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ABSTRACT

Randomized controlled trials in wound care generalize poorly because they exclude
patients with significant comorbid conditions. Research using real-world wound care
patients is hindered by lack of validated methods to stratify patients according to
severity of underlying illnesses. We developed a comprehensive stratification system
for patients with wounds that predicts healing likelihood. Complete medical record
data on 50,967 wounds from the United States Wound Registry were assigned a clear
outcome (healed, amputated, etc.). Factors known to be associated with healing were
evaluated using logistic regression models. Significant variables (p <0.05) were
determined and subsequently tested on a holdout sample of data. A different model
predicted healing for each wound type. Some variables predicted significantly in
nearly all models: wound size, wound age, number of wounds, evidence of
bioburden, tissue type exposed (Wagner grade or stage), being nonambulatory, and
requiring hospitalization during the course of care. Variables significant in some
models included renal failure, renal transplant, malnutrition, autoimmune disease,
and cardiovascular disease. All models validated well when applied to the holdout
sample. The “Wound Healing Index” can validly predict likelihood of wound healing
among real-world patients and can facilitate comparative effectiveness research to

identify patients needing advanced therapeutics.

Randomized controlled trials (RCTs) are the gold standard to
determine clinical efficacy, defined as whether an intervention
can be successful when properly implemented under con-
trolled conditions.' Patients with chronic wounds suffer from
a multitude of comorbid conditions that would have excluded
them from nearly every RCT performed in the past 10 years.?
A recent Journal of the American Medical Association article
emphasized that future studies must include analyses of
patients with comorbid conditions. Its authors state that mul-
tivariate, risk-stratified analyses based on easily obtainable
clinical variables are “frequently feasible, but rarely per-
formed.” In the field of wound care, the limiting factor for
such studies has been the lack of a validated method to
perform risk stratification.

The Centers for Medicare and Medicaid Services has
acknowledged that there is benefit to analyzing real-world
data to facilitate wound care research.* A byproduct of docu-
menting care within electronic health records (EHRs) is the
ability to mine these data for clinical research outcomes, a
concept promoted by The Institute of Medicine.’ Longitudi-
nally linked EHR databases are a source of data for com-
parative effectiveness research strongly supported by The
Federal Coordinating Council for Comparative Effectiveness
Research.’

Nearly one third of patients in hospital-based outpatient
wound centers may not heal their wounds even though they
are cared for over a long period of time (outcomes include
amputation, death, and failure to improve).” Numerous studies
over the past two decades have identified specific wound and
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patient factors known to have a negative impact on healing.
Predictive factors of failure to heal specific to the wound itself
include size (depth, area, and diameter),*'® stage/grade,”"’
wound “age” (duration since onset),® and bacterial load/
presence of infection."*'®' Numerous patient factors also
known to negatively affect wound healing include renal
failure,”'®? age %% and peripheral arterial disease
(PAD).'>'%2 Important patient factors vary by wound type,
such as PAD. The EURODIALE study of 1,088 patients in 14
European centers considered PAD, when comorbid with dia-
betic foot ulcers (DFUs), to be a separate disease state com-
pared with DFUs alone, as infection was only a predictor of
nonhealing in patients with both DFUs and PAD.' In addi-
tion, certain therapeutic interventions have been found to have
a predictive effect on healing, including negative pressure
wound therapy, hyperbaric oxygen therapy treatment number,

CSl Comprehensive Severity Index

DFU Diabetic foot ulcer

EHR Electronic health record

HITECH Health Information Technology for Economic and
Clinical Health

IRC Intellicure Research Consortium

PAD Peripheral arterial disease

PQRS Physician Quality Reporting System

USWR U.S. Wound Registry

WHI Wound Healing Index
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endovascular revascularization, and electrical stimulation.
Theoretical mathematical models have been developed to
predict healing likelihood of chronic wounds that incorporate
many of these predictive factors as their variables and/or
parameters. Most of the early theoretical models from the
1980s and 1990s focused on a particular aspect of the healing
process such as epidermal healing, extracellular matrix repair,
wound contraction, or angiogenesis.”’ Recent models have
been more complex and inclusive of multiple processes of
healing, although more often than not inflammation has been
the focus. It is not possible to incorporate these directly into
patient care but they can be used to better understand the
mechanism of action of some therapeutic interventions.

Many mathematical models have found ulcer size (area)
and healing rates to be significantly correlated.”* Cukjati
and colleagues have done extensive work,”* and their most
recent model® addressed the use of wound area measure-
ments to predict healing, as healing rates cannot be compared
easily between wounds with different initial areas.

In general, prior efforts to model wound healing have been
hampered by the lack of access to a sufficient volume of data
with which to explore interactions, and even today, there are
no models that were developed to specifically assess the
design and optimization of treatments.*® Until now, available
models have only shown the potential to measure the prob-
ability of healing. No useable model exists with which to
stratify chronic ulcer patients according to their likelihood of
achieving healing.

We describe the use of a unique wound registry (the U.S.
Wound Registry) comprised of linked, de-identified EHR data
to develop a wound healing predictive model. We specifically
did not evaluate the impact of therapeutic interventions (e.g.,
negative pressure wound therapy, hyperbaric oxygen therapy)
but focused only on inherent patient and/or wound factors. The
purpose of this model is to create a validated wound/patient
risk stratification tool for patients with chronic wounds that is
independent of treatments. Such a predictive model can facili-
tate the use of real-world data for wound healing research,
either for prospective clinical trials or for retrospective com-
parative effectiveness research data analyses.

MATERIALS AND METHODS

While the Centers for Medicare and Medicaid Services defines
“wounds” and “ulcers” as different entities, there being no
generic term encompassing both, unless otherwise specified,
we use these two terms interchangeably with the same
meaning.

Settings and database description

The data come from an advanced EHR that has achieved a high
degree of structured-language usage including one specific to
wound care. It has been certified to meet the recent “HITECH”
Act (Health Information Technology for Economic and Clini-
cal Health Act)’ standards. The EHR guides the physician
through the pertinent International Classification of Diseases
(9th revision) Clinical Modification (ICD-9-CM) diagnosis
codes so that the correct diagnosis code is selected.”? The
majority of clinical data entry utilize standard vocabularies and
“click and scroll” menu options, with limited use of “free text.”
Computers are present in every treatment location and point of
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service documentation is performed by both the nurse and the
physician, with the program running off a server at the hospital
or the EHR vendor’s Computing Cloud. Improved documen-
tation compliance and enhanced reimbursement motivate most
facilities and physicians to use such an EHR.

Facilities usually require a year of use before their clinical
data are accepted into the registry, with data being reviewed at
intervals by vendor staff for consistency and completeness
prior to a decision regarding registry data contribution. This
national registry of wound care patients currently provides
data to the Centers for Medicare and Medicaid Services as
part of the Physician Quality Reporting System (PQRS). The
Intellicure Research Consortium is a network of hospital-
based outpatient wound centers across the United States and
Puerto Rico, which agree to share de-identified data from
patient electronic health records in exchange for benchmark-
ing services. The aggregate national database known as the
U.S. Wound Registry, a not-for-profit company, is recognized
by Centers for Medicare and Medicaid Services for PQRS
reporting. We used this extensive database to create and vali-
date the Wound Healing Index (WHI) and determine its asso-
ciation with wound healing. At the initiation of this project,
the U.S. Wound Registry consisted of approximately 56
clinics in 24 states. The U.S. Wound Registry has an indepen-
dent Institutional Review Board (IRB) that ensures that
research protocols conform to required standards of privacy
and research ethics. The IRB determined that retrospective
analysis of Health Insurance Portability and Accountability
Act [HIPAA]J-compliant data as described here was exempt
from the requirement for patient consent.

Data from 256,671 wounds were examined. These wounds
spanned from as early as July 2003 to July 2011. The break-
down of the data by year is as follows: 10.2% of the wounds
occurred in 2003-2007; 12% of the wounds occurred in 2008;
22.4% of the wounds occurred in 2009; 33.4% of the wounds
occurred in 2010; and the remaining 22% of the wounds
occurred from January to July of 2011.

Definition of wound type

We defined wound type by ICD-9-CM code. In some cases,
multiple ICD-9-CM codes were required to establish a wound
type. For example, surprisingly, there is no unique ICD-9-CM
code for “diabetic foot ulcer.” Clinicians must classify the
patient as having a chronic ulcer “related to” the underlying
disease of diabetes. A similar method is required to establish
that a chronic ulcer is arterial in nature (chronic ulcer related
to “atherosclerosis”). The opposite problem is true for venous
ulcers that have three distinctly separate ICD-9-CM code sets,
and also can be described as chronic ulcers related to venous
insufficiency. In some cases, the ICD-9-CM codes are suffi-
ciently detailed in order to specify location on the body (e.g.,
back, heels).

The Intellicure EHR uses structured language to capture
ICD-9-CM data facilitating coding by the clinician and sub-
sequent data extraction for this project. Thus, while the ICD-
9-CM system is, in some ways, poorly designed for wound
care research, clinicians practicing in the field are familiar
with its limitations and were required at the time of data entry
to specify the wound type insofar as possible. Clinicians, all
of whom were performing point-of-care charting (in the room
with the patient), also provided “free text” data entries desig-
nating the specific body location (e.g., “left lateral ankle”).
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We used text field searches when necessary to establish the
location on the body of certain wound types if the ICD-9-CM
code did not specify location. We also used text field searches
when we performed analyses to evaluate left vs. right ulcer-
ations. The wound types studied were defined as any codes
with the following beginning digits:

* Amputation—codes 997.6

e Arterial—codes 440.23, 440.24, 443, or 444.2 or codes
707.1 and described as related to atherosclerosis

¢ Burns—codes 94X.X

¢ Diabetic Foot Ulcer—codes 250 and codes 707.13—
707.15

 Flap or Graft—codes 996.52

¢ Pressure Ulcer—codes 707.0

e Surgical—codes 996.1, 996.4, 996.74, 998.32, 998.6,
998.83, or E878.8

e Traumatic—codes 707.1 and described as related to
trauma or codes 87X.X-89X.X or E917.9 or E924.8

¢ Venous—codes 454, 459.31, 459.33, 459.81 or codes
707.1 and described as related to venous or venous ulcer

Pressure ulcers were further subdivided by those located on
the heels and those not located on the heels, termed body
pressure ulcers. This subdivision was warranted on the basis
of prior research demonstrating that different risk factors
affect the outcome of heel pressure ulcers (e.g., peripheral
arterial disease).

These nine wound types included 106,272 wounds (41.4%)
of the 256,671 wounds in the original database. Further
requirements for inclusion in analyses were imposed by the
trans-disciplinary Project Team. These included requiring (1)
at least two clinician encounters for each wound; (2) at least
5 days between first and last encounter; (3) no gap longer than
60 days between any two wound encounters; (4) at least one
area measurement or a clinician statement of wound outcome;
(5) at least one wound assessment with a wound area larger
than or equal to 0.25 cm?; (6) wound age; and (7) a specified
body location of the wound. Some additional wounds were
excluded due to a clinician-assigned outcome considered to
be lost to follow up. Imposing these restrictions reduced the
sample to 50,967 wounds included for analyses.

Definition of healed

In ideal circumstances, at the time of the final wound assess-
ment, the clinician would assign an outcome to the wound
(e.g., healed, amputated). In some cases, at the final visit the
clinician might assign an outcome of “healing” although the
wound was not yet closed. Thus, the first-level definition of
outcome was that provided by the clinician. Wounds assigned
an outcome of “not healed” by the clinician were considered
not healed. If the patient died or a clinician-assigned outcome
was missing, the wounds were included in the dataset.
However, subsequent analysis was necessary to determine
whether these unassigned wounds had in fact healed (but were
not classified as such), were improving (‘“healing”), or were
showing no evidence of healing. Thus, a hierarchical
approach was created to determine whether a wound had
healed. If the clinician did not assign an outcome, the second
and third levels were size of last area and change in wound
area from maximum to last. The fourth level of outcome
assessment was last wound depth, and the fifth level was last
exposed tissue type. The three categories of exposed tissue
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types included the following clinician descriptions. We used
the worst tissue type category if a wound had descriptions
from multiple categories during an encounter.

Mild

This includes: callous, closed, epithelialized, no open areas,
no exposed tissue, scar tissue, none, partial thickness, scab,
epithelium, incision, external fixators, approximated, flap site,
intact, first degree, stage 1, epidermis, suture line intact,
blister, staple line intact, hyper granulation, tissue, surgical,
suture, sutures, drainage tubes present, dermis, fibrin, second
degree, suture line, open, slough, open suture line, graft site,
engineered tissue.

Moderate

This includes: subcutaneous, soft tissue, adipose, fat, third
degree, full thickness, tunnel.

Severe

This includes: fascia, muscle, unstageable, necrotic tissue,
graft mesh, surgical mesh, tendon, joint capsule, cartilage,
ligament, periosteum, fistula, bone, bowel, gangrene, hard-
ware, exposed vasculature.

The outcome of healing was defined in a similar manner,
with lower thresholds of change in area from maximum to last
plus presence of granulation tissue, a decreasing depth of the
wound, and improvement in last tissue exposed when avail-
able. The semi-hierarchical order of variables used to estab-
lish healed and healing wounds are depicted in Table 1
(healed) and Table 2 (healing).

Data analysis phases

Descriptive statistics

The first phase of analysis used descriptive statistics to
examine frequencies of categorical patient, wound, and
outcome measures, and average, median, quartiles, and
amount of variation (standard deviation and range) for con-
tinuous measures.

Bivariate analyses

We next conducted bivariate analyses to test the relationship
between each candidate predictor and the outcomes of healed
and healing. For discrete variables, we created contingency
tables and used chi-square tests, Fisher’s exact tests,
Wilcoxon tests, or Kendall’s tau (for ordered categories) to
determine significance of bivariate associations. For continu-
ous variables, we used correlation, two-sample z-tests, or
analysis of variance. A two-sided p-value <0.05 was consid-
ered statistically significant. Once the dichotomous outcomes
of healed and healing were defined, we randomly selected
10% of the wounds in each wound type category to use for
model validation.

Multivariate logistic analyses

We performed logistic regression for the dichotomous out-
comes of healed and healing on the remaining 90% of wounds
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Table 1. Hierarchical definition of a wound considered healed

Horn et al.

3rd level 4th level
1st level 2nd level Change from Deep wound
Clinician assigned  Size of last  maximum area (last depth 5th level
wound outcome area (cm? to last area (%) >0.5 cm) Last exposed tissue type WHI outcome
Healed, died, >2.5 Not healed
or missing 1.25-2.5 >50 Shallow Mild Healed
Moderate and change from Healed
maximum area to last area >80%
Deep Not healed
0.25-1.25 >30 Shallow Mild Healed
Moderate and change from Healed
maximum area to last area >80%
Deep Mild and change from maximum area  Healed
to last area >80%
Moderate Not healed
Missing Missing Shallow Mild or (moderate and maximum Healed
area <2.5 cm?
Healing >2.5 Not healed
1.25-2.5 >50 Not healed
0.25-1.25 >30 Shallow Mild Healed
Moderate and change from Healed
maximum area to last area >80%
Deep Mild and change from maximum area  Healed
to last area 280%
Moderate Not Healed
Missing Missing Shallow Mild and maximum area <1.25 cm? Healed

WHI, Wound Healing Index.

in each wound type category. In all models, we used data from
two time frames: data available at the first visit for one model
of likelihood of healed, or data available from all the visits
that the wound was treated for the likelihood of healed for six
common types of wounds. We did not include models for
burns, arterial wounds, or flap or graft wounds due to either
small sample sizes or questionable categorization descriptions
by providers.

Using suggestions from the trans-disciplinary Project Team
and the literature, potential predictors were allowed to enter
the models with stepwise selection. From prior analyses, we
identified the following patient and wound characteristics as
being significantly associated with healing prediction:

* Wound area at first encounter

* Encounter ending with patient sent to the emergency

department or hospital

Patient chronological age

Diabetes

Location of wound

Malnutrition

Narcotic medications (used as a marker of possible isch-

emia or inflammatory diseases)

* Mobility of patients at arrival: bed bound, wheelchair, or
able to ambulate

826

Paralysis

Peripheral arterial disease

Pressure ulcer stage

Number of previous or concurrent wounds or ulcers
Renal failure

Signs of inflammation and/or infection in the wound
Transplant medications

Wagner grade (for diabetic ulcers)

Wound age at first encounter

The regression analyses identified patient and wound vari-
ables that were significantly associated with increased or
decreased likelihood of the wound being healed. We con-
firmed through pairwise Spearman correlations that no inde-
pendent variables in the final models were collinear. All
correlations between independent variables were less than
0.75. Discrimination was measured by using the area under
the receiver operator characteristic curve (c statistic) to evalu-
ate how well the model distinguished wounds that did not
achieve the specified outcome (healed or healing) from
wounds that did achieve the specified outcome. This was
measured on both the first visit and the all visits models using
the 90% sample.

The WHI is the predicted probability of a specified wound
becoming healed and is created from multiplying the logistic

Wound Rep Reg (2013) 21 823-832 © 2013 by the Wound Healing Society



Horn et al.

Wound healing index for chronic wounds

Table 2. Hierarchical definition of a wound considered to be healing

1st level: If the wound healed, (see Table 1) then the wound is healing.

2nd level 3rd level 4th level
Clinician assigned Size of Change from maximum 5th level 6th level WHI
wound outcome last area area to last area Last exposed tissue type Granulation and depth outcome
Healed, healing, Present in >50% Last exposed < worst Healing
died, or dataset exposed
missing Last exposed was the Healing
same as first exposed
and last exposed was
mild or moderate
Last exposed was mild Last granulation = 100% or  Healing
or moderate granulation change from
maximum to last is 2560%
or last depth <0.2 cm? or
depth change from
maximum to last is
>1 cm?
Missing from Missing Last exposed < worst Healing
dataset exposed
Last exposed was mild Last granulation =100% or Healing

or moderate

granulation change from
maximum to last is 2560%
or depth change from
maximum to last is

>1 cm?

WHI, Wound Healing Index.

regression parameter estimates by the values of the significant
variables for each wound category type. The WHI was vali-
dated using the 10% validation sample. In addition, the
Hosmer—Lemeshow goodness-of-fit test was used to evaluate
the degree of correspondence between WHI-estimated prob-
abilities of achieving the outcome (healed) and the actual
outcome proportion over groups spanning the entire range of
probabilities (calibration) in the 10% validation models.

Some predictor variables from previous literature were not
allowed to enter any of the models; these included any vari-
ables related to documented wound treatment, as we did not
want wound treatment administered to influence the WHI. If
we allowed treatments to enter, then we could not use the
WHI to determine which treatments were associated with
more healing, as they would already be part of the index. A
few other predictor variables (such as irritable bowel disease
and chronic obstructive pulmonary disease) were not allowed
because they were not significant in bivariate analyses. The
Institute for Clinical Outcomes Research team performed
analyses as directed by the trans-disciplinary Project Team
members.

RESULTS

Table 3 displays the direction of the bivariate association and
its probability significance for each predictor variable with the
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outcome of healed for six common types of chronic wounds.
A similar table was created for the outcome of healing, but the
significance and direction of the associations were essentially
the same. Predictor variables often were significant for one
type of wound but not for other types.

We allowed the predictor variables that were at or near
significance in bivariate associations to enter into the logistic
regression models. We found a different model was predictive
of a wound being healed for each wound type (venous stasis,
diabetic foot ulcers, heel pressure ulcers, body pressure
ulcers, chronic traumatic wounds, and chronic surgical
wounds). Some variables were significant in nearly all
models: wound size, age of wound, number of wounds, evi-
dence of bioburden, tissue type exposed (Wagner grade or
stage), being nonambulatory, and requiring hospitalization
during the course of care. Variables that were significant in
some, but not most models, included renal failure, renal trans-
plant, malnutrition, and peripheral vascular disease. Malnu-
trition was indicated by any of the following three conditions:
presence of a malnutrition ICD-9 code (262,263,995.84)
found for that patient before or during the treatment episode;
a score of 1 or 2 in the nutrition subscale of the Braden score
(obtained either during the period of wound treatment or up to
120 days prior to the first wound encounter); or body mass
index value less than 18.5 either during the course of wound
treatment or, if missing, then during 1-120 days before the
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Table 4. Model fitting statistics to predict healed (yes/no) for development sample and validation sample for six common types

of chronic wounds

Horn et al.

Wound type
Pressure  Pressure
ulcer ulcer Amputation/
Diabetic ~ Venous (body) (heels) Trauma surgical

90% development model

Number of wounds 5,239 9,898 6,640 1,909 9,944 5,571

Number healed 3,462 7,498 4,300 1,240 7,706 3,906

Whole course model ¢ statistic 0.668 0.636 0.736 0.703 0.632 0.619

First encounter model ¢ statistic 0.648 0.603 0.702 0.697 0.62 0.612
10% validation model

Number of wounds 555 1,044 709 203 1,055 594

Number healed 377 809 477 133 811 417

Whole course model ¢ statistic 0.662 0.619 0.726 0.712 0.618 0.615

First encounter model ¢ statistic 0.659 0.594 0.674 0.705 0.599 0.596

Whole course model Hosmer-Lemeshow p-value 0.489 0.332 0.398 0.615 0.532 0.422

First encounter model Hosmer-Lemeshow p-value 0.157 0.474 0.907 0.728 0.678 0.073

¢ Statistic, performance metric of model discrimination equivalent to the area under the receiver operating characteristic curve.

first wound encounter. All models were well validated when
applied to the holdout validation 10% sample (Table 4).

As stated in the Methods section, in all models we used
data from two time frames: data available at the first visit or
data available from all the visits for the likelihood of healed
for six common types of wounds (Table 4). Factors that were
significant in nearly all first visit models and indicated less
likelihood of the wound being healed were wound size, age of
wound, and being nonambulatory.

DISCUSSION

This study was designed to identify those characteristics
inherent to the patient and the wound that affect the likelihood
of healing, and not to assess the impact of treatments. Thus, it
was not necessary to control for variations in care, although it
is likely that the quality of patient care varies highly from one
facility and provider to another.

The use of EHR data has certain advantages in this study.
Because all the medical data collected for each patient are
transmitted to the national registry, it is feasible to analyze
many possible contributory factors, as this study shows. And
because 100% of the patients seen at each participating clinic
become part of the registry, there is no selection bias in patient
enrollment to the U.S. Wound Registry.

A major challenge was the determination of whether a
wound was “healed.” An advantage of using the U.S. Wound
Registry is that the data represent the patient’s actual medical
record, so there is no post hoc vetting of outcome information
in order to improve the clinic’s reported “healing rate” for
purposes such as marketing; thus, outcomes were not artifi-
cially inflated to appear better than they were. However, while
“healed” would seem to be a well-defined end point, in clini-
cal practice it may not be. Some wounds may epithelialize
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with fragile skin and still continue to drain, so clinicians may
be uncertain whether to designate the area as healed.

Also, among outpatients, dressing products are only
covered for open wounds. If a patient requires protective
dressings for some period of time until fragile skin matures,
clinicians may continue to record wound measurements in
order to justify products or services that the patient continues
to require. The difficulty in establishing definitive wound
closure, and the perverse disincentives for doing so, compli-
cate wound healing research using EHR data. However, we
feel that the manner in which we analyzed the longitudinal
trends of wound characteristics at each visit (not size alone
but also tissue type exposed and drainage characteristics)
allowed us to correctly classify ulcer outcome.

We believe that these models will improve as more quan-
tifiable data become available (e.g., laboratory data such as
hemoglobin Alc). The progressive governmental require-
ments for “meaningful use” of certified EHRs will make more
ancillary information available as clinics are incentivized to
create interfaces with the hospital laboratory and other reposi-
tories of clinical data.

The approach we utilized had some similarities to that used
to develop the Comprehensive Severity Index (CSI).* CSI
employed the characteristics of patients’ diseases (signs,
symptoms, and physical findings from the principal and all
secondary diagnoses) and no treatments to develop the sever-
ity score for each time window. In contrast to the development
of the WHI, however, the development of the CSI did not use
any database to model an outcome or outcomes. CSI was
created by using medical literature, medical text books, and
clinician expertise to define the levels of each severity indi-
cator for a disease. Also, the CSI score incorporated disease-
specific indicators and not just the diagnosis codes.

We anticipate that these predictive models will be used in a
variety of ways and thus created two models for each wound/
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ulcer type. Clinicians have long desired a method of identi-
fying patients most in need of advanced therapeutics early in
their treatment course, thus avoiding weeks of wasted conser-
vative care. Therefore, we created a model for each wound
type based on the factors known at the time of the initial visit.
This model can identify hard-to-heal patients in clinical prac-
tice, but can also be used to stratify patients enrolled in pro-
spective trials to ensure appropriate allocation of study and
control groups. During and at the conclusion of a patient’s
course of care, additional information is available that we
found can further improve outcome prediction (e.g., whether
the patient required hospitalization at any time). These
slightly more predictive “end of treatment course’” models can
be used in retrospective data analysis to determine those treat-
ments that are associated with the fastest healing.

LIMITATIONS

These data may be affected by the quality and consistency of
clinical documentation. As clinicians must do their medical
charting anyway, data needed for the registry are collected at
the same time the medical record is created. This provides
access to a broad cross-section of clinical care, without regard
to individual physician or facility motivation for research.
Both physicians and nurses performed point of care EHR
charting. Data for the registry were not obtained by secondary
data entry. Importantly, as the EHR automatically and inter-
nally abstracts the chart to calculate charges, and those
charges determine both facility (clinic) and physician
revenue, all clinicians were highly incentivized to perform
thorough documentation.

The inability of the ICD-9-CM coding system to specifi-
cally identify many wound or ulcer types is a potentially
serious limitation. For example, “arterial ulcers” can only be
identified when a chronic ulcer is linked to the secondary
diagnosis of atherosclerosis, since no ICD-9-CM code spe-
cific to “arterial ulcer” exists. In addition, even the most
experienced clinician may be challenged to correctly classify
a wound/ulcer when multiple etiologies may apply (e.g., a
heel ulcer in a patient with severe arterial disease and diabe-
tes). Furthermore, which ICD-9-CM code is chosen has pro-
found implications regarding whether certain diagnostic
studies and clinical treatments will be covered, thus
incentivizing clinicians to use those codes that have more
favorable coverage policies whenever possible. For example,
the Centers for Medicare and Medicaid Services does not
cover arterial vascular testing for pressure ulcers (“decubitus
ulcers”) of the lower extremities even though vascular evalu-
ation may be critical to determine their likelihood of healing
and whether revascularization is needed. In addition, diagno-
ses such as pressure ulcers have medico-legal implications.
For example, the National Quality Forum includes pressure
ulcers in the list of events that should never happen to hospi-
talized patients and that their development is evidence of poor
care. Even though data do not support this assertion, litigation
over the formation of pressure ulcers is common and may
decrease the willingness to use pressure ulcer ICD-9-CM
codes. It is likely that, particularly on the lower extremity,
many pressure-related ulcers were classified as other wound
types. The multifactorial nature of lower extremity ulcers and
the extreme lack of functionality of the ICD-9-CM coding
system may account in part for conflicting data on the
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importance of certain comorbid conditions among various
wound/ulcer types.

Although the WHI was validated with a particular wound
care-specific EHR, the variables can be translated to other
platforms so that providers using other methods of wound
care data collection can utilize it. Despite the limitations of
these data, registries created from pooled, de-identified EHRs
represent a way to determine the real-world effectiveness of
wound care treatments once efficacy has been established in
RCTs. True “comparative effectiveness” studies of expensive
modalities used among chronic wound patients have been
limited by the absence of a method to stratify patients by
severity of illness and the WHI may now help to overcome
this obstacle.

In conclusion, this study is among the largest wound-
healing studies ever performed, and represents a significant
advance both in terms of the volume of data analyzed and the
completeness of the dataset. Our data confirm that certain
patient and wound factors affect the likelihood of healing in a
predictable way. Furthermore, the prevalence of significant
comorbid conditions (e.g., diabetes among patients with non-
diabetic ulcers, malnutrition, renal transplant) confirms pre-
vious observations that the majority of patients typically seen
in outpatient wound centers would have been excluded from
virtually all randomized controlled trials thus far performed in
the field of wound healing. The next phase of research for the
U.S. Wound Registry is to use these WHI predictive models to
stratify patients/wounds and analyze the effectiveness of
various treatments on outcomes.
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