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ABSTRACT
BACKGROUND: Venous leg ulcers (VLU) require early identification and treatment to prevent further harm. Health care 
providers often fail to initiate evidenced-based VLU treatment promptly because of a lack of knowledge of VLU guidelines.  
PURPOSE: To improve early treatment for patients with VLUs presenting to outpatient clinic settings. METHODS: Plan-Do-
Study-Act cycles were used for this quality improvement project. Virtual education and a comprehensive clinical decision sup-
port (CDS) order set were implemented. Outcome metrics included the rate of ankle-brachial index (ABI) testing, mechanical 
compression therapy, and home health service referrals for patients with VLUs. The frequency with which the CDS order set 
was used was also measured. RESULTS: Forty health care providers attended the virtual education sessions among 3 outpatient 
clinics. There was an increase in ankle-brachial index testing from pre (n = 7; 15.9%) to post (n = 10; 18.2%) (P = .796), but 
there was a decline in mechanical compression therapy from pre (n = 15; 34.1%) to post (n = 4; 7.3%) (P = .002) and home 
health service referrals from pre (n = 11; 25%) to post (n = 9; 16.4%) (P = .322). The CDS order set was used 9 times over 
13 weeks. CONCLUSION: Future Plan-Do-Study-Act cycles will include completing in-person education and reducing the VLU 
CDS order set length. Future projects should consider these approaches when implementing evidence-based VLU guidelines.

KEY WORDS: venous leg ulcer, quality improvement, ambulatory setting, patient education

INDEX: Wound Manag Prev. 2022;68(9):12–18 doi:10.25270/wmp.2022.9.1218

POTENTIAL CONFLICTS OF INTEREST: none disclosed

Implementing Venous Leg Ulcer  
Education and Clinical Decision Support:  
A Quality Improvement Project
Amelia Beatty, DNP, MSN, NP, RN, CWCN-AP1; Penny S. Jones, AGNP-C, MN, CWS, CWCN-AP, COCN2;  
Christopher Vail, PA-C, MMCi3; Julie A. Thompson, PhD4; and Staci S. Reynolds, PhD, RN, ACNS-BC, CCRN, CNRN, SCRN, CPHQ4

1Duke Wound Management, Duke University Health System, Durham, NC 
2Duke Wound Management, Duke University Health System, Durham, NC 
3Clinical Informatics, Duke University Health System, Durham, NC 
4Division of Adult Health, Duke University School of Nursing, Durham, NC 
Address all correspondence to: Amelia Beatty, MSN, NP, CWCN-AP, Wound Care Nurse Practitioner, 40 Duke Medicine Circle, Durham, NC 27710;  
tel: 919-684-4656; email: amelia.beatty@duke.edu 

Venous leg ulcers (VLUs) are a chronic 
problem in the United States, with an 
overall prevalence of 1%; this increases to 
3% for those older than 65.1 Venous sta-
sis and chronic venous insufficiency are 
associated with several disorders includ-
ing varicose veins, chronic venous hy-
pertension, postphlebitic syndrome, and 
lymph insufficiency, all of which can lead 
to VLU formation.2 These diagnoses of 
mixed chronic venous and lymphatic in-
sufficiency—also known as phlebolymph-
edema—can cause weakness, diminished 

joint flexibility and mobility, pain, dis-
comfort, and recurrent infections.3 

To prevent further harm, early identi-
fication and treatment of VLUs are im-
perative.4,5 Even when treatment is ini-
tiated promptly, VLUs commonly take 
3 or more months to heal completely.6 

When identification and treatment of 
VLUs are not initiated promptly, de-
layed wound healing can occur, impact-
ing patients’ psychological, emotional, 
and physical well-being.7 It has been 
found that delayed wound healing can 

lead to pain, depression, fatigue, and 
sleep disturbance.8 Furthermore, VLUs 
contribute additional costs to the health 
care system because of frequent wound 
care dressings, the skilled nursing staff 
required to care for these specialized 
wounds, and hospitalization due to 
complications from poor VLU manage-
ment.4 The cost of VLUs, while less than 
diabetes-related amputations, is staff 
time-intensive and lies predominantly 
in the home health, outpatient, and pri-
mary care arenas.9 
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The gold standard of treatment for 
VLUs is compression of the lower limb, 
which is typically completed in the outpa-
tient setting.5,6,10-13 Ideally, compression 
is initiated as soon as the VLU is identi-
fied; however, health care providers of-
ten fail to initiate this treatment prompt-
ly because of a lack of knowledge and 
confidence in treating VLUs.5 At a large 
academic health system in the southeast-
ern United States, there was an identi-
fied need to improve VLU wound care, as 
many patients were not receiving timely 
VLU compression therapy. Addition-
ally, a knowledge deficit was identified 
through informal interviews with several 
clinicians, with many stating they did not 
feel comfortable providing wound care 
for patients with VLUs. Thus, a quality 
improvement (QI) project was initiated 
to improve care for patients with VLUs. 

LITERATURE REVIEW
Education to health care provid-

ers. A thorough assessment of patients 
with VLUs must rule out other potential 
causes—such as arterial, neuropathic, 
autoimmune, and malignancy etiolo-
gies—and identify the best treatment 
options. Treatment of VLUs is highly 
specialized, and many health care pro-
viders do not receive formal education 
on this topic.14 Therefore, many provid-
ers lack the knowledge of how to treat 
VLUs appropriately. Educating provid-
ers on the importance of prompt diagno-
sis, ankle-brachial index (ABI) testing, 
mechanical compression therapy, home 
health service referrals, and transition-
ing care to a wound care specialist can 
help improve patient outcomes.5 Educa-
tional meetings, which aid in presenting 
new knowledge to encourage best prac-
tices, have been noted to be an effective 
strategy to improve providers’ knowl-
edge and patient outcomes.15 

Clinical decision support. The use 
of clinical decision support (CDS) sys-
tems can assist with the implementation 
of clinical practice guidelines for man-
agement of VLUs and allows specialists 
and primary care providers to collabo-
rate.16 CDS systems can help health care 
providers deliver safe, evidence-based 

practices that improve patient out-
comes. Additionally, CDS systems can 
control costs and allow for more com-
plete documentation and streamlined 
workflow.17 Order sets are a common 
type of CDS.18,19 A comprehensive VLU 
order set can guide providers in: appro-
priately documenting diagnoses codes; 
ordering labs, dressings, and compres-
sion devices; and providing documen-
tation and wound assessment templates 
for more accurate documentation. 

Ankle-brachial index testing. An ABI 
is a noninvasive ultrasound procedure 
that identifies the presence and degree 
of peripheral arterial disease of the low-
er leg. Several clinical practice guide-
lines recommend this assessment for 
the management of VLUs.11,20,21 The ABI 
test provides VLU treatment guidance 
for providers; some guidelines found 
that mechanical compression therapy 
is contraindicated for patients with an 
ABI of less than 0.5, as compression of 
a limb with poor arterial flow may lead 
to ischemia.11,21 It is helpful for providers 
to order this test for patients with VLUs.

Mechanical compression thera-
py. Mechanical compression therapy 
includes any technique, garment, or 
pump that applies compressive forc-
es to the lower leg. The most effective 
treatment of VLUs is mechanical com-
pression therapy, which aids venous and 
lymph return.22,23 Gravity pulls bodily 
fluids to dependent extremities where 
the volume return structures are defi-
cient. Physiologically, the calf muscle 
pump aids in the upward movement of 
venous and lymph return.24,25 When the 
calf muscle pump is nonfunctional, fluid 
is unable to move out of the interstitial 
tissues. The most common method of 
forcing static fluid out of the interstitial 
tissue is with mechanical compression 
therapy, elastic compression stockings, 
or inelastic multilayer compression 
wraps and crossover Velcro garments, or 
pneumatic compression devices.6,8,22 Ra-
jhathy et al6 found that compression re-
duces the wound surface area of VLUs by 
30%. Mechanical compression is typical-
ly initiated in the outpatient clinic set-
ting and is continued even after the VLU 

has healed, often remaining throughout 
the patient’s life to control swelling.9,26 
Early diagnosis, intervention, and basic 
wound care for patients presenting with 
a VLU can facilitate effective wound 
healing.8 In addition, prompt referral 
to an advanced wound care service with 
specialized knowledge in treating VLUs 
expedites wound healing.5 

Home health service referral. Refer-
ring patients with VLUs to a home health 
agency for skilled wound care services 
can also improve patient care and out-
comes.26,27 Skilled nursing care is therapy 
performed by trained individuals to treat, 
manage, and evaluate patient care safely 
and effectively.28,29 Home health nurses 
are in an ideal role to provide this type of 
specialized skilled wound care to patients 
with VLUs. Therefore, it is beneficial for 
health care providers who may not be 
well-versed in VLU wound management 
to refer patients to a home health agency 
for skilled wound care services. 

Purpose. The purpose of this QI proj-
ect was to implement and evaluate the 
impact of provider education and CDS on 
the treatment of patients with VLUs pre-
senting to outpatient clinic settings. The 
project was implemented among 3 clinics 
that care for patients with VLUs within 
the health system. The project’s specific 
aims were to increase the rate of 1) ABI 
test completion, 2) initiation of mechan-
ical compression therapy, and 3) home 
health service referrals. We also evaluated 
the number of health care providers who 
attended the educational meetings and 
how often the CDS order set was used. 

METHODS
Plan-Do-Study-Act (PDSA) cycles 

were used for this QI project.30,31 Base-
line data were collected for 14 weeks be-
fore the PDSA cycles began. Data were 
collected over 13 weeks after the PDSA 
cycles were initiated. All patients with 
a VLU diagnosed by the wound care 
nurse practitioner (NP) at the consult 
visit to the wound clinic were included 
in the data collection. This project was 
deemed a QI project from the universi-
ty’s institutional review board, not hu-
man subjects’ research. 
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Educational program. An educational 
presentation was developed, including a 
review and definition of VLUs, provid-
er assessment details highlighting safe 
practices, and the need to obtain an ABI 
and begin mechanical compression ther-
apy early. The benefits of ordering home 
health service referrals were also re-
viewed. Additionally, the education pro-
vided a summary of the various types of 
compression and wound dressing goals 
and an overview of how to take VLU im-
ages and upload them to the electronic 
health record (EHR). An introduction 
to the newly developed VLU CDS order 
set was reviewed in detail. Following the 
education, attendees were encouraged 
to ask questions. Contact information 
for the wound care NPs and a copy of 
the educational program was provided 
to each participant.

The QI project leader, an experienced 
wound care NP, delivered 4 education-
al sessions through virtual meetings, 
each lasting approximately 30 minutes. 
All providers from each clinic were in-
vited to attend. Attendance for phy-
sicians, NPs, and physician assistants 
was recorded for each session. For the 
providers unable to attend the educa-
tional meeting, a 12-minute narrated 
e-learning module containing the same 
information was sent via email. Those 
who completed the e-learning module 
were asked to self-report completion by 
emailing the QI project leader. 

Clinical decision support. A compre-
hensive EHR order set was developed 
from evidence-based VLU practice 
guidelines, including diagnosis codes, 
imaging, laboratory tests, equipment 
and dressing applications, medications, 
and referrals (Table 1).11 All necessary 
orders were prepopulated in the order 
set with detail for ease and efficiency 
of use. Smart phrases—shortcuts used 
in the EHR to incorporate different in-
formation into a progress note—were 
developed to assist with complete 
documentation of an encounter with a 
patient who had a VLU. The order set 
and smart phrases were also reviewed 
during the education. Reminders re-
garding the education and the CDS 

Table 1. Comprehensive Venous Leg Ulcer Order Set Components

Diagnosis codes

Venous stasis ulcer of left lower leg with edema of left lower leg (CMS-HCC) 
[I83.029, I83.892, L97.929, R60.9]

Venous stasis ulcer of right lower leg with edema of right lower leg (CMS-HCC) 
[I83.019, I83.891, L97.919, R60.9]

Chronic venous hypertension with inflammation of both legs [I87.303]

Post-phlebitic syndrome [I87.009]

Acquired (or secondary) lymphedema [I89.0]

Hereditary (or primary) lymphedema [Q82.0]

Imaging

Ultrasound ankle-brachial index bilateral

Laboratory tests

Complete blood count

Comprehensive metabolic panel

Magnesium

C-reactive protein, inflammatory

Hemoglobin A1C

Prealbumin

Vitamin D, 1,25-Dihydroxy

Equipment and dressing applications

Dressing

Compression stockings 

Multi-layer compression wrap

Lymphedema pump

Referral

Ambulatory referral to wound management

Ambulatory referral to physical therapy

Ambulatory referral to vascular surgery

Ambulatory referral to home health

Venous leg ulcer documentation

Venous leg ulcer progress note

Prescription medications and supplies

Sodium chlor-hypochlorous acid 0.033% irrigation solution

Foam bandage 4 x 4

Triamcinolone 0.1% ointment

Gauze bandage — elastic bandage topical combo pack

Elastic bandage 4 x 5" — yard bandage

Pentoxifylline 400 mg CR tablet

Diosmin complex no. 1 — 630 mg tablet



VLU education

www.woundmanageprevent.com 15

tools were sent out to providers rou-
tinely after implementation.

Data collection and analysis. De-
scriptive statistics were used to describe 
the sample characteristics and project 
outcomes. The number (n) and percent 
(%) were used to describe the categor-
ical outcomes of the project (Table 2). 
Chart reviews were conducted to mea-
sure outcomes. Data were collected on 
the number of new patients that pre-
sented to the wound care clinic with and 
without ABI testing initiated prior to 
arriving, mechanical compression, and 
home health service referrals. Fisher’s 
exact tests were performed to test for 
differences in proportions of patients 
who received ABI testing, mechanical 
compression therapy, and home health 
service referrals in the pre-intervention 
and post-intervention periods. Non-
directional statistical tests were per-
formed with a level of significance of .05. 
Data were analyzed using SPSS software 
version 28 (IBM).

Additionally, per QI methodologies, 
we monitored the rates of these out-
comes using run charts to evaluate 
changes over time. The run chart mean 
was frozen and extended after the inter-
vention began to identify signals of im-
provement.32 Data on how often the VLU 
order sets were used by health care pro-
viders was measured by a report pulled 
from the EHR and are reported with  
descriptive statistics (%). 

RESULTS
The majority of participants were phy-

sicians (n = 34; 85%), followed by NPs 
(n = 5; 12.5%) and physician assistants 

(n = 1; 2.5%). After implementation, the 
CDS with the VLU order set was used 
9 times. A total of 99 patients were in-
cluded in the data analysis (44 preinter-
vention and 55 postintervention). There 
was an increase in ABI testing from pre 
(n = 7; 15.9%) to post (n = 10; 18.2%), 
although it was not statistically signif-
icant (P = .796). There was a signifi-
cant decline in initiation of mechanical 
compression therapy from pre (n = 15; 
34.1%) to post (n = 4; 7.3%) (P = .002). 
A decline in home health service refer-
rals was found from pre (n = 11; 25%) to 
post (n = 9; 16.4%) (P = .322); however, 
this was not significant (Table 2). Run 
charts for each of the 3 outcomes were 
also developed to show changes over 
time and when interventions were im-
plemented (Figures 1, 2, and 3). There 

were no signals of improvement per QI 
run chart rules.32 Education took place 
between August 2021 and November 
2021 and was presented to 40 health 
care providers. 

DISCUSSION
The current project sought to improve 

early treatment of patients with VLUs 
by providing education and CDS tools 
to providers. There was an increase in 
the number of patients who received ABI 
testing; however, we did not find signifi-
cant improvements in our outcomes after 
the intervention. As noted previously, re-
sults from ABI testing can inform treat-
ment recommendations, as mechanical 
compression may be contraindicated 
among patients with an ABI of less than 
0.5.11,21 The increase in ABI testing may 
have impacted the decrease in mechani-
cal compression therapy, as patients may 
have received more appropriate care. Our 
overall findings differ from Dowsett and 
Taylor,33 who found improvements in use 
of ABI testing and mechanical compres-
sion therapy for patients with VLUs after 
a QI project was initiated. Other QI proj-
ects have sought to improve treatment 
and care of patients with VLUs; however, 
many looked at different outcome mea-
sures, such as cost or wound healing time, 
which we did not evaluate.34,35 

Table 2. Results of Variables

Variables Pre, n (%)a Post, n (%)b P value

ABI testing completion 7 (15.9%) 10 (18.2%) .796

Mechanical compression 15 (34.1%) 4 (7.3%) .002

Home health skilled nursing services 11 (25%) 9 (16.4) .322

Abbreviations: ABI, ankle-brachial index
aN = 44.
bN = 55.

Figure 1. Rate at which ankle-brachial index (ABI) testing was completed on 
patients with venous leg ulcers (VLUs) in the past year.
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Due to the ongoing COVID-19 pan-
demic, our interventions were modified. 
The pandemic required us to provide 
education through a virtual platform 
rather than in-person educational out-
reach visits, which are more effective 
implementation strategies.36 The inabil-
ity to offer tailored education in person 
to providers may have impacted our re-
sults. In addition, learning during the 
chaotic time of the pandemic may have 
been altered. Vogel and Schwabe37 re-
ported on the decreased ability of stu-
dents to retrieve memories while under 
acute and chronic stress. Future proj-
ects may seek to use in-person interven-
tions instead of virtual education. These 
may lead to improved engagement and 
adherence with evidence-based practic-
es by health care providers and may help 
the participants feel less overwhelmed. 
In our next PDSA cycle, we will consid-
er using in-person educational outreach 
visits to deliver education. 

Despite the dissemination of clinical 
practice guidelines, several barriers to 
their use have been noted in this proj-
ect and in the literature.12,38 Previous re-
search has identified the following bar-
riers to implementing VLU guidelines: 
1) perceptions that the guidelines take 
too long for primary care visits or are not 
appropriate for the environment, 2) ex-
cessive workloads preventing thorough 
implementation, 3) lack of knowledge of 
how to perform the ABI test and/or com-
pression interventions, and 4) no access 
to the supplies and equipment needed to 
implement guidelines.12,38-40 During our 
educational sessions, providers anecdot-
ally noted several barriers to implement-
ing the guidelines, including comments 
that the VLU order set was intimidating 
and overwhelming because of its length 
and that there was a lack of education on 
differentiating wound etiology. A health 
system information technology expert 
noted that other CDS order sets are also 
not consistently used, even though liter-
ature supports their use to implement 
evidence-based practices.11 In future 
PDSA cycles, the QI project team lead-
er will consider developing an abridged 
version of the CDS order set to reduce 

its length, including the need to denote 
wound etiology. In addition, Weller et 
al41 recently identified that patients are 
not likely to follow instructions for self-
care if they do not feel the provider has 
knowledge or understanding of manag-
ing their leg ulcer, which could also con-
tribute to poor patient outcomes. 

In 2016, the European Wound Manage-
ment Association document produced a 
comprehensive review, including how to 
facilitate implementation of VLU prac-
tice guidelines.40 They recommended 
that 1) health care systems must support 
the use of the guideline and CDS tools, 
2) there must be a link in performance 
incentives to following clinical practice 
guidelines, 3) collaborations between 
the nurses and providers is paramount 
and both must understand the guide-
lines, and 4) technology must be used to 
promote ease and efficiency of using the 
guidelines.40 Health care systems should 
seek to understand the barriers to using 
VLU guidelines and consider the recom-
mendations put forth by the European 
Wound Management Association.

LIMITATIONS
Although we did find improvements 

in ABI testing through our QI project, 
there are several limitations. First, the 

small sample size of the project limits 
generalizability. This project had only 
13 weeks of post-data collection; moni-
toring trends over a longer period may 
have yielded different results. The QI 
project leader intended to complete 
education via in-person outreach vis-
its; however, education was completed 
virtually because of social distancing 
requirements due to the COVID-19 pan-
demic. This may have impacted provid-
ers’ engagement and adherence with the 
evidence-based VLU guidelines.

CONCLUSION
This QI project sought to improve 

the provision of care to patients with 
VLUs. Although we did see an increase 
in the rate of ABI tests ordered, we did 
not find any statistically significant im-
provements. We found no increase in 
use of mechanical compression or initi-
ation of home health services. The edu-
cation presentation was converted to a 
virtual format from an in-person format 
and may have lost impact and inspired 
enthusiasm, and the CDS tool was used 
only 9 times. Future PDSA cycles of this 
project will include completing in-per-
son education, which is noted to be a 
more effective implementation strategy, 
and reducing the length of the VLU CDS 

Figure 2. Rate at which mechanical compression therapy was initiated on  
patients with venous leg ulcers.
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order set. Future projects should consid-
er these approaches when implementing 
evidence-based VLU guidelines.
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