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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has restricted many medical practices. We aimed to investigate the impa}
of the COVID-19 pandemic on the number of bronchoscopies, outpatients, and hospital admissions. We retrospectively analyzed
the number of outpatients, admissions, and bronchoscopies performed between March 2020 and May 2022. We defined “Peak
month of the pandemic,” “Wave of the pandemic,” “Month in the wave,” and “Period of a state of emergency” for each analysis.
In the first year of the COVID-19 pandemic, analysis of variance (ANOVA) in linear mixed models indicated significant effects
of “month in each wave” on the number of bronchoscopies (P = .003), outpatients (P = .041), and admissions (P = .017). The
number of outpatients, admissions, and bronchoscopies was significantly influenced by the first wave of the COVID-19 pandemic.
In contrast, in the second year of the COVID-19 pandemic, a mixed-ANOVA indicated significant effects of “month in each wave”
only on the number of outpatients (P = .020) but no significant effects on the number of bronchoscopies (P = .407) and admissions
(P =.219). During the second year of the pandemic, the number of bronchoscopies and admissions was not significantly affected
by the waves of the pandemic. There were no significant differences in the number of admissions and bronchoscopies between
the fourth and sixth waves. Although the number of bronchoscopies was found to be significantly affected in the early stages of
the COVID-19 pandemic, the impact of the pandemic was much more limited thereafter.

Abbreviations: ANOVA = analysis of variance, COVID-19 = coronavirus disease 2019, JRS = Japanese Respiratory Society,

LMMRM = linear multi-model with repeated measures.
Keywords: admission, bronchoscopy, COVID-19, outpatient

1. Introduction

Coronavirus disease 2019 (COVID-19) pandemic continues to
have a serious impact on healthcare systems, economies, and
social systems worldwide.l'?l Many healthcare professionals
and institutions were forced to respond to the COVID-19 pan-
demic, and nonessential consultations and examinations were
largely curtailed.?! Therefore, the COVID-19 pandemic caused a
decline in outpatient and inpatient admissions, as well as a cur-
tailment of surgeries and tests, with serious consequences such
as delays in the diagnosis and treatment of serious diseases.*! In
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the US, it has been reported that the COVID-19 pandemic has
led to significant delays in the diagnosis and treatment of can-
cer.’) In Japan, delays in cancer detection owing to the discon-
tinuation of annual health checkup services have also become
a problem.l! In the respiratory field, the discontinuation of
lung cancer screening has caused delays in the detection of lung
cancer.”!

Bronchoscopy is an important procedure in the diagnosis
of respiratory diseases, particularly lung cancer. However, it is
a droplet-inducing procedure that is considered high risk for
severe acute respiratory syndrome coronavirus 2 transmission
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Confirmed cases of COVID-19 in Japan between 2020/1/16 and 2022/5/31
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Figure 1. The peaks and waves of the number of COVID-19 patients in Japan extracted from statistical data published by the Japanese Ministry of Health,

Labour and Welfare. COVID-19 = coronavirus disease 2019.

due to droplet exposure of healthcare workers during the
COVID-19 pandemic.®' For this reason, it was assumed
that bronchoscopy was avoided during the COVID-19 pan-
demic. However, the impact of COVID-19 on bronchoscopy
in general community hospitals is not well understood. In the
present study, we aimed to examine the impact of the COVID-
19 pandemic on the number of outpatients, admissions, and
bronchoscopies.

2. Materials and methods

This was a retrospective observational cohort study. All patients
who visited the Department of Respiratory Medicine between
March 2020 and May 2022 were included. The number of out-
patients, admissions, and bronchoscopies was examined from
the electronic medical record data. This study was approved
by the institutional ethical review board of our institution
(approval number: 21-061).

Since this study only dealt with statistical data and did not
collect individual patient data, written informed consent from
the patients was not required. We defined “Peak month of the
pandemic,” “Wave of the pandemic,” “Month in the wave,” and
“Period of a state of emergency” as follows:

Peak month of the pandemic: the month which includes the
day when the number of new COVID-19 patients nationwide
was the largest in the 2 months before and after the month. The
peaks of new COVID-19 patients nationwide were observed on
April 11,2020, August 7, 2020, January 8, 2021, May 8, 2021,
August 20, 2021, and February 1, 2022.

Wave of the pandemic: the period from the month prior to
the peak to the month prior to the next peak. Thus, each wave
contained 1 peak month of the pandemic.

Month in the wave: we defined month 0 as the first month
of each wave and month 1 as the peak month of the wave.
Thereafter, the months in the wave were named months 2, 3,
4, etc in that order. We indicated the peak of the pandemic
and the time from the peak in each wave as indicators of the
impact of the COVID-19 pandemic, denoted as “month in
each wave.”

Period of a state of emergency: Between March 2020 and
May 2022, the Government of Japan declared a state of emer-
gency in Kyoto City 4 times (first time: April 16, 2020, to May
21,2020; second time: January 14,2021, to February 28,2021;
third time: April 25,2021, to June 20, 2021; fourth time: August
20,2021, to September 30,2021).1*1

We used COVID-19 statistical data published by the
Japanese Ministry of Health, Labour and Welfare to identify
peaks and waves (Fig. 1).! For statistical analysis, a month
(0-6) setting was used for each wave. Specific dates and times
were set for each wave and peak month, and statistical anal-
ysis was performed using the number at that point in time.
We also defined “fiscal year” as follows: the first year of the
COVID-19 pandemic as March 2020-March 2021 and the
second year as April 2021-May 2022 (Table 1). We assumed
the “fiscal year” to be an effect modifier of the COVID-19
pandemic.

2.1. Statistical analyses

We used linear multi-model with repeated measures (LMMRM)
for evaluating the impact of the COVID-19 pandemic on the
number of bronchoscopies, outpatients, and admissions per
month stratified by “wave of the pandemic” and “fiscal year.” In
the LMMRM analysis, “month in each wave” was a fixed effect
with repeated measures, “fiscal year” was a fixed effect, and
“wave of the pandemic” was a random effect. Fixed effects were
analyzed using a mixed model analysis of variance (ANOVA).
Post hoc intramonth differences were assessed using ¢ tests, in
which multiplicity was adjusted by the Bonferroni method, with
month 0 as a reference. The covariance structure of the residuals
was set to composite symmetry.

We performed a 3-step analysis to evaluate the association
between “fiscal year” and “month in each wave.” First, we per-
formed an LMMRM including only “month in each wave” and
“wave of the pandemic.” Second, we added the fixed effect of
“fiscal year” and the interaction of “fiscal year” and “month in
each wave” effect in the LMMRM model. Finally, we conducted
the LMMRM analysis separately for each fiscal year when there
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was a significant interaction between “fiscal year” and “month
in each wave.”

Missing data among some waves in months 4 to 6 were due
to the shorter interval between the wave and the next wave. In
the LMMRM analysis, missing data were permitted under the
assumption that the length of each wave was randomly varied.
Throughout the analysis, all tests were 2-sided, and the alpha
value was set to 0.05. All statistical analyses were performed
using IBM SPSS Statistics for Windows version 28.0 (IBM Corp.
Armonk, NY).

3. Results

Table 2 shows the number of bronchoscopies, outpatients, and
hospital admissions per year before (2017-2019) and during
(2020-2021) the COVID-19 pandemic. Figure 2 shows the
trajectory of the number of bronchoscopies, outpatients, and
hospital admissions per month during the COVID-19 pan-
demic. The numbers fell the most during the first wave of the
COVID-19 pandemic. The general trend is that the number of
bronchoscopies decreased during the first and second states of
emergency declarations but was unaffected by the third and
fourth states.

In the first step of LMMRM, mixed-ANOVA indicated sig-
nificant effects of “month in each wave” on the number of
bronchoscopies (P = .021) but no significant effects on the
number of outpatients (P = .192) and admissions (P = 348).
Figure 3 shows the mean number of bronchoscopies, outpa-
tients, and admissions estimated by the first step of LMMRM.
Intramonth multiple comparisons adjusted by the Bonferroni
method for the whole study period (first and second year)
showed a significant decrease in the number of bronchosco-
pies between months 0 and 2 (29.3 vs 22.0, P = .033) and the
number of outpatients between months 0 and 1 (1336 vs 1206,
P =.033).

In the second step of LMMRM, the mixed-ANOVA indicated
significant interactions of “month in each wave” and “fiscal
year” in the number of bronchoscopies (P = .045), outpatients
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(P =.004), and admissions (P = .005). Therefore, we performed
the third step of LMMRM.

The third step was conducted separately for the first (Fig. 4)
and second years (Fig. 5) of the COVID-19 pandemic. In the first
year, a mixed-ANOVA indicated significant effects of “month in
each wave” on the number of bronchoscopies (P = .003), out-
patients (P = .041), and admissions (P = .017). Figure 4 shows
the mean number of bronchoscopies, outpatients, and admis-
sions estimated by the third step of LMMRM in the first year.
Significant decreases were observed in the number of bronchos-
copies between months 0 and 1 (31.0 vs 17, P =.004) or 2 (31.0
vs 20.0, P = .014), outpatients between months 0 and 2 (1344 vs
1120, P =.010), and admissions between months 0 and 1 (99.0
vs 72.7, P =.006) or 2 (99.0 vs 75.7, P = .011). The decrease in
the number of outpatients was the greatest in the second month
after the first wave. These timings coincided with the first decla-
ration of a state of emergency.

In contrast, in the second year of the COVID-19 pan-
demic (Fig. 5), a mixed-ANOVA indicated a significant effect
of “month in each wave” only on the number of outpatients
(P = .020), but no significant effects on the number of bron-
choscopies (P = .407) and admissions (P = .219). We found
that the number of bronchoscopies and admissions was not
significantly affected by the waves during the second year of
the COVID-19 pandemic. As shown in Figure 5, there were no
significant differences in the number of admissions and bron-
choscopies between the fourth and sixth waves in the second
year. A decrease in the number of outpatients was observed in
months 1 (1329 vs 1212, P = .034) and 4 (1329 vs 1205, P =
.039).

4. Discussion

In the present study, we identified trends in the number of out-
patients, admissions, and bronchoscopies during the COVID-
19 pandemic. We found that the numbers were significantly
influenced by the first wave of the COVID-19 pandemic, which
coincided with the time when the first declaration of a state of

Peak months and waves of the COVID-19 pandemic and month in the wave.

Year* Wave Month
ot 1t 2 3 4 5 6
1st Mar 2020 Apr 2020 May 2020 Jun 2020 Jul 2020
1st (2020) 2nd Jul 2020 Aug 2020 Sep 2020 Oct 2020 Nov 2020 Dec 2020
3rd Dec 2020 Jan 2021 Feb 2021 Mar 2021 Apr 2021
4th Apr 2021 May 2021 Jun 2021 Jul 2021
2nd (2021) 5th Jul 2021 Aug 2021 Sep 2021 Oct 2021 Nov 2021 Dec 2021 Jan 2022
6th Jan 2022 Feb 2022 Mar 2022 Apr 2022 May 2022

COVID-19 = coronavirus disease 2019.
*1st year: Mar 2020 to Mar 2021, 2nd year: Apr 2021 to May 2022 .
FMonth 0: A month before the peak month (reference); month 1: peak month.

The number of bronchoscopies, outpatients, and admissions before (2017-2019) and during (2020-2021) the COVID-19 pandemic.

Year Bronchoscopy Outpatients* Admissions*
Before the COVID-19 pandemic 2017 399 16,303 1094
2018 367 17,783 1239
2019 336 18,079 1173
During the COVID-19 2020 322 15,414 1059
pandemic 2021 280 15,623 1028

Data are shown as numbers.
COVID-19 = coronavirus disease 2019.
*Data are shown as the total number of patients each year.
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Figure 2. The trajectory of the number of bronchoscopies, outpatients, and admissions during the COVID-19 pandemic. Both arrows indicate when a state of
emergency should be declared (first to fourth times). COVID-19 = coronavirus disease 2019.
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* P values are estimated with month 0 as a reference. Multiplicity is adjusted using the Bonferroni method.
Figure 3. The trajectory of the number of bronchoscopies, outpatients, and admissions estimated by the first step of the linear multi-model with repeated

measures.

emergency was issued. Moreover, the impact of the COVID-19
pandemic, represented by the surge in nationwide COVID-19
incidence, persisted for 1 to 2 months. The time remaining for
the impact of the surge was close to the time between the decla-
ration of a state of emergency and its lifting due to a nationwide
decline in the incidence of COVID-19.

In Japan, the impact can be seen in the fact that the disas-
trous situation in Europe and the US was widely reported
prior to the first declaration of a state of emergency, which,
combined with the fact that COVID-19 is an unknown disease
state, fueled public anxiety and fear.'>'¥l The psychological
impact of information panic (so-called infodemics) in the early
stages of the COVID-19 pandemic led to a reduction in vis-
its to medical institutions, leading to a decrease in the number

of outpatients, admissions, and bronchoscopies. The number
of bronchoscopies and hospital admissions was linked to the
number of bronchoscopies performed at our hospital because
all bronchoscopies were performed on an admission basis. It
has been pointed out that in the early stages of the COVID-19
pandemic, many medical institutions were forced to suspend
their health-screening services, which delayed the early detec-
tion of cancer.”? A report from South Korea indicates that the
COVID-19 pandemic has led to fewer people being screened
for lung cancer and lower detection rates.!'! Also in New York
City, it has been reported that lung cancer staging at diagnosis
has progressed.!®!

Therefore, it is likely that referrals of patients requiring bron-
choscopy decreased around the time health screening ceased.
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Trajectory of the number of bronchoscopies, outpatients and admissions
(First year)
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* P values are estimated with month 0 as a reference. Multiplicity is adjusted using the Bonferroni method.
Figure 4. The third step of linear multi-model with repeated measures conducted for the first year.

Trajectory of the number of bronchoscopies, outpatients and admissions
(Second year)
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* P values are estimated with month 0 as a reference. Multiplicity is adjusted using the Bonferroni method.
Figure 5. The third step of linear multi-model with repeated measures conducted for the second year.

However, the impact tended to decrease as the number of
emergency declarations increased in the latter half of the year.
This is thought to be the result of reduced fear of the disease
owing to a better understanding of the condition and the public’s
familiarity with the disease. It is possible that the public grew
tired of the repeated declarations of a state of emergency, mak-
ing them less effective. In the second year of the COVID-19 pan-
demic, patients requiring bronchoscopy were also likely to have
recovered, as health-screening services reopened in response to
the epidemic situation. Despite a decrease in the effect of the
COVID-19 pandemic in the second year, only the number of out-
patients decreased after the peak month of the pandemic. This
may be because the decision to visit an outpatient clinic reflected
the patients’ fear of the COVID-19 pandemic more intensively
than the decisions of hospital admissions and bronchoscopies.
The decision of admission or bronchoscopy is made only when
the physician deems it necessary; medical professionals are less
fearful of COVID-19 than the general patient population.

Recently, the Japanese Respiratory Society (JRS) pub-
lished the results of a large survey of its member hospitals.!'”!
According to this survey, the number of bronchoscopies per-
formed in hospitals with respiratory specialists has decreased
by approximately 15% since the COVID-19 pandemic era. The

reasons for the decrease were reported to be a decrease in the
number of patients, followed by procedural restrictions from
institutions. As our hospital does not restrict bronchoscopy, and
the number of bronchoscopies is linked to the number of admis-
sions, we believe that the decrease in the number of admissions
had a significant impact.

The JRS survey also showed that the main reasons for the
decrease in the number of outpatients were longer follow-up
intervals and fewer referrals.'”! The factors contributing to
the decrease in the number of admissions included the limited
number of admission beds due to the acceptance of COVID-
19 patients and a decrease in referred patients. As our study
only dealt with statistical data and did not examine the circum-
stances of individual patients, the reasons for this decrease are
unknown, but we suspect it was due to a previously reported
trend.

In the field of gastroenterology, a prominent decrease in
the number of gastroscopy and colonoscopy cases has been
reported. As with bronchoscopy, gastrointestinal endoscopy has
been reported to be significantly affected by the COVID-19 pan-
demic."! Therefore, the COVID-19 pandemic had a significant
impact on endoscopy and bronchoscopy. We believe that under-
standing the impact of the COVID-19 pandemic on the number
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of bronchoscopies is crucial for the management of patients
with respiratory diseases. This is also a good opportunity to
consider how to respond to similar pandemics in the future.

This study has several limitations. The study used statistical
data on the number of outpatients, admissions, and bronchos-
copies, but it did not examine individual patient characteristics.
Hence, it is not possible to analyze the pathological conditions
of patients, their psychological situation, or the factors contrib-
uting to behavioral change. As this was a single-center study and
our hospital treats a large number of malignant tumor cases,
there may be gaps in the patient population and age groups
compared to other hospitals. The prevalence of COVID-19 var-
ies widely between countries and regions; therefore, the results
from our hospital cannot be immediately applied to other
regions. In a series of LMMRM analyses, we set the covariance
structure of the residuals to composite symmetry, that is, we
assumed a normal distribution of residuals. We should have
analyzed the validity of this assumption as a sensitivity analysis
by performing a series of analyses without making any assump-
tions about the covariance structure of the residuals. However,
we could not perform a sensitivity analysis because of insuffi-
cient research duration. To make up for the lack of sensitivity
analysis, we strictly adjusted the multiplicity in the post hoc
analyses using the Bonferroni method.

In conclusion, we evaluated the impact of the COVID-19 pan-
demic on the number of outpatients, admissions, and bronchosco-
pies. The number of bronchoscopies was the most affected by the
first wave of the COVID-19 pandemic. Although the number of
bronchoscopies was found to be significantly affected in the early
stages of the pandemic, the impact of the pandemic was much
more limited thereafter. In the early stages of the COVID-19 pan-
demic, when the pathogenesis and dynamics of the pandemic are
not well understood, important tests such as bronchoscopy will
inevitably be suppressed. Therefore, it is important to take preven-
tive measures during normal times to respond to future pandemics.
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