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ABSTRACT

Background: Venous ulcers are painful, recurrent, and difficult to heal. Electronic medical records (EMRs) are often not
optimized to track wounds. Specialized wound care programs may not interface with office-based records, creating a
need to standardize the process of venous ulcer measurement and dressing documentation within existing systems. This
work describes the creation of an EMR protocol to track venous ulcer size, to standardize dressings, to address related
health issues, and to improve education of the patient. We hypothesized that the institution of an EMR protocol to track
clinical features of venous ulcer patients, including wound size and health status, would facilitate wound healing.

Methods: We performed a retrospective review of a prospective database from September 2014 to May 2017. Modifica-
tions to the EMR included the formation of a venous ulcer patient list, a dressing tracker, calculation of total ulcer area,
graphing of ulcer size over time, and images of the wound area. Patient education materials were created through the
EMR and loaded into an automatic end-visit printout that emphasized smoking cessation, weight loss, and consultation
with specialty services as necessary. Quarterly meetings with the supervising physician were established to review each
patient’'s wound progress and to target areas of improvement.

Results: During the study period, 204 patients with chronic C5 and C6 disease were observed. Before the start of the
project, the healing rate was 53.3%. Wound healing rates improved from 59.5% (quarter 1) to 77.94% (quarter 8). In the
quarter before the project started, there were no patients who had quit or cut down on smoking or smokeless tobacco,
no patients who were referred for weight loss consultation, and nine who were already patients of bariatric surgery.
During the study period, 29% of patients quit smoking, 19% decreased smoking, and 20% cut down smokeless tobacco
use. There were 54 patients who underwent advanced arterial evaluation; 175 patients underwent sclerotherapy and 137
patients had endovenous thermal ablation to treat axial reflux in the affected limb. The EMR modification project took
13 months to craft and to implement, with approximately 8 hours of meeting time from the surgical team.

Conclusions: A comprehensive care model for venous ulcer patients through EMR modification improved overall patient
care, increased communication between providers, and facilitated ulcer healing. EMR modification can be introduced
with an acceptable time investment on the part of both the provider and the institutional information technology

team. (J Vasc Surg: Venous and Lym Dis 2019;7:570-6.)
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Venous ulcers are often painful and unsightly and
require frequent dressing changes.' On average, a venous
ulcer takes at least 6 months to close and has a 70%
recurrence rate within 5 years." Venous ulcers occur in
approximately 1% of people in the United States.? Deep
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venous thrombosis, obesity, family history, female sex,
advanced age, trauma, multiple pregnancies, and persis-
tent standing are risk factors that contribute to venous
ulceration.”* In 2010, the Pacific Vascular Symposium 6
made a goal to decrease prevalent chronic venous ulcers
by 50% during the next 10 years.” Patients frequently pre-
sent to specialty practices without either a compression
regimen or evaluation of venous insufficiency, despite
multiple visits to other health care providers." A lack of
coordinated and comprehensive care deterred venous
ulcer healing in many patients within our practice.
Before September 2014, our institution had no formal
system in place to assess wound healing progress. Wound
photographs and measurements were taken sporadically,
and there was no continuity across our medical system to
assess wounds. Our venous ulcer tracking project was
established >2): years ago to capture both the healed
and open venous ulcer patients, to track their progress,
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and to establish systematic wound care. The goals of this
pilot project were to create a protocol for treating venous
ulcers patients, to standardize venous ulcer measure-
ments and documentation, and to create a patient list
to track venous ulcer patients. Additional goals were to
establish periodic meetings with the supervising physi-
cian to assess healing and to prevent attrition, to collabo-
rate with other services to improve venous ulcer
treatment, and to improve education of venous ulcer
patients. The aim to place patients on a healing trajectory”
was activated and included modifications of the elec-
tronic medical record (EMR) to standardize documenta-
tion. An example of how EMR technology may improve
patient care is through the wound EMR (WEMR), which
similarly has the wound documentation in one location,
isupdated at eachvisit,and can assist providers in noticing
changes to a wound that can be treated on an outpatient
basis.® We hypothesized that wound healing rates would
improve within a single practice with the institution of
a standardized, comprehensive program of patient
tracking and intervention that incorporated modifica-
tions to the EMR. As this was a pilot program, it was
initiated in the largest of the University of Pittsburgh
Vein Centers with plans to roll out to other sites if it
was successful.

METHODS

A retrospective review was performed of patients pro-
spectively enrolled in a venous ulcer quality improve-
ment program at the Magee-Womens Hospital Vein
Center of the University of Pittsburgh Medical Center.
As this was a quality improvement project, informed con-
sent was not obtained. When the project was completed
and the decision was made to publish results, Institu-
tional Review Board approval was obtained.

Patients attending specialized wound clinics at
different locations were excluded from the study. The
number of procedures was calculated for each quarter.
If a patient had more than one of the same procedure
in the same quarter, it was counted as one per limb.
The procedures evaluated included ultrasound-guided
foam sclerotherapy, thermal ablation, débridement,
split-thickness skin graft, substitute skin graft, and phle-
bectomy. Foam sclerotherapy consisted of 0.5% or 1%
polidocanol (Asclera; Merz Pharma, Raleigh, NC) and
was performed with an ultrasound technologist. Radio-
frequency ablation and endovenous laser therapy were
totaled together as thermal ablation. Compression was
evaluated for every patient on the first visit. The ulcer's
morphologic features and drainage and the patient’'s
preferences and dressing changing ability were used to
derive an acceptable method to provide at least 30 to
40 mm Hg of compression to be worn at all times
when the patient was out of bed. The type of dressing
would change on the basis of changes in the ulcer or
the patient’s ability to perform dressing care.
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ARTICLE HIGHLIGHTS

- Type of Research: Retrospective review of prospec-
tively collected data

- Key Findings: In 204 patients with C5 and C6 dis-
ease, venous ulcer healing rates improved from
59.5% (quarter 1) to 77.94% (quarter 8) under a
comprehensive care model administered through
electronic medical records changes.

- Take Home Message: Electronic medical records
can be used as a tool to facilitate comprehensive
care and improved venous ulcer outcomes.

The patients’ demographics, including sex and age, his-
tory of deep venous thrombosis, tobacco status, and
body mass index, were recorded. The time investment
required by both the vascular surgery division and the
EMR provider to modify the outpatient record to target
venous ulcer patients was recorded. The EMR (Epic;
Epic Systems Corporation, Verona, Wisc) was modified
to include a Wound Status section to capture the details
of the dressing and wound. Recorded information
included the laterality, wound chronicity, and status
(healed vs active). It also included the current dressing,
dressing change frequency, and whether any substitute
skin grafts or split-thickness skin grafts were used. The
Wound Status standardized the documentation of the
dressing regimen with dropdown menus. A Wound
Tracker program was created within the EMR to stan-
dardize venous ulcer measurements and documenta-
tion that could be accessed with a wound tracker
button in the Epic Visit Navigator. In the Wound Tracker,
wounds were numbered and localized. Wound measure-
ments were entered into preset boxes, and the surface
area was automatically calculated. A Synopsis feature
presented line graphs of the ulcer's surface area to visu-
alize ulcer area over time. The Synopsis contains the
Wound Status and the Wound Tracker. The Wound
Tracker measurements and the Wound Status dressing
details were automatically populated in the Synopsis
for each visit. The Synopsis allowed the dressing regimen
in the Wound Status to be compared with the ulcer area
in the Wound Tracker for every office visit to assess for
ulcer progress, stagnation, or closure. An example of
the Synopsis is shown in Fig 1.

A protocol was created for treatment of venous ulcer
patients by performing a venous assessment that
addressed compression, obesity and nutrition, and
tobacco use (Fig 2). The ulcer was treated as a venous
ulcer if it had characteristic morphologic features of a
venous ulcer, was located on the lower leg, and existed
in the absence of other demonstrable disease, such as
arterial insufficiency or other biopsy-proven causes.
Biopsy of the ulcer was performed if there was no
demonstrable venous disease, ho wound response to
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Fig 1. Example of healed ulcer with Wound Status, Wound Tracker, and Synopsis.

venous intervention, or no decrease in wound size after
6 weeks of compressive therapy. A venous reflux study
of both legs was obtained at the first office visit for new
patients, after interventions, and for return patients with
new or recurrent venous ulcers or stagnation in wound
healing. Stagnation of healing was defined as <5%
decrease in wound area per week for >4 weeks. Proximal
venous obstruction was evaluated by assessing ultra-
sound flow dynamics in the common femoral vein and
iliac veins, moving to venography with intravascular ultra-
sound and stenting as appropriate with evidence of
obstruction at the common femoral vein or with wound
healing stagnation. Great, small, and anterior accessory
saphenous veins with reflux of =1 second and dilation
=5 mm were treated with ablation.” Perforating veins
with reflux of =0.5 second and dilation =35 mm in the
vicinity of the active or healed ulcer were treated with
thermal ablation or ultrasound-guided foam sclerother-
apy after saphenous reflux was addressed.” Large,
bulging branch varicosities with reflux of =1 second
and dilation =5 mm were treated with phlebectomy or
ultrasound-guided foam sclerotherapy. Arterial-brachial
index was obtained if pedal pulses could not palpated.
If the arterial-brachial index was <0.5, an angiogram
was obtained, and arterial revascularization was per-
formed as anatomically appropriate.

The collaboration group consisted of an internal medi-
cine physician, bariatric surgeon, plastic surgeon, home
health nurses and aids, primary care physicians, and
wound centers. By working with home health nurses
and telemedicine, immobile and elderly patients could
avoid excess traveling and reduce frequency of appoint-
ments. Telemedicine services at the University of

Pittsburgh Medical Center were linked to home health
care. This service was provided to patients who had diffi-
culty in complying with the follow-up visit schedule.
Wound care visits were scheduled variably, between
weekly and every 6 weeks, on the basis of dressing choices,
appearance of the wound, and schedule of procedures. A
new venous ulcer patient education handout was created
to describe symptomis, risk factors, prevention, ultrasound
testing, compression, bathing, dry skin, weight manage-
ment, bariatric surgery, and tobacco cessation.

A multilayer compression dressing was typically started
at the first office visit for new patients and return patients
with new venous ulcers. Healthy eating habits with fruit,
vegetables, and lean protein were encouraged for all
venous ulcer patients. Morbidly obese patients were
referred to an internal medicine physician who special-
ized in nonsurgical weight loss, namely, diet and exer-
cise. Patients saw a dietitian at the same appointment
as the weight loss consultation. Patients who failed to
achieve nonsurgical weight loss were referred for
possible bariatric surgery. Tobacco use and cessation
were discussed at every office visit with emphasis on
the role in wound healing as well as in overall health.
Smoking cessation and compliance with dietary recom-
mendations were self-reported by patients as part of the
review of systems.

Active and healed venous ulcer patients were tracked
using a patient list in the computer EMR. The patient
list contained the name, date of birth, age, tobacco sta-
tus, last office visit, next office visit, and surgical proced-
ures such as bariatric surgery. The patient list was
accessible to all health care providers. Open and closed
venous ulcer patients were reviewed quarterly with the
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Fig 2. Treatment algorithm. AASV, Anterior accessory saphenous vein; ABI, ankle- brachial index; BLE, bilateral
lower extremities; BMI, body mass index; CEAP, Clinical, Etiology, Anatomy, and Pathophysiology classification;
DVT, deep venous thrombosis; GSV, great saphenous vein; SSV. small saphenous vein; US, ultrasound.

physician and physician assistant to facilitate follow-up
and to improve wound care by establishing a proactive
plan. The line graph in the Synopsis was used to follow
wound area over time. Wounds were tracked individually
to guide interventions. Before and during EMR changes,
patients were counted as open if they had any open
ulcer and closed when all skin was intact on both limbs.
The ulcer closure rate of our population was the progres-
sion of patients from having open to closed ulcers over
time. If an ulcer reopened or a new ulcer formed, the
patient was moved from the closed to the open group.

Statistics were performed with ¥* for nominal variables
and Student t-test for continuous variables. No attempt
was made to perform a multivariable analysis because
of inconsistencies in visit frequency and medication
tracking for patients receiving home care. P = .05 was
considered significant.

RESULTS

The total number of Clinical, Etiology, Anatomy, and
Pathophysiology (CEAP) clinical class C5 and C6 patients
at the Vein Center at Magee-Womens Hospital of the

University of Pittsburgh Medical Center increased from
126 to 204 during the course of the study (quarter 1 to
quarter 8). The population of patients consisted of an
equal number of women and men. The demographics
of these patients are shown in the Table. Enhancements
and modifications in the EMR were generated through
8 hours of vascular surgery and 50 hours of Epic support
time.

During the course of the study, 175 patients had
ultrasound-guided foam sclerotherapy, 137 patients had
radiofrequency ablation or endovenous laser therapy,
and 3 patients had a phlebectomy. Thirty-six patients
had débridement, 6 patients had split-thickness skin
grafts, and 13 patients had substitute skin grafts. In com-
parison, in the quarter before the project, 18 patients had
ultrasound-guided foam sclerotherapy, 13 patients had
radiofrequency ablation or endovenous laser therapy,
4 patients had débridement, 1 patient had a split-
thickness skin graft, 9 patients had substitute skin grafts,
and no patients had a phlebectomy. The largest number
of patients had ultrasound-guided foam sclerotherapy in
quarter 3 at 39 and the lowest number in quarter 7 at 12.



574 Bitner et al

Table. Patients’ demographics

Female 102 (50)
History of DVT 57 (27.9)
Age, years
29-59 78 (38.2)
60-79 96 (47.1)
=80 30 (14.7)
Body mass index, kg/m?
35-40 26 (12.7)
>40 58 (28.4)

DVT, Deep venous thrombosis.

The most patients had radiofrequency ablation or endo-
venous laser therapy in the last quarter at 23 compared
with 11 in quarter 7. Fig 3 illustrates the breakdown of pro-
cedures over time. Although there were more proced-
ures performed in the early (quarters 1-4) part of the
analysis, this difference was not statistically significant.

Since project initiation, eight patients quit smoking,
four patients cut down smoking, and one patient
reduced smokeless tobacco use. In an effort to improve
patients’ nutritional status, 25 patients were referred for
nonsurgical weight loss, where they also met with a die-
titian. Ten other patients were already patients of the
bariatric service. Of the two patients referred for bariatric
surgery, one had bariatric surgery and the other did not
follow through to schedule the surgery that was recom-
mended. There were 84 patients with a body mass index
of >35 kg/m?.

The study group was CEAP C5 and C6 patients. The per-
centage of CEAP C5 of the entire group was 59.5% in the
first quarter of project initiation, and it increased to
77.94% at the end of the study period (P = .03; Fig 4).
Before the project, 41.3% had open venous ulcers (CEAP
C6), and 53.3% of these closed within the study period.
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Through the standardization of wound measurements,
location, and laterality in the Wound Tracker, each ulcer
was observed individually. Twenty-two patients died dur-
ing follow-up. These and other patients who were lost to
follow-up or who chose to pursue care from another cen-
ter (n = 12 at conclusion of the study) were eliminated
from the analysis at each time point, with the status of
the wound at the last visit being used as the state of
the ulcer for final statistics.

DISCUSSION

This report demonstrates improvement in venous ulcer
healing through the institution of a standard venous
ulcer care protocol built into the EMR. The healing rate
before the EMR changes was 53.3% compared with
77.94% at the conclusion of the project. Interestingly,
EMR changes were not needed to institute evidence-
based care. On the contrary, our team thought that we
provided excellent care at all time points, and our treat-
ment algorithms did not change. What did change and
improved care was a systematic way to ensure consistent
multidisciplinary attention for every patient without
additional documentation. Through tracking of open
and closed venous ulcer patients with the patient list,
we decreased the number of patients lost to follow-up,
standardized care, and enabled more comprehensive
evaluation and referral. In the Wound Tracker, each ulcer
was numbered, the location and laterality were specified,
and the ulcer area was calculated. By using the Wound
Tracker, we were able to follow each venous ulcer. With
the creation of a venous ulcer treatment protocol,
patients with new, stagnated, or recurrent venous ulcers
received a venous reflux study to identify new disease
that may contribute to the ulcer. The results of the
venous reflux study were used to guide future venous
treatments. Although these same treatment algorithms
had been employed before the EMR changes, there
was no method to graph results, so stagnation was
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Fig 3. Venous insufficiency procedures during the implementation of electronic medical record (EMR) stan-
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Fig 4. Percentage of all patients with healed ulcers at each time point. CEAP, Clinical, Etiology, Anatomy, and

Pathophysiology classification.

more difficult to appreciate. The new tools allowed the
team to keep patients on track. This feature and more
attention and support for overall health are the likely rea-
sons we saw improvement in wound healing.

Treatment of incompetent superficial axial and perfo-
rator veins improves venous ulcer healing and reduces
the risk of recurrence.”'° Since the start of the project,
ultrasound-guided foam sclerotherapy and endovenous
thermal ablation represented the most venous insuffi-
ciency procedures. Refluxing and dilated axial veins,
branch varicosities, and incompetent perforator veins
were treated with the goals of healing open venous
ulcers and prolonging the ulcer-free period."'?

The Synopsis, consisting of a line graph of each of the
first four ulcers as well as the total ulcer area and coin-
ciding with the Wound Status dressing regimen at
each office visit, allowed a visual representation of the
ulcer's progress. During quarterly meetings with the
supervising physician, the Synopsis was referenced to
demonstrate ulcer progress and to guide changes in pa-
tients’ care. Other specialties and patients’ primary care
physicians could also view pictures of the ulcers from
each office visit, advancing continuity of care.

There has been very little written about EMR modifica-
tion and resultant venous ulcer healing. This paper
contributed to the small discrete literature that high-
lighted use of the EMR to improve wound care. An
example of improvement in documentation for other
types of ulcers is the WEMR.”® In the WEMR, wound
description, digital photograph, treatment, and comor-
bidities were all listed in one location.”” Having an easier

access to patient information was useful for taking care
of chronic wounds.” The WEMR study contrasted to
our study in that it focused on the digital photograph
for measuring wounds.” The WEMR was similar to the
advancements in the EMR through protocols and wound
tracking.” In addition, the studies were comparable
because they both improved communication between
specialties.””

The study on wound emergencies was similar to our
study in that both focused on development of the
WEMR and EMR, respectively, to improve documenta-
tion.° Advances in the WEMR and EMR allow clinicians
to more clearly delineate the wound’s progress.® In the
WEMR study, the focus was to reduce admissions and
emergency department visits through addressing
wound complications promptly.° The studies were
different in that the WEMR was used to decrease wound
emergencies overall, whereas our study concentrated on
venous ulcers.®

The time to use and to improve the EMR can seem
overwhelming to a busy clinician. However, the EMR is
the way medicine is practiced, and this project illustrates
that modifications to the EMR benefit not only patients
but clinicians as well. By enrolling patients in this pro-
gram and logging the details of their care, we were
able to quickly and accurately assess the history of the
wounds and the progress being made. After the initial
time investment by the wound care representative and
the Epic team, daily use of the program seemed
to be no more time intensive than standard visit
documentation and yielded better longitudinal results.
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Operationalizing care aspects, such as dressing take-
down and wound measurement, and recording of these
by medical assistants greatly enhanced efficiency and
use of the program.

Limitations of the study were that there was no pro-
spective tracking of the time that practitioners needed
to invest, both initially and in maintenance, to have
patients in the Wound Tracker system. In addition, the
Synopsis did not have line graphs for more than four
ulcers, and the exact time that patients’ ulcers opened
and closed (within 1-2 weeks) was occasionally difficulty
to ascertain.

CONCLUSIONS

Although the number of CEAP C5 and C6 patients
increased from 118 to 204, the percentage of active ulcer
patients was the lowest at the conclusion of the project
at 4.9%, with 17% of the total original cohort being
deceased or lost to follow-up. The number of closed
venous ulcer patients increased from 59.5% at the begin-
ning of the project to 77.94% at the end. The EMR was
improved by the addition of the Wound Tracker, Wound
Status, and Synopsis. Through collaboration with other
specialists and primary care physicians, continuity of
care was instituted, communication was facilitated, and
overall health of the patients was improved.
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