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ABSTRACT
Deep vein thrombosis (DVT) is an acute medical condition 
that requires urgent diagnosis and treatment to prevent 
significant morbidity and mortality. Patients with DVT 
frequently present to the emergency department (ED) 
because the necessary diagnostic investigations and 
medical treatment for successful outpatient management 
are not readily accessible in the outpatient clinics. A 
collaborative quality improvement project was undertaken 
to implement and evaluate a standardised outpatient 
treatment pathway designed to direct patients with a 
newly diagnosed DVT from the ultrasound department to 
the thrombosis clinic, where guideline- based management 
for DVT can be accomplished without ED visits. During the 
baseline period (1 February 2017 to 31 January 2019), the 
number of ED visits for DVT was 383 with an average of 16 
visits per month. During the intervention period (1 February 
2019 to 31 January 2020), the number of ED visits for 
DVT was 106 with an average of 8.8 visits per month. 
This represents almost a 50% reduction in the average 
ED visits during the intervention period. A standardised 
outpatient treatment pathway can significantly reduce 
the number of ED visits in patients with DVT, potentially 
improving patient care and reducing ED overcrowding.

INTRODUCTION
Problem
Deep vein thrombosis (DVT), a common 
manifestation of venous thromboembolism 
(VTE), is an acute medical condition that 
requires urgent diagnosis and treatment to 
prevent significant morbidity and mortality.1 
Ultrasound is the diagnostic investigation of 
choice in patients with a clinical suspicion 
for DVT.2 Untreated DVT can result in acute 
pulmonary embolism which is associated 
with a mortality rate of 25% in 3 weeks, if left 
untreated.3 The recommended treatment 
for DVT is urgent initiation of anticoagula-
tion therapy which is effective in preventing 
recurrent VTE and death.4 Most patients with 
DVT do not require hospital admission and 
outpatient treatment has similar outcomes as 
compared to treatment in hospital.5 Outpa-
tient treatment of DVT has greatly simplified 

over the last decade due to the use of direct 
oral anticoagulants, including rivaroxaban 
and apixaban, which do not require initial 
parenteral anticoagulation or frequent labo-
ratory monitoring and they are as effective 
as the traditional but cumbersome vitamin K 
antagonists.6 7

Despite the effective and straightforward 
outpatient treatment, patients with DVT 
frequently present to the emergency depart-
ment (ED), often at the direction of their 
physicians.8 At St Paul’s Hospital (SPH), 
an academic hospital located in British 
Columbia, Canada, many outpatients with 
suspected DVT are sent to the ultrasound 
department for urgent diagnosis. All patients 
with a confirmed DVT on ultrasound are 
traditionally directed to the ED immediately 
for acute treatment. A review of the SPH ED 
data between 1 February 2017 and 31 January 
2019 showed 383 patients visits to the ED 
for the treatment of DVT. Of these patients, 
355 (92.7%) did not require hospital admis-
sion and they received outpatient treatment 
at home. However, 159 (41.5%) patients 
needed repeat ED visits within 30 days. One 
possible explanation for the frequent ED 
visits in patients with DVT is that the neces-
sary diagnostic investigations and medical 
treatment for successful outpatient manage-
ment are not readily accessible in the outpa-
tient clinics.

Available knowledge
An estimated 45 000 patients in Canada 
are affected by DVT each year and most of 
the cases occur in the outpatient setting.9 
In the province of Alberta, the number of 
ED visits leading to a diagnosis of DVT was 
9194 between 2012–2014.10 In the USA, the 
annual number of ED visits by patients with 
DVT is estimated to be 123 000 and this 
number continues to increase every year.8 In 
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the European Union, the number of estimated non- fatal 
symptomatic DVT events in 2004 was 684 019 and the 
majority of the patients received treatment in the ED.11 12 
In a Danish study of 9863 visits to ED, DVT represented 
2.3% of the presumptive diagnosis.13 ED overcrowding has 
been a key issue in many countries and despite increased 
political, administrative and public awareness, the over-
crowding situation continues to rise in frequency and 
severity.14 To meet the care needs and reduce the burden 
on the ED, selected hospitals and institutions have estab-
lished treatment pathways to provide timely and compre-
hensive outpatient treatment for patients with DVT.

The Mater Misericordiae University Hospital in Dublin 
evaluated a treatment pathway in the ED to support 
outpatient management of patients with newly diagnosed 
DVT. One of the major barriers to implementation was 
reported to be the lack of resources and supported infra-
structure.15 The Queen Elizabeth II Health Sciences 
Centre in Nova Scotia, Canada, developed a treatment 
pathway to improve the transition between primary 
and secondary care for patients with suspected DVT. 
The pathway reduced the waiting time in the ED and 
increased referrals to the hospital’s DVT clinic but the 
impact on reducing the number of ED visits in patients 
with DVT was not quantified.16 Although different hospi-
tals and institutions have established clinical resources to 
support outpatient management of DVT, most patients 
still depend on ED visits to receive part of the treatment.

Rationale
We hypothesise that patients with DVT frequently present 
to the SPH ED because the necessary urgent diagnostic 
investigations and medical treatment are not readily 
accessible. The existing outpatient clinics within and 
around SPH may not be equipped to manage patients 
with newly diagnosed DVT because they are limited by 
inadequate capacity to assess patients within hours of 
referral, inability to arrange urgent laboratory test or 
imaging and may be staffed by physicians inexperienced 
in the treatment of DVT.

In January 2019, SPH expanded the thrombosis clinic 
with the primary aim to introducing a standardised outpa-
tient treatment pathway that would immediately direct 
patients with newly diagnosed DVT from the ultrasound 
department to the thrombosis clinic rather than to the 
ED for expedited treatment. The clinic’s hours of oper-
ation were increased from 4 half days a week to 10 half 
days a week. A full- time nursing staff was hired to support 
the two specialist physicians in the clinic. The part- time 
medical clerk was increased to full- time.

In addition to the thrombosis clinic, a reliable DVT 
treatment pathway is essential to direct patients to the 
clinic where they can access the necessary clinic resources 
in a timely fashion. This treatment pathway will require 
major changes in the workflow of multiple depart-
ments including the ED and the ultrasound department 
and it must be practical for all the healthcare workers 
involved. A collaborative quality improvement project was 

undertaken to implement and evaluate a standardised 
outpatient treatment pathway designed to direct patients 
with a newly diagnosed DVT from the ultrasound depart-
ment to the thrombosis clinic, where guideline- based 
management for DVT can be accomplished.

Aim
We aimed to reduce the number of ED visits for DVT 
by 25% over 1 year by introducing a standardised outpa-
tient treatment pathway that directs patients with newly 
diagnosed DVT from the ultrasound department to the 
thrombosis clinic immediately after the completion of the 
diagnostic ultrasound study.

METHOD
Context
SPH is a 435- bed acute care hospital affiliated with The 
University of British Columbia. The ED sees approxi-
mately 85 000 patient visits per year. The SPH ultrasound 
department accepts referrals from ED and outpatient 
clinics within and outside of the hospital. The SPH throm-
bosis clinic underwent a major expansion in late January 
2019 in anticipation of the implementation of the DVT 
treatment pathway and it now has the capacity to consist-
ently assess urgent patient referrals on the same day. Prior 
to the expansion, the wait- time for urgent referrals was 
approximately 1–2 weeks.

Intervention
This is a collaborative quality improvement project 
between the ED, ultrasound department and the throm-
bosis clinic which is part of the Department of Medi-
cine. This multidisciplinary team consists of physicians, 
nurse practitioners, nurses, sonographers, booking clerks 
and hospital administrators. The project aligns with the 
hospital and the health authority’s strategic priority to 
reduce ED overcrowding by strengthening the outpatient 
clinic services.

Analysis of the patient journey revealed that the ultra-
sound department sent all patients with a newly diag-
nosed DVT on ultrasound to the ED for acute treatment, 
instead of directing the patients back to the physician 
who initially requested the ultrasound study. Moreover, 
access to diagnostic ultrasound in the ED is limited in 
the evening so patients who present after hours with 
suspected DVT, either by themselves or at the direction 
of their family physician, require a second ED visit the 
following morning, after the ultrasound is completed. 
Patients with a confirmed DVT on ultrasound are typi-
cally initiated on treatment by the emergency physician 
and then discharged home.

Since the flow of the patients is usually from the ultra-
sound department to the ED, the primary goal of our 
intervention is to establish a standardised treatment 
pathway that directs patients with a newly diagnosed 
DVT from the ultrasound department immediately to the 
thrombosis clinic, instead of the ED. The success of the 
intervention depends on a change in the workflow of the 
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ED and ultrasound department so they will consistently 
instruct patients to go to the thrombosis clinic immedi-
ately after the completion of the diagnostic ultrasound.

Study of interventions
The interventions were tested and modified through 
plan, do, study, act (PDSA) cycles to implement and opti-
mise the DVT treatment pathway. Feedback from health-
care workers in the ultrasound department and ED, who 
were directly involved in the care of patients with DVT, 
was collected by a paper survey. In addition, the physi-
cians in the thrombosis clinic, the physician champions 
and administrators within the ultrasound department 
and ED met periodically to gather feedback. The feed-
back was used to identify issues and change ideas.

Measures
The primary outcome measure was the number of ED 
visits for DVT, defined by a primary diagnosis of lower 
or upper extremity DVT given by the ED physician. The 
diagnosis was recorded for each patient visit in the hospi-
tal’s electronic medical record system. This measure 
was chosen because it is an important outcome for the 
health authorities, hospital administrators and individual 
patients. The ED visit data were collected systematically 
by the hospital administration using the existing ED data-
base. We retrieved the data from 1 February 2017 to 31 
January 2020. The baseline period is from 1 February 
2017 to 31 January 2019 and the intervention period is 
from 1 February 2019 to 31 January 2020.

The primary process measure is the number of patients 
referred to the thrombosis clinic via the DVT treatment 
pathway. Patients referred via the pathway were identified 
by having a diagnostic ultrasound study performed at 
SPH on the same day as their initial appointment at the 
thrombosis clinic.

Three balancing measures include the number of 
patients with repeat ED visits for any reason within 30 
days, the number of patients requiring admission for 
inpatient treatment and the length of stay of the ED visit.

The primary outcome measures and the balancing 
measures are collected systemically by the hospital admin-
istration using the existing ED database, which is consid-
ered reliable and consistent. The process measure is 
collected by a physician at the thrombosis clinic using the 
clinic’s electronic medical record system. The same physi-
cian managed the collection in the clinic throughout the 
project to minimise variation.

Analysis
Two time periods were identified for analysis. The 2- year 
baseline period is from 1 February 2017 to 31 January 
2019 and corresponds to the period of time prior to the 
introduction of the DVT treatment pathway. The 1- year 
intervention period is from 1 February 2019 to 31 January 
2020 and represents the period during which the DVT 
pathway was developed and optimised.

Analysis of administrative data included calculation of 
means and proportions. Data are presented as run charts 
to illustrate trends over time.

This study follows the Standards for Quality Improve-
ment Reporting Excellence 2.0 publication guidelines for 
reporting.17

RESULT
PDSA cycle #1
The DVT treatment pathway was designed collaboratively 
by a team of thrombosis physicians, ED physicians, ED 
nurse practitioners, ultrasound radiologists, ultrasound 
sonographers and hospital administrators. One major 
area of improvement identified by the ultrasound radiol-
ogists and ultrasound sonographers was that patients sent 
in for urgent ultrasound by family physicians or walk- in 
clinics and then found to have a positive ultrasound had 
no places to go other than the ED to receive urgent treat-
ment. The family physicians who requested the ultra-
sound were either unavailable to reassess the patient 
urgently, unable to access urgent laboratory investiga-
tions that are required before the initiation of DVT treat-
ment, unable to access anticoagulants in a timely fashion 
in a primary care clinic or uncomfortable in initiating 
DVT treatment without the guidance from a specialist. 
The policy of the ultrasound department was to send 
these patients with a positive ultrasound to the ED, while 
the patients with a negative ultrasound are sent back to 
the family physicians. In order to avoid sending patients 
with a positive ultrasound to the ED, a successful DVT 
treatment pathway would need to allow the ultrasound 
department to reliably send patients to the thrombosis 
clinic for urgent treatment. As a result, the thrombosis 
clinic expanded and changed the hours of operation to 
Monday to Friday 08:30 to 15:30 to match the hours of 
the ultrasound department. The thrombosis clinic does 
not have the capacity to open weekend clinics so these 
patients will still be sent to the ED if they have the ultra-
sound on Saturday, Sunday or statutory holidays. Fortu-
nately, the ultrasound radiologists reported that it is rare 
to receive urgent ultrasound requests from family physi-
cians on the weekends or statutory holidays.

Another area of improvement identified by the ED physi-
cians and ED nurse practitioners was the lack of access to 
urgent ultrasound after 16:00 when the ultrasound sonog-
raphers have gone home. As a result, the ED workflow for 
patients presenting with suspected DVT after hours was 
to arrange an ultrasound appointment the follow day and 
then bring the patient back to the ED for a second visit to 
review the result. The ED physicians reported that these 
patients were often unsatisfied with their care because 
they had to wait for hours for medical care 2 days in a row. 
The ideal solution is to have an ultrasound sonographer 
available after hours but unfortunately it is not feasible 
given the limited resources. Our team believed that it 
would be more efficient use of healthcare resource and 
better patient care for the second follow- up visit after the 
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ultrasound to take place in the thrombosis clinic instead 
of in the ED. Therefore, an important element of the 
DVT treatment pathway is to reliably direct these patients 
to the thrombosis clinic immediately after the completion 
of the ultrasound. The patients with a positive ultrasound 
will clearly benefit from assessment at the thrombosis 
clinic but the patients with a negative ultrasound will not 
require the specific expertise of the clinic. The care for 
patients with a negative ultrasound can be provided by 
family physicians but unfortunately the inner city popula-
tion in our centre is frequently marginalised and many of 
them do not have access to primary care. As a result, the 
DVT treatment pathway will also direct the patients with 
a negative ultrasound to the thrombosis clinic to review 
the results and ensure that they have the appropriate 
follow- up care.

These two areas of improvement identified by our team 
aligned with an important priority of our centre as the 
hospital administrators work towards reducing ED over-
crowding by strengthening outpatient clinic services. The 
support from the hospital leadership was critical to the 
expansion of the thrombosis clinic, which was a prerequi-
site to the implementation of the DVT treatment pathway.

On 28 January 2019, the DVT treatment pathway was 
implemented (figure 1). The pathway was communicated 
via email to all the involved healthcare workers including 
physicians, nurses, ultrasound sonographers and booking 
clerks by physician champions in the respective depart-
ments (online supplemental materials 1–3). Following 
the introduction of the pathway, the project manager 
arranged periodic meetings between the thrombosis 
clinic physicians, the ED physicians and the ultrasound 
department supervisor to gather feedback.

PDSA cycle #2
Feedback from ED and ultrasound department revealed 
that many healthcare workers involved did not fully 
understand the DVT treatment pathway. Since the 
previous communication strategies were ineffective, 
information sessions were developed to provide clarifi-
cation on the pathway and to promote its use to all the 
healthcare workers who are involved in the journey of 
patients with DVT. Information sessions were delivered 
by the thrombosis clinic physicians on 12 February 2019 

at the ultrasound department noon round and on 1 June 
2019 at the ED grand round. Additional feedback from 
all the healthcare workers in the ultrasound department 
and ED was collected by a paper survey. The number of 
patients referred to the thrombosis clinic via the pathway 
(primary process measure) was used to assess adherence 
to the pathway in the ultrasound department and ED.

PDSA cycle #3
SPH launched a new comprehensive electronic medical 
record system on 17 November 2019. Although our team 
was aware of the plan to change the hospital’s electronic 
medical record system, we did not know the exact date 
or the detail of the transition process until a few weeks 
prior. All communication, including referral letters to the 
thrombosis clinic, became electronic. Given that the ED 
traditionally communicated with the ultrasound depart-
ment and thrombosis clinic via fax, we had to create a 
new referral workflow in the electronic record system. 
We worked with the Clinical and Systems Transformation 
team to create an ED DVT order plan and referral func-
tion. The design of the electronic order plan and referral 
function incorporated feedback from physicians and 
medical clerks in the ED.

Outcome measure
Results of the primary outcome measure analysis are 
presented as run charts to illustrate changes before and 
after the introduction of the DVT treatment pathway 
(figure 2). During the baseline period (1 February 2017 
to 31 January 2019), there were 383 ED visits for DVT 
with an average of 16 visits per month. During the inter-
vention period (1 February 2019 to 31 January 2020), the 
number of ED visits for DVT was 106 with an average 8.8 
visits per month. This represents almost a 50% reduction 
in the average ED visits during the intervention period.

Process measure
The total number of patients referred to the thrombosis 
clinic via the DVT treatment pathway during the 1- year 
intervention period was 162 (figure 3). Of these patients, 
67 (41.4%) patients avoided all visits to the ED because 
they were sent directly to the ultrasound department 
by a physician in the community and from there to the 

Figure 1 Patient journey before and after the introduction of the deep vein thrombosis treatment pathway. ED, emergency 
department; SPH, St Paul’s Hospital.
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thrombosis clinic immediately after the completion of 
the diagnostic ultrasound (green arrows). On the other 
hand, 95 (58.6%) patients went to the ED after hours, 
either on their own or at the direction of their physician, 
to access an urgent diagnostic ultrasound. These patients 
were then discharged from ED with an appointment at 
the ultrasound department and thrombosis clinic the 
following day, thus avoiding a repeat ED visit (red arrows).

Balancing measures
During the baseline period, the proportion of patients 
requiring repeat ED visits within 30 days was 41.5%. 
During the intervention period, the proportion of patients 
requiring repeat ED visits within 30 days was 10.4%. The 
proportion of patients who required hospital admission 
for the treatment of DVT was 7.3% during the baseline 

period and 8.5% during the intervention period. The 
average number of patients admitted per month was 1.2 
during the baseline period and 0.8 during the interven-
tion period. The average ED length of stay was 4.1 hours 
during the baseline period and 4.4 hours during the post 
intervention period.

DISCUSSION
Our result showed that a standardised DVT treatment 
pathway supported by an established thrombosis clinic was 
associated with a 50% reduction in the average monthly 
number of ED visits for DVT at SPH over 1 year. This 
reduction can be attributed to the fact that 162 patients 
were sent directly to the thrombosis clinic, instead of 
the ED, after the completion of diagnostic ultrasound. 

Figure 2 Monthly number of ED visits for DVT. The red lines indicate the mean number of ED visit during the baseline period 
and intervention period. ED, emergency department; DVT, deep vein thrombosis.

Figure 3 Number of patients referred to the thrombosis clinic via the deep vein thrombosis pathway. ED, emergency 
department; SPH, St Paul’s Hospital.
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The magnitude of reduction in the ED visits exceeded 
our target of 25% reduction, likely because we underes-
timated the baseline number of patients who were sent 
by the ultrasound department to the ED for expedited 
treatment of DVT.

One of our balancing measures is the number of 
patients with newly diagnosed DVT who required repeat 
ED visits within 30 days. This number could be expected 
to increase if the patients did not adhere to each step of 
the treatment pathway or if the thrombosis clinic did not 
have the capacity to provide all necessary treatment and 
follow- up, requiring the patients to return to ED for addi-
tional medical interventions. However, patients requiring 
repeat ED visits decreased significantly from 41.5% to 
10.4% during the intervention period. The prevented 
repeat ED visits were an additional benefit not completely 
accounted in the reported 50% reduction in ED visits for 
DVT because patients with DVT may return to ED for 
other related reasons, such as minor bleeding complica-
tions from the anticoagulation therapy, which is usually 
not captured under the diagnostic code of ‘DVT’ in the 
hospital’s ED database. We believe that the DVT treat-
ment pathway provided patients with a reliable follow- up 
and close monitoring at the thrombosis clinic, which was 
a care gap previously filled by ED. Patients who presented 
to the ED after hours when diagnostic ultrasound is not 
available typically needed a repeat ED visit the following 
day to complete and then review the diagnostic investi-
gations. However, this second visit now happens in the 
thrombosis clinic instead of the ED. Additionally, selected 
patients with DVT, such as those with significant renal 
impairment or extremes of body weights, are treated with 
parenteral anticoagulation with transition to vitamin K 
antagonist.18 This treatment strategy requires multiple 
medical visits for international normalized ratio (INR) 
monitoring and low molecular weight heparin subcuta-
neous injection. With the DVT treatment pathway, these 
patients are now seen and followed at the thrombosis 
clinic, instead of the ED.

The proportion of patients requiring hospital admis-
sion for DVT and the length of stay at the ED remained 
consistent. This supports that the DVT treatment pathway 
did not introduce significant detrimental changes to the 
system and the patient’s journey.

Several notable challenges deserve further discussion. 
Communication was by far the greatest obstacle to the reli-
able operation of the DVT treatment pathway. Multiple 
healthcare workers from three different departments are 
involved in the workflow of the pathway and it is essen-
tial for each individual to understand the roles of other 
providers. The physician champions from each depart-
ment were instrumental to disseminating information to 
people within their respective departments. In addition, 
our hospital transitioned into a new electronic medical 
record system and our communication strategies had to 
adapt to the integrated, fully paperless, medical record 
system. The number of ED visits for DVT did increase 
during the time of transition when all the healthcare 

workers in the hospital were adjusting to the new system. 
The efficiency of the DVT treatment pathway depends on 
the capacity of the thrombosis clinic. As the utility of the 
DVT pathway increases, adequate examination rooms, 
physicians and support staff are important for the sustain-
ability. This requires continual support from the hospital 
administrators.

We have identified a few opportunities for improve-
ment in the future. First, some patients with DVT still 
required hospital admission for inpatient treatment. A 
closer investigation into the reasons for admission can 
provide insight on potential strategies to reduce the 
hospital length of stay or prevent the hospital admission 
altogether. Second, a few patients continue to require 
repeat ED visits despite the DVT treatment pathway. It is 
important to understand whether these patients returned 
to the ED for the management of DVT or other unre-
lated medical issues. Third, 95 patients during the inter-
vention period required an ED visit to access urgent 
ultrasound and we would like to identify ways to improve 
access to urgent ultrasound without an ED visit. During 
data retrieval and analysis, we discovered that a group of 
patients visiting the ED was coded as ‘rule out DVT’ in the 
hospital ED database. The number of ED visit for ‘rule 
out DVT’ has not changed as expected as our current 
DVT treatment pathway does not change the prevalence 
of patients presenting with DVT symptoms. We suspect 
that these patients coded as ‘rule out DVT’ were sent to 
the ED by their family physicians or walk- in clinic for an 
urgent diagnostic ultrasound. It is essential to collaborate 
with family physicians in the community to better under-
stand this problem and identify the barriers to sending 
patients directly to the ultrasound department instead of 
the ED.

Our project has limitations. First, this is a single- centre 
project and the findings will not apply to hospitals with 
different set- ups and resources. However, other academic 
centres across the world have successfully established a 
pathway and protocol to support the outpatient manage-
ment of DVT. Second, the duration of the project was only 
1 year and we will need more time and data to demon-
strate the sustainability of the DVT treatment pathway. 
Third, our DVT pathway does not operate on weekends 
and statuary holidays. Our analysis did not assess the 
impact for patients presenting to the ED during those 
times. Fourth, although our results showed significant 
reduction in ED visit by patients with DVT, the true bene-
ficial impact on the healthcare system is unclear without 
a formal cost saving analysis.

CONCLUSION
A standardised outpatient treatment pathway can signif-
icantly reduce the number of ED visits for patients with 
DVT, potentially improving patient care and reducing ED 
overcrowding.
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