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Summary Introduction: COVID-19 has disrupted the provision of breast reconstructive ser- 
vices throughout the UK. Autologous free flap breast reconstruction was restarted in our unit 
on 3 June 2020. We aimed to compare the unit’s performance of microsurgical autologous 
breast reconstruction in the “post-COVID” period compared with the exact time period in the 
preceding year. 
Methods: We retrospectively reviewed prospectively collected data in the “pre-COVID” (from 

3 June 2019 to 31 December 2019) and “post-COVID” period (from 3 June 2020 to 31 December 
2020). Patient demographics included age, body mass index, co-morbidities, Anaesthesiologists 
(ASA) grade and smoking status. Surgical factors included neoadjuvant chemotherapy, previous 
chest wall radiotherapy, unilateral or bilateral reconstruction, reconstruction timing, number 
of pedicles, contralateral symmetrisation and other procedures. 
dependant variables were ischaemic time, operative time, mastectomy weight, flap weight, 
length of stay, return to theatre and complication rates. The number of trainers and trainees 
present in theatre was recorded and analysed. 
Results: Fewer DIEP flaps were performed in the “post-COVID” period (45 vs. 29). No significant 
difference was observed in mastectomy resection weight, but flap weight was significantly 
increased. No significant difference was found in ischaemic time as well. 
The postoperative length of stay was significantly reduced. No significant difference was found 
in rates of return to theatre, unplanned admission, infection, haematoma, seroma or wound 
dehiscence. No cases of venous thromboembolism or flap failures were recorded. 
The mean number of trainers and trainees, and the trainee-to-trainer ratio was not found to 
be significantly different between cohorts. 
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Conclusion: Although fewer cases were performed, autologous breast reconstruction was safely 
delivered throughout the COVID-19 pandemic in the first wave without affecting training. 
© 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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he novel coronavirus disease-2019 (COVID-19) has thrown 
 spanner in the works in the continuity of provision of 
reast reconstructive services throughout the United King- 
om (UK). This was on the background of early literature 
rom Wuhan, China 1–4 and New York, United States of Amer- 
ca (USA), 5–7 suggesting that cancer patients may be at in- 
reased risk of contracting COVID-19. Further early data 
lso suggested a cancer patient may experience a more se- 
ere disease course with a greater risk of intensive care 
dmissions, mechanical ventilation and death if they con- 
racted COVID-19 3–5 . In addition, international data from the 
OVIDSurg Collaborative found the 30-day mortality in elec- 
ive surgery patients diagnosed perioperatively with COVID- 
9 may be as high as 19.1%. 8 

Consequently, the Clinical Guide to Surgical Prioritisa- 
ion during the Coronavirus Pandemic jointly published by 
he Federation of Surgical specialty Associations states that 
reast reconstruction is priority level 4 surgery, implying 
hat it can be delayed for over three months. 9 

After reviewing the available evidence, Jallali et al. con- 
luded that there is a paucity of high-quality prospective 
ata and therefore insufficient evidence to deny patients 
he benefits of immediate reconstruction. 10 

After widespread consultation with stakeholders both lo- 
ally and nationally, regional guidelines for selecting pa- 
ients and postoperative management of patients under- 
oing microsurgical breast reconstruction were produced. 
onsequently, as of 3 June 2020 autologous free flap breast 
econstruction was restarted in the Norfolk and Norwich 
niversity Hospital. 11 Since then, we had also published our 
xperience with managing a patient diagnosed with COVID- 
9 in the postoperative period, including dressings, drains 
nd management of seroma of the right breast. In this case, 
teps were taken to minimise risk to patient and staff. 12 

The aim of this study was to compare the unit’s perfor- 
ance of microsurgical autologous breast reconstruction in 
he “post-COVID” period compared with the exact time pe- 
iod in the preceding year in order to objectively assess the 
mpact of COVID-19 on microsurgical autologous breast re- 
onstruction. 

ethods 

his was a retrospective review of prospectively collected 
ata in two separate cohorts. Cohort 1 or the “pre-COVID”
ohort was defined as patients who underwent free DIEP flap 
rocedures between 3 June 2019 and 31 December 2019. 
ohort 2 or the “post-COVID” cohort was defined as patients 
ho underwent free DIEP flap procedures in the same time 
eriod in the year 2020. 
Patient demographics that were studied were age, body 

ass index (BMI), co-morbidities, American Society of 
113 
naesthesiologists (ASA) grade and smoking status. Surgical 
actors included neoadjuvant chemotherapy, previous chest 
all radiotherapy, unilateral or bilateral reconstruction, im- 
ediate or delayed reconstruction, unipedicled or bipedi- 
led flaps, contralateral symmetrisation surgery and other 
dditional procedures. 
Intraoperative dependant variables investigated are is- 

haemic time, operative time, mastectomy weight and flap 
eight. Postoperative dependant variables included length 
f stay, return to theatre and complication rates. 
In order to assess training, the number of trainers, de- 

ned as Plastic Surgery Consultants, and trainees, defined 
s Plastic Surgery Fellows or Registrars, present in theatre 
or the case were also recorded for analysis. 

tatistical analysis 

ll statistical analyses were performed using Microsoft Excel 
Microsoft, USA). Means for all continuous and categorical 
ata were reported with standard deviation (SD). Paramet- 
ic continuous variables were compared statistically using 
he two-tailed non-paired t -test. Categorical variables were 
tatistically analysed using the Pearson’s chi-squared test. 
tatistical significance was defined as p -value of < 0.05. 

esults 

atient demographics 

n total, 46 patients were in “pre-COVID” (Cohort 1) and 
9 patients were “post-COVID” (Cohort 2). Mean ages for 
ohorts 1 and 2 were 50.7 years (SD 10.2 years) and 51.7 
ears (SD 10.8 years), respectively. Mean BMIs were 25.8 
SD 3.1) and 27.3 (SD 3.6), respectively. Mean ASA grades 
ere 1.8 (SD 0.5) and 1.7 (SD 0.5), respectively. All the 
forementioned independent factors were not statistically 
ifferent ( Table 1 ). About two-thirds of both cohorts were 
on-smokers, whereas the rest were ex-smokers (Cohort 1: 
 = 28 non-smokers and 14 ex-smokers vs. Cohort 2: n = 19
on-smokers and 10 ex-smokers, p = 0.896). This was not 
ignificantly different ( Table 1 ). 

urgical factors 

n total, 33 immediate and 12 delayed procedures were per- 
ormed in the “pre-COVID” period, whereas 23 immediate 
nd 6 delayed procedures were performed in the “post- 
OVID” period. Cohort 1 comprised of 23 unilateral and 
3 bilateral reconstructions, whereas cohort 2 had 23 and 
ix, respectively. In immediate reconstruction cases, mas- 
ectomy types were not significantly different between co- 
orts [Cohort 1: 28 skin-sparing mastectomies (SSM) and 1 
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Table 1 Summary of patient demographics. ASA = American Society of Anaesthesiologist score, SD = Standard deviation. 

Cohort 1 (2019) ( n = 45) Cohort 2 (2020) ( n = 29) p-value 

Mean SD Mean SD 

Age 50.65 10.24 51.69 10.75 0.680 
BMI 25.84 3.05 3.55 3.55 0.081 
ASA 1.85 0.47 1.69 0.47 0.081 

n % n % 

Smoking status Ex-smoker 14 33.3 10 34.5 0.896 
Non-smoker 28 66.7 19 65.5 
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Figure 1 Temporal trend of average trainee-to-trainer ratio 
between cohorts. Light green line = Monthly average of Cohort 
1; Blue line = Average of Cohort 1 throughout study period; Yel- 
low line = Monthly average of Cohort 2; Dark green = Average 
of Cohort 2 throughout study period. 
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ipple-sparing mastectomy (NSM) vs. Cohort 2: 22 SSM and 
 NSM, p = 0.813]. Where nodal surgery was required for 
taging or therapeutic purposes, sentinel lymph node biop- 
ies (SLNB) accounted for a significantly larger proportion 
ompared with axillary node clearances (ANC) (Cohort 1: 6 
LNB and 6 ANC vs. Cohort 2: 13 SLNB and 3 ANC, p = 0.012).
The proportion of bipedicled to unipedicled cases was 

tatistically similar (Cohort 1: 41 unipedicled and 5 bi- 
edicled vs. Cohort 2: 26 unipedicled and 3 bipedicled, 
 = 0.928). In unilateral cases, the proportion of cases re- 
uiring contralateral symmetrising surgery was also not sig- 
ificantly different [Cohort 1: n = 9 (27.2%) vs. Cohort 2: 
 = 8 (34.7%), p = 0.927]. 
Mean drains for the recipient site (breast and/or axilla) 

ere not significantly different between cohorts (Cohort 
 = 1 drain vs. Cohort 2 = 1 drain, p = 0.00), however, the
ean number of drains for the donor site (abdomen) was 
ignificantly reduced (Cohort 1 = 1 drain vs. Cohort 2 = 0 
rains, p = < 0.0001). 
No significant difference was found in mastectomy resec- 

ion weights, but flap weights were significantly increased 
rom Cohort 1 to Cohort 2. The ischaemic time between co- 
orts was statistically similar. The operative time for unilat- 
ral breast reconstruction cases was significantly reduced in 
ohort 2, but there was no significant change for bilateral 
reast reconstruction cases. 
All statistical findings are summarised in Table 2 . 

ostoperative course 

ue to the newly introduced criteria, the postoperative 
ength of stay has been significantly reduced [Cohort 1: 5.1 
ays (SD 1.4) vs. Cohort 2: 3.0 (SD 1.2), p < 0.0001]. In Co-
ort 2, three patients (10.3%) were recatheterised postop- 
ratively. Of these, two patients required recatheterisation 
o facilitate fluid monitoring for a general anaesthetic on 
eturn to theatre, and one patient had urinary retention. 
he latter patient had a successful trial without a catheter 
 days later. 
No significant changes were observed in rates of return 

o theatre, unplanned admission, infection, haematoma, 
eroma or wound dehiscence. In both cohorts, no cases of 
enous thromboembolism or flap failures were recorded. 
he statistical findings are reported in Table 3 . 

raining 

he mean number of trainers (Cohort 1 = 1.5 vs. Cohort 
 = 1.8, p = 0.075), the mean number of trainees (Cohort 
114 
 = 2.0 vs. Cohort 2 = 1.7, p = 0.129), and the trainee-
o-trainer ratio was not found to be significantly different 
etween cohorts [Cohort 1 = 1.6 (SD 0.9) vs. Cohort 2 = 1.3
SD 1.0), p = 0.549] ( Table 4 ). 
Figure 1 shows temporal trends of mean trainee-to- 

rainer ratios. Although initially low, there is an increasing 
rend toward “pre-COVID” trainee-to-trainer ratios. 

iscussion 

utologous breast reconstruction during COVID-19 

his study found that there was no significant difference in 
he complication rate during the “pre-COVID” and “post- 
OVID” cohorts, indicating that the safety of delivery of 
are throughout the patient journey is assured through the 
easures that were taken to minimise COVID-19 risk to pa- 
ients. The data suggests that the current changes in prac- 
ice are feasible for in our unit when microsurgical autolo- 
ous breast reconstruction resumes after the next COVID-19 
ave. 
Pre-resection SLNB constitutes the practice of some of 

he breast surgeons that perform the mastectomy during 
he immediate reconstruction cases. As theatre space has 
ecome sparse during the height of the first wave, SLNBs 
ere not performed preoperatively as often compared with 
he “pre-COVID” period. This may explain the significantly 
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Table 2 Summary of surgical factors. Statistically significant p -values are in red and bold. SSM = Skin-sparing mastectomy, 
NSM = Nipple-sparing mastectomy, SLNB = Sentinel lymph node biopsy, ANC = Axillary node clearance, DIEP = Deep inferior 
epigastric artery perforatory flap, SD = Standard deviation. 

Cohort 1 (2019) ( n = 45) Cohort 2 (2020) ( n = 29) p-value 

n % n % 

Timing Delayed 12 26.7 6 20.7 0.467 
Immediate 33 73.3 23 79.3 

Unilateral DIEP Right 15 71.7 9 79.3 0.093 
Left 18 14 

Bilateral DIEP 13 28.3 6 20.7 
Mastectomy SSM 28 96.6 22 95.7 0.813 

NSM 1 3.4 1 4.3 
Nodal surgery SLNB 6 50.0 13 81.2 0.012 

ANC 6 50.0 3 18.8 
Number of pedicles Unipedicled 41 89.1 26 89.7 0.928 

Bipedicled 5 10.9 3 10.3 
Contralateral 
symmetrisisation 

Yes 9 27.3 8 34.8 0.419 
No 24 72.7 15 65.2 

Mean drain per breast 1.0 1.0 1.000 
Mean drain per abdomen 1.0 0.0 < 0.0001 

Mean SD Mean SD p-value 

Mastectomy weight (g) 504.4 184.9 517.2 192.9 0.857 
Flap weight (g) 554.5 150.1 704.2 249.8 0.017 

Ischaemic time (mins) 47.3 20.7 38.4 13.8 0.071 
Operation time (mins) Unilateral 

DIEP 
395.6 96.7 308.3 68.4 0.0002 

Bilateral 
DIEP 

481.8 92.5 505.3 104.0 0.647 

Table 3 Summary of postoperative course. Statistically significant p-values are in red and bold. VTE = Venous thromboem- 
bolism; N/ A = Not applicable. 

Cohort 1 (2019) ( n = 45) Cohort 2 (2020) ( n = 29) p-value 

Mean SD Mean SD 
Length of stay (days) 5.1 1.4 3.0 1.2 < 0.0001 

n % n % 

Recatheterisation N/A N/A 3 10.3 0.55 
Return to theatre 4 8.7 3 10.3 0.75 
Unplanned readmission 5 10.9 0 0.0 0.06 
VTE 0 0.0 0 0.0 N/A 
Infection 4 8.7 1 3.4 0.32 
Flap failure 0 0.0 0 0.0 N/A 
Haematoma 1 2.2 2 6.9 0.09 
Seroma 2 4.4 1 3.4 0.79 
Wound dehiscence 5 11.1 0 0.0 0.06 
Fat necrosis 1 2.2 0 0.0 0.42 

Table 4 Summary of Trainer and Trainee presence in microsurgical autologous breast reconstruction cases. SD = Standard 
deviation. 

Cohort 1 (2019) ( n = 45) Cohort 2 (2020) ( n = 29) p-value 

Mean SD Mean SD 
Number of Trainers 1.5 0.6 1.8 0.7 0.08 
Number of Trainees 2.0 0.7 1.7 0.9 0.13 
Trainee: Trainer ratio 1.6 0.9 1.3 1.0 0.55 

115 
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None declared. 
ifferent range of axillary procedures performed between 
ohorts. 

he impact of COVID-19 

receding the COVID-19 pandemic, Mennie et al. found that 
here was an increasing trend in the use of free flaps in both 
mmediate and delayed breast reconstruction across Eng- 
and, 13 with the DIEP flap being the most common flap used. 

The psychological and psychosocial benefits of breast 
econstruction have been systematically investigated. Al- 
hazal et al. found that patients who had immediate recon- 
truction recalled less distress and had better psychosocial 
ell-being than those who had delayed reconstruction. 14 

In addition, autologous breast reconstruction has also 
een shown to be more cost-effective than implant-based 
econstruction or no reconstruction. Data from the United 
tates of America (USA) found no significant differences in 
atient satisfaction or in psychosocial, sexual or physical 
ell-being at two years. 15 Cheng et al. had shown that in 
utologous breast reconstruction using either a DIEP or SIEA 
ap, delayed breast reconstruction is as cost-effective as 
mmediate reconstruction in the Taiwanese healthcare sys- 
em. 16 

Despite recommencing microsurgical autologous breast 
econstruction in the earliest soonest opportunity, our unit 
ad a 37.0% reduction in the number of procedures per- 
ormed. 
This study was unable to account for the reduction in 

umbers of patients who underwent autologous breast re- 
onstruction, but this is likely attributable to a combination 
f stricter patient selection to meet the new trust admis- 
ion criteria for elective patients, patient choice and lack 
f theatre availability and staffing. This is consistent with 
he findings of a survey of 970 surgeons working within the 
K published by RCSEng on 1 October 2020. At this point in 
ime, nearly half (48%) said access to more theatres and fa- 
ilities to limit theatre ‘downtime’ was necessary for deep 
leaning. 17 

The impact of COVID-19 may indirectly create a “lost 
ribe” of patients who could have benefited from immedi- 
te breast reconstruction, but instead have indirectly been 
laced in the back of the queue of an increasingly long wait- 
ng list for delayed breast reconstruction, which is likely to 
ompound the longer the pandemic draws on. 

isk management 

 substantial part of restarting microsurgical autologous 
reast reconstruction was consideration of risk to patients, 
s described by Jallali et al. 10 In our unit, one key effort 
nvolves minimising the length of stay and the potential 
isk for complications for selected patients. To facilitate 
his, patient selection was key to identify motivated pa- 
ients, with minimal co-morbidities, who would have the 
est chance of going through the accelerated pathway with 
 minimal risk of problems. 
As cohorts 1 and 2 have no significant statistical differ- 

nce in patient demographics, from a physical perspective, 
116 
t is apparent that the “pre-COVID” method of selecting pa- 
ient was sufficient, and that in the “post-COVID” period, 
e were able to deliver safe care throughout the microsur- 
ical autologous breast reconstruction pathway for patients 
ith similar medical backgrounds as the “pre-COVID” pe- 
iod. 

raining 

s a large proportion of workload in Plastic Surgery consti- 
utes elective work, concerns regard how COVID-19 would 
irectly impact training have been raised. Although data on 
he parts of the procedure that are actually performed by 
he trainee are not available for analysis, the number of 
rainers (Plastic Surgery Consultants) and trainees (Plastic 
urgery Fellows and Registrars) available were used as a sur- 
ogate marker to assess the exposure that trainees are ob- 
aining during the “post-COVID” period. Through this, sev- 
ral pertinent findings were observed: 1 The mean number of 
rainers, mean number of trainees and trainee-to-trainer ra- 
io has not significantly changed between cohorts through- 
ut the study period; 2 Although the trainee-to-trainer ratio 
as initially low after recommencement of microsurgical 
utologous breast reconstruction during the “post-COVID”
eriod, there was an increasing trend towards the average 
atio as more procedures were performed. This is an ob- 
ective marker showing our unit’s continued commitment 
nd achievement in breast microsurgical training during the 
OVID-19 pandemic. 
Nationally, a survey by RCSEng found that 46% of sur- 

eons said that surgical training has resumed having pre- 
iously been suspended due to the pandemic, and a further 
1% said training had never stopped. Just 8% of surgeons 
eport that surgical training has yet to resume. Two-thirds 
67%) of surgeons indicated that a lack of elective activity 
eant that there were fewer opportunities for training. 17 

Analysis on training was not able to assess the individ- 
al parts of procedures that trainees were able to perform 

s part of their training. This study merely looked at the 
roportion of trainees present to estimate the training. We 
herefore cannot make strong conclusions on the quality of 
raining received. 

onclusion 

his study concludes that autologous breast reconstruction 
as as safely delivered throughout the COVID-19 pandemic 
n the first wave as the “pre-COVID” period. 

In spite of being one of the first units in the UK to recom-
ence autologous breast reconstruction, our throughput is 
till reduced compared to a similar time period last year was 
till. 
Opportunities for training were initially reduced in view 

f ensuring efficiency in theatres and minimal contact with 
atients, however, the trend showed recovery towards that 
f the “pre-COVID” period. 
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