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Background: Diabetic foot ulcers are a leading cause of major limb amputations in diabetic
patients. Timely intervention through early diagnosis of vascular insufficiency and aggressive
ulcer management may mitigate these risks. This study evaluated the relationship between
early and delayed referral pattern and major amputation and the impact of the coronavirus dis-
ease (COVID) 2019 pandemic on associated rates.

Methods: This retrospective cohort study analyzed records from type 2 diabetic patients over
30 years old with lower-extremity ulcers treated at Western Michigan Health clinics between
June 1, 2018, and December 31, 2021. The study period was divided into pre-COVID (59
patients) and intra-COVID (92 patients) phases. Patients were followed until diabetic foot ulcer
resolution, death, amputation, or loss to follow-up. Early referral was defined as within 4 weeks
after ulcer diagnosis. Referral rates to specialists and the use of noninvasive studies such as
the ankle-brachial index were examined.

Results: Overall, 151 patients met the inclusion criteria. A total of 11 underwent major amputa-
tions, with a trend toward increased rates during the intra-COVID period. There was no significant
difference in major amputation rates between early and delayed referrals. Although many of the
major amputations had early referrals, this was likely due to late presentation. The study high-
lighted significant underutilization of noninvasive imaging, with only 37% of patients undergoing
ankle-brachial index testing. Wound documentation inconsistencies and variability undermined
the reliability of findings and patient treatment. No protocol was identified in ulcer management.

Conclusions: Delayed referrals did not significantly affect major amputation rates, suggesting
that factors other than referral timing may influence outcomes. The COVID-19 pandemic
led to an increase in amputation rates, possibly owing to pandemic-related lapses in care.
Underutilization of noninvasive vascular studies and lack of consistent treatment protocols rep-
resent missed opportunities for early intervention. Enhanced provider training, protocol-driven
care, and consistent use of noninvasive vascular studies may help prevent major amputations.
(J Am Podiatr Med Assoc 115(6), 2025; doi:10.7547/24-036)

Lower-extremity complications as a result of diabetes

States.! The overwhelming majority of diabetes-

mellitus are responsible for approximately 50% of
all diabetes-related hospital admissions.! In 2020, a
total of 130,000 nontraumatic lower-limb amputations
were performed on diabetic adults in the United
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related amputations stem from the development of di-
abetic foot ulcers (DFUs).2® According to a recent
review, it is estimated that nearly 15% of all individu-
als with diabetes will eventually develop a DFU.* The
development of an ulcer combined with poor vascula-
ture or superimposed infection® usually results in a
substantial risk of amputation.

Once a primary-care provider detects a DFU, early
intervention is associated with better patient out-
comes.® This often includes a referral to one of sev-
eral specialist services (eg, vascular surgery, wound
care center, podiatric medicine). It is not uncommon
for there to be a delay in DFU detection and specialist
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referral.”® Each day of delay increases the risk of
major amputation by 3.5%.% These findings empha-
size the urgent need for timely referrals to prevent
severe consequences for DFU patients.

During the coronavirus disease 2019 (COVID-19)
pandemic, there was a disruption in medical serv-
ices. With the onset of the pandemic, many patients
faced hurdles in accessing care owing to the strain
on health-care systems.g'12 This study was under-
taken to identify the impact of COVID-19 on the
management of DFUs. This study aimed to deter-
mine 1) whether delayed referral to a specialist
results in an increased rate of major amputations
and 2) whether the COVID-19 pandemic impacted
the rate of major amputations.

Materials and Methods

The study design is a retrospective cohort study
focusing on patients who initiated treatment for
DFUs within specific pre- and intra-COVID periods.
Institutional review board approval was obtained.

The pre-COVID period spanned the 18 months
from June 1, 2018, to December 31, 2019, whereas the
intra-COVID period spanned the 18 months from
June 1, 2020, to December 31, 2021. Patient data were
collected from Western Michigan University Homer
Stryker MD School of Medicine (WMed) Health clin-
ics within these defined time frames. The study fol-
lowed the patients until their ulcers had healed or
they had undergone a major or minor amputation or
died or were lost to follow-up. In this study, major
amputations were defined as surgical procedures
resulting in removal of the lower limb above the
ankle or below or above the knee. Conversely, minor
amputations were categorized as those involving
toes or transmetatarsal amputations.

The inclusion criteria for this study comprised
individuals diagnosed with type 2 diabetes, those
aged between 30 and 95 years, those evaluated at
WMed Health clinics during the specified pre- and
intra-COVID periods, and patients with a new diagno-
sis of DFU. The exclusion criteria comprised individ-
uals with a history of lower-extremity ulcers in the
previous 12 months, those presenting with a grade 0
(healed) ulcer, and those first presenting with an
ulcer outside of a clinic setting (eg, in the emergency
department).

Data extracted from the medical records included
age, sex, wound diagnosis date, hypertension, hy-
perlipidemia, smoking status, renal insufficiency,
congestive heart failure, peripheral artery disease,
coronary artery disease, end-stage renal disease,

referral to specialists (vascular surgery, orthopedic
surgery, podiatric medicine, wound care), and refer-
ral dates. Patients who had noninvasive vascular
studies using duplex Doppler ultrasonography were
identified. Early referrals were defined as being
made within 4 weeks of ulcer diagnosis. Data were
collected regarding wound status, date of healing,
time to healing, and date of amputation.

Statistical Analysis

Data were gathered via convenience sampling,
which is a nonprobability sampling method; accord-
ingly, a power analysis was not performed. The
sample consisted of 151 patients as per the afore-
mentioned inclusion criteria. Missing value manage-
ment was performed at the variable (not case) level.
Accordingly, missing variable data were excluded
from analyses. Spurious measurements were con-
sidered for possible verifiable correction and inclu-
sion; failing satisfactory resolution, erroneous data
were excluded from statistical analyses. Descriptive
tables were used to depict the proportions of
patients who had major or minor amputations;
major amputations included both below-the-knee
and above-the-knee amputations.

Comparing the proportions of patients who had
major or minor amputations with regard to those
with early referrals versus delayed referrals was
addressed using the Fisher exact test. When strati-
fied by the five categories of referral providers, the
proportions of patients who had major or minor
amputations with early referrals compared with
delayed referrals were analyzed five times using the
Fisher exact test. This family of tests used a
Bonferroni multiplicity adjustment; consequently,
each had a significance level of « = 0.01 (0.05/56%
significance). To determine if the proportions of
patients with major or minor amputations differed
between the pre- and intra-COVID time frames, the
Fisher exact test was employed. The X2 test was
performed to determine if the proportions of major
or minor amputations for delayed, early, or no refer-
rals differed between the pre- and intra-COVID
intervals. A Bonferroni multiplicity correction was
applied for each of these tests; consequently, the
significance level was adjusted to a = 0.017 (0.05/
3% significance).

All inference testing employed a significance
threshold of « = 0.05. Post hoc comparisons used
a Bonferroni multiplicity adjustment. Data were
cleaned, formatted, and analyzed using SAS 9.4
(SAS Institute Inc, Cary, North Carolina).
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Table 1. Demographic Distribution of the Study Cohort

Demographic Value
Sex (No. [%])
Male 99 (65.6)
Female 52 (34.4)
Age (mean =+ SD [years]) 61 +11.23
Age group (No. [%] [years])
30-39 4(2.6)
40-49 20 (13.2)
50-59 52 (34.4)
60-69 40 (26.5)
70-79 29 (19.2)
80+ 6 (4.0)

Results

Study Cohort

This study included 151 patients diagnosed with a
DFU within the stipulated period. Demographic dis-
tribution is shown in Table 1. Comorbidities are
listed in Table 2. The cohort was further subdivided
into two temporal segments based on the COVID-19
pandemic (Table 3).

Major Amputations

The age of patients undergoing major amputations
was b6 *= 6.9 years (range, 44-67 years), which was
younger than the overall group. Major amputations
were performed in 11 patients. Three of these ampu-
tations occurred during the pre-COVID period among
59 patients (56%) and eight occurred during the intra-
COVID period among 92 patients (9%). No statisti-
cally significant difference was observed between
major amputations in the pre- and intra-COVID peri-
ods (Fisher exact test P = .529).

Minor Amputations

Minor amputations were notably more prevalent,
observed as the outcome in 39 cases. The cohort
presented with an age of 57 = 11.3 years (range, 34—

Table 2. Comorbidities of the Study Cohort

Comorbidity Patients

Hypertension (No. [%]) 138 (91.4)
Hyperlipidemia (No. [%]) 131 (86.8)
Smoking (No. [%] [current or former]) 79 (52.3)
Renal insufficiency (No. [%]) 65 (43.0)
Congestive heart failure (No. [%]) 59 (39.1)
Peripheral artery disease (No. [%]) 53 (35.1)
End-stage renal disease (No. [%)]) 19 (12.6)

88 years). Disaggregated by the COVID-19 timeline,
minor amputations were performed in 18 patients
(46.2%) during the pre-COVID period and 21 patients
(53.8%) during the intra-COVID period. The y? test
revealed no statistically significant difference in the
rate of minor amputations between the pre- and
intra-COVID periods (P = .293).

No Amputation

Of the 151 patients in the study cohort, 101 (66.9%)
experienced ulcer resolution or did not undergo any
form of amputation. Among these, 38 patients (37.6%)
were diagnosed with a DFU in the pre-COVID period,
whereas 63 patients (62.4%) were diagnosed during
the intra-COVID period. Examining the outcomes of
these 101 patients, 96 (64%) had wounds that were
documented as healed. By contrast, the most recent
records showed that four had unhealed wounds. The
healing status of one patient remains unknown as a
result of being lost to follow-up.

Across both the pre- and intra-COVID periods, the
time to wound healing was 27.9 = 30.2 weeks. When
these time frames were broken down further into
pre- and intra-COVID periods, the pre-COVID phase
had a slightly extended healing duration of 30.4 *+
29.9 weeks. By comparison, the intra-COVID period
saw a marginally reduced healing time of 26.4 = 30.4
weeks. Wound outcomes before and during the
COVID-19 pandemic are shown in Table 3.

Referral Timing

Of the 151 patients in our cohort, 96 (63.6%) received
early referrals, whereas 20 (13.2%) faced delayed
referrals and 35 (23.1%) were not referred at all. In
the pre-COVID interval, 38 patients had early refer-
rals compared with seven who experienced delayed
referrals and 14 who had no referrals. During the
intra-COVID period, 58 patients were referred early
compared with 13 who had delayed referrals and 21
who had no referrals. The COVID-19 pandemic did
not show a statistically significant impact on referral
timing (P > .99).

Major and Minor Amputations by Provider Type

Vascular Surgery. Twenty-three referrals were
made to vascular surgery. Eight of these were
delayed, with one delayed case culminating in a
major amputation. Among the early referrals, five
resulted in major amputations. The Fisher exact test
revealed a significant relationship between referral
to vascular surgery, whether early or delayed, and
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Table 3. Comparative Analysis of Wound Outcomes Before and During the Coronavirus Disease 2019 Pandemic

Wound Outcome Pre-COVID Intra-COVID Total P Value
Amputation (No.)
Major 11 .529
Minor 18 21 39 .293
Healed (No.) 36 60 96
Unhealed (No.) 2 2 4
Unknown (No.) 0 1 1

Abbreviation: COVID, coronavirus disease.

major amputation (odds ratio [OR], 0.15; 95% confi-
dence interval [CI], 0.03-0.65; P = .002). At Western
Michigan University Homer Stryker MD School of
Medicine, major amputations are carried out by vas-
cular surgeons. Early referrals resulting in major
amputations involved patients referred for amputa-
tions and not ulcer management. Furthermore, six
patients referred to vascular surgery underwent
minor amputations, although this outcome was not
statistically significant.

Orthopedic Surgery. Ten patients were referred
to orthopedic surgery, two of whom experienced
delayed referrals; both delayed referrals resulted in
minor amputations. By contrast, minor amputations
were observed in six of the eight early referrals. The
Fisher exact test demonstrated no significant rela-
tionship between referrals to orthopedic surgery and
amputations (P = .17). No major amputations were
observed in this cohort. Of note, this group did have
the most minor amputations (eight), although this
was not a statistically significant finding.

Wound Care Center. The wound care center
received 79 referrals, of which 62 were early and 17
were delayed. In this group, minor amputations were
observed in 14 early and four late referrals. Major
amputations were less frequent, seen in four early
and one delayed referral. Statistical analysis via the
x° test revealed no significant relationship between
a referral to wound care and either minor or major
amputation (OR, 1.14; 95% CI, 0.29-4.36; P = .84).

Podiatric Medicine. There were 36 referrals to
podiatric medicine, with 26 being early and ten being
delayed. Among the early referrals, nine resulted in
minor amputations and a single case led to a major
amputation. In the delayed group, two resulted in
minor amputations, with no cases of major amputa-
tion. The Fisher exact test demonstrated no signifi-
cant relationship between a referral to podiatric
medicine and an amputation (OR, 3.9; 95% CI, 0.44—
34.4;, P = .25).

Other. Eleven referrals were made to other spe-
cialties or services, including infectious disease, gen-
eral surgery, and home health care. Eight of these

were early referrals, whereas three were delayed.
Three early referrals resulted in minor amputations
and one delayed referral led to a minor amputation.
No major amputations were observed in this sub-
group. The Fisher exact test showed no significant
relationship between a referral to this subgroup and
amputation rate (P = .53).

Use of Noninvasive Testing

Of the 151 patients in the study, 56 (37%) underwent
ankle-brachial index testing after diagnosis of a
DFU. Of the patients who underwent ankle-brachial
index testing, 60% received testing in the early time
frame after diagnosis, whereas the remaining 40%
received testing in the late time frame.

Discussion

The principal findings from this study are twofold.
There was an almost twofold increase in major
amputations between the pre- and intra-COVID peri-
ods (6% versus 9%). However, this observation is
not statistically significant and is likely due to the
sample size. There was no significant difference in
major amputations between early referrals and late
referrals, although the number of amputations was
higher in the early referral group. These patients
most likely presented to the primary-care clinic
with advanced disease. It is also likely that patients
waited too long at home during the intra-COVID pe-
riod before seeking care.

Recent studies have delineated the adverse effects
of the pandemic on various facets of health care.®1?
Our study shows that in all probability patients
needing major amputations waited too long before
seeking care. Studies have shown that specialized
interventions for conditions such as DFUs often
decline during major public health crises.? 1012
Our study suggests that patients may not seek care
in a timely manner.
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The wound care center received the most refer-
rals for an initial DFU diagnosis followed by podi-
atric medicine, vascular surgery, and orthopedic
surgery. However, compared with the number of
referrals placed, vascular surgery and orthopedic
surgery were associated with a higher likelihood of
amputation than wound care or podiatric medi-
cine. These patterns may be due to orthopedic and
vascular surgery services being consulted for more
advanced cases of DFUs, which are more likely to
require amputation. Clinical decision-making may
prompt a referral to orthopedic surgery for a DFU
if there is associated osteomyelitis, a condition
associated with higher rates of atmputation,m’15
hospitalization,'* and prolonged wound recov-
ery.'® Conversely, a diagnosis of peripheral artery
disease can delay the healing of a DFU, increasing
the risk of amputation.'® The higher rate of ampu-
tation associated with these specialties likely
reflects the severity and complexity of the cases
they encounter rather than the quality of care
provided. It is crucial to note that vascular and
orthopedic surgeons are the specialists typically
consulted to perform major amputations such as
above-the-knee and below-the-knee amputations,
which are outside the scope of podiatric medicine
and wound care specialists.

This referral pattern underscores the critical
role these specialists play in the continuum of care
for DFU patients, often intervening when other
treatments have faltered or when case complexity
demands their expertise. Although previous studies
have emphasized the importance of early multidisci-
plinary intervention in DFU mamagement,”’19 our
findings suggest that even with early intervention
some cases may progress to require major surgical
intervention because of an advanced disease state at
presentation or other complicating factors. It is im-
portant to acknowledge a potential bias in our study,
as cases perceived to be more severe were more
likely to be referred to these specialized services.

In addition, there was no significant relationship
between referral timing and wound outcome. Of the
11 patients who received major amputations, the
majority received early referrals. This was an unex-
pected finding, as other literature has suggested
that early evaluation and referral may be a critical
element in amputation prevention.® It is likely that
these patients presented at a very late stage in the
disease, necessitating expedited major amputation.
It is important to emphasize that our sample size
may have limited our interpretation of referral
trends and outcomes. In addition, it is worth noting
that early referral with multidisciplinary support

remains the best practice and is supported by other
studies.'®

Noninvasive testing was performed in only 37% of
cases. Newer techniques determining the oxygen-
ation of tissue around the ulcer may be even more
helpful in determining the optimal treatment algo-
rithm.2° It should be mandatory to assess the arte-
rial circulation to the foot when the pulses are not
felt. A DFU with underlying vascular insufficiency
will not heal despite adequate local wound care.
The toe and flow model advocated by Rogers et al*!
should be practiced to save limbs.

Initial wound documentation upon DFU diagnosis
varied widely. On one end of the spectrum, only
some primary-care providers uploaded photographs
of the ulcer to the chart and included brief docu-
mentation of the wound in their note and only a few
staged the wound. Published data emphasize the im-
portance of wound classification in managing the
wound, which has tremendous predictive value for
the outcome of a DFU.?* It is noteworthy that
WMed Health clinics operate with two electronic
medical record (EMR) systems, Cerner and Epic,
based on their hospital affiliation. At our institution,
Epic provides a direct and secure method for pro-
viders to capture clinical images using their cell
phones, whereas Cerner lacks this feature. Such
inconsistencies in wound documentation and EMR
functionality can considerably undermine the reli-
ability and reproducibility of findings.?

The disparities in wound documentation reiterate
the need for standardized protocols, ensuring a ho-
mogenized approach and reducing variability.?>2"
Although there may be difficulties in uploading pic-
tures showing the ulcer at initial diagnosis, depend-
ing on user comfort and EMR capabilities,? it is
important to document size, depth, color, drainage,
and grade of the wound.?” Based on these observa-
tions, we would encourage the use of further objec-
tive measures, such as the Wagner scale®® in
addition to photographs to better define patient dis-
ease severity and subsequent treatment.

Recent studies have demonstrated that optimiz-
ing EMR systems for wound care can significantly
improve patient outcomes. A study using Epic, the
same EMR system used by Bronson, a WMed affili-
ate, found that implementing a comprehensive EMR
protocol for venous ulcer patients led to improved
wound healing rates (from 59.5% to 77.94%) over a
2-year period.?’ This protocol included standardized
wound measurement, dressing documentation, and
patient education materials. Additionally, the study
reported improvements in addressing related health
issues, with 29% of patients quitting smoking and
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20% reducing smokeless tobacco use. These find-
ings underscore the potential benefits of standar-
dized wound documentation and EMR optimization
in managing chronic wounds, including DFUs. By
prioritizing accurate and standardized wound docu-
mentation in the electronic health record, health-
care providers can significantly enhance the quality
of care for patients with chronic wounds, poten-
tially leading to improved outcomes and reduced
health-care costs.

Our review shows the inconsistency in managing
wounds. A multispecialty approach is critical to sav-
ing limbs. The wound, ischemia, and foot infection
classification®* is important in individualizing the
treatment plan. Based on our review, it became
obvious that there was inconsistency in managing
DFUs even before the COVID-19 pandemic. Patients
delayed seeking care, resulting in higher major
amputation rates. The approach to documentation
of the initial wound also varies greatly. There needs
to be enhanced provider training® and increased
use of technological advancements to establish a
unified wound documentation system.?>2"3!

Only 36 patients were referred to podiatrists.
These patients must be seen and followed by podia-
trists to help heal the wound by using off-loading
casts and other measures. Follow-up is critical for
ensuring appropriate footwear and preventing ulcer
formation. With our limited data, we could not deter-
mine if there was an increased amputation rate
because of delayed referral. However, it became
quite obvious that there is a lack of a multidiscipli-
nary approach in managing DFUs.

Study Limitations

Our study does have several limitations. The study
was retrospective in nature and was performed at a
single center. The patient sample size was defined
by the COVID-19 period. The data were extracted
from two different EMR systems, with inherent limi-
tations in each.

Conclusions

This study found considerable variability in the
approach of primary-care providers to the man-
agement of DFUs. There needs to be better docu-
mentation at the time of diagnosis, and the care
plan should be protocol-driven. Patients waited
too long during the COVID-19 period to see their pri-
mary-care provider, resulting in a disproportionate
number of major amputations despite early referral.

Patients with diabetes should be taught about appro-
priate foot care.
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