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Abstract
Purpose – This study aims to facilitate access to vascular disease screening for low-income individuals living in remote and conflict areas based on
the results of a pilot trial in Colombia. Also, to increase the amount of diagnosis training of vascular surgery (VS) in civilians.
Design/methodology/approach – The operation method includes five stages: strategy development and adjustment; translation of the strategy
into a real-world setting; operation logistics planning; strategy analysis and adoption. The operation plan worked efficiently in this study’s sample. It
demonstrated high sensibility, efficiency and safety in a real-world setting.
Findings – The authors developed and implemented a flow model operating plan for screening vascular pathologies in low-income patients pro
bono without proper access to vascular health care. A total of 140 patients from rural areas in Colombia were recruited to a controlled screening
session where they underwent serial noninvasive ultrasound assessments conducted by health professionals of different training stages in VS.
Research limitations/implications – The plan was designed to be implemented in remote, conflict areas with limited access to VS care. Vascular
injuries are critically important and common among civilians and military forces in regions with active armed conflicts. As this strategy can be
modified and adapted to different medical specialties and geographic areas, the authors recommend checking the related legislation and legal
aspects of the intended areas where we will implement this tool.
Practical implications – Different sub-specialties can implement the described method to be translated into significant areas of medicine, as the
authors can adjust the deployment and execution for the assessment in peripheral areas, conflict zones and other public health crises that require a
faster response. This is necessary, as the amount of training to which VS trainees are exposed is low. A simulated exercise offers a novel opportunity
to enhance their current diagnostic skills using ultrasound in a controlled environment.
Social implications – Evaluating and assessing patients with limited access to vascular medicine and other specialties can decrease the burden of
vascular disease and related complications and increase the number of treatments available for remote communities.
Originality/value – It is essential to assess the most significant number of patients and treat them according to their triage designation. This
management is similar to assessment in remote areas without access to a proper VS consult. The authors were able to determine, classify and
redirect to therapeutic interventions the patients with positive findings in remote areas with a fast deployment methodology in VS.
Plain language summary – Access to health care is limited due to multiple barriers and the assessment and response, especially in peripheral areas
that require a highly skilled team of medical professionals and related equipment. The authors tested a novel mobile assessment tool for remote and
conflict areas in a rural zone of Colombia.
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An executive summary for managers and executive readers can
be found at the end of this article.

Introduction

In 1979, the product-process matrix business theory described
that for a company to be successful, it requires a similar stage
between product manufacturing and personalization (Hayes
and Wheelwright, 2021). A principle that is highly applied to
surgery. Nevertheless, surgery can be understood as a process,
a service or a product (Swink et al., 2020). Specifically, in
vascular surgery (VS), treating patients is a service aiming for
better health outcomes. VS is highly personalized regarding the
assessment, management and follow-up of several diseases.
Therefore, it can be compared to the Job shop type of
production system, given that highly personalized surgeries are
performed in an intermediate production volume and are often
related to a high cost. The modern practice of VS can be
referred to as a tailor-made process (aortic aneurysm open
planning and repair: venous endovascular interventions:
amputations) (Dolan, 2020; Isacson, 2023; Ríos, 2018; The
Economist, 2015).
The challenge of deploying and managing injured civilians

has caused much interest in developing more efficient and safe
diagnostic and therapeutic interventions. Portable ultrasound
assessment in VS civilian institutions enhanced the knowledge,
skills and abilities (KSAs) in VS care (Holt et al., 2021). This is
critically important in regions such as Colombia and
Afghanistan, where combat casualties and mass injuries from
improvised explosive devices are seen. Recentlymassive trauma
victims from public shootings and other mass casualties also
persist (Hall et al., 2021; Porta et al., 2014; Turner et al., 2016;
Elster et al., 2013). According to the 2021 published data of the
US Association of Military Surgeons, most medical treatment
facilities in the USA do not provide enough clinical exposure
for general surgeons to achieve the readiness for developing the
required KSAs needed for combat casualty care (Dalton et al.,
2022).
Besides implementing Clinical Readiness Programs in Health

Systems, local health services should be trained in simulated
scenarios with variable levels of deployment preparedness in
risk and remote areas to improve readiness and health-care
access. This strategy aims to enhance the KSA’s faculties and
readiness required for pathological vascular diagnosis using
mobile ultrasound vascular assessment (MUVA) and impacts
three main areas: public health, social justice and medical
education. Massive screening for vascular diseases allows early
identification of pathologies and reduces the health system’s
burden related to severe complications. Abdominal aortic
aneurysms (AAA) are life-threatening conditions in which an
intimal degeneration produces enlargement and weakening of
the aortic wall, predisposing it to rupture. AAA prevalence in
the Americas is estimated at 2.2% in the general population (Li
et al., 2013). However, epidemiological data on this disease in
Colombia is limited. One report estimated AAA prevalence as
low as 1% (García et al., 2008). Nonetheless, the sample size
was too small. Given the uncertainty of the epidemiological
distribution of AAA in Colombia and the highmortality rates of
up to 58% (Karthikesalingam et al., 2014) after aneurysmal

rupture, early identification prevents devastating consequences
for patients and complex care plan expenses for health systems.
In addition to AAA, our strategy focused on screening for

superficial venous insufficiency (SVI), a disease with a high
impact on patient’s health and quality of life. SVI prevalence in
the general population has been reported as 21% (Tsukanov
andTsukanov, 2017), and complications can range from severe
lower limb pain, varicosities and edema to deep vein
thrombosis, pulmonary embolism and venous leg ulcerations.
This disease can severely affect patients’ quality of life if left
untreated. Therefore, a prompt diagnosis can help to provide
early treatment, which can vary from simple leg elevation at the
end of the day to highly effective minimally invasive ablation of
the incompetent veins (Ulloa et al., 2021). In this protocol,
patients were screened for both AAA and SVI, and those with a
significant disease warranting treatment were referred to
specialized centers to receive appropriate care.

Literature review

Colombia has been involved since the 1960s in an internal
conflict around cocaine and drug production, mainly executed
by illegal guerilla groups (Offstein and Aristiz�abal, 2003;
Camargo et al., 2014). The internal war has affected a large
volume of the Colombian population, which is over 20% rural
and lives under minimum wage (García et al., 2022).
Interestingly, the most common injury mechanism in the
Colombian conflict is gunshot wounds rather than blast
injuries, which was the most prevalent in Iraq and Afghanistan
(Ministerio de Agricultura y Desarrollo Rural, 2021). The
extensive Colombian conflict and the war in different countries
have contributed to the advancements in managing vascular
trauma (Asensio et al., 2015; Rasmussen et al., 2008; Daniels,
2016; Caicedo et al., 2022).
The Colombian health-care system has become prolific in

handling trauma settings. However, the vulnerable
population still has limited access to specialized medical care,
such as VS. A recent report by Correa et al. describes the
characteristics of a large sample of patients seen at a private,
outpatient specialized clinic to manage chronic venous
disease in Colombia (Correa Posada et al., 2022). This study
concludes that over 78% of patients are women, and up to
10% can suffer from severe manifestations of venous disease
such as ulceration and varicorrhage. In addition, a study
conducted by Ulloa Dominguez et al. (2018) found that 17%
of patients with chronic venous disease suffer from
concomitant hypothyroidism, which, if untreated, can
significantly affect their quality of life.
In summary, our proposed MUVA strategy tackles a lack of

access to VS for vulnerable people in Colombia. A complete
description of logistics and staff requirements makes our work
replicable and suitable for expansion to other areas and
diseases. To our knowledge, no reports are available about how
to conduct a strategy for providing specialized medical
screening to a large group of patients in a time- and cost-
effective manner. The MUVA strategy focuses on two vascular
diseases, chronic venous disease (CVD) and abdominal aortic
aneurysm. CVD is a highly prevalent and morbid disease that
can significantly affect the quality of life and be associated with
concomitant comorbidities. AAA is not highly prevalent in
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Colombia or perhaps is under-reported; however, screening for
this condition is justified based on the outrageously high
mortality rates (up to 80%) that an undetected aneurysm has if
ruptured (Kühnl et al., 2017).
Our strategy represents a pioneering plan in Colombia

to contribute to social justice and access to health care for
those in need. Colombia’s social and economic landscape is
characterized by significant inequity in resource distribution,
with more than 50% of the country’s income being held by the
wealthiest 20% of the population (Romero, 2022). This
tendency continues in health-care access. Being incredibly
challenging for the rural population to receive specialized care
in areas such as VS. Accordingly, our strategy allowed several
individuals who had never been assessed for vascular diseases to
receive an integral examination by certified personnel
identifying diseases and receiving a treatment plan at no
expenses for the patient.
The third field that our study impacts significantly is medical

education. Our staff included medical practitioners in several
stages of training, from medical students to vascular surgeons,
nurses and supporting staff. Our strategy allowed patients to
receive care at different levels of care and personnel in training
to have hands-on experience with many patients. All the
interventions and patient contact were supervised by vascular
surgeons, ensuring safety and proper performance. Evidence
has demonstrated that experimental learning is the most
effective way to integrate medical theory into practice (Yardley
et al., 2012). However, access to personnel in training to direct
hands-on experience might be limited in a hospital setting due
to limited time, high availability of medical staff and regulatory
policies. Thus, our strategy model represents an excellent
opportunity for personnel in training to increase expertise
and self-confidence in VS competencies and patient-doctor
interaction skills.

Additional ultrasound uses in remote areas
In remote and conflict areas, portable ultrasound has the
potential to play a significant role in providing medical care
and support. Portable ultrasound has potential applications in
triage and emergency medical response, assessment of war-
related injuries, improved maternal and fetal health
monitoring and diagnosis and monitoring of infectious
diseases (elephantiasis, filariasis and onchocerciasis) (Becker
et al., 2016; Harris and Marks, 2009; Stewart et al., 2020;
Toscano et al., 2021;Marriott et al., 2018). The use of portable
ultrasound can help to address the lack of access to medical
facilities in these areas, providing quick and reliable diagnoses
and treatments. Further research and development are needed
to fully realize the potential of portable ultrasound in remote
and conflict zones. Non-medical applications include
veterinary care in rural areas (pregnancy diagnosis, fetal health
assessment and evaluation of reproductive organs in livestock).
These applications demonstrate the versatility and usefulness
of portable ultrasound in improving health outcomes in rural
areas with limited access to health care.

Methodology

In the first stage, the National Colombian Vascular Surgery
Association started developing a strategy to provide an algorithm

capable of reaching vulnerable populations consistently. We
contacted several organizations to guarantee standardized, high-
quality attention. Afterward, we assessed the characteristics of
the targeted population, coordinated the visit and elaborated a
field report. The protocol was designed to execute in 12hours.
We distributed the 20 volunteers into six roles, each responsible
for specific data recollection. After the screening and triaging of
patients, vascular surgeons proceeded to provide therapeutic
interventions if needed. Our strategy represents a pioneering
plan in Colombia to contribute to social justice and access to
health care for those in need. Colombia’s social and economic
landscape is characterized by significant inequity in resource
distribution. More than 50% of the country’s income is held by
the wealthiest 20% of the population, even with national
monetary poverty of 39.3% and extreme monetary poverty of
12.2% (DANE, 2022).
This tendency continues in health-care access. Health care in

Colombia is fragmented, providing care according to employment
status and income. Financial limitations translate into
infrastructure, personnel and medication deficiencies that,
combined with fragmentation, result in disparities in access and
ineffective health coverage (B�ascolo et al., 2018). Although
insurance covered almost 91% of the population in 2012, the
country still needs to improve adequate access and health-care
quality to the same extent (Londoño and Molano, 2015).
Therefore, marginalized people become even more vulnerable to
health complications due to their lack of access to effective
surveillance and primary preventative strategies. The latter
becomes vital because of the armed conflict in this territory and
because Colombia is the largest recipient of Venezuelan
immigrants totaling more than 2.2 million in 2022 (La República,
2022). Accordingly, our strategy allowed several individuals who
had never been assessed for vascular diseases to receive an integral
examination by certified personnel to identify pathologies and
receive a treatment plan at no expense to the patient.

Facility locationmodels in humanitarian operations
Similar approaches have been previously implemented in other
areas of medicine, including surgery departments, accident
settings and emergency departments (La República, 2022;
Antonelli and Taurino, 2010). Despite public health efforts
toward finding an efficient method for specialized medicine
access for remote areas, there has yet to be successful coverage
in rural areas for sub-developed countries and other remote
locations with difficult topographical access (Walley, 2003;
Calder�on et al., 2011; Cardona et al., 2021; Escobar et al.,
2021). Although several strategies such as telehealth and 5G
methodologies have been implemented to fulfill this necessity,
the infrastructure costs and execution limit this approach
(Mogoll�on-P�erez and V�azquez, 2008; Paudel and Bhattarai,
2023; Memos et al., 2023). Particularly, in Colombia, the
burden of silent vascular diseases has yet to be quantified, and
few national health policies address these diseases (Paudel and
Bhattarai, 2023; Memos et al., 2023; Lacy et al., 2019; Cataño
Bedoya et al., 2015; Botero and Jaramillo, 2023; Ramirez and
Norman, 2009). We developed and executed a controlled
civilian MUVA as an efficient, scalable and generic assembly
line to screen aortic aneurysms, chronic venous disease and
carotid stenosis diseases. This tool is helpful in Colombia
because multiple remote areas need proper access to hospital
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infrastructure, vascular surgeons and diagnostic equipment
(such as portable ultrasound systems). We tested the
mentioned strategic plan on 140 patients in a single-day event
measuring different performance metrics. The checklist
requirements for this deployment are explained in Table 1. with
a suggested number of items based on the volume of patients
intended to assess.

Vascular assessment optimization strategy
The optimization strategy for the combined job shop to the batch
production model that VS uses to assess the more significant
number of patients without access to a proper VS consult is
based on the strategic and operating plan developed in
Figure 1. We designed this methodology prototype by applying
a business state-of-the-art Closed-Loop Management System
design for Strategy and Operations (Buitrago et al., 2011). It
consists of five stages:
1 strategy development and adjustment;
2 translation of the strategy into a real-world setting;
3 operation logistical planning;
4 operation conduction and monitoring; and
5 strategy analysis and adoption.

We selected this methodology due to its capability to be
improved during its execution. Steps 1–3 were improved using
the FMEA tool by classifying possible failure models by risk
factors of occurrence (O), severity (S) and detection (D)
(Kaplan andNorton, 2008). Steps 4–5 were improved using the
RCA tool by identifying the new problem,measuring the impact
on time, identifying the causal factors, implementing corrective
actions andmeasuring the new outcomes (Liu et al., 2020).

Stage 1: strategy development and adjustment
We aimed to fulfill the purpose of offering a specialized and
standardized evaluation for populations with difficult access to
VS consult, focusing on diagnosing AAA, SVI and carotid

stenosis, which often leads to increased morbidity and
mortality. With this tool, we aimed to offer vascular health-care
access to patients in disadvantaged populations following the
ethical values of justice and beneficence and, in the process,
train the future health-care personnel required to fulfill
this purpose. We contacted human resources, governmental
and health-care organizations necessary to guarantee the
deployment. Portable ultrasound was the central enabling
technology; we previously identified the execution of this tool
to ensure continuous assessment. Moreover, the efficiency of
assessments was the critical performance metric, as the only
available vascular access to these populations depends on the
working staff’s designated time, safety conditions and the
available waiting period of the patients. Nevertheless,
guaranteeing standardized and high-quality attention is another
pillar of the described attentionmodel.

Stage 2: translation of the strategy into a real-world
setting
Developing a strategy focused on efficiency and high-quality
assessment in VS can only be done by planning, practicing the
execution of the process and working with a multidisciplinary
team with straightforward pre-established tasks (Swink et al.,
2020). The main pre-selected areas for developing this strategy
are described below:
� High-risk populations: To significantly impact the

community, we searched for populations with limited
access to a VS consult. We did this search within a 50-km
radius of the capital city of Colombia. We agreed to
develop this strategy in a closed area, as this was the first
time we executed this type of deployment in a complex
rural territory without any external ground or aerial
support.

� Field analysis: Once we established the selected high-risk
population, we coordinated the first official invitation to

Table 1 Checklist for mobile ultrasound vascular assessment (MUVA) implementation

Target population
Resources

Approximate number of intended patients to be assessed (ANIPA)
ANIPA# 100–300 ANIPA# 500–800 ANIPA#>1000

Vascular personal 20–25 30–50 50–80
Coordination personal 5–10 10–25 25–40
Portable ultrasound equipment 3–5 5–10 10–15
Blood pressure equipment for Brachial Ankle index 2–3 3–5 5–10
Weight machine and retractable medical Body tape measure 1–2 2–5 5

Data caption system 1 main online platform and a backup plan option (like written records, other online tools)
Food and water for staff 1–2 light meals, 1 complete meal and 2–3 bottles of water per volunteer for a duration

of<8 hours
2–3 light meals, 2 complete meals and 3–4 bottles of water per volunteer for a duration

of>8 hours
Educational information for patients 1 member of staff 3 members of staff 10 members of staff
Identifications 1 for every member of staff
Raincoats 1 for every member of staff
Sunscreen lotion 1 bottle per every 10 staff members
Exam Rooms 4–6 8–10 10–15
Portable examining tables Same as exam rooms
Portable changing rooms 2–3 3–5 5–7

Source: Table created by author
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the delegates. After mutual agreement on appropriate
dates, we included personal and necessary workspaces.
Finally, we elaborated a field report including access
routes, travel time, weather conditions, safety conditions
and available installations for patient attention.

� Specialized personnel selection: We could not directly hire
qualified personnel for the ultrasound evaluation due to
limited funds. We decided to coordinate a Non-Governmental
Organization approach by contacting different vascular
surgeons across the country to execute and deploy this strategy.
The principal method was to get the National Colombian
Vascular Surgery Association (Asovascular) vascular surgeons
database and coordinate the invitations of surgeons and other
required staff volunteers through their human resources staff.

� Patients invitation: Once we established the required
resources for our strategy, we made projections of the
necessary time for the entire execution of the assessment
tool for a one-day event. We selected the number of
patients to be included based on the average assessment
time to complete the process. Subsequently, we contacted
the patients by phone and confirmed their participation in
this event. We subdivided them into four groups since the
workflow of the chosen local business was limited. We
planned three screening stations for chronic venous
disease, AAA and carotid artery disease, designed in a
continuous production work line fashion. The flow
assessment methodology can be seen in Figure 2.

Stage 3: operation logistical planning
On September 8, 2021, we executed our deployment in the field.
Methodology modifications and adaptability of our staff were
required to improve patient assessment. Additional volunteers were
needed to fulfill roles for operations that were not contemplated in
the initial strategy by the preemptive FMEAmethodology. Some of
the techniques that required improvement during the event
execution arementioned in the following sections:
� Volunteer redistribution: Initially, there were approximately 20

volunteers to assess 140 patients. We assigned two volunteers
at the entrance to organize all the patients in a line and provide
themwith their unique national identification (ID) numbers to
record their information efficiently in the cloud. Four
additional volunteers recollected sociodemographic data, and

one guided the patients to the screening module. Three
volunteers (one per cubicle) were in charge of recollecting the
data provided by the three vascular surgeons in charge of the
screening for vascular diseases (AP aortic diameter, ankle-
brachial index [ABI] and saphenous competency). Two other
volunteers performed themeasure of the ABI index. The other
two volunteers were in charge of patient education, and the
last supervised the operation. To enhance learning
opportunities for medical students, we organized the functions
in groups that rotated and changed their roles with every
subgroup of patients.

� Data collection: Originally, data recollection was intended to
be done on a single Google Form available to every staff
member through their phones. Nevertheless, we realized

Figure 1 Mobile ultrasound vascular assessment (MUVA) strategic and operating plan for mass vascular assessment

Source: Figure created by authors

Figure 2 MUVA flow assessment methodology
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that a subdivision approach was more efficient with the first
subgroup of patients due to extensive demographic and
past medical history information. We used their ID number
to record and unify the data into a single database during
the event. We developed three different versions of data
caption until we achieved the most efficient and
appropriate design mentioned in Figure 3. The vascular
surgeons made these recommendations to record the most
valuable information based on their experience.

� Screening application: The initial patients were introduced into
the screening module on a single fashion line, but the
increased assessment time led us to a more flexible approach,
where more than one module was used simultaneously in an
inter-changed approach. For example, once the patients
finished the screening for an aortic aneurysm (because it was
available), they could continue with the ABI measure until
they completed the three-step screening assessment. For
assessing the mentioned vascular conditions, we required an
enclosed space due to the limitations of ultrasound
interpretation under sunny conditions limiting the available
areas for vascular evaluation. The 5MHz transducer was used
for aortic diameter measurement, and an aortic diameter that
exceeded 3 cm was referred for follow-up. The protocol used
for SVI screening consisted of a reflux study with ultrasound
on the great saphenous and small saphenous veins. Both vein
size and the presence of reflux were evaluated. Finally,
peripheral arterial disease was screened using ABI, and a ratio
of less than 0.9 was considered diagnostic, requiring referral to
a vascular specialist.

� Limited resources: Another improved aspect was the resource
capacity plan adjustments. An unlimited flow of resources is
impossible in remote access areas, and we had to adapt due to
an increased number of patients not previously contemplated.
First, we noticed that some portable ultrasound system
batteries (POS) could not maintain continuous functioning.
We surpassed this limitation by charging the POS during

pauses between the different blocks of patients. Given the
above, we suggest using portable equipment with the option
to function plugged or rotate the devices being used to
designate them to a charge period by increasing the number of
available ultrasound devices. Also, by the end of the day, we
ran out of gel for the ultrasound and disposable pants for the
physical exam. Therefore, we propose calculating an
approximate amount of limited resources needed for the
intended number of patients to use but also include additional
limited resources if possible.

� Weather conditions: Pre-contemplating the changeable
conditions of the field is a critical factor for the attention of
high-volume type deployments. All the staff members
indicated the necessary precautions in case the conditions
changed. Some of the considered measures were:
umbrellas, sunscreen, buildings with external ceiling
panels and floors with anti-slip coatings or tapes to
guarantee a safe flow of the patients and staff even in rainy
conditions. It is essential to ensure the secure deployment
and packing methods for the ultrasound devices and other
sensible materials required with waterproof cases.

� Vascular interventions and follow-up: Patients with a positive
screening test for any of the three types of vascular
diseases were scheduled for a follow-up appointment with
a vascular surgeon. Surgical interventions, sclerotherapy
or endovascular therapies were planned as needed.

Stage 4: operation conduction andmonitoring
We executed different types of meetings for Operational review:
to respond to short problems and promote continuous
improvements; Strategy review: make fine adjustments to
broader adaptations or implement a new strategy in the field;
Strategy testing and adapting: to test and adapt the strategic
changes based on the analytics to establish (if required) a new
strategic plan. The primary coordinator and managers should

Figure 3 Data caption iterations methodology

Source: Figure created by authors
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convene meetings to review departmental performance and
resolve new problems. Developing performance indicators to
identify barriers to the strategy execution is critically important:
� Performance metrics: The different modifications implemented

were measured, reducing the operation time for a single
patient assessed by more than one volunteer from 6’50’’ to
4’50’’. The subdivided functions were also measured:
Clinical records recollection from 3’40’’ to 60’’ (subdividing
the data recollection). The physical exam, ultrasound, ABI
index assessment and data recollection from 6’10’’ to 3’10’’
(adjusting the recollection form). The education for the
patient was delivered from 60’’ to 50’’.

� Average time: It took approximately 4–5 minutes per
patient to complete each section. However, we required
additional time for patients with high-risk factors for
vascular disease or those with preexisting abnormalities
that required further assessment.

Stage 5: strategy analysis and adoption
During the execution of this tool, we realized that some of the
strategy’s assumptions needed to be revised. A final report was
shared with all participants once the event was concluded.With
the real-life execution of this operation, we could formulate
approaches to expand the scope. The requirements checklist is
listed in Table 1. with a suggested number of items based on
the volume of patients intended to assess.

Statistical analysis
We analyzed the anonymized data in SPSS Statistics 26.0. We
completed a descriptive study of the assessed variables,
including risk factors for aortic aneurysms. A final report was
constructed using Document Studio from Digital Inspiration from
theGoogle WorkspaceMarket and installed on Sheets from Google
Drive. These reports were merged into customized documents
and shared by email.

Results and discussion

We developed and executed a strategic plan to assess AAA,
chronic venous disease and carotid stenosis with portable
ultrasound systems for areas with limited access to VS. This
assembly line-like design allowed us to help more patients than
traditional models. In addition, the recollected data was used to
describe the different risk factors and disease prevalence, updating
the limited non-recent national data. The obtained results can
serve as the first step to developing national, governmental and
public health policies to address the burden of vascular diseases.
A total of 140 patients were enrolled in our pivot trial of

MUVA. The protocol analyzed sociodemographic variables
(age, gender, marital status, income, high weight, BMI),
general risk factors for vascular diseases (smoking status,
CVD familiar history, clinical signs of venous insufficiency
such as edema, telangiectasias, pain) and clinical measures
(anterior posterior (AP) aorta diameter, paucity of the
internal carotid artery, presence of venous insufficiency of
both great saphenous vein (GSV) and small saphenous vein
(SSV) and the CEAP classification (Clinical-Etiological-
Anatomical-Pathophysiological). Results are summarized in
Table 2. We identified 30 patients registries with missing
information (23.6%) when executing the data analysis in

some of the variables. Patients without complete information
were excluded from the final analysis. Our main finding was
that 19 of 127 evaluated patients had chronic venous
insufficiency in indication of surgical intervention and 1
patient had borderline measurement for abnormal aortic
diameter. These patients were redirected with help of the
national VS society to obtain further treatment.
Besides implementing this strategic plan in difficult access

areas, we consider incorporating some of the main aspects of
this tool and its developmental strategy in the in-hospital
admission and treatment of patients with vascular pathologies.
Implementing a focused, interdisciplinary, frontline and the
provider-driven program has been proposed previously
(Charles et al., 2016). It has shown that we can feasibly
incorporate it into an existing specialty surgical workflow.
Sharma et al. (2017) demonstrated that the incorporation of

their program resulted in improved timeliness of discharge and

Table 2 Sociodemographic characteristics, comorbidities and VS pathologies

Total included patients n: 125
Mean age 36.7 years (CI: 34.08, 38.45)
Average height 159.17 cm
Average weight 62.73 kg
Sex Males 16.5%; Females 81.9%
Average BMI 24.4 kg/m2

Marital status: Single 38.6%
Unmarried 41.7%
Married 13.4%
Divorced 5.5%
Widowed 0.8%

Income Low 89%
Median 11%

Lives alone Yes 10.2%
No 89.8%

Active smoker Yes! 21 (16.5%)
No! 106 (83.5%)

History of venous insufficiency Yes! 56 (55.9%)
No! 71 (44.1%)

Edema of lower limbs Yes! 19 (15%)
No! 108 (85%)

Telangiectasias Yes! 55 (43.3%)
No! 72 (53.7%)

Pain Yes! 46 (36.2%)
No! 81 (63.8%)

AP aortic diameter (cm) 0.5–1.0! 10 (11.3%)
1.1–1.5! 85 (96.05%)
1.6–2.0! 14 (15.8%)
2.1–2.5! 3 (3.39%)
2.6–3.0! 1 (1.13%)

CEAP classification C0! 53 (41.7%)
C1! 22 (17.3%)
C2! 17 (13.4%)
C3! 3 (2.4%)
C4! 2 (1.6%)
C5! 0
C6! 0

Chronic venous insufficiency Right! 7 (5.5%)
Left! 6 (4.7%)

Source: Table created by author
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projected cost savings without increasing readmission rates.
We obtained these results by implementing an enhanced
communication program that recognizes the main factors
associated with a delayed hospital discharge that translates into
increased in-hospital mortality, decreased patient satisfaction
and lost hospital revenue. Identifying and applying a new
strategic plan through the recollected data of Sharma et al.
(2017) exemplifies the role and advantages of changing from a
robust model to a more flexible and adaptable organization.We
believe that health care should focus more on identifying the
barriers and bottlenecks that limit patients’ access to enhanced
vascular care.
Another essential aspect was the incorporation of interns,

residents and vascular surgeons into the conditions of an
emergency deployment. This activity can enhance the current
KSAs required for a vascular ultrasound assessment.
Incorporating telehealth consultation services can reduce the
long waiting time for vascular appointments. Recently, there
have been reports of seniors or even retired surgeons serving as
consultants to procedures being done in remote parts of the
earth without the academic formation of these experts for the
execution of the required surgeries (Cofano et al., 2021; van der
Putten et al., 2022).
The early identification of barriers to VS consult can be

translated into model changes for the attention of vascular
patients in the future. Extended access times for a specialized
consult and access in remote areas are projected to increase
based on the United Nations projections, given an increasingly
aging population and associated vascular diseases. Therefore, it
is critically important to evaluate and classify the patient, keep
vigilance and develop better strategies for decreased average
times to specialized medical attention. We can translate these
barriers into public health and national health intervention
plans to minimize public health costs and the burden of
comorbidities and enhance patient outcomes.
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Executive summary and implications for
managers and executives

Access to health care is limited due to the barriers related to
universal coverage and timeliness in novel emergencies. The
execution of a medical deployment, assessment and response
in peripheral areas, conflict zones and other public health
crises usually requires a faster response. This can only be
achieved by developing novel strategies and enhancing them
for better outcomes. Limited access to vascular medicine and
other specialties can increase the burden of diseases and
related complications. To improve the process for assessing
VS pathologies in areas without proper access to vascular
consult and conflict zones, we developed and implemented a
flexible flow-model operating plan from other fields different
from medicine to enhance the mobile screening process of
vascular patients. The process was assessed based on the
medical methodologies of “Failure mode and effects analysis
(FMEA)” before deployment and “Control Chart and root
cause analysis (RCA)” once it began. We tested this
methodology in a controlled setting with 140 patients
simulating a deployment in a remote area. We incorporated
the recommendations and improvements of the original
methods and summarized them in this article. Our operation
methodology includes how we developed, assessed and
enhanced this novel tool in five stages: strategy development
and adjustment; translation of the strategy into a real-world
setting; operation logistical planning; operation conduction
and monitoring; strategy analysis and adoption. Modifications
were made using FMEA and RCA recommendations for
health care and the product-process matrix from business
theory. This tool can be implemented for 100–300 patient
assessments and modified to fulfill the required demand. It
demonstrated excellent efficiency in real life. This strategic
plan for assessing vascular diseases can be implemented in
remote areas with difficult access to vascular surgery (VS)
evaluation and possibly extrapolated to conflict zones that
require complex diagnostic and treatment interventions. It is
crucial to assess the most significant number of patients in
remote areas and treat them according to their triage
designation. With the use of MUVA, we were able to
efficiently determine, classify and redirect patients with
positive findings to therapeutic interventions in remote areas
with a high-quality assessment.
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