increase with
increasing WIfI stage, although outpatient procedures
are associated with a net loss. When adjusted for number
of days required to achieve wound healing, net margins
are less than $18 per day. Taken together, these data
suggest that although a multidisciplinary approach to
DFU care can be profitable, the overall net margins are
relatively low, given the labor required to achieve
good outcomes.
The overall costs of care for amultidisciplinary limbpres-

ervation service that we report are higher than most of
those previously described for DFU care.24-26 However,
each of these previous studies is based on insurance
claims and did not involve the implementation of a
co-ordinated care team. In contrast, Apelqvist et al27

have demonstrated that the costs of care for DFU treated
by amultidisciplinary teamare similar to the costs thatwe
report. In that study, all patients were treated by a multi-
disciplinary foot care team consisting of an orthopedic
surgeon, podiatrist, diabetes nurse, endocrinologist, and
orthotist from the time of initial presentation until the
time of complete wound healing. This is consistent with
our multidisciplinary model, which consists of a vascular
surgeon, surgical podiatrist, endocrinologist, physician
assistant, prosthetist, and dedicated wound care nurse. It
is therefore not surprising that the total cost of DFU
care that we report ($24,226) is in line with that of the
Apelqvist study.27

Although the costs of DFU care associated with a multi-
disciplinary model are substantial, the outcomes are
excellent.28-30 For example, Larsson et al29 reported that
after the implementation of a multidisciplinary program
for the treatment ofDFUs, the incidenceofmajor amputa-
tions decreased by 78%. Similarly, Van Gils et al30 have
shown that the creation of a multidisciplinary high-risk
foot clinic designed to treat foot ulcer patients at risk for
lower extremity amputation resulted in 5-year limb
salvage rates as high as 83%. In our study, limb salvage
was 95% at 1 year, despite the fact that more than half of
all the wounds we treated were WIfI stage 3 or stage 4.
This is in contrast to previously reported limb salvage rates
ranging between 36% and 80% for WIfI stage 4 limbs.11-13

Therefore, it appears that the high costs associated with
a multidisciplinary approach to care may be worth the
favorable outcomes achieved by this paradigm.
Some of the largest concerns with implementing a

multidisciplinary limb preservation team revolve around
the substantial cost and time burden associated with
the care of these complex patients.7 Whereas a number
of previous studies have reported on the costs of DFU
care,6,7,24-26 the profitability of DFU care is unknown. In
this study, we demonstrate that the mean net margin
for a single episode of DFU care is $2412. Given that we
treated 319 wounds during the course of our 4-year study
period, the total net margin for our multidisciplinary limb
preservation service was approximately $769,428, or
$192,357 per year. This is an important finding because
it demonstrates that despite the high costs of multidisci-
plinary DFU care, the development of a limb salvage
team can be profitable. Previous studies examining the
economic feasibility of multidisciplinary DFU care have
relied on theoretical models to demonstrate effective-
ness.7,31,32 Using a hypothetical cohort of 10,000 patients
with diabetes, Ollendorf et al31 demonstrated that imple-
mentation of a multidisciplinary clinic could reduce the
cost of DFU care by as much as $2900 to $4442 per per-
son. However, we believe that our study is the first to
demonstrate evidence of hospital profitability for multi-
disciplinary DFU care using prospectively collected finan-
cial data. Of note, the net margins that we report in this
study do not include professional fees; we have reported
professional fee revenue separately to allow readers to
understand how it may affect the overall margins, but
unfortunately our hospital does not collect data on
professional fee costs.
Importantly, outpatient procedures were associated

with a negative net margin in our study. The overall loss



Table IV. Breakdown of net margin stratified by Wound, Ischemia, and foot Infection (WIfI) stage for total wound episode
(presentation to wound healing) and per day of care

Net margin Stage 1 (n ¼ 98) Stage 2 (n ¼ 50) Stage 3 (n ¼ 95) Stage 4 (n ¼ 76) P value

Overall, inpatient and outpatient

Total wound episode 186 6 285 1023 6 564 3174 6 666 5242 6 1145 <.001

Per day of care 2.6 6 1.3 19.5 6 11.0 25.7 6 7.4 23.6 6 18.8 .35

Inpatient admissions

Total wound episode 1883 6 1810 2880 6 911 4933 6 804 6884 6 1279 .07

Per day of care 7.4 6 6.8 51.4 6 18.1 41.6 6 9.5 36.1 6 22.3 .76

Outpatient procedures

Total wound episode �3951 6 1130 �4757 6 1756 �4320 6 1500 �3114 6 804 .78

Per day of care �15.9 6 6.4 �65.6 6 30.4 �38.9 6 14.4 �27.6 6 11.7 .38

All costs are shown in U.S. dollars 6 standard error of the mean.

Table V. Breakdown of net margin stratified by insurance provider for total wound episode (presentation to wound
healing) per patient

Net margin Medicare Medicaid Private or self-pay None P value

Overall, inpatient and outpatient 4758 6 873 824 6 839 4593 6 1382 �8351 6 11,063 .008

Inpatient admissions 6283 6 909 2307 6 717 6200 6 1385 �8351 6 11,063 .004

Outpatient procedures �3030 6 714 �5670 6 1718 �3744 6 1139 e .25

All costs are shown in U.S. dollars 6 standard error of the mean.

Table VI. Summary of mean professional fee charges and
revenue for total wound episode (presentation to wound
healing)

Professional fee Charges Revenue

Overall, inpatient and
outpatient

3702 6 377 1089 6 100

Inpatient 4164 6 613 1094 6 164

Outpatient 1571 6 211 493 6 52

Office visits 1222 6 125 438 6 45.9

Procedures 3115 6 916 737 6 189

All costs are shown in U.S. dollars 6 standard error of the mean.
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associated with diagnostic angiography, endovascular
interventions, and podiatric procedures ranged from
$�2323 to $�4393, depending on the procedure per-
formed, and did not change on the basis of WIfI stage.
Notably, our outpatient facility is a hospital-based facility
rather than an office-based facility. The net loss that we
observed with outpatient procedures was surprising to
us but reinforced the emerging concept that outpatient
procedures may be best performed in an ambulatory
surgery center (ASC) rather than in a hospital center.33

The challenge with this care paradigm is twofold. First,
the majority of our patients are inner-city, impoverished
patients without financial means.5 As such, it would be
extremely difficult to arrange for these patients to travel
to two different locationsdan outpatient center and our
main hospitaldto receive care. Second, patients’ eligi-
bility for surgery at an ASC depends on their comorbid-
ities. Body mass index >40 kg/m2, obstructive sleep
apnea, history of myocardial infarction, coronary artery
disease with prior percutaneous coronary intervention
or coronary artery bypass, and infection requiring contact
precautions are contraindications to surgery at an ASC.34

Other comorbidities, including coronary artery disease
without history of myocardial infarction or percutaneous
coronary intervention, pulmonary disease, diabetes,
hypertension, peripheral vascular disease, cerebrovascu-
lar accident, transient ischemic attack, hypercoagulabili-
ty, and current infection not requiring contact
precautions, are considered relative contraindications.34

Nearly all patients treated by our multidisciplinary limb
preservation team have one or more of these conditions,
and infection is almost ubiquitous. As such, it is chal-
lenging to think about an ASC setup that would allow
us to accommodate DFU patients on a regular basis
such that we would be able to appreciate the cost
savings associated with nonhospital-based care.
The outcomes achieved by our multidisciplinary DFU

care model are the reflection of the intense inpatient
treatment and outpatient follow-up that our treatment
paradigm engenders. On average, patients required 2.6
inpatient admissions and underwent more than two pro-
cedures per ulcer to achieve healing. Not surprisingly,
this care burden increases with increasing wound
severity; as we have previously demonstrated, increasing
WIfI stage is associated with prolonged wound healing
time, more inpatient admissions, higher number of surgi-
cal procedures, and increased cost of care.6 Therefore,
although the overall margins of our diabetic limb preser-
vation team are positive, the profitability on a day-by-day
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basis is low. For example, the net margin associated with
a WIfI stage 4 wound is $5242 for the total wound
episode (from initial presentation to healing). However,
after adjusting for the 217 days it takes to achieve wound
healing in WIfI stage 4 wounds, the net margin per day of
care is only $23.6 per day. For WIfI stage 1 wounds, the net
margin for day of care is only $2.6 per day. Therefore,
although hospitals can operate at a profit overall, the
overall net margins are relatively low given the labor
required to achieve good outcomes. Given the rapid
escalation in DFU volume that we have observed in just
the past 5 years (Fig), the sustainability of this model
long term is unclear.
The overall net margins that we observed differed

significantly by insurance payer. Net margins were high-
est for patients with Medicare and private or self-pay in-
surance and significantly lower for Medicaid patients.
This was interesting because Johns Hopkins Hospital is
in Maryland, which operates under a global budget reve-
nue (GBR). The GBR is an all-payer model that was
designed to provide better care, better health, and lower
costs for Maryland patients.35 Under the GBR, payer reim-
bursement should be equivalent regardless of the type of
insurance that a patient has. However, we found signifi-
cantly different net margins based on insurance type.
This is likely a reflection of certain insurance companies
denying charges for various reasons, such as “medical ne-
cessity” or “preauthorization.” At our institution, gross
collection rates range from 76% (Medicaid) to 88%
(out-of-state private insurance). The disparity in collec-
tions is likely to be much higher in states without
all-payer systems. Whereas reimbursement rates should
not affect the care provided to patients, it is important
to understand that the net margins observed with one
institution’s practice model may not be translatable to
other hospitals in other states.
The limitations of our study deserve consideration. First,

we are limited to financial data through fiscal year 2016.
Second, we linked the hospital financial data with pro-
spective data collected for our multidisciplinary limb
preservation service. There is a risk of incomplete or
missing data with this process. Third, we did not consider
posthospitalization or postprocedure costs and margins,
such as those associated with our outpatient clinic or
with regular scheduled home care visits or rehabilitation
or nursing home placement. Fourth, our Institutional
Review Board required informed consent for all data
gathered for this study, and our team takes care of nearly
all DFUs in our hospital system. As a result, we do not
have a control group that we could use to compare hos-
pital costs and margins against our multidisciplinary
approach. In addition, we did not collect data on patient
costs or quality of life. The costs of DFU care are substan-
tial not only for institutions but for the patients them-
selves as a result of missed work for frequent clinic
visits and procedures, for example. We do not capture
those costs in this study. Finally, our experience repre-
sents one institution’s experience with patients treated
for DFU in a multidisciplinary setting; our findings are
not necessarily translatable to other cohorts of patients
or other institutions. However, we have demonstrated
that hospitals can generate profit with this care para-
digm, even if those profits are slim. The addition of
professional fee margins may further improve the profit-
ability of this model, although we were unable to
account for them in our margins analysis because of hos-
pital reporting limitations. Given the favorable limb
salvage results that can be achieved with multidisci-
plinary DFU care, we urge other institutions to consider
the implementation of a multidisciplinary limb preserva-
tion service whenever possible.

CONCLUSIONS
The costs associated with multidisciplinary DFU care

are substantial, especially with advanced-stage wounds.
While hospitals can operate at a profit overall, the net
margins associated with outpatient procedures per-
formed in a hospital-based setting are prohibitive, and
the overall net margins are relatively low given the labor
required to achieve good outcomes. The viability of tran-
sitioning outpatient procedures to an ASC and the
longevity of this model remain to be determined.
Despite these limitations, the limb salvage outcomes
that we observe are favorable. As such, strong consider-
ation should be given to improving reimbursement for
the multidisciplinary care of patients with DFU.
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