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ABSTRACT

Objective: In this study we aimed to determine the effect of the COVID-19
pandemic on the delivery of care for thoracic surgical patients at an urban medical
center.

Methods: A retrospective analysis of all thoracic surgical cases from May 1, 2019, to
December 31, 2020, was conducted. Demographic characteristics, preoperative sur-
gical indications, procedures, final pathologic diagnoses, and perioperative out-
comes were recorded. A census of operative cases, relevant ancillary services,
and outpatient thoracic clinics were obtained from our institutional database.

Results: Six hundred nineteen cases were included in this study (329 pre-COVID-19
and 290 COVID-19, representing an 11.8% reduction). There were no differences in
type of thoracic procedures or perioperative outcomes among the 2 cohorts. Pro-
longed reduction of thoracic surgical cases (50% of baseline) during the first half of
the COVID-19 period was followed by a resurgence of surgical volumes to 110% of
baseline in the second half. A similar incidence of cases were performed for onco-
logic indications during the first half whereas more benign cases were performed in
the second half, coinciding with the launch of our robotic foregut surgery program.
After undergoing surgery during the pandemic, none of our patients reported
COVID-19 symptoms within 14 days of discharge.

Conclusions: During the initial surge of COVID-19, while there was temporary
closure of operative services, our health care system continued to provide safe
care for thoracic surgery patients, particularly those with oncologic indications.
Since phased reopening, we have experienced a rebound of surgical volume and
case mix, ultimately mitigating the initial negative effect of the pandemic on delivery
of thoracic surgical care. (JTCVS Open 2022;10:456-68)
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Phased-re-opening during the COVID-19 pandemic allowed for rapid recovery of
surgical volumes.

Thoracic Surgery Cases Health System Total Surgical Cases Health System Surgical Inpatient Cases

Phased reopening in the COVID-19 pandemic al-
lowed for rapid recovery of surgical volume at the
University of Miami Medical Center.
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Conforming to guidelines estab-
lished by surgical societies and
the health system allowed for
safe delivery of care for thoracic
surgical patients during the
COVID-19 pandemic with mini-
mal disruption.
PERSPECTIVE
This study demonstrates expedient preparation
and deployment of protocols that aimed to
reallocate resources and minimize the risk of
SARS-CoV-2 transmission enabled the continuity
of high-quality and safe delivery of care, at reduced
capacity. Phased reopening of surgical care, corre-
sponding with the regional COVID-19 burden and
available health system resources, mitigated the
initial adverse effects of the pandemic.

See Commentary on page 469.
Video clip is available online.
The rapid emergence and spread of SARS-CoV-2, which

causes COVID-19, overwhelmed entire health care systems
in the United States and worldwide in the beginning of
2020. On March 11, 2020, the World Health Organization
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To view the AATS Annual Meeting Webcast, see the
URL next to the webcast thumbnail.

Abbreviations and Acronyms
CT ¼ computed tomography
PFT ¼ pulmonary function test
PPE ¼ personal protective equipment
RT-PCR ¼ reverse transcription polymerase chain

reaction
R-VATS ¼ robotic thoracoscopic surgery
VATS ¼ video-assisted thoracoscopic surgery
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declared COVID-19 a global pandemic.1 The spectrum of
clinical manifestations of this airborne infection range
from no symptoms to rapidly progressive severe respiratory
failure with high morbidity and mortality.2,3 The first line of
defense included limiting spread via social distancing and
personal protection using face masks. Health care workers
used the N95 respirator.4 Initially, personal protective
equipment (PPE) was in short supply, and rapid, accurate
diagnostic tests were being developed with sparse testing
center capabilities.5 Because of the many unknowns and
the profound, devastating effect of SARS-CoV-2 to the
Northeast United States, drastic actions were rapidly imple-
mented nationwide to reallocate medical resources to pre-
pare for the inevitable future waves of COVID-19.

Hospital systems developed plans and new polices to
limit admissions and elective surgical procedures to main-
tain inpatient bed availability for COVID-19 patients, to
ensure a safe work environment for staff, and to preserve
precious, limited PPE.6,7 Leading professional surgical or-
ganizations provided guidelines to assist medical centers
and surgeons in triaging surgical cases.8-10 Surgical care
was rationed and nonemergent cases were postponed,
with a focus on life-saving operations, particularly those
for neoplasms.8,11 At baseline, the lung cancer population
is highly vulnerable, with an increased risk for morbidity
and mortality from COVID- 19 because of their innate char-
acteristics, including cardiovascular and pulmonary comor-
bidities, and immunocompromised state secondary to
cancer treatment.12-16 Moreover, surgical procedures of
the aerodigestive tract, notably head and neck cancer
cases, esophagectomies, and pulmonary resections impart
an additional risk for health care providers, particularly
for anesthesiologists and the surgical team.16-18

The University of Miami Health System is an academic
tertiary care center serving large counties of South Flor-
ida, including Miami-Dade, Broward, and the Florida
Keys. In conjunction with the state health department,
we implemented a systematic closure of elective,
nonessential surgical procedures and ancillary services
in mid-March of 2020 in preparation for the first wave
of SARS-CoV-2 projected to reach South Florida in April
and May 2020.19 Patients scheduled to undergo surgical
procedures were required to have a negative SARS-CoV-
2 reverse transcription polymerase chain reaction (RT-
PCR) nasopharyngeal swab within 48 hours of the proced-
ure. We started a deliberate phased reopening starting in
June 2020, as described,20,21 allowing properly triaged
elective surgical cases to proceed and remain fully opera-
tional while weathering the second and third surges of
SARS-CoV-2, which began in July and October 2020,
respectively (Figure 1).22

We sought to determine the effect of the COVID-19
pandemic, including the closure of surgical services to
ration resources, on the delivery of thoracic surgical care.
We aimed to survey the effect of the pandemic on our sur-
gical volume and case composition, and ultimately deter-
mine if such restrictions of care affected surgical outcomes.
METHODS
Data Collection and Outcome Metric Measurements

We performed a retrospective review of our prospectively maintained

database and the electronic medical record, Epic Systems Corporation,

for patients who received thoracic operations at the University of Miami

Health System from May 1, 2019, to December 31, 2020. An institutional

review board approval with a waiver of patient consent requirement was

obtained (number 20210242; date of approval: March 17, 2021). The

following information was acquired for each patient: demographic charac-

teristics (age, gender), thoracic surgical procedure approach (sternotomy,

thoracotomy, video-assisted thoracoscopic surgery [VATS], robotic thora-

coscopic surgery [R-VATS]), surgical procedure performed (lung resec-

tions [ie, pneumonectomy, lobectomy, segmentectomy, wedge resection];

mediastinal procedures [ie, resection of mediastinal tumors, thymectomy,

neurogenic tumors, pericardial window, diaphragmatic plication]; pleural

procedures [ie, pleurodesis, pleurectomy]; benign foregut procedures [ie,

for achalasia, gastroesophageal reflux disease, hiatal hernia]), preoperative

indications for the operation (benign vs malignant), pathologic diagnosis

(benign vs malignant), in-hospital and 30-day postoperative morbidity/

mortality (Clavien–Dindo classification), and length of hospital stay. The

number of inpatient, outpatient, and overnight admission operations, as

well as outpatient clinic visits (new, follow-up, postoperative), diagnostic

radiology procedures such as positron emission tomography/computed to-

mography (CT) scan and chest CT, and pulmonary function test (PFT) were

derived from the health care system central database. Data collected from

March 1, 2020, to December 31, 2020 formed the COVID-19 group, which

was further subdivided into two 5-month periods (March 1, 2020, to July

31, 2020, and August 1, 2020, to December 31, 2020), representing the first

wave and the subsequent second and third waves, respectively. Clinical

data collected from the preceding 10 months (May 1, 2019, to February

28, 2020) served as the historic control. Surgical cases, procedures, and

thoracic clinic visits for each month throughout the study period were

calculated as percentages of the respective average of monthly numbers

of the 2019 calendar year. Within a month of the first pandemic surge,

our outpatient thoracic clinic transitioned to telemedicine encounters

(including new patient, follow-up, and postoperative visits). All patients

in the COVID-19 group who underwent a procedure were required to reply

to a questionnaire on postdischarge COVID-19 symptoms, which included

fever, cough, shortness of breath, and loss of taste or smell, or confirmed

COVID-19 infection at subsequent clinical encounters, including for
JTCVS Open c Volume 10, Number C 457
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FIGURE 1. Daily trends of confirmed COVID-19 positive cases in Miami-Dade County and the State of Florida. The red line represents the 7-day moving

average. Data from the CDCData COVID-19 Tracker (https://covid.cdc.gov/covid-data-tracker/#trends_dailytrendscases).COVID-19, Coronavirus disease-19.
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telehealth visits, for up to 1 month postprocedure.23 Any postprocedure

COVID-19 testing result in our health system was obtained.

Statistical Analysis
Statistical analysis of categorical variables, expressed as percentages

and frequencies, were analyzed using Fisher exact test. Nonparametric

continuous variables, expressed as median and interquartile range, were

compared using the Mann–Whitney U test. Statistical analysis was per-

formed with GraphPad software.
RESULTS
A total of 619 thoracic surgical cases (610 patients) were

performed over the 20-month study period; 329 procedures
TABLE 1. Total thoracic surgical cases

Pre-COVID-19

(May 1, 2019 to

February 28,

2020)

COVID-19

(March 1, 2020 to

December 31,

2020)

%

Change

Total cases 329 290 �11.80

Thoracotomy 55 35 �36.4

VATS 62 55 �11.3

Robotic VATS 212 200 �5.6

% Preoperative

oncologic

indication

78.70 75.50 P ¼ .47

COVID-19

symptoms

noted on

postoperative visit

N/A 0

COVID-19, Coronavirus disease-19; VATS, video-assisted thoracoscopic surgery;

N/A, not applicable.
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in the pre-COVID-19 control group (May 1, 2019, to
February 28, 2020), and 290 procedures in the COVID-19
group (March 1, 2020, to December 31, 2020) representing
a cumulative 11.8% reduction in case volume (Table 1). To
date, of the patients admitted for thoracic surgical opera-
tions, none reported SARS-CoV-2 symptoms or infection
within 14 days of discharge from the hospital. Figure 2, A
shows the effect of the pandemic and hospital closure on
thoracic surgical cases, inpatient cases, and all surgical pro-
cedures over the 10-month period with the preceding
10 months serving as a historical control. There was a dra-
matic but rapid recovery of total and inpatient cases per-
formed, with the nadir in April 2020, of approximately
22% of historic control. Although total cases performed re-
turned to baseline values within 2 months, inpatient surgical
volumes only reached 85% to 90% of expected control.
Thoracic surgery volume, which reflects inpatient-only
cases, was decreased to 50% to 60% of baseline during
the first wave (March 2020 to July 2020) but rebounded
to be consistently 110% to 120% of baseline volume during
the second and third waves (August 2020 to December
2020). The overall reduction in thoracic cases for the entire
10-month period during the pandemic was 11.8%. Figure 2,
B provides a granular analysis of the pandemic’s effect on
surgical volumes of 6 representative surgical service lines
in addition to thoracic surgery. All surgical services, except
for surgical oncology, experienced a sharp decline of same-
day-admit surgical cases in April 2020, and returned to
baseline in June 2020; full recovery of thoracic surgical vol-
umes occurred only in August of 2020. Figure 2, C shows
the effect of the COVID-19 pandemic on outpatient thoracic

https://covid.cdc.gov/covid-data-tracker/#trends_dailytrendscases
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FIGURE 2. A, There was a 5-month reduction in thoracic surgical volume at the beginning of the COVID-19 pandemic in south Florida, with monthly

caseloads approximately 50% of the pre-COVID-19 period volume. This was followed by a robust recovery of monthly surgical volume averaging

110% of pre-COVID-19, starting in August 2021. This is in contrast with the profound (averaging 30% of pre-COVID-19 monthly volume) but very brief

(2 months) reduction of overall surgical caseload of the entire health system. B, Detailed analysis of the effect of operative service closures on 6 represen-

tative surgical subspecialties (colorectal surgery, head-neck oncology surgery, surgical oncology, neurological surgery, vascular surgery, cardiac surgery) in

addition to thoracic surgery. Similar to thoracic surgery, the cardiac surgery service had a rather protracted course to full recovery whereas other service lines

fully recovered by June 2020. C, The effect of COVID-19 on University of Miami Health System thoracic surgery cases compared with thoracic surgery
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clinics, diagnostic radiology imaging services, and PFT vol-
umes. Initially, outpatient thoracic clinics experienced a
decline in the total number of postoperative visits in the
COVID-19 cohort, however with telehealth encounters,
there was a rapid rebound to baseline values. Imaging ser-
vices and outpatient clinic activities returned to baseline af-
ter a 3-month delay whereas the pulmonary function
laboratory experienced a longer reduction of services for
nearly 7 months.

Detailed analysis of the effect of the pandemic on
thoracic surgery surgical volumes and case composition
are shown in Tables 2 and 3. Although fewer thoracotomies
were performed during the pandemic, the 2 cohorts were
comparable in terms of preoperative oncologic indications,
proportion of cases for lung cancer and other intrathoracic
malignancies, postoperative outcomes, and hospital length
of stay (Table 2). For non–small cell lung cancers with
curative-intent thoracotomy, there was no difference in tu-
mor sizes or stage 1A to 2B; there were more stage 3 and
4 patients in the COVID-19 cohort (46.7% vs 29.4% of
the pre-COVID-19 group; P < .01). There were more
anatomic resections, largely lobectomies, performed during
the pandemic (57% vs 34.5%; P¼ .05). There were 2 mor-
talities after thoracotomy pulmonary resections for locally
advanced primary lung cancer during the pandemic cohort,
tpatient clinics, diagnostic radiology, nuclear medicine, and pulmonary functio

ocedures, and thoracic clinic visits for each month throughout the study perio

mbers of the 2019 calendar year. COVID-19, Coronavirus disease-19; CT, com

460 JTCVS Open c June 2022
compared with zero in the historical control. These mortal-
ities were unrelated to the COVID-19 pandemic and were
not attributed to lack of intensive care resources. One pa-
tient suffered irreversible left ventricular outflow tract
obstruction due to known idiopathic hypertrophic subaortic
stenosis. The second mortality was due to multiorgan fail-
ure after a lobectomy and chest wall resection in a patient
with a previous, remote contralateral lung lobectomy for a
metachronous non–small cell lung cancer. There was no
meaningful difference in the in-hospital and 30-day compli-
cation rates and mortality among the 2 cohorts; there were
few grade 1 to 2 complications noted within 30 days of
the operation that occurred after discharge from the hospi-
tal. Fewer VATS cases were performed during the pandemic
(55 vs 62 cases) representing an 11.3% decrease. The indi-
cations for VATS cases were similar among the 2 cohorts,
with a preoperative oncologic indication of 62% versus
64.5% for the COVID-19 and control groups, respectively.

A total of 412 R-VATS procedures were performed over
the 20-month study period, 212 cases prepandemic with a
monthly average of 21 cases, and 200 cases during the
pandemic, representing a 5.6% decrease in volume. The
most significant reduction occurred during the first
5 months, the first wave of the pandemic, with only 65 cases
performed, averaging 12 cases per month. However, this
n laboratory for pre-COVID-19 and COVID-19 cohorts. Surgical cases,

d were calculated as percentages of the respective average of monthly

puted tomography; PET, positron emission tomography.



TABLE 2. Total thoracotomy cases before and during COVID-19 pandemic

Pre-COVID-19 (n ¼ 55) During COVID-19 (n ¼ 35) P value

Age (range), years 60 (47-66) 62 (43-67)

Male/female 35/20 24/11

Preoperative oncologic

indication, n (% of total)

43 (78.2) 29 (82.8) .32

Pathologic diagnosis of

malignancy, n (% of total)

43 29

Thoracic malignancies, n 43 29

Primary lung cancer

(n, % malignant cases)

16 (37.2) 15 (51.7) .22

T, n (%)

T1 2 (12.5) 2 (13.3)

T2 6 (37.5) 5 (33.3)

T3 6 (37.5) 4 (26.6)

T4 2 (12.5) 4 (26.6)

Pathologic stage, n (%)

0-1 4 (25.0) 3 (20.0) .74

2 A/B 7 (43.7) 5 (33.3) .19

3-4 5 (29.4) 7 (46.7) .01

Secondary lung cancer and

other neoplasms

26 (60.5) 14 (48.3)

Anatomic lung resections, n

(% of total)

19 (34.5) 20 (57.1) .05

LOS (range), days 7 (3.5-20.5) 4 (3.5-7.5) .39

Complications

(Clavien–Dindo), n

In-hospital 30-Day In-hospital 30-Day

0 12 10 13 12 1.00

1-2 3 5 4 5

3-4 4 4 1 1

5 0 0 2 2

Wedge resection, mediastinal-

pleural procedures, n (%

of total)

36 (65.4) 15 (42.8)

LOS (range), days 8 (3-13) 5 (4-8.7) .81

30-Day complications

(Clavien–Dindo), n

In-hospital 30-Day In-hospital 30-Day

0 25 23 10 9 1.00

1-2 7 8 1 2

3-4 3 4 3 3

5 1 1 1 1

Data in bold reflect a P value<.05. COVID-19, Coronavirus disease-19; LOS, length of stay.

Nguyen et al Thoracic: Perioperative Management
downward trend was reversed when the University of
Miami Health System went through a rapid phased reopen-
ing beginning in June to August 2020. There were 135 cases
completed in second/third COVID-19 waves, averaging 27
cases per month, which represents a 28% increase above
the monthly baseline of R-VATS in the prepandemic control
cohort. Table 3 provides a detailed analysis of the case
composition, indications for surgical interventions, final
pathologic diagnosis, incidence of lung cancer, and other
thoracic malignancies as well as postoperative outcomes
of R-VATS cases. During the pandemic there was a lower
incidence of preoperative oncologic indication (62% vs
86%; P < .01) and postoperative diagnosis of cancer
(62% vs 75.9%; P < .01) in R-VATS cases performed.
Further subgroup analysis of the pandemic cohort showed
that in the first 5 months of the pandemic (March to July,
2020) the incidence of preoperative oncologic indication
(85% vs 86%; P¼ .34) and postoperative diagnosis of ma-
lignancy (67.7% vs 75.9%; P ¼ .19) were similar. In the
second 5 months of the pandemic (August to December,
2020), fewer R-VATS were performed for oncologic indica-
tions and there were more foregut procedures (25 cases),
coinciding with the launch of our robotic foregut surgery
program. Furthermore, by excluding the 28 benign foregut
JTCVS Open c Volume 10, Number C 461



TABLE 3. Total robotic thoracoscopy cases before and during COVID-19 pandemic

May 1, 2019 to

February 28,

2020 (n ¼ 212)

March 1, 2020 to

December 31,

2020 (n ¼ 200)

P

value

March 1, 2020 to

July 31, 2020;

first COVID-19

wave (n ¼ 65)

August 1, 2020 to

December 31, 2020;

second and third

COVID-19 waves

(n ¼ 135)

P value first

wave vs

pre-COVID-19

Median age (IQR), years 63 (54-70) 63 (54-71) 63 (55-73) 63 (54-71)

Male/female, n 82/130 81/119 34/31 47/88

Preoperative oncologic indication,

n (% of total)

180 (86) 144 (72) <.01

Pathologic diagnosis of

malignancy, n (% of total)

161 (75.9) 124 (62) <.01 44 (67.7) 80 (59.2) .19

Thoracic malignancies, n (% of total

cases)

161 (75.9) 124 (62.0) 44 (67.7) 80 (59.2)

Primary lung cancer, n (% thoracic

malignant cases)

91 (56.5) 75 (60.4) .54 27 (61.5) 48 (60.0)

T, n (% of primary lung cancer)

T0 (post induction) 0 3 (4.0) 2 1

T1a 16 (17.6) 12 (16.0) .78 3 (0.07) 9 (0.02)

T1b 21 (23.1) 17 (22.7) .98 3 (0.11) 14 (0.19)

T1c 12 (13.2) 11 (14.7) .78 3 (0.11) 8 (0.29)

T2a 11 (12.1) 17 (22.7) .07 8 (0.30) 9 (0.19)

Pathologic stage, n (%)

0-1A/B 63 (69.2) 60 (80.0) .11 19 (70.4) 41 (85.4)

2A/B 11 (12.1) 6 (8.0) .38 4 (14.8) 2 (4.1)

3-4 17 (18.6) 9 (12.0) .24 4 (14.8) 5 (10.4)

Secondary lung cancer, n (%

thoracic malignant cases)

58 (36.0) 36 (29.0) .34 14 (31.8) 22 (27.5)

Mediastinal/pleural cancers, n (%

of thoracic malignant cases)

12 (7.4) 13 (10.1) 3 (6.8) 10 (12.5)

Foregut procedures, n (% of total

cases)

2 (0.9) 28 (14) N/A 3 (4.6) 25 (18.5)

Types of procedures

Lung resection, n (% of cases) 159 (75) 136 (68) .12 50 (79) 86 (63.7)

Anatomic resection,

n (% of lung resections)

74 (46.5) 76 (55.9) .13 30 (60.0) 46 (53.5) .17

Median LOS (range), days 2.5 (2-3) 2 (2-3) .03 2 (1-3) 2 (1-3)

Complications (Clavien–

Dindo)

In-hospital 30-Day In-hospital 30-Day

0 70 68 70 69 1.00 29 42

1-2 2 2 5 6 1 2

3-4 2 4 1 1 0 2

5 0 0 0 0 0 0

Wedge resection, n (% of lung

resections)

85 (53.4) 60 (44.1) 20 (40.0) 40 (46.5)

Median LOS (range), days 1 (1-2) 1 (1-2) .70 1 (1-2) 1 (1-2)

Complications (Clavien–

Dindo)

In-hospital 30-d In-hospital 30-d

0 79 77 55 55 1.0000 18 37

1-2 4 6 2 2 1 1

3-4 2 2 3 3 1 2

5 0 0 0 0 0 0

Mediastinal; pleural procedures,

n (% of cases)

51 (24.0) 36 (18.0) .15 12 (18.4) 24 (17.8)

Median LOS (range), days 1 (1-3) 1 (1-2) .47 1 (1-2) 1 (1-2.7)

(Continued)

462 JTCVS Open c June 2022

Thoracic: Perioperative Management Nguyen et al



TABLE 3. Continued

May 1, 2019 to

February 28,

2020 (n ¼ 212)

March 1, 2020 to

December 31,

2020 (n ¼ 200)

P

value

March 1, 2020 to

July 31, 2020;

first COVID-19

wave (n ¼ 65)

August 1, 2020 to

December 31, 2020;

second and third

COVID-19 waves

(n ¼ 135)

P value first

wave vs

pre-COVID-19

Complications (Clavien–

Dindo)

In-hospital 30-d In-hospital 30-d

0 51 51 36 35 1.00 12 24

1-2 0 0 0 1 0 0

3-4 0 0 0 0 0 0

5 0 0 0 0 0 0

Foregut procedures, n (% of

cases)

2 (0.9) 28 (14) N/A 3 (4.6) 25 (18.5)

Median LOS (range), days 1 (1-1.5) 2 (2-2) 1 (1-1)

Complications (Clavien–

Dindo)

In-hospital 30-d In-hospital 30-d

0 2 27 27 3 24

1-2 0 1 1 0 1

3-4 0 0 0 0 0

5 0 0 0 0 0

Data in bold reflect a P value<.05. COVID-19, Coronavirus disease-19; IQR, interquartile range; N/A, not applicable; LOS, length of stay.

Nguyen et al Thoracic: Perioperative Management
cases in the COVID-19 cohort, there were 172 total intra-
thoracic cases, with the incidence of preoperative oncologic
indication in 144 of 172 cases (83.7%) and the pathologic
diagnosis of malignancy in 124 of 172 cases (72.1%), com-
parable with the pre-COVID-19 group. There was no differ-
ence in the T stages and the final pathologic stages of non–
small lung cancer or in postoperative in-hospital and 30-day
complications among the pre-COVID-19 and COVID-19
cohorts (Table 3).

DISCUSSION
The consequences of the COVID-19 pandemic world-

wide have been immense, with uncertain long-term impli-
cations, especially for oncology patients, and a varying
degree of ramifications for years to come.24-26 Although
our thoracic service did experience a decrease in the
number of procedures performed during the pandemic, the
overall reduction in case volume was only 11%, with no
real effect on the delivery of care for patients with
thoracic malignancies. The initial surge of COVID-19 tran-
siently affected our surgical services in general and with a
slightly longer delay for thoracic surgery. We were able to
rapidly recover, and even to overperform during the subse-
quent waves of the pandemic.

Much has been written from centers around the world on
the effect of the COVID-19 pandemic on the delivery of sur-
gical care, with particular attention on the effect of treat-
ment delay for patients with primary cancers of the
lung.24-37 A delay of more than 8 weeks, from the initial
diagnosis of cancer to definitive treatment, has been
associated with worse outcomes for primary lung
cancer.35 Certainly, the effect of surgical treatment delay
is more critical for locally advanced primary cancer patients
receiving multimodal therapy, whereas postponing immedi-
ate resection is considered more acceptable for T1 partial
solid ground-glass opacity tumors.35We observed that there
was a small difference in the T status (slightly more T2a in
the COVID-19 robotic cohort; P ¼ .07) and pathologic
stage of primary lung cancer undergoing robotic resections.
Of note, there were more advanced, stage 3 to 4, patients
who underwent thoracotomies during the COVID-19
pandemic (46% vs 29%; P < .01 according to c2 test).
This might serve as a surrogate indicator that there was
no delay in the care of early-stage lung cancer patients
and expedited use of thoracotomies during the pandemic
for locally advanced lung cancer. A more comprehensive
investigation using a larger patient cohort such as the Soci-
ety of Thoracic Surgeons General Thoracic Surgery Data-
base or the National Cancer Database over a longer
period of time would provide more definitive answers
regarding the effect of COVID-19 on lung cancer care
and outcomes. We did not change our practice managing
fluorodeoxyglucose-avid peripherally located solid or part
solid lesions that are amenable to intraoperative wedge
resection for intraoperative tissue diagnosis and immediate
therapeutic pulmonary resection if proven malignant. We
do not routinely obtain preresection tissue diagnosis using
transthoracic needle aspirate/biopsy or using navigational
bronchoscopy and transbronchial biopsy. The false positive
rates were not meaningfully different between the 2 cohorts
(19 of 180 cases—10.6% of the pre-COVID-19 group, and
20 of 144 cases—13.8% of the COVID-19 group; P ¼ .37)
and these values are slightly lower than the false positive
rate of 16% as previously reported.38 Fewer thoracotomies
JTCVS Open c Volume 10, Number C 463
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were performed in the COVID-19 period, attributed to a
self-imposed suspension of radical lung-sparing pleurec-
tomy for early-stage mesothelioma and pulmonary decorti-
cations for complex pleural effusions unless empyema with
lung trapping was present. Our thoracic surgery staff
(attending surgeons, trainees, and advanced nurse practi-
tioners) were not redeployed to other essential “front-
line” services (intensive care unit, emergency department,
COVID-19 unit); thus, there was minimal disruption of pa-
tient care.

Early in the pandemic, the focus was aimed to preserve
and reallocate essential resources in anticipation for the first
wave of COVID-19 reaching the Southeastern United
States. Care components, such as outpatient clinic visits,
were not heavily affected by the pandemic with the rapid
implementation of telemedicine. Other ancillary services
such as diagnostic radiology, which provided facilities for
CT or positron emission tomography/CT, reopened with
proper social distancing and basic PPE practice. Mean-
while, the total volume of PFT and invasive pulmonary
diagnostic procedures such as endobronchial ultrasound
and bronchoscopy, were severely affected; the “aerosol-
ized” nature of the procedures required a negative SARS-
CoV-2 RT-PCR nasopharyngeal swab before access to these
464 JTCVS Open c June 2022
services. Initially there was limited availability and accu-
racy of COVID-19 tests, which only became readily avail-
able at our institution in July 2020, thus explaining the
prolonged reduction of PFT capability.39 Phased reopening
of operative services began in late May 2020, guided by the
implementation of predictive models to estimate COVID-
19 cases in upcoming weeks.20 Using these models, the
following practices were implemented: adaptive alignment
of resources commensurate with real-time COVID-19 and
non-COVID-19 clinical needs, segregation of COVID-19
cases from the rest of the general patient population (hospi-
tal-in-a-hospital model), stringent preventive measures
(PPE utilization, social distancing, and preadmission RT-
PCR nasopharyngeal swabs for all patients requiring admis-
sion), coordination of care delivery by observing directives
from state and county public health departments, and regu-
lar updates of hospital staff regarding hospital resources and
COVID-19 volumes. This adaptive realignment of re-
sources via the predictive model projections of COVID-19
cases allowed supply chain teams to adjust PPE alloca-
tion/procurement in real time and anticipate the number
of beds, particularly negative-pressure rooms to accommo-
date COVID-19 admissions. Bed reallocations affected the
hospital’s overall capacity to carry out elective surgical
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sures, and applying predictive models to estimate COVID-19 admission and resource availability, which leads to phased reopening of surgical services.

COVID-19, Coronavirus disease-19.
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cases. The predictivemodel allowed estimation of operating
room capacity and the type of case -mix to avoid last-minute
cancellations. Thus, the operating room capacity was
constantly adjusted on the basis of our functional predictive
model to maximize utilization and minimize last-minute
postponements. This data-driven management of hospital
function allowed us to acutely deal with COVID-19 admis-
sions and simultaneously provide necessary care to our pa-
tients with urgent needs, and allow safe phased reopening of
all surgical specialties. Elective overnight admissions and
outpatient procedures were the first to be reinstituted, fol-
lowed by complex, in-hospital procedures when hospital re-
sources and SARS-CoV-2 testing capability became readily
available. This allowed for a faster recovery of overall sur-
gical volume with inpatient procedures and total surgical
cases approaching 80% to 100% of baseline by June
2020. This trend, however, was not observed for thoracic
cases. Possible causes for the prolonged reduction in
thoracic case volume during the first wave of the pandemic
(March 2020 to July 2020) include: reduction of ancillary
services (eg, our pulmonary function laboratory), diag-
nostic tests (interventional radiology transthoracic biopsy
or interventional bronchoscopy), patient reluctance to be
admitted, postponed nonurgent cases, and a temporary
pause of thoracic case referrals.
During the second and third waves (August 2020 to

December 2020), our thoracic surgical service functioned
at, and even above, pre-COVID-19 volumes, with a larger
proportion of benign pathologies in the case composition
(Figure 3). This reflects improved resource management
and allocation of care and a potential backlog of patients
with benign thoracic conditions who were deemed none-
mergent in the first wave. Furthermore, the increased surgi-
cal performance of the thoracic service also coincided with
the launch of our robotic benign foregut surgery program in
Fall 2020. Not only was our thoracic surgery service able to
recover to levels above our pre-COVID-19 baseline, despite
a much larger second wave volume of COVID-19 patients,
we were able to expand to address local demand and
manage benign foregut diseases. Strict enforcement of
JTCVS Open c Volume 10, Number C 465



VIDEO 1. Author discussion of study and clinical relevance in the context

of the COVID-19 pandemic. Video available at: https://www.jtcvs.org/

article/S2666-2736(22)00064-X/fulltext.
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precautionary measures enabled us to provide care without
an increased risk to patients or providers; throughout the
entire study period duration, none of the patients reported
COVID-19 symptoms within 14 days of discharge and no
thoracic surgical team members tested positive for SARS-
CoV-2 according to RT-PCR testing.

Only careful surveillance and systematic population-
based epidemiologic studies in the future will reveal the
short-and long-term effect of the COVID-19 pandemic on
cancer care.15 Lung cancer is the second most common can-
cer and is the most common cause of cancer-related death in
the United States.40 The long-term adverse effect of the
pandemic on lung cancer detection and treatment outcomes
is conceivably significant. Early-stage lung cancers are
mainly detected in thoracic imaging studies (ie, lung cancer
screening or an incidental finding).27 The delay in imaging
ancillary services, coupled with deferred new patient enroll-
ment and postponed repeat annual lung cancer screening
might contribute to a rift in the cancer diagnosis balance,
with some institutions reporting a decrease in primary can-
cer diagnoses whereas others report an increase in lung can-
cer mortality.24,25,27-29 This was further exacerbated by fear
of contracting COVID-19, leading to fewer symptomatic
patients seeking medical treatment and increased cancel-
ation and no-show rates for appointments and procedures.27

There are several limitations to consider. We have reported
the results of our retrospective, observational study from a
single institutional experience, which might prevent the
generalizability of our findings. Analysis was performed us-
ing a historical control (the preceding 10 months before the
COVID-19 pandemic), which might not be directly compara-
ble, and the observed difference might be because of an un-
measurable or unknown variable not related to the
pandemic. We report in-hospital and 30-day morbidity and
mortality. Long-term follow-up was not the main objective
of this observational study intended to document the immedi-
ate effect of hospital and operative service closure on surgical
466 JTCVS Open c June 2022
volume and short-term postoperative outcomes. Finally, pa-
tients might have presented to outside facilities, not reported
to our service care providers during in-person or virtual clinic
visits, which is not included in the data analysis.

CONCLUSIONS
In summary, one can safely operate on thoracic surgical

patients during a pandemic by following appropriate proto-
cols incorporating public health measures and applying pre-
dictive models to estimate COVID-19 admission and
resource availability, leading to phased-reopening of surgi-
cal services (Figure 4). We discuss the relevance of our
study in the broader societal context (Video 1). Although
the negative consequences of the COVID-19 pandemic
are immense and the future has yet to reveal its entire effect
and long-term outcomes, the lessons we learned at the Uni-
versity of Miami, as a society, and as a health care system
are extremely valuable. In the face of potential future
pandemic surges or other global health system crises, we
are prepared to respond more efficiently and rapidly with
policies in place, to guide systematic resource allocation,
workplace safety, and prioritization of care for the most
vulnerable patient populations. For our thoracic surgery ser-
vice, although COVID-19 might have initially slowed our
case volume, the overall effect of COVID-19 was minimal,
and we were able to quickly respond, adjust, adapt, and
safely provide high-level quality care, for benign andmalig-
nant thoracic pathologies.

Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/
media/21%20AM/AM21_TH07/AM21_TH07_1.mp4.
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Dr Szewczyk, I want to congratulate
you and your colleagues on a very
nice presentation. This is a very timely
paper. Also, I want to thank you for
sending a draft of the manuscript in
advance. As we all experienced, the
spring and fall of 2020 was a chal-

lenging time for surgeons and patients alike. This time
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extent of the pandemic at our hospitals and within our com-
munities, as well as the shifting federal and local govern-
ment guidelines put in place to manage the mounting crisis.

The Miami Thoracic Surgery Group’s experience pro-
vides helpful insight into how surgical patients were triaged
during the pandemic. I have a few questions. After having
experienced a peak of the COVID pandemic, when re-
sources were particularly strained, what specific advice
would you give to surgeons who might face the next
pandemic in the future? Would you do anything differently
in terms of surgical triage?

My next question is: Although you report the overall
complication rates among patients undergoing anatomic
lung resections, these rates were not significantly different
between the pre-COVID and COVID periods. The perioper-
ative mortality rates increase from what appears to be 0% to
10%; 2 of every 20 patients died in the COVID cohort. Do
you have any information on these deaths and whether or
not they occurred when your institution’s COVID census
was particularly high? Do you think limited resources—
that is, availability of ICU beds, or ventilators, or intensiv-
ists—could have played a role in these deaths? Thank you
very much. Once again, great job.

Dr Joanne B. Szewczyk (Miami, Fla).
Thank you, Dr Isbell. I’ll address the
second question first. That’s a great
question and a great observation. As
you mentioned, there were 2 deaths in
the COVID cohort for the open thora-
cotomy cases versus the pre-COVID
that had zero.

Unfortunately, both of these deaths were attributed to pa-
468 JTCVS O
tient factors. One was due to severe respiratory failure after
a pretty extensive lobectomy and chest wall resection. This
patient, who had a lobectomy beforehand and who had a
pretty poor health status, needed a prolonged ICU and hos-
pital course. The second was due to acute heart failure in a
pen c June 2022
patient with a known underlying heart pathology and both
were uncontrollable and both patients had an extensive, pro-
longed ICU course, and considering the circumstances that
were going on here in Miami, resource allocation did not
affect their course.

As for the first question, I think that’s a very interesting
question. I think there’s a lot that we have to learn from
this pandemic and a lot that we still are going to learn
for many years to come. First and foremost is, of course,
following the guidelines and recommendations issued by
governing societies such as the American College of Sur-
geons and the Society of Thoracic Surgeons, based on
their analysis of the current circumstances and their use
of expert panels to come up with their guidelines. Also,
knowing what your institution/hospital-specific resources
and limitations are and adjusting appropriately, I think is
really key.

Not every hospital or city is experiencing the same
stressors at a given time, and being able to adjust appropri-
ately is essential. For example, here in Miami and I think
in many other places, one of the biggest limiting factors in
the beginning were shortages of personal protective equip-
ment and also testing capabilities, and having limited ac-
cess to tests and testing centers.

Services that are essential to thoracic patients, such as
pulmonary function testing, which is a prerequisite to
any kind of procedure to be performed, was very hard to
get that test beforehand, which of course had a domino ef-
fect on delaying surgery. Being able to adjust those proto-
cols in a timely fashion is very important.

Overall, I think the surgical community came together
very well during this time. We handled this global health
crisis extremely proficiently. I think we always focused
on providing safe patient care. There’s nothing that I
regret or believe should have been done differently, and
I have no doubt that should another pandemic occur, as a
health care community we will definitely be prepared.
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