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Background: The COVID-19 pandemic has had indirect and deleterious effects on patient health due to interruptions to routine
provision of healthcare. This is particularly true for patients with chronic conditions like peripheral vascular disease (PVD). This study
aims to evaluate the impact of the pandemic on patients with PVD in Australia by analysing rates of amputation, indications for
amputation and urgency of surgery in the pre-pandemic and pandemic periods.

Methods: The Australian Vascular Audit was used to capture lower extremity amputation data in Victoria, Australia, in the 22 months
before and after the start of the pandemic.

Results: The number of total amputations increased from 1770 pre-pandemic to 1850 during the pandemic, a 4.3% increase. This was
largely driven by a statistically significant, 19% increase in major amputations. The number of minor amputations remained relatively
similar in the two time periods. Amputations due to tissue loss secondary to arterial insufficiency increased from 474 to 526, an 11%
increase, potentially indicating disruptions to revascularisation procedures contributing to the rise in amputations. Elective and
emergency surgeries fell by 14% and 18%, respectively, while semi-urgent amputations increased by 32%.

Conclusion: This study found an increase in the number of amputations overall and a significant increase in major amputations
during the pandemic compared to pre-pandemic times. Tissue loss secondary to arterial insufficiency was an increasingly common
indication for amputation that was observed in the pandemic group, indicating that disruption to revascularisation likely contributed to
this increase in amputations. These findings can inform and direct future vascular surgery service delivery to prepare for the post-
pandemic recovery. Additionally, this study further confirms that patients with chronic diseases are often disproportionately dis-
advantaged when global crises affect routine provision of healthcare and calls for better systems to be developed that can be used in
such crises in the future.
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Introduction
Severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) was first identified in China in 2019 and subsequently
spread across the world, leading to a global pandemic (COVID-19) in 2020. As the spread of the pandemic continued,
claiming millions of lives worldwide, governments across the globe placed various infection control measures such as
lockdowns, closures of schools, universities, and workplaces and restrictions on travel in an effort to slow the spread of
the virus.! Healthcare systems quickly became overwhelmed with a large number of patients acutely unwell with
COVID-19. Due to the increased demand for COVID-related care, several measures were put in place to redirect the
medical workforce. As a result, elective surgeries were cancelled and many regular outpatient follow-up clinics were
cancelled or delayed.

As the second year of the pandemic ended in 2022, with lifting of lockdowns and easing of restrictions on schools,
workplaces, and travel, many indirect effects of the pandemic on patient health have surfaced. The COVID 19 pandemic
has had an impact on management of all diseases, especially the chronic ones, due to barriers caused by self-isolation,
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lockdowns, delays in follow-up and delays in elective surgery.” Patients with peripheral vascular disease (PVD) requiring
limb salvage procedures are among those affected by this disruption.

Studies from around the world have found an increase in lower limb amputation rates during the pandemic, with some
countries reporting a 3-fold increase in minor amputations.® Similar increases in amputation rates have been reported in
India, Poland, China, Indonesia, Bangladesh, USA, and Argentina.‘Ho Some studies have also found a major drop in
lower limb revascularisation procedures.''"'* However, not all studies have found the same trend, with a few reporting no
differences in amputation rates and two studies reporting a reduction in amputation rates during the pandemic.'*™'” The
studies that reported a reduction in amputation procedures, however, reflect a shorter follow-up time of 3—4 months into
the pandemic that only included the initial lockdown period of the pandemic and therefore fail to capture the intermediate
to long-term effects of delayed procedures or follow-ups.'*"

The state of Victoria had some of the strictest restrictions in Australia during the pandemic. Melbourne, the capital
city of Victoria, has had one of the longest cumulative lockdowns in the world since the start of the pandemic, at 263
days.'® This large amount of time spent in lockdown combined with delays in routine follow-up and cancellations of
elective surgery likely had deleterious effects on patients with chronic diseases including peripheral vascular disease. To
the best of our knowledge, no studies have evaluated the indirect effects of the pandemic on patients with peripheral
vascular disease in Australia yet. In this study, we hypothesise that Australia follows a similar trend to the rest of the
world with considerable increases in the rates of lower limb amputations. If this was found to be the case, then PVD will
require significant resource allocation to overcome this shortfall in the wake of the post-pandemic era. This study can
inform and direct future vascular surgery service delivery and help prepare for the post pandemic recovery.

Materials and Methods
The Australasian Vascular Audit (AVA) was used to capture de-identified data on all lower limb amputation procedures
between May 2018 and December 2021 in the state of Victoria.'” The AVA is a national audit mandated for all members
of the Australian and New Zealand Society for Vascular Surgery (ANZSVS) who perform vascular procedures. It
captures quality assurance and outcomes data. The procedures captured were divided into two groups based on when they
were performed. Amputations conducted in the 22 months before the pandemic, between May 2018 and February 2020,
were classified as the pre-pandemic group and those conducted in the 22 months since the start of the pandemic, between
March 2020 and December 2021, were classified as the pandemic group. Amputations performed due to trauma were
excluded. Amputations due to infection, ulceration (arterial and non-arterial), acute ischaemia, and rest pain (pain
experienced at rest in the feet due to arterial insufficiency indicating chronic limb threatening ischaemia) were included.
Information on demographics (age and sex), level of amputation, indication for surgery and category (emergency, semi-
urgent, elective) were collected. Major amputations include above knee amputations (AKA) and below knee amputations
(BKA). Minor amputations include toe and forefoot amputations.

Statistical analysis

Statistical analysis was performed with IBM SPSS Statistics version 29.0 (IBM Corp: Armonk, NY, USA).
Descriptive data were presented as mean + standard deviation (SD) for continuous variables and value and percentage
for categorical variables. Continuous variables were compared using Student’s z-test while categorical variables were
compared using chi-square test. A p-value < 0.05 was considered significant.

Results
The mean age and distribution of genders were similar in pre-pandemic and pandemic groups with no significant
differences between them (Table 1). A majority of patients in both groups had co-morbidities of diabetes and ischaemic
heart disease (IHD). Notably, during the pandemic, there was a statistically significant shift in the demographic profile of
patients undergoing amputations with a statistically significant reduction in patients with IHD and a statistically
significant increase in those with diabetes (Table 1)

The total number of amputations increased from 1768 in the pre-pandemic group to 1847 in the pandemic group,
a 4.3% increase (Table 2). Major amputations increased from 392 to 468, a 19.4% increase and this was statistically
significant (Table 2). In the subgroup analysis of major amputations, above knee amputations (AKAs) increased from 120
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Table | Patient Demographics

Pre-Pandemic (n=1768) | Pandemic (n=1847) p value
Age* (meanSD in years) 67+13.6 68+13.4 0.142
Gender®
Female 410 (23%) 412 (22.3%) 0.552
Male 1358 (77%) 1435 (77.7%)
IHD 1273 (72%) 940 (50.9%) < 0.001
Diabetes® 1329 (75.2%) 1442 (78.1%) 0.032

Notes: *Student’s t-test. *Chi-square test.
Abbreviations: SD, Standard deviation; IHD, Ischemic heart disease.

Table 2 Number of Amputations in Pre-Pandemic and Pandemic Groups

Pre-Pandemic | Pandemic | % change | p value
Total amputations® | 1768 1847 4.3% 0.189
Major* 392 (22%) 468 (25%) | 19.4% 0.010
AKA% 120 (7%) 149 (8%) 24.2% 0.077
BKAX 272 (15%) 318 (17%) 16.9% 0.058
Minor® 1376 (78%) 1379 (75%) | 0.22% 0.954
Forefoot* 236 (13%) 228 (12%) | —3.4% 0.710
Toe* 1140 (64%) 1152 (62%) | 1.1% 0.802

Note: ¥Chi-square test.

in the pre-pandemic group to 149 in the pandemic group, a 24.2% increase. Similarly, below knee amputations (BKAs)
increased from 272 to 318, a 16.9% increase. In minor amputations, forefoot amputations decreased from 236 to 228,
a 3.4% decrease and toe amputations were roughly similar in the two groups — 1140 in the pre-pandemic group compared
to 1152 in the pandemic group, a 1% increase. None of the observed changes in these subgroups of amputations were
statistically significant (Table 2).

In terms of indication for surgery, the number of amputations done due to infection, non-arterial ulcer, acute
ischaemia, and rest pain were similar in pre-pandemic and pandemic groups (Table 3). However, amputations due to
tissue loss (ulcer/gangrene) secondary to arterial insufficiency increased from 474 in the pre-pandemic group to 526 in
the pandemic group, an 11% increase during the pandemic. None of the observed differences in indication for surgery
were statistically significant (Table 3).

Given the significant increase in major amputations, subgroup analyses for indications for major and minor amputa-
tions were carried out (Table 4). A statistically significant increase was observed in major amputations carried out due to
arterial ulcers or gangrene and for minor amputations carried out due to infection (Table 4).

In terms of type of surgery, elective procedures reduced from 543 to 465 (p = 0.014), a 14.4% decrease, and emergency
surgeries decreased from 464 to 379 (p = 0.003) during the pandemic, an 18.3% decrease (Table 5). Semi-urgent procedures

Table 3 Indications for Amputation in Pre-Pandemic and Pandemic Groups

Indication Pre-Pandemic | Pandemic % change | p value
(n=1768) (n=1847)

Infection® 1059 (59.9%) 1085 (58.7%) | 2.5% 0.574

Ulcer (non-arterial) & 171 (9.7%) 171 9.3%) 0% -

Ulcer/gangrene (arterial) ® | 474 (26.8%) 526 (28.5%) 1% 0.100

Acute ischaemia® 43 (2.4%) 41 (2.2%) -4.7% 0.827

Rest pain® 21 (1.2%) 24 (1.3%) 14.3% 0.655

Note: ¥Chi-square test.
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Table 4 Indications for Major and Minor Amputations in Pre-Pandemic and Pandemic Groups

Indication Major Amputations Minor Amputations
Pre- Pandemic | % Change | p-value Pre- Pandemic | % Change | p value
Pandemic Pandemic
Infection® 176 206 17% 0.125 794 879 11% 0.038
Ulcer (non- arterial) ¥ 24 31 29% 0.345 147 140 5% 0.679
Ulcer/gangrene (arterial) * 133 170 28% 0.034 341 356 4% 0.57
Acute ischaemia® 40 37 ~8% 0.732 4 4 0 -
Rest pain® 20 24 20% 0.546 0 0 - -

Note: #Chi-square test.

Table 5 Surgery Type in Pre-Pandemic and Pandemic Groups

Type of Surgery | Pre-Pandemic | Pandemic % Change | p value
(n=1768) (n = 1847)

Emergency® 464 (26.2%) 379 (20.5%) —-18.3% 0.003

Semi-urgent® 761 (43%) 1003 (54.3%) | 32% <0.001

Elective® 543 (30.7%) 465 (25.2%) —14.4% 0.014

Note: &Chi-square test.

increased significantly from 761 to 1003 (p = <0.001), a 32% increase. These observed differences between the groups in
terms of type of surgery were all statistically significant (Table 5).

Discussion

The COVID-19 pandemic has had a profound negative impact on patient health due to the interruptions to standard
provision of healthcare.” '' Many patients with chronic diseases were unable to have their regular follow-up visits due to
infection control methods such as lockdowns while many others avoided or delayed presenting to hospital with acute
deteriorations of their chronic conditions due to fear of contracting COVID-19.22! Patients with PVD were further
affected by cancellation of their scheduled, elective surgeries which likely delayed vital revascularisation and limb
salvage procedures.*?

In the current study, we investigated the indirect impact of the COVID-19 pandemic on patients with PVD by
evaluating the lower limb amputation rates during the pandemic period and comparing it to pre-pandemic times. We
found an increase in amputations during the pandemic in Victoria, Australia; however, this increase was less severe than
what has been reported in other countries.> "' In Italy, a 3-fold increase in amputations has been reported.®> Similarly,
a >50% increase in major amputations has been reported in India.® Given that Victoria had some of the harshest
restrictions during the pandemic, it is worth investigating strategies that vascular surgery units in Victoria used to
somewhat reduce the effects of the pandemic on their services. No studies exist that explore such strategies yet.

This study also found that the observed increase in total amputations was primarily driven by a significant increase in
major amputations (BKAs and AKAs) which strongly suggests delayed presentations with more severe disease and
delays in revascularisation procedures as potential contributors to this increase in amputations. Consistent with this
hypothesis, a few studies have found that patients were presenting with more severe critical limb threatening ischaemia
during the pandemic compared to pre-pandemic times and other studies have reported a reduction in revascularisation
procedures during the pandemic.** >

In terms of indication for amputation, a lot more amputations were carried out due to tissue loss (ulcer/gangrene)
secondary to arterial insufficiency during the pandemic, and this finding was statistically significant for major amputa-
tions, further indicating that delayed revascularisation procedures likely played a significant role in this rise in major
amputations in the pandemic period. A few studies in the literature have evaluated the effect of the pandemic on lower
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limb revascularisation procedures, and they have produced mixed results. Some studies report a reduction in revascular-
isation procedures during the pandemic, while one study from Australia report an increase in endovascular revascular-
isation procedures during the pandemic.****2" As such, further investigation into this topic is warranted.

This study also found a significant increase in amputations done as “semi-urgent” surgeries and significant reductions in
“elective” and “emergency” surgeries. The reduction in elective surgery is unsurprising given the cancellations of these
procedures during the pandemic. The reduction in emergency surgeries, however, is an unexpected result. It can, however,
most likely be explained by the impact of the pandemic on health services overall. A vascular surgery procedure gets
classified as an “emergency” if a patient is taken to theatre on the day of their presentation to hospital or as “semi-urgent” if
the surgery can be delayed to the following day. It is possible that the reduction in emergency surgery during the pandemic
reflects the delays that occurred as a consequence of the pandemic. Factors such as staff shortages due to self-isolation
requirements and infection control measures may have contributed to these delays.”'" Additionally, the increased demand
for COVID-related healthcare services may have also contributed to the reduction in the ability to carry out emergency
surgery as many hospitals were not able to operate at full theatre capacity during the pandemic.>'"

One limitation of the current study is the use of AVA data. Whilst it is a robust, national database, it relies on surgeons
consistently and accurately logging their procedures to the database. While the vast majority of surgeons would comply, the
possibility of missed entries cannot be excluded. Therefore, our data may not reflect all the procedures carried out in the
state of Victoria during the study period. One strength of this study, however, is the large sample size. With a large sample
size, a few missed entries are unlikely to affect the observed results in any meaningful way. Another strength of our study is
its duration. A study time period of twenty two months before and after the start of the pandemic is an adequate length of
time to observe any adverse effects of delayed revascularisation surgeries and delayed follow-up on a population level.
Another limitation of our study is the inability to distinguish between amputations secondary to deterioration of diabetes
and those secondary to PVD alone. It is worth noting that many of the studies we have referenced for comparison
predominantly focus on amputations associated with diabetic foot complications. Given the fact that a significant majority
of our study population had a diagnosis of diabetes and that coexistence of diabetes and PVD is generally common, we
deemed it appropriate to compare our study findings with those primarily focused on diabetic foot-related amputations.
Nevertheless, it is crucial to recognise and acknowledge this notable limitation of our study.

In terms of future research, this study highlights the need for evaluating the rates of lower limb revascularisation
procedures during the pandemic and their correlation to amputation rates. It also highlights the need for an exploration of
methods various vascular surgery units have used during the pandemic to minimise disruption to their service delivery
and the effectiveness of those strategies so that they can be adopted when such crises arise in the future.

Conclusions

This study found an increase in the number of amputations overall and a significant increase in major amputations during
the pandemic compared to pre-pandemic times. Tissue loss secondary to arterial insufficiency was an increasingly
common indication for amputation that was observed in the pandemic group, indicating that disruption to revascularisa-
tion surgery likely contributed to this increase in amputations. This information can be used for making triage decisions
and allocation of resources in vascular surgery services in the post-pandemic period. Additionally, this study provides
evidence that patients with chronic diseases such as peripheral vascular disease are often disproportionately disadvan-
taged when global crises affect routine provision of healthcare. This calls for better systems to be developed that can be
used in such crisis situations in the future and calls for an evaluation of the effectiveness of the strategies used by various
countries during this pandemic.

Institutional Review Board Statement

This was a retrospective, population-based study with de-identified data obtained from the Australasian Vascular Audit
(AVA). AVA is a national audit mandated for all members of ANZSVS, the governing body for vascular surgeons in
Australia and New Zealand. There was no personally identifiable material within the data set obtained from AVA. As per
National Health and Medical Research Council’s (NHMRC) guidelines, Royal Australasian College of Surgeons (RACS)
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