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Abstract

Background: Early government-mandated restrictions in Australia and New Zealand con-
tributed to a successful public health outcome during the COVID-19 pandemic, including
an unprecedented temporary cancellation of all non-urgent elective surgical procedures. This
study describes the change in vascular surgery services across Australia and New Zealand
before and during the COVID-19 restrictions.
Methods: De-identified data from the Australia and New Zealand Society for Vascular Sur-
gery Australasian Vascular Audit from January 2015 to September 2020 was obtained. Vas-
cular surgery procedure numbers from January to September of 2020 (study period) was
compared to the corresponding months between 2015 and 2019 (pre-study period). The vol-
ume of procedures, both elective and emergency, were compared. Subgroup analyses
included procedures categorized by operation type and location.
Results: There was a 11% decrease in total vascular procedures, 22% decrease in elective
procedures, and a 14% increase in emergency procedures, comparing the study and pre-
study periods. There was a large increase in all revascularization procedures for critical limb
ischemia and no change in acute limb ischemia interventions, without a concomitant rise in
major or minor all-cause amputation. There was a decrease in interventions for abdominal
aortic aneurysm and carotid artery disease, driven by a fall in elective procedures, while vol-
ume for dialysis access remained the same. Change in procedural volume varied by state
with the largest decrease noted in NSW and Victoria.
Conclusions: The COVID-19 pandemic reduced vascular surgery procedures across
Australia and New Zealand with a decrease in elective operations and an increase in emer-
gency operations.

Introduction

The COVID-19 pandemic has had a significant impact on the deliv-

ery of both Australian and global health care services.1,2 Cases con-

tinued to rise through 2020, and at the time of writing (March

2021) global case numbers were upwards of 123 million. However,

despite a population of 24.99 million (3.2% of global population),

cases in Australia and New Zealand at this point numbered 31 668

(0.03% of global cases). Strict government mandated social and

healthcare restrictions including a hard border lockdown, and a

restriction on community gatherings have been a key factor in the

limit of the spread of COVID-19 in Australia and New Zealand. It

should be noted that New Zealand enforced a comparatively swifter

and stricter response than Australia. Another significant component

of these was the cessation of all non-essential elective surgical

procedures including all category C patients (surgery required

within 365 days) and most category B patients (surgery required in

90 days) in late March 2020.3 This is an unprecedented event of

particular importance for vascular surgery, where a large proportion

of procedures performed in Australia and New Zealand are for

chronic limb ischemia, ranging from the revascularisation of critical

limb threatening ischemia, which are typically allocated as

category A, to treatment of claudication, which may be either cate-

gory B or C.
It is likely that a large number of vascular surgery procedures

were delayed or modified by COVID-19 restrictions, which has

multiple implications. First, cancelling elective work results in

backlog of procedures that, when normal surgical volumes are

resumed, will need to be managed on top of standard procedural

volume.4 Estimating this accumulation is essential to planning
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future service provision. Second, the well-established principle of
‘time is tissue’ means that any delay in surgical intervention will
likely have significant impact on patient outcomes. Specific to vas-
cular surgery patients, this may mean more difficult revasculariza-
tion procedures, more severe ulcers, or more irreversible ischaemia
potentially leading to limb loss.5 The impact of these complications
due to delay needs to be quantified to predict future demand on the
healthcare system. Third, alterations in public health directives
could impact the nature of vascular surgeries performed, for exam-
ple the faster time to amputation without early complex
revascularisation that has been reported in other healthcare sys-
tems.6 These alterations should be identified in order to make pre-
dictions for sustainable future surgical protocols. Finally, even after
resumption of full operating capacity, patient attendance to outpa-
tient clinics has not yet returned to pre-COVID-19 figures. This is
both anecdotally recognized in Australia and New Zealand, but has
also been demonstrated overseas.7

This study aims to describe the impact of COVID-19 on vascular
surgery procedure numbers in Australia, with a direct comparison
to procedural numbers from previous years. Specifically, this study
investigated the proportion of elective and emergency vascular
operations performed before, and during the initial restrictions of
the current COVID-19 pandemic in Australia and New Zealand.

Methods

Data acquisition

Data for this study was obtained in de-identified format with per-
mission from the Australia and New Zealand Society for Vascular
Surgery (ANZSVS) Australasian Vascular Audit (AVA). Data
included all vascular surgery procedures recorded in the AVA per-
formed in public and private hospital across Australia and
New Zealand between 01 January 2015 and 30 September 2020.
The period between the months of January to September between
2015 and 2019 is referred to as the pre-study period, while the
period between the months of January and September in 2020 is
referred to as the study period. COVID-19 case numbers were
extracted from publicly available data.8 AVA data is representative
of all procedures performed by vascular surgeons in Australia and
New Zealand, and has been previously shown to have a 63% cap-
ture rate, with high data accuracy (2.6% error rate).9 This research
was conducted in accordance with the Declaration of Helsinki, and
was approved by the Human Research Ethics Committee of the
Sydney Local Health District.

Data and outcome measures

Demographic data included in the AVA data did not allow for
patient identification, but did include patient age, state and country
in which the operation took place. Surgical variables included date
of operation, indication for operation, operation type (operative
approach) and surgery type (elective, semi-urgent or emergency).

The primary study outcome was a comparison of the number of
total, elective, and emergency vascular surgical procedures per-
formed during the pre-study and study periods. Secondary out-
comes were the total number of vascular surgical procedures by

state/country, operation type and month for these same periods.
Included operation types were revascularization procedures for
acute and critical limb ischemia, major and minor amputations, and
operations for abdominal aortic aneurysms, carotid artery disease
and dialysis access.

Surgery type allowed classification of a surgery as either elective,
or emergent (‘semi-urgent’ or ‘emergency’). Location was identi-
fied by the ‘state’ or ‘country’ variable. Treatment of acute limb
ischemia was defined as ‘acute limb ischemia’ in the ‘indication for
surgery’ variable, while critical limb ischemia was defined by either
‘rest pain’ or ‘ulceration’ as the indication for surgery in the context
of ‘chronic limb ischemia’. Selection of ‘operation type’ for these
two conditions was limited to include only the revascularization
and limb salvage options, and excluded management by means of
amputation or fasciotomy alone. Major and minor amputations are
defined as ‘major amp’ or ‘minor amp’ respectively, and included
all-cause amputation for diabetic foot disease, peripheral vascular
disease or trauma. Aortic aneurysm surgery was defined by ‘indica-
tion for surgery’ including any symptomatic or asymptomatic aortic
aneurysm pathology in conjunction with ‘operative site’ specifying
any open or endoluminal procedure performed on an aorta or
aortoiliac vessels. Carotid artery surgery was defined specifically as
asymptomatic carotid disease or TIA/stroke as ‘indication for sur-
gery’ and ‘operative site’ at the carotid artery, not specifying
whether an open or endovascular approach was taken. Table S1
summarizes the keywords used to categorize operation types.

Data analysis

Prior to analysis, study data was filtered in order to estimate proce-
dural numbers for each subgroup of interest. Descriptive statistics
including mean, standard deviation, median and quartiles were cal-
culated for the primary outcome, and for each secondary outcome
subgroup (Supplementary data 2). Two-tailed student’s T-tests were
performed on each variable to assess for significant difference
between monthly averages between 2015–2019 and 2020. Signifi-
cance was taken at p < 0.05. Time series analyses were conducted
for each outcome and further analysed by month whereby monthly
procedure numbers for the pre-study and study periods were
calculated.

All data manipulation and analyses were conducted in R Statis-
tics (R Core Team; R Foundation for Statistical Computing,
Vienna, Austria) for processing and analysis. Figures were created
in Microsoft Excel version 14.7.3 (Microsoft Corporation; New
Mexico, USA) or R Statistics.

Results

Primary outcomes

Total procedures
For the entire data capture period between January 2015 and
September 2020, a total of 243, 632 vascular surgery interventions
were recorded in the Australasian Vascular Audit. Of these,
164, 773 (68%) were electively planned procedures, while 78, 859
(32%) were emergency procedures. For the pre-study period
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between 2015 and 2019, the yearly mean number of procedures
was 32 462, compared to a total of 29 000 procedures during the
study period in 2020. Thus, there was a decrease of 11% in overall
procedures in 2020 (Table 1). The monthly mean number of proce-
dures during the study period was significantly lower than the
monthly mean number of procedures during the pre-study period
(Table 2).

Elective versus emergency procedures
For the pre-study period, the yearly average number of elective pro-
cedures was 22 426 (69% of total) and emergency procedures was
10 036 (31% of total), while for the study period, there was 17 560
elective procedures performed (61% of total), and a total of 11 440
(39% of total). Thus, there was an overall 22% decrease in the total
number of elective procedures, and a 14% rise in total emergency
procedure numbers between the study and pre-study periods
(Table 1). Comparison of percentage breakdown of elective and
emergency procedures are shown in Figure 1(a).

The monthly mean number of elective procedures during the
study period was significantly lower than the monthly mean num-
ber of elective procedures during the pre-study period, while the
opposite was true for emergency procedures (Table 2).

Secondary outcomes

A comprehensive breakdown of procedure numbers by year
(Table S2) and by month (Table S3), by operation type, and
Australian state/territory and New Zealand is presented in the
supplemental data.

Procedures by operation type
There was a significant monthly increase in total, elective, and
emergency revascularization procedures for critical limb ischemia,
and emergency major and minor amputations without an overall
increase in total numbers. Contrastingly, there was an overall
monthly decrease in elective major amputations, total and elective
abdominal aortic aneurysm repair, and total and elective

Table 1 Monthly averages of total, elective, and emergency vascular surgery procedures data for 2015–2019 presented as monthly mean (standard devia-
tion). Data for 2020 presented as procedure numbers (% difference compared to previous year average)

Total Elective Emergency

2015–2019
Mean (SD)

2020
Total (change)

2015–2019
Mean (SD)

2020
Total (change)

2015–2019
Mean (SD)

2020
Total (change)

Jan 2785 (161) 2929 (+5%) 1793 (83) 1798 (+0%) 993 (88) 1131 (+14%)
Feb 3656 (113) 3824 (+5%) 2594 (89) 2501 (�3%) 1063 (68) 1323 (+24%)
March 3957 (171) 3538 (�11%) 2809 (152) 2204 (�22%) 1148 (69) 1334 (+16%)
April 3383 (152) 2437 (�28%) 2314 (112) 1177 (�49%) 1070 (66) 1260 (+18%)
May 3914 (149) 3071 (�22%) 2762 (130) 1727 (�37%) 1153 (70) 1344 (+17%)
June 3696 (150) 3531 (�4%) 2551 (169) 2185 (�14%) 1145 (47) 1346 (+18%)
July 3712 (166) 3453 (�7%) 2553 (91) 2215 (�13%) 1160 (111) 1238 (+7%)
Aug 3826 (177) 3170 (�17%) 2661 (202) 1923 (�28%) 1166 (101) 1247 (+7%)
Sept 3531 (111) 3047 (�14%) 2391 (88) 1830 (�23%) 1140 (107) 1217 (+7%)

Note: 2015–2019 data presented as monthly mean (standard deviation). 2020 data presented as procedure numbers (% difference compared to previous year
average).

Table 2 Comparison of monthly averages of total, elective and emergency vascular surgery procedures between for 2015–2019 and 2020

2015–2019 2020 Diff 2015–2019 2020 Diff 2015–2019 2020 Diff
Total Elective Emergency

All operations 3606 (367) 3222 (414) �385* 2492 (315) 1951 (384) �541** 1115 (94) 1271 (72) +156**

CLI revasc 362 (67) 468 (58) +106** 212 (41) 242 (33) +30* 150 (33) 226 (30) +76**

ALI revasc 91 (12) 100 915) +9
Major amp 97 (12) 101 (10) +4 26 (7) 17 (4) �9** 71 (10) 84 (9) +13**

Minor amp 234 (33) 256 (32) +22 71 (14) 63 (13) �8 163 (26) 193 (24) +30**

Aortic aneurysm 180 (25) 146 (20) �35** 143 (24) 114 (21) �29** 37 (6) 32 (7) �5
Carotid disease 157 (20) 122 (13) �35** 93 (14) 60 (9) �33** 64 (10) 62 (7) �2
Dialysis access 428 (55) 431 (55) +3 359 (54) 360 (41) +1 70 (12) 71 (19) +2
NSW 1068 (140) 898 (147) �170** 752 (122) 585 (132) �166** 316 (30) 313 (36) �4
VIC 822 (92) 681 (126) �142** 562 (80) 372 (111) �190** 261 (21) 309 (40) +48**

QLD 653 (65) 596 (100) �57 464 (54) 390 (87) �74* 188 (28) 205 (21) +17
NZ 387 (47) 350 (62) �36 240 (35) 187 (42) �53** 147 (28) 163 (25) 16
SA 230 (45) 242 (32) 12 136 (24) 99 (33) �37* 95 (32) 143 (8) +49**

WA 290 (60) 293 (45) +3 224 (46) 212 (43) �12 66 (17) 81 (16) +15*

TAS 53 (15) 70 (16) +17* 38 (12) 49 (16) +11 14 (7) 21 (5) +7**

NT 13 (10) 17 (10) +4 9 (8) 9 (7) 0 4 (4) 9 (7) +5
ACT 91 (18) 75 (17) �16* 67 (16) 27 (13) �20** 24 (8) 48 (9) +3

Note: Data presented as Mean (SD); *p < 0.01; **p < 0.001.
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Fig 1. Graphical representation of procedure proportion between the 2015–2019 period and 2020. (a) Comparison between elective and emergent proce-
dures. (b) Comparison between procedures based on procedure type. (c) Comparison between states/territories across Australia and New Zealand.
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intervention for carotid disease. Total and electively scheduled
major and minor amputations, elective abdominal aortic aneurysm,
and elective carotid artery disease operations did not significantly
differ between the pre-study and study periods. There was no dif-
ference in the numbers of dialysis access procedures, total, elective
or emergency, performed between these two time periods (Table 2).
Comparison of procedure numbers by surgery type between the
between the study and pre-study period is shown in Figures 1(b)
and 2(a).

Procedures by Australian state/territory and New Zealand
There was a significant difference in total operations in NSW,
Victoria, Tasmania and the ACT only, with only Tasmania noting
an increase in overall operating numbers in 2020. Elective operat-
ing decreased in New Zealand, and across all Australian states/
territories except Western Australia, Tasmania and the Northern
Territory, while emergency operating was noted to have increased
in Victoria, South Australia, Western Australia and Tasmania only.
Comparison of percentage breakdown of procedures by state are
shown in Figures 1(C) and 2(b).

Trend of procedures by month
From March 2020 onwards, the total number of vascular surgery
procedures was reduced compared to 2015–2019 monthly averages
(Table 1). The largest decrease was noted in April 2020 where the

total number of operations performed was 28% below monthly
average.

Elective vascular surgery declined steeply from March to April
of 2020 (�46%), and then incrementally increased for the subse-
quent months (April to May: +46%; May to June: +21%; June to
July: +1%) before plateauing. Despite the decline then subsequent
increase, the absolute procedure numbers remained low compared
to the pre-study period monthly averages.

A similar pattern did not occur with emergency vascular surgery
procedures, which remained relatively stable, with absolute proce-
dure numbers fluctuating between 1260 and 1346 between March
and July, with the least number of emergency operations performed
in the month of April. Compared to the pre-study period however,
the total number of emergency procedures performed each month
in 2020 was above previous year monthly averages, with the largest
increase in February.

A monthly time series plot of total procedures, elective proce-
dures, and emergency procedures is presented in Figure 3.

Discussion

In the 6 months after the WHO recognition of COVID-19 as a
global pandemic, global health service delivery changed signifi-
cantly and still remains affected. In more heavily affected countries,
cessation of non-urgent surgical services owing to the re-allocation
of healthcare resources have led to a backlog pending elective
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Fig 2. Comparison of operative procedure num-
bers by operation type (a) and Australian stats/
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2015–2019 period to 2020.
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surgeries. For example, in the UK, it is estimated that nearly 10 mil-
lion elective operations are currently waitlisted as of February
2021.10 However, swift government and local health district
responses to the pandemic in Australia and New Zealand have min-
imized the healthcare impact of COVID-19 in these countries. In
particular, during the early days of the pandemic, alongside an early
hard border lockdown and restrictions placed on social gatherings, a
nation-wide moratorium to all elective surgery was enforced, with a
subsequent graduated re-introduction of elective operating as the sever-
ity of the situation was assessed (Fig. S1).11 This study describes, the

impact of COVID-19 and temporary cancellation of elective surgery
on vascular surgery procedures in Australia and New Zealand. There
was a decrease in the total number of vascular surgery procedures per-
formed, driven by a decreased number of elective procedures, which
was notable across the more populous states/territories across
Australia, and New Zealand.

We noted an increase in limb salvage procedures for critical
lower limb arterial pathology in both the elective and emergent set-
ting, without any difference to the number of revascularization pro-
cedures for acute limb ischemia. This came with a concomitant
small rise in amputation numbers only in the emergency setting.
There was, however, no overall difference in all-cause amputation
between the pre-study and study periods, suggesting perhaps that
although despite the overall increase in limb salvage operations per-
formed, Australian and New Zealand vascular surgeons have suc-
cessfully avoided an excess of major and minor amputations
despite the impact of COVID. In comparison, data presented by
Schuivens et al. in a single-centre study conducted in the
Netherlands showed a significant increase from 8 and 5 major
amputation cases in the March–April period of 2018 and 2019,
respectively, to 15 in 2020, without significant change in other
open vascular interventions performed.6 They reported a higher
Rutherford grade for those who presented during the lockdown
period. A similar increase in the number of major amputations have
been described elsewhere, and have also been attributed to
increased severity at presentation, associated with decreased clinic
presentations and reduced case volumes.12

A survey of vascular surgeons and their practice in the
United States notes that a majority of respondents reported pro-
longed cancellation of elective surgery during the COVID-19 pan-
demic, with the few who had continued operating noting a caseload
shift primarily focused on dialysis access, aortic repair, and lower
extremity limb salvage procedures.13 Our data similarly demon-
strates that procedures for dialysis access and limb salvage were
not reduced in the months surrounding the COVID-19 elective sur-
gery cancellation. Contrastingly, procedure numbers for aortic
repair markedly decreased during this time, and this may be attrib-
uted to the decrease in people with aortic conditions being unable
to follow through with their vascular surgery referral due either
directly (e.g. closure of outpatient clinics) or indirectly (e.g. travel
restrictions) to COVID-related restrictions. This is similarly the
case with carotid interventions. These numbers only refer to elec-
tive aortic and carotid work, as there was no difference in the emer-
gent setting – for ruptured/symptomatic aortic aneurysm or
symptomatic carotid artery disease. It is unclear what these figures
mean for future trends, however expectations could include a gen-
eral rebound in elective operating volume of untreated, undetected
asymptomatic aortic and carotid pathologies at the treatment thresh-
old, or perhaps a delayed increase in symptomatic emergent presen-
tations of the same in the near future.14,15

Finally, even after resumption of unrestricted full operating
capacity, as has been the case in Australia and New Zealand
towards the latter months of this study, the number of elective pro-
cedures has risen towards pre-study levels. Whilst there is a known
backlog of elective surgical procedures, having cancelled or post-
poned an estimated 28 million elective operations worldwide, such

Fig 3. Total, elective, and emergency procedure numbers per month.
Box and whisker plots represent monthly procedure numbers between
2015 and 2019. The red dot represents monthly procedure numbers in
2020. Whiskers represent monthly minimum and maximum numbers
(outliers included), while the box represents median with first and third
quartiles.
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as hip and knee replacements, it is unclear whether this will simi-
larly be the case for arterial vascular conditions, largely given the
general acuity of vascular surgery as a specialty.10,16 Of the more
common truly elective vascular procedures, varicose vein surgery is
not mandatory to record in the AVA, and hence it is not accurately
assessable through data collected in this study. Nevertheless, as
patients return to normal living and attend routine follow-up, it
should be expected that outpatient clinic visits and consequently
elective surgical case numbers will increase over the coming year.7

One of the major study limitations is the quality of data entered
within the AVA. The AVA is not a research-specific tool and was
developed primarily to unify audit activities under the ANZSVS.17 It
contains only limited data with regards to patient clinical details and
operative details. Rather, only broad categorizations of operative indi-
cations, type of intervention and anatomical location of intervention
are recorded. Moreover, though it does mandate entry of any peripheral
arterial intervention, major amputations, aortic and carotid surgeries,
data entry for elective varicose vein surgery, simple wound debride-
ment and other smaller procedures are not necessary, and hence may
be underestimated or unaccounted for. Furthermore, with focus on
purely operative encounters, data regarding non-operative patient
admission, clinical appointments, or procedures performed in a clinic
setting are not included, and hence no conclusion can be drawn about
these unless patient or hospital-level data are directly assessed. Lastly,
maintenance of audit data especially at public hospitals is often the
responsibility of the team registrar primarily for training and logbook
purposes, and it is unclear how accurate data entry is at facilities with-
out a vascular surgery trainee including at private hospitals. Validation
of audit data is by a verification process of a randomly selected 5% of
members per year.9

Although the immediate outcomes suggested by the present study
have been largely positive, similar data collection and re-analysis at
perhaps the 2 year mark at the end of 2021 (the projected period for
the Australian and New Zealand vaccination program completion and
potential re-introduction of international travel) would be useful to
establish the longer term effects of COVID-19 associated changing
patterns in vascular surgery practice during this COVID-19 era.

Conclusion

In Australia and New Zealand, COVID-19 associated restrictions
reduced vascular surgery procedures across Australia and
New Zealand. There was an increase in emergent and semi-urgent
interventions, in particularly limb salvage, without a concomitant
increase in amputation rates. There was a decrease in surgical man-
agement of aortic aneurysmal disease and carotid artery disease,
which could lead to a higher rate complication and emergency sur-
gery in these patients in future years though this has not been yet
demonstrated. Dialysis access interventions remained commonplace
and largely unchanged during the pandemic.
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