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Summary Introduction: This study aims to define the impact of the novel Coronavirus Disease 
2019 (COVID-19) pandemic on the volume of common plastic and reconstructive procedures in 
the United States. 
Methods: TrinetX is a national, federated database that was utilized in surveying plastic and 
reconstructive procedural volumes among 53 Healthcare organizations (HCO) between March 
2018 and May 2021. This timeframe was divided into pre-pandemic (March 2018 to February 
2020) and pandemic periods (March 2020 to May 2021). Each period was then sub-divided into 
four seasons of the year and the mean monthly procedural volume per HCO was compared. 
A student’s t-tests comparing pre-pandemic and pandemic seasonal mean procedural volumes 
were used for statistical analysis. 
Results: A total of 366,032 patient encounters among 53 HCO were included. The average sea- 
sonal volume per HCO of all procedures reduced from 872.11 procedures during pre-pandemic 
seasons to 827.36 during pandemic seasons. Spring 2020 vol declined for most procedures as 
15 of 24 (63%) assessed procedure categories experienced statistically significant decreases. 
Spring 2021 experienced rebounds with 15 of 24 (63%) assessed procedures showing statistically 
significant increases. 
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Conclusion: During the pandemic period, the average procedural volume per HCO of 14 pro- 
cedure categories was significantly less than the pre-pandemic average procedural volume. 
Overall, an inverse relationship was observed between novel COVID-19 cases and plastic and 
reconstructive surgery procedure volumes in the United States. 
© 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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ntroduction 

y the first quarter of 2020, the novel Coronavirus Dis- 
ase 2019 (COVID-19) pandemic had substantially affected 
he functional capacity of healthcare organizations (HCO) 
orldwide. Given the increased risk of transmission through 
lose contact and aerosolized transmission, surgical services 
ere heavily impacted 1 . According to the American Hospi- 
al Association, estimates of the financial losses from March 
020 – June 2020 exceeded US$202 billion, of which US$161 
illion was secondary to canceled surgical procedures 2 . The 
merican College of Surgeons (ACS) published initial rec- 
mmendations for the cessation of all elective procedures 
n March 2020 3 . Immediately, state, federal, and specialty- 
pecific guidelines were issued 4–7 . Specific plastic and re- 
onstructive professional organization guidance was pub- 
ished by the American Society of Plastic Surgeons (ASPS). 
utlined in their March 2020 correspondence, ASPS initially 
autioned its members to only provide care deemed “ur- 
ent or emergent” based on personal discretion 8 . Prelimi- 
ary analysis during this time revealed plastic and recon- 
tructive surgery to be among the three surgical services 
hat witnessed the largest decrease in total operating room 

OR) volume from March-June 2020 compared to the corre- 
ponding period in 2019 9 . 
As of December 2020, current ASPS recommendations ad- 

ise members to consult with the hospital, local, county, 
tate, and regional regulatory bodies regarding elective 
urgeries 10 . These regulations, however, have remained 
ighly variable across time and by region since the onset of 
he COVID-19 pandemic. Plastic and reconstructive surgery, 
ith many elective and non-emergent procedures 11 , was 
articularly vulnerable to COVID-19 related barriers. Fur- 
hermore, the significant role of elective admissions and 
rocedures in maintaining health system revenue viabil- 
ty 12 , 13 poses significant financial loss to all health system 

roups irrespective of their size. 
Preliminary feedback from the American Council of Aca- 

emic Plastic Surgeons (ACAPS) self-reporting member sur- 
eons corroborates the predicted initial limitation of plastic 
nd reconstructive operational volume 14 . The longer-term 

mpact of the COVID-19 pandemic on specific plastic and re- 
onstructive procedures, however, remains unquantified in 
he literature. Therefore, the objective of this study was to 
ompare the common plastic and reconstructive procedural 
olumes in the United States from 2018 to 2021. years. 

aterials and methods 

rinetX (Cambridge, MA) is a national, federated database 
hat was utilized in this retrospective study. Electronic med- 
1484
cal records reported between March 2018 and May 2021 
ere analyzed. This platform consists of aggregate, de- 
dentified electronic health records (EHR) of > 72 million 
atient records reported by 53 continually updating HCOs, 
ith most HCO-provided data dating back to 2014 15 because 
he exclusion of protected personal health information in 
he database ensure data compliance with the Health In- 
urance Portability and Accountability Act (HIPAA). Previous 
iterature in plastic surgery has reported on data obtained 
rom TrinetX. 16 

A literature review was conducted to identify a repre- 
entative sample of the most common plastic and recon- 
tructive procedures nationally 17–20 . TrinetX database was 
ueried for the associated Current Procedural Terminology 
CPT) codes ( Table 1 ) of both inpatient and outpatient op- 
rations. Monthly case volume as well as the corresponding 
umber of reporting HCOs was compiled during the study 
eriod. To account for procedure-specific changes in the 
umber of reporting HCO, monthly mean operative volume 
er HCO was calculated on a CPT-specific level as well as in 
ggregate. The monthly CPT-specific volumes per HCO were 
lustered chronologically to determine average volumes for 
hree-month seasons throughout the study period. To pro- 
ide a more meaningful baseline of pre-pandemic volume, a 
ombination of the 2018 and corresponding 2019 figures was 
sed. 
The following seasons were analyzed: Spring 2020 

March-May 2020), summer 2020 (June-August 2020), fall 
020 (September-November 2020), winter 2020/2021 (De- 
ember 2020-February 2021), spring 2021 (March-May 2021) 
s well as their pre-pandemic analogs. Finally, an aggre- 
ate of the total pandemic period (March 2020- May 2021) 
as compared to the corresponding figures in pre-pandemic 
imeframes. Descriptive analyses were performed and com- 
arisons were made using a student’s t -test. Statistical anal- 
sis was performed using Microsoft Excel with a predeter- 
ined level of significance set at p < 0.05 (Microsoft Inc., 
ashington, USA). 

esults 

 total of 366,032 plastic and reconstructive procedures 
rom 53 HCO during March 2018 - May 2021 were included in 
he current study. The analyzed procedures with the high- 
st volume over the entire review period (March 2018 - May 
021) were neuroplasty and/or transposition; median nerve 
t the carpal tunnel with an aggregate operative volume of 
1,395. Neuroplasty and/or transposition- median nerve at 
arpal tunnel also showed the highest seasonal mean vol- 
me per HCO for four of the five pandemic seasons ana- 
yzed. Only during spring 2020 the seasonal mean of neu- 
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Table 1 30 of the most commonly performed plastic and reconstructive procedures along with their associated Current 
Procedural Terminology (CPT) codes. 

CPT Codes Procedure Names 

11,043 Debridement, muscle and/or fascia (includes epidermis, dermis, and subcutaneous tissue, if 
performed); first 20 sq cm or less 

11,044 Debridement, bone (includes epidermis, dermis, subcutaneous tissue, muscle and/or fascia, if 
performed); first 20 sq cm or less 

11,402 Excision, benign lesion including margins, except skin tag (unless listed elsewhere), trunk, 
arms or legs; excised diameter 1.1 to 2.0 cm 

11,602, 11,603 Excision, malignant lesion including margins, trunk, arms, or legs; excised diameter 1.1 to 
2.0 cm, Excision, malignant lesion including margins, trunk, arms, or legs; excised diameter 
2.1 to 3.0 cm 

14,060, 14,061 Adjacent tissue transfer or rearrangement, eyelids, nose, ears and/or lips 
13,131, 13,132 Repair, complex, forehead, cheeks, chin, mouth, neck, axillae, genitalia, hands and/or feet; 

1.1 cm to 2.5 cm-7.5cm 

14,300/14,301 Adjacent tissue transfer or rearrangement, any area; defect 30.1–60.0 cm2 
15,100 Split-thickness autograft, trunk, arms, legs; first 100 cm2 or less, or 1% of body area of infants 

and children 
15,240 Full-thickness graft, free, including direct closure of donor site, forehead, cheeks, chin, 

mouth, neck, axillae, genitalia, hands, and/or feet; 20 cm2 or less 
15,271,15,272, 
15,273, 15,274 

Application of skin substitute graft to trunk, arms, legs, total wound surface area up to 100 sq 
cm, Application of skin substitute graft to trunk, arms, legs, total wound surface area 
greater than or equal to 100 sq cm 

15,736 Muscle, myocutaneous, or fasciocutaneous flap; Upper extremity 
15,738 Muscle, myocutaneous, or fasciocutaneous flap; lower extremity 
15,756 Muscle or myocutaneous free flap with microvascular transfer 
15,830 Excision, excessive skin and subcutaneous tissue (includes lipectomy); abdomen, 

infraumbilical panniculectomy 
15,931, 15,933, 
15,934, 15,935, 
15,936, 15,937 

Excision, sacral pressure ulcer 

15,840, 15,841, 
15,842, 15,845 

Facial nerve paralysis graft 

42,890, 42,892, 
42,894 

Limited pharyngectomy, Reconstruction of pharyngeal wall closure with flap or flap with 
microvascular anastomosis, Resection of lateral pharyngeal wall or pyriform sinus direct 
closure 

19,325 Mammaplasty, augmentation; with the prosthetic implant 
19,316 Mastopexy 
19,318 Reduction mammaplasty 
19,357, 19,342 Prosthetic breast reconstruction 
19,361, 19,364, 
19,367, 19,368 

Autologus breast reconstruction 

19,380 Revision of reconstructed breast 
15,756, 15,757, 
15,758, 20,969 

Free flap procedures 

15,922, 15,934, 
15,936, 15,944, 
15,945, 15,946, 
15,956 

Pressure ulcer repair 

25,000 Incision, extensor tendon sheath, wrist (eg, de Quervain’s disease) 
26,615 Open treatment of metacarpal fracture, single, includes internal fixation, when performed, 

each bone 
30,400, 30,410, 
30,420 

Rhinoplasty, primary 

64,708,64,712,64,713, 
64,714 

Neuroplasty, major peripheral nerve, arm or leg, open 

64,721 Neuroplasty and/or transposition; median nerve at the carpal tunnel 

1485 
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oplasty and/or transposition- median nerve at the carpal 
unnel was not the highest average seasonal procedure vol- 
me per HCO. 
Over the entirety of the five pandemic periods ana- 

yzed, almost every procedure’s seasonal mean volume dif- 
ered from pre-pandemic figures. Spring 2020 exhibited the 
ost decreases (50%) in procedural volume compared to 
ny other season with 15 statistically significant reductions. 
eanwhile, the largest count of statistically significant in- 
reases in procedure volume (15/30) was documented in 
pring 2021. The seasonal mean volume over the aggregate 
arch 2020 – May 2021 period of 10 procedures differed from 

ggregate March 2018 – February 2020 figures by a statisti- 
ally significant amount ( Table 5 ). 

pring 2020 

he first season included in our analysis, spring 2020, 
howed a decrease in most mean procedural volumes per 
CO relative to the 2018/2019 counterparts ( Table 2 ). On 
 procedure-specific level, 15 of 24 (63%) procedures ex- 
erienced a statistically significant reduction in volume, 
ith the largest significant decreases experienced in exci- 
ion, benign lesion including margins, except skin tag (un- 
ess listed elsewhere), trunk, arms or legs; excised diameter 
.1 to 2.0 cm (51%, p < 0.00039), excision, excessive skin 
nd subcutaneous tissue (includes lipectomy); abdomen, in- 
raumbilical panniculectomy (52%, p < 0.0014), reduction 
ammoplasty (46%, p < 0.0013), and revision of recon- 
tructed breast (48%, p < 0.0042). Repair, complex, fore- 
ead, cheeks, chin, mouth, neck, axillae, genitalia, hands 
nd/or feet; 1.1 cm to 2.5 cm-7.5 cm had the highest ag- 
regate operative volume per HCO across the season with 
68 operations per HCO from March-May 2020. No statis- 
ically significant increases in mean procedural volume per 
CO were observed during March-May 2020. 

ummer 2020/ FALL 2020 

he majority of procedures (21/30) saw a decline in volume 
or summer 2020, no decrease was found statically signif- 
cant ( Table 3 ). On a procedure-specific level, none of the 
all 2020 vol changed by a statistically significant amount 
ompared to pre-pandemic figures ( Table 3 ). There were 
even decreases in volume, none of which were statistically 
ignificant ( Table 3 ). 

inter 2020/2021 

all 2020 vol changes from pre-pandemic figures were 
roadly similar to those of winter 2020/2021. On a 
rocedure-specific level, five changes were statistically sig- 
ificant ( Table 3 ). There were two significant decreases: re- 
air, complex, forehead, cheeks, chin, mouth, neck, axil- 
ae, genitalia, hands and/or feet- 1.1 cm to 2.5 cm-7.5 cm 

26%, p < 0.001); and mastopexy (17%, p < 0.037). Fur- 
her, three procedures muscle, namely myocutaneous, or 
asciocutaneous- upper extremity (34%, p < 0.050); full- 
hickness graft, free, including direct closure of donor site, 
1486
orehead, cheeks, chin, mouth, neck, axillae, genitalia, 
ands, and/or feet- 20 cm 

2 or less (19%, p < 0.027); and 
ree flap procedures (24%, p < 0.026) demonstrated a sta- 
istically significant increase in volumes. 

pring 2021 

he final season included in our analysis, spring 2021, re- 
ealed 16 statistically significant changes with 15 of the 
6 changes (94%) being statistically significant increases 
n mean procedural volumes per HCO relative to the 
018/2019 counterparts ( Table 4 ). The largest of these vol- 
me increases were in excision, sacral pressure ulcer (44%, 
 < 0.030); full-thickness graft, free, including direct clo- 
ure of donor site, forehead, cheeks, chin, mouth, neck, 
xillae, genitalia, hands, and/or feet; 20 cm 

2 or less (41%, 
 < 0.0032) and rhinoplasty, primary (46%, p < 0.00030). 
nly one of the operations significantly declined in vol- 
me during this time frame: revision of reconstructed 
reast decreased by a statistically significant amount (17%, 
 < 0.023). 

iscussion 

he current study retrospectively reviews a large national 
ohort to analyze trends in operative case volume in plastic 
econstructive surgery during the COVID-19 pandemic. Sea- 
onal analysis was performed to achieve an iterative evalu- 
tion of fluctuations in plastic and reconstructive surgery 
olume. To the best of our knowledge, this is the first 
andemic-related analysis of national operative volume in 
he subspecialty to date in the US. The database utilized is 
ontinuously updated by numerous HCOs generates insights 
nto obstacles to more patient-specific plastic and recon- 
tructive care, providing more individualized implications 
or future healthcare delivery as we return to normality. 
This retrospective study demonstrates a significant de- 

line in the gross volume of plastic and reconstructive 
rocedures during the months immediately following the 
tart of the COVID-19 pandemic. Comparison of spring 2020 
eans procedural volumes per HCO to corresponding pre- 
andemic figures suggests an accumulation of unmet need 
or plastic and reconstructive care during the pandemic. 
he creation of these ‘backlogs’ on a much smaller scale has 
een elucidated well in current literature analyzing elective 
rocedures in several specialties 21-24 . Likewise, the similar- 
ty between spring 2018 and spring 2019 seasonal average 
rocedural volumes per HCO lends credibility to the assump- 
ion of year-on-year stability of demand for plastic surgery 
rocedures. Resultantly, the decline in mean procedural vol- 
mes per HCO in spring 2020 reflects an inability of plas- 
ic surgeons to provide surgical care for their patients due 
o both safety concerns and diverted healthcare resources 
n response to the COVID-19 pandemic. The mean seasonal 
rocedure volume per HCO of repair, complex, forehead, 
heeks, chin, mouth, neck, axillae, genitalia, hands and/or 
eet- 1.1 cm to 2.5 cm-7.5 cm, for example, decreased by 
 statistically significant amount relative to corresponding 
re-pandemic figures during four of the five seasons ana- 
yzed. Collectively, this suggests an unmet need for plastic 
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Table 2 Seasonal mean procedural volumes per HCO and associated standard deviation (SD) for spring 2020 (pandemic) and 
spring 2018/2019 (pre-pandemic) along with the change (in%) and statistical significance of the change (denoted by p- value). 

CPT CODES 
MARCH TO MAY - 2020 VS 2018/2019 SEASONAL MEAN 

PROCEDURAL VOLUME PER HCO 

Pandemic 
Mean 
(SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) P-value 

Debridement, muscle and/or fascia (includes epidermis, dermis, and 
subcutaneous tissue, if performed); first 20 sq cm or less 

22.3 (2) 21.2 (3) 5.44% 0.568690 

Debridement, bone (includes epidermis, dermis, subcutaneous 
tissue, muscle and/or fascia, if performed); first 20 sq cm or less 

10.2 
(1.4) 

11.5 (1.7) −10.99% 0.313187 

Excision, benign lesion including margins, except skin tag (unless 
listed elsewhere), trunk, arms or legs; excised diameter 1.1 to 2.0 
cm 

9.1 (3.8) 18.4 (0.4) −50.51% 0.000388 

Excision, malignant lesion including margins, trunk, arms, or legs; 
excised diameter 1.1 to 2.0 cm, excision, malignant lesion 
including margins, trunk, arms, or legs; excised diameter 2.1 to 
3.0 cm 

15.5 (7) 22.5 (1.5) −31.24% 0.040044 

Adjacent tissue transfer or rearrangement, eyelids, nose, ears 
and/or lips 

11.6 
(3.9) 

17.7 (0.9) −34.28% 0.006215 

Repair, complex, forehead, cheeks, chin, mouth, neck, axillae, 
genitalia, hands and/or feet; 1.1 cm to 2.5 cm-7.5cm 

22.8 
(7.3) 

37.3 (2) −38.85% 0.001879 

Adjacent tissue transfer or rearrangement, any area; defect 
30.1–60.0 cm2 

9.2 (2.7) 11.1 (1.3) −17.26% 0.187133 

Split-thickness autograft, trunk, arms, legs; first 100 cm2 or less, or 
1% of body area of infants and children 

9.1 (1.3) 11 (0.9) −17.57% 0.033898 

Full-thickness graft, free, including direct closure of donor site, 
forehead, cheeks, chin, mouth, neck, axillae, genitalia, hands, 
and/or feet; 20 cm2 or less 

3.8 (0.7) 4.4 (0.4) −13.86% 0.141859 

Application of skin substitute graft to trunk, arms, legs, total wound 
surface area up to 100 sq cm, application of skin substitute graft to 
trunk, arms, legs, total wound surface area greater than or equal 
to 100 sq cm 

8.9 (1.3) 9.9 (0.9) −9.68% 0.228448 

Muscle, myocutaneous, or fasciocutaneous flap; upper extremity 1.7 (0.3) 1.3 (0.2) 28.33% 0.081850 
Muscle, myocutaneous, or fasciocutaneous flap; lower extremity 3.1 (0.3) 3.7 (0.3) −18.17% 0.020915 
Muscle or myocutaneous free flap with microvascular transfer 2.1 (0.3) 2.1 (0.1) −0.25% 0.963461 
Excision, excessive skin and subcutaneous tissue (includes 

lipectomy); abdomen, infraumbilical panniculectomy 
3 (1.3) 6.2 (0.6) −51.93% 0.001371 

Excision, sacral pressure ulcer 1.8 (0.3) 1.5 (0.2) 17.95% 0.176417 
Facial nerve paralysis graft 2 (0.5) 1.8 (0.1) 9.79% 0.447072 
Limited pharyngectomy, reconstruction of pharyngeal wall closure 

with flap or flap with microvascular anastomosis, resection of 
lateral pharyngeal wall or pyriform sinus direct closure 

2.3 (0.3) 2.2 (0.4) 3.08% 0.784904 

Mammaplasty, augmentation; with prosthetic implant 2.7 (0.3) 4.1 (0.5) −34.13% 0.003193 
Mastopexy 3.1 (1.2) 5.8 (0.5) −45.95% 0.001746 
Reduction mammaplasty 5.7 (2.2) 10.4 (0.7) −45.59% 0.001252 
Prosthetic breast reconstruction 7 (2.1) 9.3 (0.7) −24.76% 0.037483 
Autologus breast reconstruction 1.9 (0.5) 2.9 (0.5) −34.85% 0.022874 
Revision of reconstructed breast 4.2 (2.2) 8.1 (0.7) −48.44% 0.004118 
Free flap procedures 5.5 (0.6) 5.6 (0.6) −0.52% 0.949261 
Pressure ulcer repair 1.8 (0.2) 1.8 (0.2) 0.01% 0.999150 
Incision, extensor tendon sheath, wrist (eg, de quervains disease) 4.1 (1.4) 4.9 (0.4) −15.34% 0.239220 
Open treatment of metacarpal fracture, single, includes internal 

fixation, when performed, each bone 
3.7 (0) 4.1 (0.5) −8.32% 0.285321 

Rhinoplasty, primary 2.9 (0.9) 4.8 (0.5) −41.05% 0.002804 
Neuroplasty, major peripheral nerve, arm or leg, open 5.2 (1.2) 5.8 (0.4) −10.32% 0.285126 
Neuroplasty and/or transposition; median nerve at carpal tunnel 21.4 (12) 38.2 (1.1) −44.08% 0.008050 

1487 



D
.
 M
ehrabian,

 I.Z.
 Liu,

 H
.H

.
 Pakhchanian

 et
 al.

 

Table 3 Seasonal mean procedural volumes per HCO and associated standard deviation (SD) for summer 2020 (pandemic) and summer 2018/2019 (pre-pandemic), fall 2020 
(pandemic) and fall 2018/2019 (pre-pandemic), & winter 2020 (pandemic) and winter 2018/2019 (pre-pandemic) along with the respective procedure-specific changes (in%) and 
statistical significance of the changes (denoted by p- value). 

JUNE TO AUGUST - 2020 VS 2018/2019 SEPTEMBER TO NOVEMBER - 2020 VS 
2018/2019 

DECEMBER TO FEBRUARY - 2020/2021 VS 
2018/2019 

CPT Codes Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Debridement, muscle and/or 
fascia (includes epidermis, 
dermis, and subcutaneous 
tissue, if performed); first 20 sq 
cm or less 

20.3 (2) 22.9 (3.1) −11.1% 0.24 23.1 (3) 21.7 (2.6) 6.6% 0.486 22.5 (0.9) 21.5 (2) 4.6% 0.448 

Debridement, bone (includes 
epidermis, dermis, 
subcutaneous tissue, muscle 
and/or fascia, if performed); 
first 20 sq cm or less 

11.1 (0.6) 11.7 (0.8) −5% 0.295 12.2 (0.9) 12.1 (0.6) 0.5% 0.912 10.7 (0.8) 11.1 (0.8) −3.5% 0.522 

Excision, benign lesion including 
margins, except skin tag (unless 
listed elsewhere), trunk, arms 
or legs; excised diameter 1.1 to 
2.0 cm 

17.3 (1.6) 17.8 (1.2) −3% 0.596 17.4 (1.3) 17.6 (1.4) −1.6% 0.782 15.2 (1) 17.2 (1.3) −11.6% 0.056 

Excision, malignant lesion 
including margins, trunk, arms, 
or legs; excised diameter 1.1 to 
2.0 cm, excision, malignant 
lesion including margins, trunk, 
arms, or legs; excised diameter 
2.1 to 3.0 cm 

22.8 (2.1) 22.7 (1.5) 0.3% 0.96 24.9 (3.6) 24 (2.9) 4% 0.669 22.4 (0.8) 24.5 (3.4) −8.4% 0.351 

Adjacent tissue transfer or 
rearrangement, eyelids, nose, 
ears and/or lips 

18.7 (0.6) 17.7 (1.2) 5.2% 0.243 19.5 (0.8) 18.9 (1.3) 3.3% 0.481 16.6 (1.2) 18.3 (1.7) −9.5% 0.166 

Repair, complex, forehead, 
cheeks, chin, mouth, neck, 
axillae, genitalia, hands and/or 
feet; 1.1 cm to 2.5 cm-7.5cm 

38.1 (1.2) 38.2 (1.2) −0.2% 0.942 36.3 (4.5) 36.5 (3.6) −0.6% 0.936 27 (1.8) 36.5 (2.3) −26.0% 0.000 

Adjacent tissue transfer or 
rearrangement, any area; 
defect 30.1–60.0 cm2 

10.5 (1.3) 11.2 (1.3) −6.1% 0.474 12.3 (0.9) 11.5 (1.1) 6.5% 0.333 12.5 (0.6) 11 (1.3) 13.1% 0.112 

( continued on next page ) 
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Table 3 ( continued ) 

JUNE TO AUGUST - 2020 VS 2018/2019 SEPTEMBER TO NOVEMBER - 2020 VS 
2018/2019 

DECEMBER TO FEBRUARY - 2020/2021 VS 
2018/2019 

CPT Codes Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Split-thickness autograft, trunk, 
arms, legs; first 100 cm2 or less, 
or 1% of body area of infants 
and children 

11.1 (0.1) 11.2 (0.8) −0.9% 0.846 10.8 (1.5) 10.5 (1.1) 2.5% 0.77 10.7 (0.3) 9.8 (0.8) 8.8% 0.140 

Full-thickness graft, free, 
including direct closure of donor 
site, forehead, cheeks, chin, 
mouth, neck, axillae, genitalia, 
hands, and/or feet; 20 cm2 or 
less 

4.7 (0.9) 4.7 (0.6) 0.2% 0.985 5.3 (0.6) 5.1 (0.5) 4.8% 0.527 5.3 (0.1) 4.4 (0.5) 18.5% 0.027 

Application of skin substitute graft 
to trunk, arms, legs, total 
wound surface area up to 100 sq 
cm, application of skin 
substitute graft to trunk, arms, 
legs, total wound surface area 
greater than or equal to 100 sq 
cm 

9.1 (0.3) 9.7 (1.1) −6.8% 0.359 11 (0.5) 10 (1.2) 10.2% 0.201 9 (0.6) 9.4 (0.6) −4.5% 0.365 

Muscle, myocutaneous, or 
fasciocutaneous flap; upper 
extremity 

1.5 (0.2) 1.5 (0.2) 0.7% 0.924 1.9 (0.5) 1.7 (0.4) 11.8% 0.554 1.8 (0.4) 1.3 (0.2) 33.5% 0.049 

Muscle, myocutaneous, or 
fasciocutaneous flap; lower 
extremity 

3.3 (0.1) 3.4 (0.2) −2.7% 0.415 3.3 (0.1) 3.3 (0.2) −1.8% 0.617 3.9 (0.2) 3.2 (0.5) 20.1% 0.075 

Muscle or myocutaneous free flap 
with microvascular transfer 

2.2 (0.2) 2.3 (0.2) −2.8% 0.709 2.1 (0.2) 2.3 (0.3) −6.6% 0.41 2.5 (0.7) 2.1 (0.5) 17.2% 0.374 

Excision, excessive skin and 
subcutaneous tissue (includes 
lipectomy); abdomen, 
infraumbilical panniculectomy 

5.4 (0.6) 5.3 (0.4) 0.6% 0.932 5.3 (0.8) 5.2 (0.5) 1.4v% 0.872 5.1 (0.8) 5.6 (0.4) −9.9% 0.188 

Excision, sacral pressure ulcer 1.6 (0.5) 1.4 (0.4) 10.5% 0.598 2.6 (2.1) 2 (1.5) 28.5% 0.649 2.1 (1) 1.6 (0.2) 33.6% 0.242 
Facial nerve paralysis graft 1.7 (0.4) 1.7 (0.4) −0.3% 0.983 1.7 (0.2) 1.9 (0.4) −11.9% 0.441 2.3 (0.5) 1.9 (0.3) 21.4% 0.148 

( continued on next page ) 
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Table 3 ( continued ) 

JUNE TO AUGUST - 2020 VS 2018/2019 SEPTEMBER TO NOVEMBER - 2020 VS 
2018/2019 

DECEMBER TO FEBRUARY - 2020/2021 VS 
2018/2019 

CPT Codes Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change 
(%) 

P- 
value 

Limited pharyngectomy, 
reconstruction of pharyngeal 
wall closure with flap or flap 
with microvascular anastomosis, 
resection of lateral pharyngeal 
wall or pyriform sinus direct 
closure 

2.4 (0.3) 2.3 (0.3) 4.7% 0.628 2.1 (0.2) 2.3 (0.2) −5% 0.418 2.2 (0.3) 2.1 (0.1) 4.1% 0.558 

Mammaplasty, augmentation; with 
prosthetic implant 

4.6 (0.5) 4 (0.7) 14.6% 0.241 3.5 (0.7) 3.4 (0.6) 3.9% 0.782 3.4 (0.4) 3.5 (0.6) −3.0% 0.791 

Mastopexy 5.6 (0.5) 5.6 (0.4) −1% 0.855 5.9 (0.6) 5.7 (0.7) 4.3% 0.633 4.4 (0.3) 5.3 (0.5) −16.9% 0.037 
Reduction mammaplasty 10.9 (0.6) 11 (0.4) −0.2% 0.943 10.6 (1.1) 10.4 (0.9) 2.3% 0.738 11.3 (0.8) 10.2 (1.5) 10.4% 0.287 
Prosthetic breast reconstruction 9.3 (0.4) 9.6 (0.6) −3% 0.507 10.1 (0.9) 9.9 (1) 2.5% 0.73 10.7 (0.5) 9.5 (0.8) 12.5% 0.064 
Autologus breast reconstruction 2.7 (0.1) 2.9 (0.3) −6.4% 0.321 2.9 (0.1) 2.9 (0.3) −2% 0.746 2.6 (0.3) 2.8 (0.4) −6.7% 0.509 
Revision of reconstructed breast 7.6 (0.5) 7.9 (0.6) −4.4% 0.447 9.8 (0.5) 9.6 (1) 2% 0.771 7 (2.4) 8.8 (2.4) −21.0% 0.314 
Free flap procedures 5.8 (0.5) 5.9 (0.5) −2.1% 0.722 5.5 (0.7) 5.5 (0.5) 0.3% 0.969 6.6 (0.8) 5.3 (0.6) 24.1% 0.026 
Pressure ulcer repair 1.9 (0.5) 1.7 (0.4) 13.9% 0.497 1.6 (0.3) 1.5 (0.2) 6% 0.613 1.6 (0.1) 1.6 (0.2) 2.0% 0.816 
Incision, extensor tendon sheath, 

wrist (eg, de quervains disease) 
5 (0.3) 5.1 (0.3) −3.6% 0.458 5.4 (0.7) 5.1 (0.7) 5.6% 0.582 5 (0.7) 5.2 (0.3) −2.6% 0.679 

Open treatment of metacarpal 
fracture, single, includes 
internal fixation, when 
performed, each bone 

4.3 (0.3) 4.5 (0.3) −3.7% 0.432 4.7 (0.7) 4.7 (0.5) 1% 0.914 4.1 (0.6) 4.1 (0.3) −0.5% 0.941 

Rhinoplasty, primary 5.3 (0.2) 5.5 (0.6) −4.7% 0.514 4.8 (0.2) 4.6 (0.5) 3.1% 0.682 6 (1.1) 4.9 (0.9) 24.4% 0.121 
Neuroplasty, major peripheral 

nerve, arm or leg, open 
5.8 (0.4) 6.1 (0.5) −5.1% 0.359 5.9 (0.6) 5.5 (0.5) 6.5% 0.382 5.9 (0.8) 5.9 (0.5) 0.2% 0.981 

Neuroplasty and/or transposition; 
median nerve at carpal tunnel 

36.6 (0.6) 36.6 (0.9) −0.1% 0.974 38.9 (5.1) 37.5 (4) 3.6% 0.669 37 (3.5) 39.1 (2) −5.2% 0.296 
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Table 4 Seasonal mean procedural volumes per HCO and associated standard deviation (SD) for spring 2021 (pandemic) and 
spring 2018/2019 (pre-pandemic) along with the change (in%) and statistical significance of the change (denoted by p- value). 

CPT CODES MARCH TO MAY- 2021 VS 2018/2019 SEASONAL MEAN 

PROCEDURAL VOLUME PER HCO 

Pandemic 
Mean (SD) 

Pre- 
pandemic 
Mean (SD) 

Percent 
Change (%) 

P-value 

Debridement, muscle and/or fascia (includes epidermis, dermis, and 
subcutaneous tissue, if performed); first 20 sq cm or less 

23.1 (1.5) 21.2 (3) 9.19% 0.328955 

Debridement, bone (includes epidermis, dermis, subcutaneous tissue, 
muscle and/or fascia, if performed); first 20 sq cm or less 

11.8 (0.5) 11.5 (1.7) 2.76% 0.771666 

Excision, benign lesion including margins, except skin tag (unless listed 
elsewhere), trunk, arms or legs; excised diameter 1.1 to 2.0 cm 

18.2 (1.9) 18.4 (0.4) −1.26% 0.767534 

Excision, malignant lesion including margins, trunk, arms, or legs; 
excised diameter 1.1 to 2.0 cm, excision, malignant lesion including 
margins, trunk, arms, or legs; excised diameter 2.1 to 3.0 cm 

25.1 (1.2) 22.5 (1.5) 11.46% 0.036480 

Adjacent tissue transfer or rearrangement, eyelids, nose, ears and/or 
lips 

20 (1.9) 17.7 (0.9) 12.81% 0.042132 

Repair, complex, forehead, cheeks, chin, mouth, neck, axillae, 
genitalia, hands and/or feet; 1.1 cm to 2.5 cm-7.5cm 

33.9 (2.6) 37.3 (2) −9.16% 0.061549 

Adjacent tissue transfer or rearrangement, any area; defect 30.1–60.0 
cm2 

13.9 (0.6) 11.1 (1.3) 25.73% 0.011204 

Split-thickness autograft, trunk, arms, legs; first 100 cm2 or less, or 1% 
of body area of infants and children 

13.3 (0.1) 11 (0.9) 20.10% 0.005093 

Full-thickness graft, free, including direct closure of donor site, 
forehead, cheeks, chin, mouth, neck, axillae, genitalia, hands, 
and/or feet; 20 cm2 or less 

6.3 (0.9) 4.4 (0.4) 41.01% 0.003197 

Application of skin substitute graft to trunk, arms, legs, total wound 
surface area up to 100 sq cm, application of skin substitute graft to 
trunk, arms, legs, total wound surface area greater than or equal to 
100 sq cm 

12.3 (0.6) 9.9 (0.9) 24.68% 0.003493 

Muscle, myocutaneous, or fasciocutaneous flap; upper extremity 1.4 (0.3) 1.3 (0.2) 8.36% 0.577432 
Muscle, myocutaneous, or fasciocutaneous flap; lower extremity 3.7 (0.1) 3.7 (0.3) −0.61% 0.913985 
Muscle or myocutaneous free flap with microvascular transfer 2.8 (0.3) 2.1 (0.1) 34.36% 0.001079 
Excision, excessive skin and subcutaneous tissue (includes lipectomy); 

abdomen, infraumbilical panniculectomy 
6.1 (0.3) 6.2 (0.6) −2.46% 0.703413 

Excision, sacral pressure ulcer 2.2 (0.6) 1.5 (0.2) 43.99% 0.029862 
Facial nerve paralysis graft 2.1 (0) 1.8 (0.1) 17.75% 0.006303 
Limited pharyngectomy, reconstruction of pharyngeal wall closure 

with flap or flap with microvascular anastomosis, resection of lateral 
pharyngeal wall or pyriform sinus direct closure 

2.7 (0.4) 2.2 (0.4) 22.73% 0.098526 

Mammaplasty, augmentation; with prosthetic implant 4.3 (0.8) 4.1 (0.5) 5.35% 0.617271 
Mastopexy 5.3 (0.5) 5.8 (0.5) −8.80% 0.196518 
Reduction mammaplasty 12.3 (0.9) 10.4 (0.7) 18.03% 0.008987 
Prosthetic breast reconstruction 12.5 (0.1) 9.3 (0.7) 35.39% 0.000122 
Autologus breast reconstruction 3.5 (0.8) 2.9 (0.5) 19.93% 0.209513 
Revision of reconstructed breast 6.7 (0.7) 8.1 (0.7) −17.28% 0.022307 
Free flap procedures 7.3 (1.1) 5.6 (0.6) 30.30% 0.021516 
Pressure ulcer repair 2.2 (0.3) 1.8 (0.2) 19.20% 0.067430 
Incision, extensor tendon sheath, wrist (eg, de quervains disease) 5.4 (0.6) 4.9 (0.4) 11.16% 0.166190 
Open treatment of metacarpal fracture, single, includes internal 

fixation, when performed, each bone 
4.2 (0.2) 4.1 (0.5) 3.85% 0.622362 

Rhinoplasty, primary 7.1 (0.4) 4.8 (0.5) 45.64% 0.000304 
Neuroplasty, major peripheral nerve, arm or leg, open 7.4 (1.1) 5.8 (0.4) 28.99% 0.009368 
Neuroplasty and/or transposition; median nerve at carpal tunnel 45 (2.7) 38.2 (1.1) 17.74% 0.000834 
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Table 5 Seasonal mean procedural volumes per HCO and associated standard deviation (SD) over the aggregate March 2020 – May 2021 period (pandemic) and aggregate March 
2018 – February 2020 (pre-pandemic) period along with the change (in%) and statistical significance of the change (denoted by p- value). 

CPT CODES PANDEMIC VS PRE-PANDEMIC SEASONAL MEAN PROCEDURAL VOLUME PER HCO 

Pandemic Mean 
(SD) 

Pre-pandemic 
Mean (SD) 

Percent Change 
(%) P-value 

Debridement, muscle and/or fascia (includes epidermis, dermis, and 
subcutaneous tissue, if performed); first 20 sq cm or less 

23.28 (1.6) 21.80 (2.6) 6.81% 0.05478 

Debridement, bone (includes epidermis, dermis, subcutaneous tissue, muscle 
and/or fascia, if performed); first 20 sq cm or less 

11.02 (1.0) 11.60 (1.1) −4.93% 0.10593 

Excision, benign lesion including margins, except skin tag (unless listed 
elsewhere), trunk, arms or legs; excised diameter 1.1 to 2.0 cm 

14.82 (3.7) 17.76 (1.2) −16.56% 0.00082 

Excision, malignant lesion including margins, trunk, arms, or legs; excised 
diameter 1.1 to 2.0 cm, excision, malignant lesion including margins, trunk, 
arms, or legs; excised diameter 2.1 to 3.0 cm 

22.38 (4.7) 23.42 (2.4) −4.45% 0.36804 

Adjacent tissue transfer or rearrangement, eyelids, nose, ears and/or lips 16.62 (3.3) 18.16 (1.3) −8.47% 0.04801 
Repair, complex, forehead, cheeks, chin, mouth, neck, axillae, genitalia, 

hands and/or feet; 1.1 cm to 2.5 cm-7.5cm 

28.33 (4.9) 37.14 (2.4) −23.71% 5.9803E-09 

Adjacent tissue transfer or rearrangement, any area; defect 30.1–60.0 cm2 12.05 (2.1) 11.21 (1.2) 7.58% 0.11262 
Split-thickness autograft, trunk, arms, legs; first 100 cm2 or less, or 1% of body 

area of infants and children 
11.09 (1.6) 10.65 (1.0) 4.15% 0.30168 

Full-thickness graft, free, including direct closure of donor site, forehead, 
cheeks, chin, mouth, neck, axillae, genitalia, hands, and/or feet; 20 cm2 or 
less 

5.22 (1.0) 4.67 (0.5) 11.76% 0.03013 

Application of skin substitute graft to trunk, arms, legs, total wound surface 
area up to 100 sq cm, application of skin substitute graft to trunk, arms, 
legs, total wound surface area greater than or equal to 100 sq cm 

9.99 (1.5) 9.77 (0.9) 2.17% 0.58763 

Muscle, myocutaneous, or fasciocutaneous flap; upper extremity 1.64 (0.3) 1.46 (0.3) 12.31% 0.07588 
Muscle, myocutaneous, or fasciocutaneous flap; lower extremity 3.48 (0.4) 3.43 (0.4) 1.41% 0.70770 
Muscle or myocutaneous free flap with microvascular transfer 2.57 (0.4) 2.20 (0.3) 16.79% 0.00305 
Excision, excessive skin and subcutaneous tissue (includes lipectomy); 

abdomen, infraumbilical panniculectomy 
4.89 (1.2) 5.59 (0.6) −12.44% 0.02408 

( continued on next page ) 
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Table 5 ( continued ) 

CPT CODES PANDEMIC VS PRE-PANDEMIC SEASONAL MEAN PROCEDURAL VOLUME PER HCO 

Pandemic Mean 
(SD) 

Pre-pandemic 
Mean (SD) 

Percent Change 
(%) 

P-value 

Excision, sacral pressure ulcer 1.97 (0.6) 1.64 (0.8) 20.50% 0.15527 
Facial nerve paralysis graft 1.98 (0.4) 1.84 (0.3) 7.66% 0.25713 
Limited pharyngectomy, reconstruction of pharyngeal wall closure with flap or 

flap with microvascular anastomosis, resection of lateral pharyngeal wall or 
pyriform sinus direct closure 

2.30 (0.4) 2.22 (0.3) 3.69% 0.45566 

Mammaplasty, augmentation; with prosthetic implant 3.43 (0.7) 3.77 (0.7) −8.94% 0.13090 
Mastopexy 4.55 (1.1) 5.59 (0.6) −18.55% 0.00028 
Reduction mammaplasty 10.04 (2.6) 10.49 (0.9) −4.29% 0.43715 
Prosthetic breast reconstruction 9.91 (2.0) 9.55 (0.8) 3.76% 0.43957 
Autologus breast reconstruction 2.73 (0.7) 2.88 (0.4) −5.41% 0.36385 
Revision of reconstructed breast 6.76 (2.0) 8.62 (1.5) −21.56% 0.00183 
Free flap procedures 6.60 (0.8) 5.57 (0.6) 18.39% 5.304E-05 
Pressure ulcer repair 1.79 (0.3) 1.64 (0.3) 8.66% 0.13406 
Incision, extensor tendon sheath, wrist (eg, de quervains disease) 4.91 (0.8) 5.08 (0.5) −3.31% 0.42648 
Open treatment of metacarpal fracture, single, includes internal fixation, 

when performed, each bone 
4.10 (0.5) 4.32 (0.5) −5.13% 0.17642 

Rhinoplasty, primary 5.43 (1.5) 4.97 (0.7) 9.27% 0.21083 
Neuroplasty, major peripheral nerve, arm or leg, open 6.38 (1.1) 5.82 (0.5) 9.62% 0.03605 
Neuroplasty and/or transposition; median nerve at carpal tunnel 35.53 (9.4) 37.87 (2.4) −6.16% 0.25107 
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Fig. 1 This Figure illustrates the monthly procedural volume per HCO of all included procedures overlayed atop a bar graph 
tracking COVID-19 cases from January 2020 – May 2021. 
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nd reconstructive surgical care during the COVID-19 pan- 
emic. 
Following the initial procedural decline in spring 2020, 

his analysis demonstrates a gradual escalation in the num- 
er of cases performed across the country culminating in 
 compensatory increase in procedural volume compared 
o pre-pandemic levels witnessed in spring 2021 to ad- 
ress months of accrued backlogged cases. Furthermore, 
ncreases in specific procedural volumes represent the man- 
gement of backlog-associated financial impact. Besides the 
bvious decrease in billable relative value units, elective 
urgery backlogs have been associated with an extensive 
conomic impact in current literature 25–30 . 
Various interesting trends can be gleaned from the cur- 

ent analysis. The significant decrease in the mean revision 
f reconstructed breast procedures performed per HCO in 
pring 2021 demonstrates an immediate effect of changes in 
easonal operative volume per HCO. All breast reconstruc- 
ion operations decreased in seasonal mean frequency per 
CO in spring 2020. The decrease in breast reconstructions 
erformed during this time yields fewer possible cases for 
ubsequent revision of reconstruction. While other revision 
rocedures were not included in our investigation, this anal- 
sis suggests an analogous trend for other revisional opera- 
ions. 
When analyzed alongside new U.S. COVID-19 cases, our 

esults suggest an inverse relationship between new U.S. 
1494
OVID-19 cases and plastic and reconstructive surgery pro- 
edure volumes. Initial spring 2020 vol decreases likely stem 

rom the first rise in COVID-19 cases. Comparison of USA 
OVID-19 cases over time versus monthly total procedural 
olumes confirms this supposition ( Fig. 1 ). Winter 2020/2021 
eak caseload, however, coincided with an incremental in- 
rease in total plastic and reconstructive procedures. This 
uggests a combination of factors that influenced procedu- 
al volume including, though not limited to local, state, and 
ederal regulations, weather, social and political climate, 
nd general economic conditions. 
Overall, our findings imply that as we experience future 

aves of new cases alongside novel variant strains of COVID- 
9 (i.e., delta and lambda variants), healthcare organiza- 
ions will need to anticipate and prepare for seasonal vari- 
tion in procedural volume. These changes will likely fol- 
ow procedure-specific trends that track variation in new 

ases. This could change procedural and peri– and post- 
perative care protocols as well. As the pandemic contin- 
es, this could represent opportunities for the utilization of 
elemedicine and other remote care options. 
Our utilization of the TriNetX dataset posed several lim- 

tations to our study. By nature of the de-identified EHR, 
atient information regarding case complexity, emergence, 
nd severity were not available. Our data also could not be 
tratified geographically to assess mean procedural volume 
er HCO more accurately. Given the characteristically large 
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COs reporting EHR data, TriNetX data may also have un- 
djusted biases against smaller hospitals or individual prac- 
ices. Finally, our data may have been limited by confound- 
ng variables. For example, stay-at-home mandates may 
ave diminished traumatic injuries requiring plastic and re- 
onstructive repair. Given the limited duration and incon- 
istency of mandate enforcement, this effect is likely lim- 
ted to earlier in the course of the COVID-19 pandemic when 
andates were more restrictive. 
We suggest that future investigations should focus on the 

conomic and healthcare impacts of accumulated demand 
nd backlog for plastic and reconstructive care. Increases 
n spring 2021 procedural volume could potentially be asso- 
iated with deteriorations in surgical outcomes and patient 
uality and satisfaction measures. Investigation of these 
pecific protocols reveals improvements in safety and effi- 
iency necessary for the delivery of plastic and reconstruc- 
ive care in the era of COVID-19. These analyses may serve 
s guidelines for the plastic and reconstructive surgery com- 
unity in the event of subsequent pandemics of this mag- 
itude. Furthermore, by understanding backlogs created by 
educed surgical volume, astute clinicians can adjust their 
ractice to address the increased demand for various pro- 
edures. 

onclusion 

umming up, to our knowledge, the present study repre- 
ents the first study of its kind to define the effects of 
OVID-19 on plastic and reconstructive operational volume 
n a national level in the USA. We found statistically signif- 
cant decreases in common plastic and reconstructive surg- 
ries from March to May 2020 compared to pre-pandemic 
evels and a subsequent significant increase in volume from 

arch to May 2021 compared to pre-pandemic levels. 

eclaration of Competing Interest 

he authors have no conflicts of interest. 

thical approval 

ot required. 

unding Source 

one. 

eferences 

1. Kibbe MR. Surgery and COVID-19. JAMA 2020; 324 (12):1151–2. 
doi: 10.1001/jama.2020.15191 . 

2. American Heart Association. Hospitals and Health Systems Face 
Unprecedented Financial Pressures Due to COVID-19. https:// 
www.aha.org . [Accessibility verified November 2, 2021] 

3. American College of Surgeons. COVID-19: guidance for Triage of 
Non-Emergent Surgical Procedures. https://www.facs.org . [Ac- 
cessibility verified November 2, 2021] 
1495
4. Centers for Medicare & Medicaid Services. Non-Emergent, 
Elective Medical Services, and Treatment Recommendations. 
https://www.cms.gov . [Accessibility verified November 2, 
2021] 

5. American Medical Association. AMA praises the government 
on elective surgery guidelines during pandemic. https://www. 
ama-assn.org . [Accessibility verified November 2, 2021] 

6. Centers for Medicare & Medicaid Services. Medi- 
care Telemedicine Health Care Provider Fact Sheet. 
https://www.cms.gov . [Accessibility verified November 2, 
2021] 

7. The American Board of Surgery. COVID-19 Guidelines and 
Resources. https://www.absurgery.org . [Accessibility verified 
November 2, 2021] 

8. American Society of Plastic Surgeons. COVID-19 Statements. 
https://www.plasticsurgery.org . [Accessibility verified Novem- 
ber 2, 2021] 

9. McKinsey & Company. Cutting through the COVID-19 sur- 
gical backlog. https://www.mckinsey.com/industries/ 
healthcare- systems- and- services/our- insights/ . [Accessibility 
verified November 2, 2021] 

0. American Society of Plastic Surgeons. Important update to 
considerations for the continuation or resumption of elective 
surgery and visits. https://www.plasticsurgery.org . [Accessibil- 
ity verified November 2, 2021] 

1. Borrelli MR. What is the role of plastic surgery in global health?
A review. World J Plast Surg 2018; 7 (3):275–82. doi: 10.29252/ 
wjps.7.3.275 . 

2. Khullar D, Bond AM, Schpero WL. COVID-19 and the Finan- 
cial Health of US Hospitals. JAMA 2020; 323 (21):2127–8. doi: 10. 
1001/jama.2020.6269 . 

3. Weiss A.J. (Truven Health Analytics), Elixhauser A. (AHRQ), 
Andrews R.M. (AHRQ). Characteristics of operating room 

procedures in USA hospitals, 2011. HCUP Statistical Brief 
#170. February 2014. Agency Healthcare Res Qual, Rockville, 
MD. http://www.hcup-us.ahrq.gov/reports/statbriefs/sb170 
[Access verified November 2, 2021] 

4. Sarac BA, Schoenbrunner AR, Wilson SC, Chiu ES, Janis JE. 
The impact of COVID-19-based suspension of surgeries on plas- 
tic surgery practices: a survey of ACAPS members. Plast Re- 
constr Surg Glob Open 2020; 8 (8):e3119. doi: 10.1097/GOX. 
0000000000003119 . 

5. TriNetX LLC. Trinetx. Available at: https://www.trinetx.com . 
Published 2020. [Accessibility verified November 2, 2021] 

6. Singh D, Slavin BR, Holton T. Comparing surgical site occur- 
rences in 1 versus 2-stage breast reconstruction via federated 
EMR network. Plast Reconstr Surg Glob Open 2021; 9 (1):e3385. 
doi: 10.1097/GOX.0000000000003385 . 

7. Gupta N, Haglin JM, Marostica CW, Thornburg DA, Casey WJ 
3rd. Trends in medicare reimbursement for reconstructive plas- 
tic surgery procedures: 2000 to 2019. Plast. Reconstr. Surg. 
2020; 146 (1):1541–51. doi: 10.1097/PRS.0000000000006914 . 

8. Kaura AS, Berlin NL, Momoh AO, Kozlow JH. State variations in 
public payer reimbursement for common plastic surgery pro- 
cedures. Plast. Reconstr. Surg. 2018; 142 (6):1653–61. doi: 10. 
1097/PRS.0000000000005013 . 

9. Veith J, Collier W, Simpson A, et al. A comparison of common
plastic surgery operations using the NSQIP and TOPS databases. 
Plast Reconstr Surg Glob Open 2020; 8 (5):e2841. doi: 10.1097/ 
GOX.0000000000002841 . 

0. Siotos C, Cheah MA, Damoulakis G, et al. Trends of medicare 
reimbursement rates for common plastic surgery procedures. 
Plast. Reconstr. Surg. 2021; 147 (5):1220–5. doi: 10.1097/PRS. 
0000000000007878 . 

1. Samson B. The difficult clearance of the elective surgical back- 
log caused by the cancellation of cases due to the COVID- 
19 pandemic. Can J Anaesth 2021; 68 (6):932–3. doi: 10.1007/ 
s12630- 021- 01952- 0 . 
 

https://doi.org/10.1001/jama.2020.15191
https://www.aha.org
https://www.facs.org
https://www.cms.gov
https://www.ama-assn.org
https://www.cms.gov
https://www.absurgery.org
https://www.plasticsurgery.org
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/
https://www.plasticsurgery.org
https://doi.org/10.29252/wjps.7.3.275
https://doi.org/10.1001/jama.2020.6269
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb170
https://doi.org/10.1097/GOX.0000000000003119
https://www.trinetx.com
https://doi.org/10.1097/GOX.0000000000003385
https://doi.org/10.1097/PRS.0000000000006914
https://doi.org/10.1097/PRS.0000000000005013
https://doi.org/10.1097/GOX.0000000000002841
https://doi.org/10.1097/PRS.0000000000007878
https://doi.org/10.1007/s12630-021-01952-0


D. Mehrabian, I.Z. Liu, H.H. Pakhchanian et al. 

2

2

2

2

2

2  

2

2

3

2. Uimonen M, Kuitunen I, Seikkula H, Mattila VM, Ponki- 
lainen V. Healthcare lockdown resulted in a treatment back- 
log in elective urological surgery during COVID-19. BJU Int. 
2021; 128 (1):33–5. doi: 10.1111/bju.15433 . 

3. Hampton M, Riley E, Garneti N, Anderson A, Wembridge K. 
The orthopaedic waiting list crisis: two sides of the story. 
Bone & joint open 2021; 2 (7):530–4. doi: 10.1302/2633-1462.27. 
BJO- 2021- 0044.R1 . 

4. Marruzzo G, Redi U, Patanè L, et al. The effects of COVID-19 
pandemic on elective post-bariatric surgery waiting list: a sin- 
gle plastic surgery center investigation. Eur Rev Med Pharmacol 
Sci 2020; 24 (16):8580–2. doi: 10.26355/eurrev _ 202008 _ 22656 . 

5. Kaye AD, Okeagu CN, Pham AD, et al. Economic impact of 
COVID-19 pandemic on healthcare facilities and systems: in- 
ternational perspectives. Best Pract Res Clin Anaesthesiol 
2021; 35 (3):293–306. doi: 10.1016/j.bpa.2020.11.009 . 

6. Binder J, Brunner M, Maak M, et al. Ökonomische Auswirkung 
der COVID-19-Pandemie in der Allgemein- und Viszer- 
alchirurgie: ein Vergleich von Leistungs- und Erlösdaten 
zweier Kliniken aus Krankenhäusern unterschiedlicher Ver- 
1496
sorgungsstufen [Economic impact of the COVID-19 pandemic in 
general and visceral surgery: a comparison of performance and 
revenue data from two departments of hospitals with differ- 
ent levels of referral]. Chirurg 2021; 92 (7):630–9. doi: 10.1007/ 
s00104- 021- 01448- z . 

7. Bose SK, Dasani S, Roberts SE, et al. The cost of quarantine:
projecting the financial impact of canceled elective surgery on 
the nation’s hospitals. Ann. Surg. 2021; 273 (5):844–9. doi: 10. 
1097/SLA.0000000000004766 . 

8. Jain A, Jain P, Aggarwal S. SARS-CoV-2 impact on elective or- 
thopaedic surgery: implications for post-pandemic recovery. J 
Bone Joint Surg Am 2020; 102 (13):e68. doi: 10.2106/JBJS.20. 
00602 . 

9. Wiseman SM, Crump RT, Sutherland JM. Surgical wait list man- 
agement in Canada during a pandemic: many challenges ahead. 
Can J Surg 2020; 63 (3):E226–8. doi: 10.1503/cjs.006620 . 

0. Inglesby DC, Boyd CJ. Economic implications of the COVID-19 
pandemic on the plastic surgery community. J Plast Reconstr 
Aesthetic Surg 2020; 73 (7):1357–404. doi: 10.1016/j.bjps.2020. 
05.030 . 
 

https://doi.org/10.1111/bju.15433
https://doi.org/10.1302/2633-1462.27.BJO-2021-0044.R1
https://doi.org/10.26355/eurrev_202008_22656
https://doi.org/10.1016/j.bpa.2020.11.009
https://doi.org/10.1007/s00104-021-01448-z
https://doi.org/10.1097/SLA.0000000000004766
https://doi.org/10.2106/JBJS.20.00602
https://doi.org/10.1503/cjs.006620
https://doi.org/10.1016/j.bjps.2020.05.030

	Nationwide analysis of plastic and reconstructive procedural volume in the United States during the COVID-19 pandemic
	Introduction
	Materials and methods
	Results
	Spring 2020
	Summer 2020/ FALL 2020
	Winter 2020/2021
	Spring 2021

	Discussion
	Conclusion
	Declaration of Competing Interest
	Ethical approval
	Funding Source
	References


