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Abstract
Background  Coronavirus disease (COVID-19) has caused global disruption to health care. Non-urgent elective surgical cases 
have been cancelled, outpatient clinics have reduced and there has been a reduction in the number of patients presenting as 
an emergency. These factors will drastically affect the training opportunities of surgical trainees. The aim of this systematic 
review is to describe the impact of COVID-19 on surgical training globally.
Methods  The review was performed in line with Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and registered with the Open Science Framework (OSF). Medline, EMBASE, PubMed and the 
Cochrane Central Register of Controlled Trials were searched.
Results  The searches identified 499 articles, 29 of which were included in the review. This contained data from more than 
20 countries with 5260 trainees and 339 programme directors. Redeployment to non-surgical roles varied across studies 
from 6% to 35.1%. According to all of the studies, operative experience has been reduced. Knowledge learning had been 
switched to online platforms across 17 of the studies and 7 reported trainees had increased time to devote to educational/
academic activities. All of the studies reporting on mental health report negative associations with increased stress, ranging 
from 54.9% to 91.6% of trainees.
Conclusions  The impact of COVID-19 on surgical trainees has been experienced globally and across all specialities. Nega-
tive effects are not limited to operative and clinical experience, but also the mental health and wellbeing of trainees. Delivery 
of surgical training will need to move away from traditional models of learning to ensure trainees are competent and well 
supported.

Keywords  Surgery · Medical education · COVID-19 · Coronavirus 2019 · Surgical training

Introduction

The coronavirus disease (COVID-19) continues to have a 
worldwide impact. To date, there have been over 16 mil-
lion cases and over 640,000 deaths reported [1], with some Supplementary Information  The online version contains 

supplementary material available at https​://doi.org/10.1007/s1015​
1-020-02404​-5.
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countries still reporting increasing numbers of cases. This 
global health crisis has placed huge demand on health-
care systems and the prioritisation of surgical services has 
shifted. Non-urgent elective surgical cases have been can-
celled [2, 3], outpatient clinics have dramatically reduced 
[4] and there has been a reduction in the number of patients 
presenting as an emergency [5]. Examinations, courses 
and conferences have been postponed on an international 
basis across specialities [6, 7]. The reprioritisation of health 
services, redeployment of staff to COVID-19 wards and 
decrease in operative volumes may have a significant impact 
on surgical training and the mental wellbeing of surgical 
trainees.

Whilst all specialty training has been affected it is per-
haps craft specialties which have been most affected, with 
the lack of procedural training opportunities. Only the most 
urgent elective cases have been performed and conservative 
management is increasingly being recommended for some 
emergency presentations such as appendicitis [8]. Further-
more, to minimise operative time and the risk of COVID-19 
transmission intraoperatively, senior surgeons are now per-
forming more of the emergency cases and training opportu-
nities are further reduced [9].

Moving forward, there is a need to quantify the scale of 
disruption to surgical training to mitigate the adverse effects 
of lost training opportunities and deficiencies in experience. 
The aim of this systematic review is to describe the impact 
of COVID-19 on surgical training globally.

Materials and methods

Protocol registration

This systematic review was performed in line with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [10]. The protocol is available on the 
Open Science Framework (OFS) at https​://osf.io/xz5h8​
/?view_only=d2f52​ec92c​46402​9ad0c​dea50​28f54​7c.

Eligibility criteria

The review sought to identify papers evaluating the impact 
of COVID-19 on surgical training worldwide. All surgical 
specialities were included. All types of published research 
articles were included with no restrictions on the language 
of or date of publication.

Exclusion criteria

1.	 Letters, correspondence and editorial reviews were not 
included.

2.	 Obstetrics and gynaecology was not considered a surgi-
cal specialty for the purpose of this review.

Information sources, search and study selection

MEDLINE Ovid, Embase Ovid, PubMed and the Cochrane 
Central Register of Controlled Trials (CENTRAL) were 
searched electronically from January 2020 up to 31st August 
2020 using a mixture of keywords and MeSH terms (Sup-
plemental Fig. 1). The reference lists of included studies 
were searched for further eligible studies.

The title and abstract screening was performed by two 
review authors (CH and JJR) independently and in dupli-
cate. Potentially eligible studies were evaluated in full text 
to identify studies meeting the inclusion criteria. A third 
reviewer opinion was sought in the event of disagreement.

Data collection process

The data were extracted from the studies using a pre-
designed proforma, independently and in duplicate (CH and 
JJR). Study authors were contacted if further information 
was required for the included studies. The primary outcome 
measure was the impact on surgical training. Impact could 
be measured in terms of operative cases, changes to patient 
contact, redeployment, extension to training or trainee views 
on changes to training quality. Country of origin, study 
size, surgical specialty, methodology and outcomes were 
recorded.

Risk of bias in individual studies

Methodology checklists for both cohort and case–control 
studies were reviewed, and used to critically appraise and 
grade the evidence of included studies. Quality was assessed 
using the Newcastle–Ottawa scale [11].

Synthesis of results

The results section was divided into themes arising from the 
studies: operative impact, non-operative impact, redeploy-
ment, educational/academic impact and personal impact. A 
meta-analysis was not performed due to heterogeneity in 
study design and differences in training specialty and train-
ing system.

Results

Study selection

The searches identified 499 articles (Fig. 1). The main 
reason for exclusion on title and abstract screening was 

https://osf.io/xz5h8/?view_only=d2f52ec92c464029ad0cdea5028f547c
https://osf.io/xz5h8/?view_only=d2f52ec92c464029ad0cdea5028f547c
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wrong outcome or wrong population. Twenty- nine studies 
met the inclusion criteria after full-text review (Table 1). 
These studies included data from 5260 trainees and 339 
programme directors. Thirteen of the studies were from 
the United States, 6 were from European countries, 1 from 
South America, 1 from Pakistan and 1 from India, and 7 

included data from multiple countries. Twenty- six of the 
studies were surveys including 5 national surveys across 
8 surgical specialties. The survey responses by trainees 
across different specialities and countries reflect a nega-
tive impact of COVID-19 on surgical training. High pro-
portions of trainees felt that the pandemic had adversely 
affected training [12–14]. We present findings by themes 
emerging from the included studies.

Fig. 1   PRISMA flowchart
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Operative impact

All of the included studies reported a decrease in the num-
ber of operative cases or operative experience available to 
trainees. The operative logs of 3 general surgery trainees 
before and during the COVID-19 pandemic in Italy were 
compared [15]. There was a significant decrease in the total 
number of operative cases performed by trainees (p = 0.033). 
It was noted that this particularly affected ‘medium-com-
plexity’ operations which would generally be performed by 
the trainees as first operator. This decrease was explained 
by the cessation of benign surgical activity and decreases 
in the number of emergency admissions. A national sur-
vey of 351 Italian urology trainees found substantial reduc-
tions in trainee exposure to surgical training opportunities 
[16]. A reduction in diagnostic procedures was reported by 
74.1% of respondents: 62.1% in endoscopic surgery, 57.8% 
in open surgery and 44.2% in minimally invasive surgery. 
In the United States, 106 urology trainees included in a 
cross-sectional survey also reported a decrease in surgical 
volume dependent upon the local prevalence of COVID-19 
[13], with 76% of those working in a high COVID-19 area 
reporting decreased surgical volume compared to 22% in 
low COVID-19 area (p = 0.01). Aziz et al. reported a sig-
nificant reduction in self-reported operative case volume 
amongst 1102 general surgery trainees in the United States 
[17].

According to 70% (26/37) of head and neck program 
directors across the United States, there was a 50–90% 
reduction in elective cases performed by fellows, however 
81% reported that fellows continued to participate in onco-
logical cases [18]. Impact was minimised as 82% (25/31) 
of fellows had already met the operative requirements for 
certification by the onset of the pandemic. In 2 survey-based 
studies of oral and maxillofacial surgery (OMFS) trainees 
in the United States, the pandemic had an impact on the 
scheduling of elective and non-urgent operations [19, 20]. 
More than 97% reported that all elective cases had ceased 
and 83.6% reported that the scheduling of urgent and emer-
gency cases had been affected [20]. While 91.7% of surveyed 
otolaryngology trainees and faculty reported that all elective 
cases had been cancelled across 22 countries [21]. Eighty-
eight percent stated that their operative experience had been 
affected with an average perceived decrease in experience of 
67% [20]. Three studies investigating the impact of COVID-
19 on neurosurgical training found a decrease in the vol-
ume of operative cases [22–24]. An Italian study of 192 
neurosurgery trainees reported that 78.6% had performed 
fewer operations than before the pandemic and 16.1% had 
not performed any operations at all [22]. Similarly, 99.5% 
of 197 neurosurgical trainees across the United States and 
Canada reported that the number of operations performed 
at their institution had decreased [23].Ta
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The reduction in surgical cases has caused concerns 
amongst trainees and program directors; a common theme 
was the inability to meet case number targets. Fifty- eight 
percent of orthopaedic trainees across 23 European coun-
tries were concerned about meeting annual training require-
ments [25]. Similarly, 60% of urology program directors in 
the United States were concerned that trainees will not meet 
minimum case requirements due to the pandemic [26]. Echo-
ing this, the main concern expressed by 148 urology trainees 
throughout Latin America and Spain was the impact of the 
health crisis on their surgical learning curve, with all stat-
ing that their operative activity had been at least partially 
affected [27]. Amongst neurosurgery trainees across the 
United States and Canada, 8.2% (16/197) were concerned 
that their overall requisite case numbers would be impacted 
by the pandemic [23]. Khusid et al. investigated factors asso-
ciated with concerns over operative autonomy [28]. This 
was defined as concerns over the ability to operate indepen-
dently as an attending urologist due to interruptions in train-
ing caused by COVID-19. Worries about the ability to reach 
case number requirements, cancellation of elective cases and 
higher level of training were risk factors for increased opera-
tive autonomy concern after the pandemic [28].

Some studies suggested different experiences for trainees 
at different stages in training. In a national survey of urology 
trainees in Italy, final year trainees were significantly more 
likely to report complete suppression of activities (p = 0.003) 
and reduction in minimally invasive surgery (p = 0.002) [16]. 
Amongst OMFS trainees 66% were not concerned with 
meeting graduation requirements; however, 60% of senior 
trainees due to graduate in the next few years expressed 
concerned regarding this [20]. Senior otolaryngology train-
ees from the United States reported concerns regarding the 
negative impact of COVID-19 on future job prospects [29].

Redeployment, non‑operative impact and change 
to working patterns

Redeployment rates were variable across studies, ranging 
from 46% [30] to 6% [27]. Redeployment was defined as 
providing non-surgical care to patients or being transferred 
to a non-surgical specialty. The highest rate was reported 
by Kapila et al. with 46% of Belgian plastic surgery trainees 
providing non-specialty support to patients with COVID-19 
[30]. The lowest rate was 6%, reported amongst 148 urology 
trainees across 18 countries [27]. No studies reported that no 
trainees had been redeployed.

Some studies reported restructuring of the trainee rotas to 
incorporate altered working patterns. All 5 of the orthopae-
dic training programmes in the United States surveyed by 
An et al. had restructured rotas to include periods of clini-
cal duty followed by remote work and self-isolation [31]. 
Five studies reported a reduction in trainee presence within 

the hospital [17, 22, 23, 26, 32, 33]. Ninety-two percent 
(60/65) of United States urology programs reported a formal 
reduction of trainee presence, with a significant decrease in 
patient-contact time from an average of 4.7 days per week to 
2.1 (p < 0.001) [26]. Pelargos et al. reported similar findings 
with a significant reduction in working hours with 97.9% 
(193/197) of neurosurgery trainees working over 60 h per 
week prior to the pandemic and only 34% doing the same 
after the pandemic began [23]. The majority of neurosurgery 
trainees (139/192) across Italy reported a decrease in the 
time they spent within the neurosurgical department, part of 
the strategy to reduce trainee exposure to COVID-19 [22]. 
A survey of 84 general surgery programme directors in the 
United States found that all programmes had reduced the 
number of trainees on daily rounds [33]. In a survey of 504 
ophthalmology trainees across 32 countries, 76.4% reported 
more than a 50% reduction in clinical activity [34].

Trainee involvement in outpatient activity has been 
reduced according to many studies. In 1 study, 80.6% of gen-
eral surgery trainees reported that they had not attended any 
outpatient activity during the pandemic [17]. In the United 
States, 3 out of 5 orthopaedic programmes removed train-
ees from all outpatient activity [31] and 86% of fellow-led 
head and neck clinics were cancelled during the pandemic 
[18]. However, remote clinical work continued to be per-
formed by trainees in some studies [13, 26, 27]. Fifty-one 
percent of urology trainees (54/106) based in the United 
States reported that they had continued to participate in in-
person clinical encounters and 65% were still participating 
in telehealth consultations [13]. Remote clinical work was 
being performed by trainees in 77% (50/65) of urology pro-
grams according to surveyed program directors in the United 
States [26].

Educational/academic

Due to the decrease in clinical activity, the time for edu-
cational and academic pursuits increased. Across countries 
and specialities, the majority of studies reported there was a 
move towards online educational tools. Journal clubs, con-
ferences and webinars were provided via virtual platforms. 
The proportion of those reporting a change to online educa-
tion ranged from 86% [35] to 98.5% [23]. Amongst Italian 
general surgery trainees, the educational programme was 
shifted to an online system, with weekly journal club and 
twice weekly webinars [15].

The perception of online teaching varied. In a survey 
of orthopaedic trainees in Chile, 82% (82/100) viewed the 
new resources positively and stated that they would con-
tinue attending webinars after the pandemic [35]. Almost all 
(194/197) of surveyed neurosurgery trainees in the United 
States and Canada reported that their teaching programme 
had been converted to an online platform with a significantly 
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greater proportion spending more than 4 h weekly on online 
learning resources than before the pandemic [23]. How-
ever, these were only received favourably by 64.6%. Pae-
sano et al. reported that 65% (96/148) of urology trainees 
across Latin America and Spain felt that theoretical training 
has been negatively affected, this is despite 93% accessing 
online learning tools [27]. Similarly, Rosen et al. found that 
48% (31/65) of urology programme directors in the United 
States reported that teaching had been negatively impacted 
by COVID-19 despite all surveyed programs using video-
conferencing [26].

Seven studies reported that trainees now had more time to 
devote to educational or academic activities [13–16, 22, 23, 
36]. Three studies found that the time dedicated to research 
had improved [13, 15, 26] and 55.7% (107/192) of neurosur-
gical trainees across Italy reported increased productivity of 
scientific papers [22].

Wellbeing

Aside from the changes to clinical activity and working 
pattern, COVID-19 has had an impact on the wellbeing 
of surgical trainees. Over 90% of French urology trainees 
reported feeling more stressed than before the pandemic 
[37]. Factors significantly associated with stress were the 
presence of COVID-19 positive patients in the department 
(OR 2.39, 95% CI 1.30–4.39), working in a high epidemic 
location (OR 1.71, 95% CI 1.06–2.78) and being a more sen-
ior trainee (OR 1.76, 95% CI 1.05–2.97). More than half of 
surveyed ophthalmology trainees (393/716) across India also 
reported an increase in stress levels and 46.5% described 
feeling ‘unhappy’ during the lockdown period [12]. Nega-
tive impacts on mental health were reported amongst neu-
rosurgery trainees worldwide [36] and 20% of orthopaedic 
trainees across 5 training programmes in the United States 
were using mental health resources to support their well-
being during the pandemic [31]. Khusid et al. reported that 
performing a greater number of operations per week before 
the pandemic was associated with higher depression severity 
amongst urology trainees in the United States [28]. Thirty-
three percent of 1102 general surgery trainees reported 
increased burnout compared to before the pandemic [17]. 
Only 1 study reported an improvement in mental health 
during the pandemic: a Pakistani study across all surgical 
specialities found that burnout was significantly reduced 
compared to pre-pandemic (p < 0.001) [32]. This may be 
due to a significant reduction in working hours.

Three studies reported that working throughout the pan-
demic had had an impact on life outside the hospital [13, 
23, 36]. A third (62/197) of neurosurgery trainees across 
the United States and Canada reported that working dur-
ing the pandemic had a negative impact on their interper-
sonal relationships [23], 54% of urology trainees felt that 

the pandemic had caused home-life disruption and 39% 
had increased worries regarding finances [13]. All of the 
52 neurosurgery trainees participating in an international 
survey reported that their social life had been affected by 
the pandemic [36]. Two studies reported that trainees were 
concerned about the health of their loved ones or transmit-
ting the virus to them [30, 38].

Two studies reported trainee views on obtaining employ-
ment after the end of their current rotation. Neurosurgical 
trainees in the United States and Canada were concerned 
about the change to educational experience and career pros-
pects due to the pandemic, with 26.5% (52/197) expressing 
concerns over the ability to obtain employment or fellowship 
of their choice due to COVID-19 restrictions [23]. Amongst 
51 head and neck fellows in the United States, 57% had 
secured a post-fellowship appointment while 10% stated that 
this was now in question or on hold due to COVID-19 [18].

Discussion

COVID-19 has a negative impact across all surgical speciali-
ties and this has been felt worldwide. All studies reported 
a decrease in operative volume and experience for trainees 
with some reporting concerns over trainees’ ability to meet 
training requirements. There was a trend towards decreased 
time spent in the hospital across studies and the use of 
telemedicine for remote consultations. Of the studies that 
investigated the impact on mental health and wellbeing, all 
reported an adverse effect whilst working throughout the 
pandemic. Some positives highlighted from the studies were 
the move to online educational resources and additional time 
for self-directed study or research.

Across the 8 included surgical specialities, experience 
for trainees has decreased along with rising stress levels and 
negative mental health repercussions. With the pandemic 
still ongoing and the surge of a second wave, the way we 
deliver surgical training needs to change. Some sugges-
tions to mitigate the loss of experience during the pandemic 
include a personalised approach for additional training [39], 
intake assessments of trainees to identify deficiencies and 
enable targeted interventions [39] and updating curricula 
to reflect the loss in opportunities [32]. Surgical simula-
tion may also play a role in allowing trainees to gain some 
practical experience outside of the operating theatre [40], 
thereby minimising the risk of transmission of infection. It 
is also vital that trainees are supported from a mental health 
perspective during the pandemic and whilst attempting to 
recoup training experience.

While on a lesser scale than the current COVID-19 pan-
demic, the 2003 Severe Acute Respiratory Distress Syn-
drome (SARS) epidemic resulted in over 8000 cases across 
26 countries [41]. This had an effect on medical education 
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and health provision. Sherbino and Atzema [42] describe 
the impact of SARS on medical education by the loss of 
formal teaching sessions, delays to new clinical rotations 
and faculty taking on nonclinical roles so previous teaching 
commitments were cancelled. Toronto suffered a dramatic 
outbreak of SARS causing the cancellation of elective pro-
cedures and reduction in outpatient activity [43].

Surgical trainees in the United Kingdom already struggle 
to meet operative case requirements, with 85% coming in on 
days off to maximise training opportunities [44]. It is likely 
that the lack of operative experiences during the COVID-19 
period will compound this. The lack of exposure to opera-
tive practice and resultant concerns surrounding trainees’ 
ability to meet minimum case requirements needs to be 
addressed. There is the suggestion that senior trainees may 
be disproportionately affected by the reduction in operative 
case volume and some studies report concern over future job 
opportunities. These findings are supported by Zheng et al. 
who found amongst chief residents common concerns were 
the inability to meet case requirements and feeling unpre-
pared for a fellowship or future job [39].

All of the studies that investigated the effect of COVID-
19 on stress, mental health and home-life disruption found a 
negative impact. Due to the additional stress and disruption 
caused by COVID-19, clinicians are at greater risk of devel-
oping burnout long-term [45]. Findings from China, reported 
50.4% of health care workers reported symptoms of depres-
sion and 71.5% reported distress whilst working through 
the pandemic [46]. One study investigating the impact of 
COVID-19 on anxiety amongst medical staff in China found 
that female clinicians had an increased incidence of anxiety 
[47]. Only 1 of our studies compared degree of stress by sex, 
amongst French urology trainees sex was not associated with 
increased stress during the pandemic [37]. Surgical trainees 
across all specialities are already known to have high rates 
of burnout [48, 49], therefore it is important that trainees 
are given adequate support not only during but also after 
the pandemic.

Despite the overwhelming negative impact of COVID-
19 on surgical training, some positives can be found. The 
rapid adaptation of educational resources to delivery through 
online platforms has allowed trainees to continue to develop 
their theoretical knowledge. Similarly, the conversion of 
conferences to webinar format enables a greater number 
of surgeons to access educational material remotely and 
reduces the need for study leave, costs associated with travel 
and accommodation [40]. Some studies reported changes to 
working life had allowed additional time to be devoted to 
research. While redeployment forces trainees to step out of 
their comfort zone and may cause some anxiety [50], rede-
ployment to an appropriately supervised area can allow the 
acquisition of new skills and the refreshing of old [51, 52]. 
One of the strengths of this review is that to our knowledge 

this is the first systematic review on the impact of COVID-
19 across all surgical specialities, focusing on trainee chal-
lenges across all the facets of surgical training. The main 
limitation of this study is the lack of objective data regarding 
the impact on operative case volume, this has prohibited a 
meta-analysis.

Conclusions

The impact of COVID-19 on surgical trainees has been expe-
rienced globally and across all specialities. Negative effects 
are not limited to operative and clinical experience, but also 
the mental health and wellbeing of trainees. To quantify the 
true impact of COVID-19 and to make recommendations for 
the future provision of training, further studies using opera-
tive case volume and assessment data are required. Delivery 
of surgical training in the ongoing pandemic will need to 
move away from traditional models of learning to ensure 
trainees are competent and well supported.
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