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Aims: Patientswith diabetes, including thosewith foot complications, are at highest risk for severe outcomes dur-
ing the COVID-19 pandemic. Diabetic foot ulcers (DFU) present additional challenges given their superimposed
risk for severe infections and amputations. The main objectives were to develop a triage algorithm to effectively
risk-stratify all DFUs for potential complications, complying with social distancing regulations, preserving per-
sonal protective equipment, and to assess feasibility of virtual care for DFU.
Methods: Longitudinal study during the COVID-19 pandemic performed at a large tertiary institution evaluating
the effectiveness of a targeted triage protocol developed using a combined approach of virtual care, electronic
medical record data mining, and tracing for rapid risk stratification to derive optimal care delivery methods.
2868 patients with diabetes at risk for foot complications within last 12 months were included and rates of en-
counters, hospitalizations, and minor amputations were compared to one year prior.
Results: The STRIDE protocolwas implemented in 1-week and eventually included 2600 patients (90.7%) demon-
strating effective triage. During normal operations, 40% (938 of 2345) of all visits were due to DFUs and none
were performed virtually. After implementation, 98% face-to-face visits were due to DFU, and virtual visits in-
creased by 21,900%. This risk stratified approach led to similar low rates of DFU-related-hospitalization and
minor amputation rates 20% versus 24% (p N 0.05) during and prior the pandemic, respectively.
Conclusions: Implementation of STRIDE protocol was effective to risk-stratify and triage all patients with diabetic
foot complications preventing increase in hospitalization and amputations while promoting both social and
physical distancing.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Diabetic foot ulcers (DFU) remain one of the most common compli-
cations of diabetes and are the leading cause of lower extremity ampu-
tation with every sixth individual having an early demise as a result.1–3

Five-year mortality after DFU occurrence is 40%,4 10-fold higher than
non-diabetic cohorts.5 Forty percent of DFU recur within one-year fol-
lowing closure adding additional risk to this population.6 New evidence
asserts a recent surge in major lower extremity amputations in diabetic
patients despite the previous decades of decline.7 In spite of these grim
facts, it has been established that multidisciplinary team management
may reduce the rate of major amputation by more than 50% resulting
in improved quality of life and life expectancy for these patients.8–10
icts of interest relevant to this
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The rapid explosion of the COVID-19 pandemic has required a sud-
den shift in best care practices for health care providers and institutions
requiring new plans of unprecedented complexity.11,12 The pandemic
still rages and in the United States alone, there have been 2.89 million
confirmed cases with daily new cases now reaching 50,000.13 Patients
with diabetes are among the most vulnerable categories for severe
COVID-19 related outcomes and are predominantly affected by this
change.14,15 Their vulnerability is attributed to a combination of factors
including a higher burden of concurrent comorbidities, chronic inflam-
mation, and presence of diabetes vascular complications.16–21

Particularly, patients with diabetes and foot complications including
DFU, who normally require frequent care and debridement during face-
to-face visits were severely impacted by restrictions implemented to
protect these most vulnerable patients from unnecessary exposure, en-
sure social distancing and curb the spread of COVID-19, and preserve
personal protective equipment (PPEs). Thus, the traditional outpatient
model focused on regular monitoring and aggressive identification of
precursors of morbidity, had to be replaced by untested practices of
using telemedicine and patients' self-reporting to risk stratify. Such a
rapid devolution of care if not done correctly, may lead to limb
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threatening infections requiring hospitalizations and major amputa-
tions, thus placing both additional burden on outstretched health care
systems during the ongoing crisis, and resulting in severe patients' re-
lated outcomes.

Therefore, the development and implementation of effective care
protocols to identify the most at-risk patients and protect them from
unnecessary hospitalization andCOVID-19 exposure is urgently needed,
particularly given the second waves of the pandemic emerging in the
USA and other countries.13

The COVID-19 pandemic has brought virtual care technologies to the
forefront, given the important and ongoing progress made in this field.
These technologies provide the initial necessary carewhile protecting vul-
nerable individuals and preventing spread of disease, given physical dis-
tance. Traditional DFU care requires face-to-face contact for procedures
(debridement), although virtual care technologies may offer applicable
opportunities for these patients as well. However, there has never been
widespread implementation of telemedicine in DFU management and
the short and long-term outcomes for diabetic foot salvage are unknown.

Herewediscuss a novel andhighly effective stepwise strategy devel-
oped and implemented by the Michigan Medicine Podiatry Diabetes
team to triage and deliver the most appropriate care for all patients
with diabetes and foot complications. Our teamwas well situated to le-
verage a robust infrastructure and highly skilled clinical and transla-
tional research team to generate a functional platform that employs
virtual care technologies and a novel adaptive protocol to effectively de-
liver the necessary care to prevent amputation and death (Fig. 1) that
was developed in only 1 week.

2. Subjects, materials, methods

This is a longitudinal study during the COVID-19 pandemic per-
formed at a large tertiary institution providing care to approximately
Fig. 1. Strategies to reduce severe diabetic foot infections during epidemics (STRIDE-DFC) p
concerns. The process involves triaging ALL patients into low acuity and high acuity concerns
encounters if urgent. Blue arrow indicates lower acuity and red arrows indicate high acuity co
2868 patients with diabetes mellitus and a foot complication within
the last 12 months. Electronic medical record (EMR) deep data mining
was used to identify all these patients and construct a risk stratification
algorithm for each patient as part of STRIDE protocol implemented in
first week of March 2020 as described below. Data tracingwas then im-
mediately implemented for all patients who received any type of care
(virtual either video or telephone, outpatient, inpatient) between
March 2020 to end of May 2020.

STRIDE protocol was designed to rapidly evaluate all patients with di-
abetic foot conditions and identify those with DFU and highest risks, and
deliver a risk-stratified care targeted at preventing life threatening com-
plications associated with COVID-19 and end-stage diabetic foot compli-
cations. This protocol was also designed to avoid additional unnecessary
burden on inpatient care in situations of crisis and protect the susceptible
population against worse outcomes. The STRIDE protocol was expedi-
tiously developed by our team in anticipation of an unprecedented in-
creased demand on our inpatient and outpatient services and resources
associated with the COVID-19 outbreak. The MichiganMedicine Podiatry
Diabetes team fully implemented and integrated this protocol that in-
cluded several defined steps within one week.

2.1. Optimal triage algorithm

The triage includes all staff; primarily physicians and nurses. The
goal was to generate an internal list identifying all at-risk patients
with DFU and with potential DFU complications.

In phase one, multiple EMR tools were leveraged to target electronic
chart screening for outcomes of interest such as lower extremity or foot
infections, ischemia, peripheral neuropathy, Charcot Neuroarthropathy,
fractures, post-operative status, other comorbidities (advanced stages
of retinopathy and vision loss, severe chronic kidney diseases) and so-
cioeconomic status. A risk assessment model was computed and all
rotocol. Figure depicts STRIDE triage protocol to risk-stratify patients with diabetic foot
. Low acuity patients are managed primarily via telemedicine and triaged to face to face
ncerns. Arrow width is associated with volume.
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patients were stratified by their risk level. High risk patients included
those with new or chronic DFU, infection, or ischemia as defined by
guidelines from the Infectious Disease Society of America (IDSA),22 the
International Working Group on Diabetic Foot (IWGDF),23 and Society
of Vascular Surgery guidelines24; medium risk patients included those
with pre-ulcerative skin lesions and foot deformity; and low-risk in-
cluded patients with diabetes who were enrolled in our preventative
foot clinic. Lists were then generated to provide the team with follow-
up options following previously published guidelines.22,24,25

The second phase promoted both physical and social distancing by
creation of multiple “foot action teams”. A single provider was assigned
inpatient duties and one other assigned face-to-face outpatient visits.
The remaining teams performed telemedicine duties to maintain con-
tact and provide preventive care for those with lower risk DFU. Rotation
of the teams occur weekly with a period of self-isolation built into
scheduling following in-person interactions. Physician and staffing
back up is provided via a three team tiered system, to allow for a two-
week “rest” period, primarily tomonitor for symptoms per institutional
guidelines, after face-to-face patient contact.

Finally, if the video consulting team identified an acute situation or if
clinical deteriorationwas appreciated, the providers referred directly to
the in-person teams, based on the individual level of risk for a specific
case for the most appropriate management.

If triaged to the in-person clinic, DFU standard of care practices oc-
curred alongside assessment for infection and ischemia as above. As a re-
sult of our outpatient physical presence, providers can continue to service
this vulnerable population and address other acute concerns, as needed.

If a limb-threatening emergency is identified, and patients require
transfer to hospital and/or surgical intervention, appropriate team
members are promptly notified so logistic planning can begin. If
COVID-19 cannot be ruled out, as is the case of septic patients from a di-
abetic foot infection, all necessary teams are notified for coordination of
care and appropriate isolation.

2.2. Statistical analysis

Data extracted included counts of each type of encounter (virtual,
outpatient, inpatient), related to diabetic foot complications including
DFU or not, aswell as the absolute counts of minor lower extremity am-
putations, defined as loss of part of the foot, and hospitalizations for se-
vere infections or major amputations. The data was then compared to a
historic cohort from the year prior during the same time to assess trends
in care using student t-testing and proportionality testing. All statistical
analysiswas completed using SPSS statistical software, version 22 (SPSS
Inc. Chicago, IL). Statistical significancewas set at the 5% level (p ≤ 0.05).

3. Results

During the COVID-19 pandemic, location of care was drastically al-
tered for patients with diabetes. During normal operations a year
prior, Michigan Medicine podiatry performed 2345 face-to-face patient
visits, of which 938 (40%) were for patients with DFU. Prior to the pan-
demic, virtual podiatric medicine was not implemented at our institu-
tion and only a single virtual visit was performed. In addition, during
themonths ofMarch–May2019, our diabetic limb salvage inpatient ser-
vice was consulted on 177 distinct inpatients with diabetic foot infec-
tions resulting in 36 minor amputations (Table 1).

Using this protocol, over 1000 EMR charts were evaluated in the first
week, 200 distinct patients at highest risk for DFU complications were
identified and 100 were seen within 7 days of the initial triage. Triaging
continued throughout the following 11 weeks and 1600 additional pa-
tients were triaged, risk stratified and directly contacted, representing
90.7% of the diabetic patients we cared for during the preceding 12
month period.

During the pandemic, outpatient volume fell by 81.9%, resulting in
425 face-to-face visits. Out of these, 416 (98%) were DFU-related,
representing a−55.7% decrease compared to theprior year. Proportion-
ally, face-to-face visits for patientswithDFU represented 1.45-foldmore
encounters as compared to the year prior. In addition, new outpatient
volume fell by 34.8%, from 23% of encounters during normal operations
to 15% during the pandemic.

Low-acuity diabetic foot concerns were suspended and managed
through virtual visits. Virtual visits expanded rapidly following consolida-
tion and220 virtual visitswere performed, an increase of 21,900% as com-
pared to the year prior. Additionally, the diabetic limb salvage inpatient
service received only 66 consults for diabetic foot infections, which is
55.6% less compared with a similar time frame from pre pandemic
times. Minor amputation procedures also fell by 55.6%, to 16. Proportion-
ally during the pandemic 24.2% of consults resulted in minor amputation
whereas only 20.3% during the year prior resulted in minor amputation.
This difference did not reach statistical significance (p N 0.05).

4. Discussion

We provide evidence that STRIDE protocol we developed is highly ef-
fective in the risk stratification and triage of patients with diabetic foot
complications, including DFU during pandemics. Podiatry excels at limb
salvage and our previous data demonstrated the value of podiatry inte-
gration into the diabetes clinics at Michigan Medicine and highlights the
interdisciplinary teams'work resulting in increased limb salvage and less-
ening the amount of diabetes-related amputations.8 STRIDE protocol
aligns with appropriate levels of risk to target a personalized care, with
the ultimate goals to reduce risk of severe infections, amputation, and
death in this highly vulnerable population. The protocol maintained ap-
propriate social and physical distance utilizing telehealth and delivers
face-to-face standard of care only as needed, preventing the spread of dis-
ease among patients and providers. The broad generalizability of the
STRIDE protocol is particularly relevant given the current COVID19 trends
in USA and several other countries that suggestmultiple infections waves
can occur until a vaccine becomes available. Thus there remains a signifi-
cant needed to most effectively care for this population.

Our data clearly demonstrated that once the STRIDE protocol was
implemented, there was a dramatic shift toward the at-risk DFU pa-
tients, from 40% of visits during normal operations to 98% of face-to-
face visits during the pandemic period. By designing and executing
the protocol very rapidly in only one week, we experienced the similar
low rates of DFU related hospitalization requiring minor amputations
compared with pre-pandemic times.

In addition, this focused approach to defer low-risk diabetic foot
concerns and non-diabetic foot concerns subsequently resulted in a
broadening of Podiatry's virtual platform. The drastic increase, from
zero virtual visits to 220, a 21,900% increase, reflected our ability to
still care for patients who needed attention, but were not necessarily
at risk of hospitalization or amputation.

Our protocol execution allowed our service to continue to provide
effective care while maintaining in-person availability for our highest
risk DFU patients. Without access to targeted podiatric preventive
care, patients with diabetes and DFU may rapidly develop severe infec-
tions or other foot complications requiring admission, furthering the
burden on an already strained health care system. Implementation of
the STRIDE protocol prevented this from occurring.

Our study is not without limitation. First, we cannot fully assess the
impact of the COVID-19 pandemic on DFU in only three months. This
concern was ameliorated by comparing the same time period during
normal operations to assess the impact of our protocol, and allowed
us to account for seasonal variations seen in non-traumatic lower ex-
tremity amputation rates.26 As noted, we were successful in contacting
the overwhelming majority of our patients, 90.7%, using this protocol.
However, patients may have perished due to unrelated factors during
this time period and this investigation is still ongoing. Second, the
percentage of new patients presenting for care during the pandemic de-
creased by 34.8%. Thus, access to carewas restricted andwe cannot fully



Table 1
Comparison of key podiatry servicemetrics during the pandemic as compared to normal operation one year prior. N-number of encounters are in themiddle columnswith percent change
demonstrated as either a positive or negative in the column on the far right.

Normal operations
(March–May 2019)

Pandemic care
(March–May 2020)

Percent change

Virtual visits (n) 1 220 21,900%
Outpatient volume (n) 2345 425 −81.9%
Inpatient volume (n) 177 66 −62.75%
Minor amputations (n) 36 16 −55.6%
Minor amputation rate (% of total consults resulting in amputation) 20.3 24.2
DFU related care (n, % of total) 938, 40% 416, 98% −55.7%
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account for new patterns of clinical deterioration. Future studies should
evaluate this confounder (i.e. patients not seeking medical care) to de-
termine if in the following months after the lockdown was over, if
more patients sought help and if amputation rates subsequently rose.

In summary, STRIDE protocol integrated the use of novel virtual care
and EMR technologies, allowed for a rapid triage of all at-risk patients,
an effective delivery of personalized care based on risk stratification,
and anticipated a reduction inDFU related inpatient admissionswhile de-
livering appropriate care in situation of pandemic crisis. The rapid imple-
mentation of the STRIDE protocol generated strong data demonstrating
the powerful effect of the triage system to capture and care for those
highest risk patients with DFU. Importantly, it provided novel evidence
that these efforts maintained the same high levels of limb salvage previ-
ously established at our institution. Furthermore, our study provided a
strong evidence that virtual care is in fact feasible and effective to main-
tain optimal care for patients with diabetic foot complications, refuting
prior beliefs that virtual care would promote adverse outcomes in these
patients. The need for novel and effective protocols to reduce impacts of
non-COVID-19 diseases on hospital burden has never been greater, and
wide dissemination of STRIDE protocol could fulfill this goal.
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