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Background: Although it is well known that the coronavirus disease (COVID-19)
pandemic has had a profound effect on health care, its impact on fellowship training in
Pulmonary and Critical Care Medicine (PCCM) has not been well described.

Objective: We conducted an anonymous survey of PCCM program directors (PDs) to
assess the impact of the COVID-19 pandemic on PCCM fellowship training across the
United States.

Methods: We developed a 30-question web-based survey that was distributed to U.S.
PCCM PDs through the Association of Pulmonary and Critical Care Medicine Pro-
gram Directors.

Results: The survey was sent to 242 PDs, of whom 28.5% responded. Most of the
responses (76.8%) came from university-based programs. Almost universally, PDs reported
a decrease in the number of pulmonary function tests (100%), outpatient visits (94.1%),
and elective bronchoscopies (96%). Three-quarters (77.6%) of the PDs reported that their
PCCM fellows spent more time in the intensive care unit than originally scheduled.

Conclusion: The COVID-19 pandemic has had a variable impact on different aspects
of fellowship training. PDs reported a significant decrease in the core components of
pulmonary training, whereas certain aspects of critical care training increased. It is
likely that targeted mitigation strategies will be needed to ensure no gaps in PCCM
training while optimizing well-being.
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Globally, there have been nearly 180
million cases of coronavirus disease
(COVID-19) since it was initially
recognized in January 2020 (1). The
United States accounts for nearly one-fifth
of these cases, with over 600,000 deaths at
the time of writing (1).

Approximately 5–20% of patients with
COVID-19 develop critical illness requiring
admission to the intensive care unit (ICU)
(2–4). During the peak of the pandemic,
hospitals across the country were over-
whelmed, and ICUs were inundated with
patients with COVID-19 (5). Meanwhile,
several measures to reduce the transmission
risk resulted in a reduction in pulmonary
outpatient visits (6). National societies issued
guidelines or recommendations related to
aerosol-generating procedures that increase
the risk of transmission of respiratory infec-
tions, including postponing elective bron-
choscopies (7), limiting pulmonary function
testing (PFT) (8–10), and having the most
experienced operators intubate patients
with known or suspected COVID-19 (11,
12). These changes directly or indirectly
impacted the education and training of Pul-
monary and Critical Care Medicine
(PCCM) fellows. A recently published sur-
vey of interventional pulmonology fellows
showed a decline in the number of proce-
dures performed during the pandemic,
especially therapeutic bronchoscopy, but

the overall impact on training is unclear
(13). The effect of the pandemic on general
PCCM fellowship training is unknown.

We conducted an anonymous survey of
PCCM Program Directors (PDs) across
the country to assess the impact of
changes owing to the COVID-19 pan-
demic on the education and training of
PCCM fellows.

METHODS

We developed a survey using an internet-
based electronic data collection tool
(Research Electronic Data Capture) hosted
at the Albert Einstein Medical Center in
Philadelphia (14). We chose to survey the
PDs for this study, as we felt that they
would provide information regarding the
fellowship program as a whole. Moreover,
there is an established process to survey
PDs through the Association of Pulmonary
and Critical Care Medicine Program
Directors (APCCMPD), whereas no such
mechanism exists to survey all PCCM fel-
lows systematically.

The survey consisted of 30 questions
divided into seven categories designed to
assess PDs’ perspectives on the impact of
COVID-19 on various aspects of fellow-
ship training during the peak of the pan-
demic at their institution (see data
supplement). It was created and iteratively
revised by the authors, with review by the
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APCCMPD survey committee. It was dis-
tributed to 242 PDs registered with the
APCCMPD on October 6, 2020, by the
APCCMPD survey committee. Two
reminder emails were sent at 2-week inter-
vals, and the survey was closed on
November 30, 2020. Survey responses
were anonymous, and no identifiable
information was obtained. This study was
reviewed and determined to be exempt by
the Institutional Review Board at the
Albert Einstein Medical Center in Phila-
delphia (IRB-2020-483).

Descriptive data from survey responses
are presented as the total number of
responses and percentage of total
respondents.

RESULTS

Of the 242 PDs who received the survey,
69 completed it for a 28.5% response rate.
We did not include 18 incomplete
responses that had more than 50% of the
questions unanswered. The majority of the
PDs who responded to the survey
belonged to a university-based program
(76.8%) or a community-based university-
affiliated program (15.9%). There was rea-
sonable representation from all the regions
of the United States. Figure 1A shows
regional distribution of participating pro-
grams together with the total number of
programs in each region. The distribution
of the total number of fellows in the
participating programs is shown
in Figure 1B.

Impact on Pulmonary Training

All the PDs reported a decrease in
number of PFTs performed at their
institution at the peak of the pandemic
(Figure 2). Also, the number of outpatient
visits for fellows (including longitudinal,
subspecialty, and elective clinics

occurring in person or via telehealth)
decreased in 94.1% of the programs
(Figure 2). Very few PDs reported no
change in the number of outpatient
visits (5.9%).

Almost all the PD responders (95.6%)
observed a decrease in the number of
elective bronchoscopies performed at
their institution at the peak of the
pandemic (Figure 2). The majority of
PDs (85.1%) reported that their
graduating fellows were able to graduate
with at least 100 bronchoscopies. Only
three programs (4.5%) had one or more
fellows who were unable to graduate with
at least 100 bronchoscopies. The
remaining seven PDs (10.4%) did not
know how many of their fellows
graduated with fewer than 100
bronchoscopies. The majority of PDs
(52.2%) reported a decline in the
proportion of elective bronchoscopies
performed under moderate sedation,
whereas a significant number reported no
change (39.1%). A minority (15.9%)
reported an increase in the proportion of
elective bronchoscopies performed under
general anesthesia.

Pleural procedures including thoracentesis
and chest tube insertions did not change
in the majority of programs (65.7% and
52.2%, respectively). Overall, 32.8% of
programs reported an increase in the
number of chest tube insertions performed
by the fellows.

Impact on Critical Care Training

About three-quarters (77.6%) of the PDs
reported that their PCCM fellows spent
more time on ICU rotations than origi-
nally scheduled. The majority of PDs
reported an increase in the number of
common ICU procedures performed by
the fellows, such as central venous
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catheter (52.2%) and arterial catheter
(55.2%) insertions. The majority reported
a decrease in the number of aerosol-
generating procedures performed by the

fellows (Figure 2), including intubations
(62.7%), percutaneous tracheostomies
(38.8%), and ICU bronchoscop-
ies (49.3%).
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Figure 1. (A) Location of the participating programs. (B) Size of the participating programs. PCCM=Pulmonary and Critical Care
Medicine.
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The number of patients on extracorporeal
membrane oxygenation cared for by
PCCM fellows increased in 55.8% of
programs, remained unchanged in 27.9%,
and decreased in 6.1% (Figure 2).

Impact on Didactic Training

The majority of PDs reported a decrease
in in-person (92.6%) and increase in vir-
tual conferences (teaching ses-
sions) (80.9%).

Impact of COVID-19 pandemic on various aspects of PCCM training

0%

Number of didactic conferences
performed in person

Number of didactic conferences
performed virtually

Didactic Training

ICU Bronchoscopies

Intubations

Percutaneous tracheostomies

CVC insertions

Arterial catheter insertions

Number of patients on ECMO cared
for by the PCCM fellows

Critical Care Training

Elective Bronchoscopies

Outpatient Bronchoscopies

Thoracentesisis

Chest tube insertions

Number of pulmonary function tests

Number of outpatient visits for
PCCM fellows

Pulmonary Training

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Decreased Stayed the same Increased Not applicable

Figure 2. Impact of the coronavirus disease (COVID-19) pandemic on various aspects of PCCM training. CVC= central
venous catheter; ECMO=extracorporeal membrane oxygenation; ICU= intensive care unit; PCCM=Pulmonary and
Critical Care Medicine.
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Figure 3. Overall impact of coronavirus disease (COVID-19) on fellowship training.
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Overall Impact

As shown in Figure 3, the most common
responses for overall impact of the
COVID-19 pandemic on fellowship
training in PCCM were variable (34.4%)
or negative (31.1%). Fewer PDs stated
that the overall impact was either posi-
tive (26.2%) or it had no impact (6.6%).
Free text responses outlining additional
changes to PCCM fellowship programs
as a result of the pandemic are listed in
Table 1. These responses followed three
broad themes of changes in education,
schedule, and communication and have
been categorized as such.

DISCUSSION

The COVID-19 pandemic has had an
extraordinary impact on the healthcare
system globally, and this, in turn, has also
impacted medical education (15). The
results of this survey suggest that the
COVID-19 pandemic has weakened sev-
eral core aspects of pulmonary training,
whereas it has enhanced some core
aspects of critical care training.

Procedural training accounts for a
significant portion of PCCM fellowship
training, as fellows are expected to gain
expertise in bronchoscopy, airway
management, and various ICU

Table 1. Additional changes in fellowship education or mitigation strategies

Schedule and Work Hours

� More in-house attending coverage
� We did change our schedule around and instituted a temporary night float system. We
also tried to give the fellows at least two days off a week during the week if they
worked the weekend days, so just shifted their schedule around.
� We used other services more, and now our APPs are primarily doing COVID with
attendings to give the fellows a break. Have also decreased their night coverage to
mitigate burnout.
� Workload compression and ICU service size.

Education

� Incorporated more simulation training for bronchoscopy and critical care procedures.
� More reliance on virtual conferences since the peak. Greater role of telemedicine and
greater awareness of public health.

Communication

� Regular virtual check ins with the fellows, COVID specific journal clubs and didactics,
increase in telehealth visits.
� Ongoing process, meetings among PD are happening to decide best approach on
how to assess burnout.
� More frequent communication, more contiguous days off when on difficult ICU
rotations.
� More "minibreaks" with fellows and PD (breakfast, lunch, snacks, coffee time, random
conversations in the fellow’s area to check in on them).
� Created a fellow working group to make recommendations on virtual education and
give feedback.
� We conducted frequent group and individual check in, with PD, APD and with fellow
peers. We established a reporting system for fellows to check on each other for signs of
burnout. We also used established instruments when needed.

Definition of abbreviations: APD=Associate Program Director; APPs=Advanced Practice Providers;
COVID=coronavirus disease; ICU= intensive care unit; PD=Program Director.
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procedures, such as central venous
catheter and arterial catheter insertion
(16). The majority of PDs reported a
decrease in the number of elective and
ICU bronchoscopies performed at their
institution. Bronchoscopy is an aerosol-
generating procedure with a significant
risk of viral transmission (17). Several
national societies issued guidelines (or rec-
ommendations) to postpone elective bron-
choscopies, and their impact is reflected in
our results (7). At the majority of institu-
tions that responded, PCCM fellow expe-
rience with other aerosol-generating
procedures, such as endotracheal intuba-
tion and percutaneous tracheostomy, also
decreased. This is consistent with recom-
mendations that these procedures be per-
formed by the most experienced clinician
to minimize exposure and to preserve per-
sonal protective equipment (11, 12).

Despite the decline in the number of
bronchoscopies performed, the majority of
programs were able to graduate their
fellows with at least 100 bronchoscopies as
recommended by the American College of
Chest Physicians (18). This might be due
to the fact that the pandemic occurred
during the last 6 months of training for
graduating senior fellows, who likely had
already completed the majority of their
required clinical experience. As the
pandemic continues and affects fellows
earlier in their training, achieving 100
bronchoscopies before graduation may
become more difficult. The updated
Accreditation Council for Graduate
Medical Education program requirements
for PCCM do not specify a number
requirement for competency in
bronchoscopies for graduating fellows, as
they focus on competency-based evalua-
tion of fellows by the PD together with
the Clinical Competency Committee (16).
Nonetheless, procedural comfort for

independent practice has been shown to
be dependent on the number of proce-
dures performed during training (19). Dur-
ing the COVID-19 pandemic, one major
center transitioned to performing all bron-
choscopies under general anesthesia in an
attempt to minimize the risk of virus aero-
solization (20). However, the results of this
survey suggest this was not a common
approach.

Our study found that the COVID-19 pan-
demic had a substantial impact on outpa-
tient training of PCCM fellows. Nearly all
the PDs reported a decline in the number
of outpatient clinic visits for the fellows,
both virtual/telehealth and in-person vis-
its. This, in turn, might have contributed
to the decline in the number of elective
and outpatient bronchoscopies owing to a
decrease in the number of referrals. Also,
all the PDs reported a decline in the num-
ber of PFTs being performed at their insti-
tution. This was in line with the guidelines
issued by various societies around the
world that recommended canceling or
postponing elective PFTs during the peak
of the pandemic (8–10).

The number of pleural procedures
performed essentially remained the same.
A similar finding was noted in the survey
study from the interventional pulmonology
group (13). This could possibly relate to
the fact that pleural procedures are
generally unavoidable, as they are both
diagnostic and therapeutic. Also, the risk
of viral transmission with pleural
procedures is low, as they are not aerosol
generating. Almost one-third of the PDs in
our study reported an increase in the
number of chest tube insertions by the fel-
lows. This could be secondary to the
increased incidence of barotrauma in
patients with COVID-19, resulting in
pneumothorax and pneumomediastinum
requiring chest tube placement (21).
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Limitations

Our study has several limitations. The
response rate of 28.5% is lower than the
previously reported response rate among
PDs in online surveys, which may have
been due to increased workloads or stress
experienced by PDs during the pandemic
(22, 23). It is possible that nonresponders
differ significantly and systematically from
responders, leading to nonresponse bias.
For example, the majority of responses
were from university programs, limiting
generalizability to community
hospital–based programs. However, we
did receive responses from every region of
the country, including both small and
large programs. Another potential reason
for the low response rate was that the sur-
vey was distributed to all the PDs regis-
tered with APCCMPD, which includes
PDs from PCCM, pulmonary-only, and
critical care–only programs. However, our
questions were directed at PCCM PDs,
and so a number of the nonresponders
may have been PDs of pulmonary- or crit-
ical care–only programs.

Additional limitations are that we
surveyed only PDs who are members of
APCCMPD, we did not collect objective
data to assess the impact of COVID-19
on PCCM training, and we did not collect
fellow perceptions of the impact of
COVID-19 on training. These choices
were made because the APCCMPD has a
systematic process to survey PDs, whereas
no such mechanism exists to survey all
PCCM fellows systematically, and we
hoped that PDs would be able to provide
an overall perspective on all aspects of fel-
low training and education without having
to collect procedure numbers from multi-
ple institutions. Also, we did not collect

information on the impact of the pan-
demic on research and scholarly activity.
Finally, we directed PDs to answer the
survey according to the peak of the pan-
demic at their institution; however, the
survey was completed in November 2020,
and the peak case rate for the United
States occurred in January 2021. Hence,
this data may not be representative of the
full impact of COVID-19 on PCCM
training.

Conclusions

Despite the limitations, our study
highlights important findings regarding
fellowship training of PCCM fellows
during this global crisis. Some core aspects
of critical care training were augmented,
such as increases in extracorporeal
membrane oxygenation training, select
ICU procedures, and increased ICU time.
However, several core components of
pulmonary training, including
bronchoscopy, PFT interpretation, and
outpatient clinic training, decreased. Since
our survey, the country has faced several
more months of the pandemic. Hence, it
is crucial for the programs to develop
strategies to ensure appropriate PCCM
training. The free text responses from PDs
provide additional valuable information
regarding changes considered or
implemented by individual programs. The
major themes that emerged were frequent
check-ins with the fellows, adjustment of
work schedules to ensure adequate time
off, and incorporation of virtual educa-
tional conferences together with simulation
training. Although we will need additional
data regarding their effectiveness, these
may help inform future policies and
changes.
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