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EDITORIAL

Benilda B. Galvez, MD, FPCCP
Editor-in-Chief

Why Publish Your Research in Journals

Conducting research is a key part of academic and clinical careers of physicians. Post-
graduate residency training programs and specialty fellowship training programs require pro-
ducing research papers as requirement for completion of training and graduation. Submission
of a research paper conducted during Pulmonary Medicine Fellowship training is also a re-
quirement in applying for the specialty diplomate examination. But beyond doing research for
training requirements, many of our pulmonary colleagues continue to conduct and write re-
searches with passion and dedication.

After writing your research paper, the next crucial question is — “Should | have it pub-
lished?” Researcher Chris A. Mack stated that publication in a peer-reviewed journal is the
obvious goal of most research projects. It is through publication that researchers have an op-
portunity to share their thoughts and ideas with the rest of the scientific community which
may prove invaluable in improving the existing and prospective knowledge base in a particular
field.'

Duncan Nicholas (Vice President of the European Association of Science Editors) in his
article “Guide to Getting Published in Journals” cited several key benefits to publishing re-
search in journals, to wit: 2

1. Discoverability - Publishing in journals can give your work visibility among other research-
ers in your field, outside of your immediate circle of contacts and colleagues. Journals
can make your work more discoverable, as they are already being read by circles of in-
terested readers.

2. Contributing to the Records of Research in the Field - Journal publication helps to pre-

serve your work in the permanent records of research in the field. Publishing your work

through visible sources helps others to learn. By adding your experiences to the litera-
ture of the field, it helps to build the corpus of knowledge in your subject area.

The Benefits of Peer Review - The peer review process helps improve the presentation

and communication of research. The feedback can help you to frame your arguments in

the most effective ways, and may even present valuable new insights into your own
work. In addition, the peer review process can also help you reach peers and senior
members of the research community by having journal editors, editorial boards and

Phil J Chest Dis Vol. 21 No.1 January-April 2023
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reviewers read your work.

4. Dissemination and Impact - Selecting the appropriate journals can help add information
to the public discussion of contemporary topics, beyond academic circles.
5. Career Advancement - Publishing in particular journals can be an essential component to

advance your career, by meeting necessary assessment criteria and output perfor-
mance targets. The number of quality publications you have produced can prop you up
the ladder of success. Publishing your work will also give you a better chance of getting
a promotion.3

6. Preventing Duplication of Effort - And last but by no means least, publishing your work
ca prevent waste and increase efficiencies, by enabling others to build on your achieve-
ments or avoid unnecessary duplication of efforts.

Patrick A. Regoniel, PhD? stated that the greatest benefit for publishing your research
findings will be sharing your knowledge to make this world a better place for everyone. Of
what use are your findings if you are the only one who knows it? If you are able to publish
your research findings in a reputable scientific journal, that gives you an inner confidence that
indeed you have been a good researcher.’

Added benefit is the feeling of inner satisfaction and achievement when your published
research paper is cited as reference in other research papers or scientific lectures of speakers.
With the above benefits of publishing your research, | hope that pulmonary fellows-in training,
pulmonary consultants and other researchers will be inspired and motivated to submit their
researches for publication in our own peer-reviewed Philippine Journal of Chest Diseases.

REFERENCES:

1. Chris A. Mack. How to Write a Good Scientific Paper? https://rsi.or.id/why-is-it-
imporant-to-publish-your-research/

2. Duncan Nicholas. Guide to Getting Published in Journals. https://ifis.libguides.com/
journal-publishing-guide/why-publish-in-journals

3. Patrick A. Regoniel, PhD. Why Publish Research Findings? https: simplyedu-
cate.me/2013/07/20/why-publish-research-findings/
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Association of Demographic and Clinical Charac-
teristics with Disease Severity in COVID-19 Cases
Admitted at the Lung Center of the Philippines

Archangel A. Manuel, MD; Carlo Alberto S. Non, MD; Guia Elena Imelda R. Ladrera, MD, FPCCP; and Maria
Francia Alexandria D. Caparas-Manlagfiit, MD, FPCCP

Lung Center of the Philippines, Quezon City

Corresponding Author: Dr. Carlo Alberto S. Non (loynon07 @gmail.com)

ABSTRACT

BACKGROUND: COVID-19 is a new emerging disease which caused global hysteria when it spread
sporadically and became a pandemic. We have limited health care resources including widespread
testing, treatment and healthcare providers across the world and the overwhelming influx of
COVID19-infected patients to many hospitals continues to strain healthcare systems. Hence, identi-
fying clinical factors that may be of use to clinicians to predict COVID-19 severity and mortality will
help them to immediately recognize and predict severe-to-critical COVID-19 for timely personal-
ized management and prevent fatal outcomes and to save resources.

OBJECTIVES: To determine the association of demographics and clinical characteristics with disease
severity in COVID-19 confirmed cases admitted at Lung Center of the Philippines (LCP). Specifically,
we aim to compare socio-demographic and clinical profiles according to disease severity of COVID-
19 confirmed cases admitted in LCP and to determine which clinical characteristics can be associat-
ed with COVID-19 disease severity.

METHODS: We utilized a cross-sectional study design which involved a retrospective chart review of
366 confirmed COVID-19 patients admitted at LCP from March 7 to August 31, 2020.

RESULTS: Majority of the patients were males (n= 233, 63.44%) and the median age was 58.5 years
(IQR 54 - 70). Multivariable regression analysis showed increasing odds of having severe or critical
COVID-19 infection associated with patients aged 40 to 59 years old (OR=7.79, 95% Cl=1.28 to
47.2, p=0.026) and @60 years old (OR=8.17, 95% Cl=1.4 to 47.6, p=0.020). Results also showed that
patients who presented with dyspnea (OR=4.16, 95% Cl=1.60 to 10.8, p=0.003), tachypnea
(OR=1.17, 95% CI=1.08 to 1.28, p=<0.001) and increased oxygen support (OR=1.03, 95% CI=1.01 to
1.05, p=0.010) increased the odds of having severe to critical COVID-19 infection. There was de-
creased odds of having severe or critical COVID-19 infection with increasing PF ratio (OR=0.9938,
95% Cl=0.98 to 0.998, p=0.001) and increasing oxygen saturations (OR=0.9361, 95% CI=0.90 to
0.97, p=0.001).

CONCLUSION: Advanced age, dyspnea, tachypnea and increase in oxygen support requirement were
significantly associated with disease severity of COVID-19. Higher oxygen saturations and PF ratios
were significantly associated with decreased odds of having severe or critical COVID-19 infection.
Hence, clinicians should always be mindful of these contributing factors to recognize the disease
severity of COVID-19 during initial evaluation and to enable them to give immediate appropriate
measures and avoid poor outcomes with these patients.

KEYWORDS: COVID-19, demographic characteristics, clinical characteristics, disease severity

Phil J Chest Dis Vol. 21 No.1 January-April 2023
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INTRODUCTION

COVID-19 was declared as a pandemic
by the World Health Organization on March
11, 2020 due to considerable countries affect-
ed by the disease.” In the Philippines, the first
reported case of COVID-19 infection was on
January 30, 2020 and sustained community
transmission on March 7, 2020 was detected.
The numbers of confirmed COVID-19 cases
worldwide had grown to 629 million cases and
counting as of October 2022.% In the Philip-
pines, the confirmed cases of COVID-19 was
already at 3,997,941 as of October 2022.
COVID-19 affected both the health system and
economic aspect of the country, and the gov-
ernment imposed strict lockdown on the
affected areas as early as March 2020.

In a study conducted in China, nearly
half of patients with COVID-19 infection have
comorbidities such as hypertension, diabetes,
and coronary artery diseases.” Most of the
patients with COVID-19 infection reported in
the literature were males.*® Previous studies
revealed that male patients and older patients
infected with COVID-19 had an increased risk
of death.*®? Patients with coexisting illnesses
were also noted to develop severe COVID-19
infection than those without comorbid condi-
tions.'>™ COVID-19 is an emerging disease
and poses continuous threat to the health
system.

There is a lack of local data regarding
COVID-19, hence, studies should be conduct-
ed to identify the clinical characteristics of the
patients that can be associated with the dis-
ease severity of COVID-19. This information is
vital to help clinicians readily recognize severe
and critical patients and provide the appropri-
ate management.

The LCP is a specialty center for lung
diseases that was designated as one of the
COVID-19 referral centers to accommodate
mild-to-critical cases of COVID-19 infection
and a good ground for studies regarding this
disease. As to our knowledge, there were lim-
ited local studies that describe the demo-

[ Manuel et al. ]

graphic and clinical characteristics of the pa-
tients with COVID-19 and associate it with the
disease severity. Thus, this study aims to pre-
sent clinical data of COVID-19 cases here in
the Philippines to understand the novel dis-
ease and to associate the demographic and
clinical characteristics on presentation and
disease severity of COVID-19 infection during
admission.

OBJECTIVES

To determine the association of de-
mographics and clinical characteristics of ad-
mitted COVID-19 confirmed cases with dis-
ease severity of COVID-19 at the Lung Center
of the Philippines. Specifically, to (1) compare
the socio-demographic and clinical profile of
admitted COVID confirmed cases according to
disease severity of COVID-19 in terms of socio-
demographic profile (i.e., age, sex, occupation,
smoking status) and clinical characteristics
(i.e., comorbidity, symptoms, time from illness
onset to hospital admission, blood pressure,
pulse rate, respiratory rate, temperature, and
p0O2/Fi02 ratio) and (2) determine which clin-
ical characteristics can be associated with
COVID-19 disease severity.

METHODS
Research Design

We utilized a cross-sectional study de-
sign which involved a retrospective chart re-
view of 366 confirmed COVID-19 patients ad-
mitted at LCP from March 7 to August 31,
2020. The study site, LCP, was designated as
one of the COVID-19 referral centers by the
Department of Health on March 20, 2020 and
has allotted 80 to 120 beds to accommodate
mild to critical cases of COVID-19 infection.

Inclusion and Exclusion Criteria

Adult patients (>19 years old) with con-
firmed COVID-19 according to World Health
Organization (WHO) interim guideline who
were admitted in LCP between March 7, 2020
to August 31, 2020 were included in this
study. Missing or incomplete data in the chart
was excluded in our study.

Phil J Chest Dis Vol. 21 No.1 January-April 2023
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Sample Size and Sampling Design

A minimum of 221 confirmed COVID-19
patients satisfying the inclusion/exclusion cri-
teria were required to have a 90% chance of
determining, as significant at the 5% level, the
relationship of clinical characteristics with dis-
ease severity based on anticipated medium
effect size of 0.3 of duration of symptoms ver-
sus disease severity. A total of 526 cases were
identified. There were 160 cases that were
excluded, wherein six cases were aged 18 and
below, 11 cases had incomplete data, and 143
charts were unavailable during data collection.
A total of 366 cases were finally randomly re-
trieved in the medical records based on availa-
bility of the charts and were included in the
final data analysis.

Study Procedure

The principal investigators (Pl) sub-
mitted a letter of request to the Medical Rec-
ords Section of LCP to retrieve the medical
charts of the admitted patients diagnosed
with confirmed COVID-19 infection. The PI did
a chart review of the discharged patients'
medical charts with confirmed COVID-19 in-
fection admitted in LCP from March 7, 2020 to
August 31, 2020. Their demographic profile,
comorbidities and clinical profile of the pa-
tient ,including the symptoms and initial physi-
cal examination, were obtained from the med-
ical records of the patient and were classified
accordingly. The disease severity classification
of each case was based on the admitting diag-
nosis. It was classified as mild, moderate, se-
vere, and critical according to the classifica-
tion and definition of the WHO Clinical Man-
agement of COVID-19 Interim Guidance as of
May 2020. The investigators did the review of
the medical records of the patients included in
this study. To ensure that all important infor-
mation was gathered, the researchers used a
pre-specified Microsoft-Excel file data collec-
tion form to record the said data. All the nec-
essary data was encoded in the excel file.

Statistical analysis
Descriptive statistics was used to sum-
marize the demographic and clinical charac-

[ Manuel et al. ]

teristics of the patients. Frequency and pro-
portion were used for categorical variables
and median and interquartile range (IQR) for
non-normally distributed continuous varia-
bles. Kruskal-Wallis test and Fisher’s Exact test
were used to determine the difference of me-
dian and frequency, respectively, within differ-
ent disease severity. Odds ratio and corre-
sponding 95% confidence intervals from bina-
ry logistic regression were computed to deter-
mine significant factors of severe and critical
COVID-19 disease severity. The disease severi-
ty was categorized into 2 groups to facilitate
statistical analysis: (1) mild to moderate and
(2) severe to critical. Stepwise method was
utilized to determine the final multivariate
model. Shapiro-Wilk test was used to test the
normality of the continuous variables. Missing
values were neither replaced nor estimated.
Null hypotheses were rejected at 0.05a-level
of significance. STATA 13.1 was used for data
analysis.

Ethical Considerations

This research underwent ethics review,
and was approved with approval number LCP-
PF-017-2020. It followed the National Ethical
Guidelines for Health Research (NEGHR) and
the Data Privacy Act of 2012.

RESULTS

A total of 366 patients were enrolled in
the study. Most of the admitted patients were
classified as moderate COVID-19 that com-
prised 58% (n=211) of cases. The rest were
classified as mild (5%, n=18), severe (16%,
n=60) and critical (21%, n=77). Forty-eight
percent (n=174) of patients with confirmed
COVID-19 were aged 60 years old and above,
while 39% (n=142) of the population belong to
the age group of 40 to 59 years old. The medi-
an age of patients with severe (60 (IQR:53-
67)) and critical (64 (IQR:54-70)) COVID-19
infection were older in comparison with mild
and moderate cases (37 and 57, respective-
ly). As shown in Table 1, there was a predomi-
nating age group population for each disease
severity. More than half (61.11%) of the mild
cases were in the younger age group of 19 to

Phil J Chest Dis Vol. 21 No.1 January-April 2023
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39 years old. Moderate cases of COVID-19
were mostly in the age group of 40 to 59
(41.7%) and more than 60 years old (43.13%).
On the other hand, more than half of the se-
vere and critical cases were 60 years and old-

[ Manuel et al. ]

the included population were health care
workers. A larger proportion of healthcare
workers were classified as mild COVID.

Figure 1 and Table 3 below shows that

Table 1. Age Distribution of COVID-19 Patients According to Disease Severity

Disease severity
Age Total - — P-value
g (n=366) Mild Moderate Severe Critical (<0.05)
(n=18,5%) |(n=211,58%) | (n=60, 16%) | (n=77, 21%)
[Median
(1QR)] 58.5 (48 t0 67) | 37 (28 t0 59) | 57 (46 to 67) | 60 (53 to 67) | 64 (54to 70) |  <0.001
19to 39
yearsold (%) | 50 (13.66) 11(61.11) | 32(15.17) 2(3.33) 5 (6.49)
40to 59 <0.001
yearsold (%) | 142 (38.8) 3(16.67) 88(41.71) | 25(41.67) | 26(33.77)
> 60 years(%) | 174 (47.54) 4(22.22) 91 (43.13) 33 (55) 46 (59.74)
er. about 79% of patients infected with COVID-19

Table 2 shows that the majority of the
patients were males although there was al-
most similar distribution of gender among the
different disease severity classification. Most
patients with confirmed COVID-19 cases were
non-cigarette smokers. Overall, 266(72.68%)
patients were non smokers, however it was
noted that there was an increase in the num-
ber of smoker patients among severe and
critical disease severity as shown in the table
below. Majority of the patients were non-
healthcare workers while only 7% (n=27) of

Table 2. Demographic characteristics of COVID-19 patients

had comorbidities. As depicted in the chart, a
larger proportion of severe and critical COVID-
19 patients have more than one comorbidi-
ties. There were 138 COVID-19 confirmed cas-
es (37.7%) that were noted to have one
comorbid condition while 154 (42.08%) cases
had more than one co-morbid condition. Most
of the severe and critical cases have at least 1
comorbid condition while the majority of
moderate cases have two or more comorbid
conditions. Conversely, the majority of mild
cases have no comorbid condition.

according to disease severity

Disease severity
Total P-value
(n=366) Mild Moderate Severe Critical (<0.05)
(n=18,5%) |(n=211,58%)| (n=60, 16%) | (n=77, 21%)
Sex
Male 11 129 43 50
233 (63.66) (61.112) (61.14) (71.67) (64.94) 0.503
Smoking Sta-
tus: (current/ 3 48 24 25 0.028
previous) 100 (27.32) (16.67) (22.75) (40) (32.47)
Occupation
(%)
Healthcare 27 6 19 1 1
worker (7.38) (33.33) (9) (1.67) (1.3) <0.001
Non-
healthcare 12 192 59 76
worker 339(92.62) (66.67) (91) (98.33) (98.7)
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Figure 1. Comorbid Conditions of COVID-19 Patients According to Disease Severity
Table 3. Comorbid Conditions of COVID-19 Patients According to Disease Severity
Disease Severity (n,%)

Number of comor- Total - — P-value

bidity n(%) (n=366) Mild Moderate Severe Critical (<0.05)

(n=18,5%) |(n=211,58%)| (n=60,16%) | (n=77,21%)
Two comorbidities | 154 (42.08) 5(27.78) 95 (45.02) 23(38.33) 31 (40.26)
One comorbidity 138 (37.7) 5(27.78) 67 (31.75) 32(53.33) 34 (44.16) 0.003
No comorbidity 74 (20.22) 8 (44.44) 49 (23.22) 5(8.33) 12 (15.58)
As seen in Table 4, hypertension bronchiectasis. Of the 38 patients who self-

(53.83%), DM (35.25%) and BA (9.29%) were
the most self-reported comorbid conditions.
Remarkably, there was a significant increase
in the number of hypertensive patients among
severe (70%) and critical cases (62.34%). Dia-
betes, the second leading co-morbid condi-
tion, was reported in 40.28% of moderate,
25% of severe and 33.77% critical cases. Inter-
estingly, 80 cases (21.86%) had respiratory
conditions which included PTB, BA, COPD and

reported with PTB, 13 were active and 25 cas-
es had previous PTB.

The median time from symptom onset
to hospital admission for mild cases of COVID-
19 were shorter (2 days (IQR 0-4 days)) in
comparison to the moderate, severe and criti-
cal cases with a mean length of 7 days. In Ta-
ble 5, the most prominent symptoms were

Table 4. Number of Comorbid Condition of COVID-19 Patients According to Disease Severity

Disease Severity (n,%)
Number of comorbid- Total P-value
ity n(%) (n=366) Mild Moderate Severe Critical (<0.05)
(n=18, 5%) | (n=211, 58%) | (n=60, 16%) | (n=77, 21%)
Comorbidities n(%)
Hypertension 197 (53.83) 5(27.78) 102 (48.34) 42 (70) 48 (62.34) 0.001
Diabetes mellitus | 129 (35.25) 3(16.67) 85 (40.28) 15 (25) 26 (33.77) 0.048
Bronchial Asthma 34 (9.29) 3(16.67) 21 (9.95) 5(8.33) 5 (6.49) 0.562
Cardiovascular 26 (7.1) 0 17 (8.06) 2(3.33) 7 (9.09) 0.311
Chronic Kidney 23 (6.28) 1 (5.56) 12 (5.69) 5(8.33) 5(6.49) | 0.902
Disease 12 (3.28) 1 (5.56) 4(1.9) 2(3.33) 5(6.49) | 0.253
Cerebrovascular 14 (3.83) 1(5.56) 9(4.27) 3(5) 1(1.3) 0.611
disease 7 (1.91) 0 4(1.9) 1(1.67) 2(2.6) 0.905
Malignancy
COPD 13 (3.55) 0 11 (5.21) 0 2(2.6) 0.005
PTB 25 (6.83) 1(5.56) 6 (2.84) 7 (11.67) 11 (14.29)
Active
Previous
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non-productive cough (64%), dyspnea (72%)
and fever (67%). These three symptoms were
prevalent among patients with moderate to
critical cases (p=<0.001) while it was less like-
ly reported among patients with mild COVID-
19 infection. Notably, dyspnea was present in
more than 90% of patients who were classi-
fied under severe and critical cases. In con-
trast, mild COVID-19 patients were mostly
asymptomatic. Other symptoms reported
were body weakness, sore throat, diarrhea
and myalgia, anosmia, anorexia, dysgeusia
and headache.

[ Manuel et al. ]

values of less than 100 per minute.

The respiratory rate was also noted to be sig-
nificantly increased in critical patients with a
median value of 30 (IQR 26-35). There was no
significant difference in the temperature in all
the severity classification and majority of the
participants were afebrile during admission.
Lowest oxygen saturation was seen in critical
patients with a median value of 80%. The oxy-
gen saturation for mild, moderate and severe
cases were 98%, 95%, and 89%, respectively.
Higher oxygen supports were given to critical
(100%) and severe (47%) cases with median

Table 5. Clinical Signs and Symptoms on Admission of COVID-19 Patients According to Disease Severity

Clinical Signs and Disease severity
Symptoms (on admis-|  Total P-value
sion) (n=366) Mild Moderate Severe Critical (<0.05)
(n=18, 5%) |(n=211, 58%)| (n=60, 16%) | (n=77, 21%)
Cough
Non productive  |235 (64.21)| 3(16.67) | 139 (65.88) | 43 (71.67) | 50 (64.94) <0.001
Productive 59 (16.12) | 1(5.56) | 29(13.74) | 10(16.67) | 19 (24.68)
Dyspnea 266 (72.68)| 4(22.22) |135(63.98)| 57(95) 70 (90.91) <0.001
Fever 246 (67.21)| 4(22.22) |153(72.51)| 39 (65) 50 (64.94) <0.001
Body Weakness 43 (11.75) 0 25(11.85) 8(13.33) 10(12.99) 0.447
Sore throat 31(8.47) 2(11.112) 24 (11.37) 3(5) 2(2.6) 0.078
Diarrhea 19 (5.19) 1(5.56) 16 (7.58) 2 (3.33) 0 0.069
Myalgia 19(5.19) | 1(5.56) 12 (5.69) 3(5) 3(3.9) 0.945
Colds 18(4.92) | 4(22.22) | 10(4.74) 1(1.67) 3(3.9) 0.004
Anosmia 15 (4.1) 0 7(3.32) 6 (10) 2(2.6) 0.077
Fatigue 9 (2.46) 0 6 (2.84) 0 3(3.90) 0.430
Asymptomatic 10(2.73) 7 (38.89) 3(1.42) 0 0 <0.001

Table 6 shows the findings of the initial
physical examination COVID-19 patients ad-
mitted in LCP. The median systolic blood pres-
sure (SBP) measurement was significantly
different among the severity classification
with p value of 0.007. The median systolic BP
in critical COVID-19 patients was elevated at
140mmHg as compared to mild, moderate,
and severe cases with median SBP values of
129mmHg, 130mmhHg, 121mmHg respec-
tively.

The median pulse rate was also signifi-
cantly higher in critical patients, with a medi-
an value of 109 as compared to mild, moder-
ate, and severe cases with pulse rate median

values as compared to moderate and mild
cases wherein most of them were stable at
room air (Fi02 21%).

All of the patients enrolled in the study
with the exception of the mild cases had a
respiratory alkalosis with mild to moderate
hypoxemia on arterial blood gas (ABG), with
median values of pH 7.4 for critical and 7.46
for both severe and moderate cases. There
was a decrease in the pCO2 (<36) median
values for critical, severe, and moderate cas-
es. The PF ratio was also seen significantly
low among critical and severe patients with
median value of 107 and 165.
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Table 6. Vital Signs and ABG Findings of COVID-19 Patients During Admission According to Disease Sever-

ity
Disease Severity
(r;l'_os;c 216) Mild Ngr?ij; ;alte Severe Critical P-value
(n=18, 5%) i (n=60, 16%) | (n=77, 21%) (<0.05)
58%)
Median (IQR)
130 121 130 129 140
SBP (120 to (120 to (120 to (120 to (120 to 0.007
140) 137) 140) 137) 158)
78
80 80 80 80
DBP (70t088) | (78t085) | (70to88) (6;'55;0 (70 o 90) 0.447
99
08 95 95 109
Pulserate | o215110) | (8410 110) | (86 to 105) (Sfi‘z)to (98 to 119) <0.001
Respiratory 24 20 22 25 30 <0.001
rate (21 to 28) (20to 22) (21 to 25) (23 to 28) (26 to 35) )
Tempera- 365 363 365 365 36.7 0,095
ture (36.1t037) | (36t037) | (36.3t037) | (36t036.7) | (361t037) ‘
02 Satura- 94 98 95 89 80 <0.001
tion (87t097) | (97t099) | (92t097) | (83t094) | (60to89) :
ABG on admission
29 21 21 47 100
OZsupport | 514553) | (21t021) | (21t032) | (32t072) | (52t0 100) <0.001
7.46 7.44 7.46 7.46 74
PH (7.4t07.49) | (7.42t07.5) | (7.44107.5) | (7.43t075) | (7.3t07.46) | 0001
32
347 376 343 359
pCO2 (31t039.6) | (32t043.6) | (31t038.8) (2387'57;0 (31.7 to 46) 0.008
239 23.85 245 236 223
HCO3 (2210263) | (23t029) | (22.5t027) | (203t026) | (186t025) | <0002
75
743 94.85 73.2 67
pO2 (62.41092) | (86t098) | (6410 88.9) | (5610 83.6) (516(')32;0 <0.001
251 452 303
165 107
PF ratio (140 to (408 to (244 to <0.001
336) 465) 363) (8810 216) | (88to 160)

Table 7 shows the association of clini-
cal characteristics with disease severity in
COVID-19 patients. The proponents of this
study obtained the highest sensitivity and
specificity for each significant variable includ-
ing pulse rate, respiratory rate, oxygen satu-
ration, pH and bicarbonate levels, and PF ra-
tio. It was used as the significant cut-off value
to associate with the disease severity of
COVID-19.

Results of the univariate analysis
showed that among the socio-demographic

variables of the patients with COVID-19, older
age, healthcare workers and smokers were
significantly associated with the disease se-
verity of COVID-19. Notably, the patients un-
der 40 to 59 years old and 60 and above were
have 3-fold risk and 5-fold risk, respectively,
of having severe or critical COVID-19 infec-
tion. Smokers were 94.34% more likely to
have severe or critical COVID-19 infection as
compared to non-smoker patients.

Patients with a single comorbidity were
three times more likely to have severe or

Phil J Chest Dis Vol. 21 No.1 January-April 2023



Association of Demographic and Clinical Characteristics with Disease Severity in COVID-19

critical COVID-19 infection as compared to
patients without comorbidity. Among the
comorbidities present, it was shown that only
hypertension and previous history of PTB
were noted to have increased risk of having
severe or critical COVID-19 infection.

Among the symptoms self-reported by
the patients, cough and dyspnea were noted
to be significantly associated with severe to
critical COVID-19 infection. Those with pro-
ductive cough were three to four times more
likely to have severe or critical COVID-19 in-
fection as compared to patients with dry
cough and without cough. Expectedly, dysp-
neic patients were 8 times more likely to have
severe or critical disease. In contrast, those
with sore throat (70.43%) and diarrhea
(81.53%) were less likely to have severe or
critical COVID-19 infection.

Physical exam findings that were iden-
tified as high risk for developing severe to
critical COVID-19 infection were increased in
systolic blood pressure (SBP), pulse rate and
respiratory rate. In relation to dyspnea, those
patients who presented with tachypnea with
respiratory rate of more than 25 cpm, had
also higher odds of having severe or critical
COVID-19 infection by 7 fold. Furthermore, it
was also noted that there was a six-fold in-
creased risk of having severe or critical COVID
-19 infection for oxygen saturations below or
equal to 93%. Remarkably, those patients
with oxygen support of greater than 37%
FiO2 were 23 times more likely to have se-
vere to critical COVID-19 infection. A PF ratio
of less than 215.3 was also significantly asso-
ciated with disease severity with as much as
24 times chance to develop severe to critical
COVID-19 infection.

Multivariate analysis showed that ad-
vanced age, patients with dyspnea, tachyp-
nea with lower oxygen saturations, patients
requiring higher oxygen support and those
who have lower PF ratios were significantly
associated with severe to critical COVID-19
infection.

[ Manuel et al. ]

The values for each parameter (i.e.,
dyspnea, respiratory rate, oxygen saturation,
oxygen support and age) were all adjusted to
determine the likelihood of having severe or
critical COVID-19 infection. Dyspneic patients
have a fourfold likelihood of having severe or
critical COVID-19 infection after adjusting for
age, respiratory rate, oxygen saturation, oxy-
gen support and PF ratio. For every 1 cpm
increase in respiratory rate above 25cpm, the
odds of having severe or critical COVID-19
infection also increased by 17.47%. For every
percentage increase in oxygen saturation of
more than 93%, the odds of having severe or
critical COVID-19 infection decreased by
6.39%. There was also an increased risk of
2.85% for every percent increase in oxygen
support more than 37% FiO2. Lastly, for every
unit increased in PF ratio of more than 215.3,
the odds of having severe or critical COVID-19
infection decreased by 0.62%.

DISCUSSION

COVID-19 is a new disease and there is
limited information on risk factors for disease
severity across different populations. This
study aimed to associate the demographic
and clinical characteristics of patients with
disease severity of COVID-19 infection. A total
of 366 patients admitted at the LCP from
March 7 to August 31, 2020 were included in
the study. Overall, 58% of the population
were moderate cases, 21% were critical cases
and 19% were severe cases. Only 5% of the
mild cases were included because most of the
mild cases were advised for home quarantine
or were referred to other quarantine facili-
ties.

Majority of the patients were males (n=
233, 63.44%) and the median age was 58.5
years (IQR= 54-70) which was similar in the
profile of patients in the previous literatures
published in Wuhan China, Lombardy Italy and
New York City, USA 428311 The Center for Dis-
ease Control (CDC) identified that advanced
age was shown to be associated with disease
severity of COVID-19 infection *. In many
studies, advancing age was a major independ-
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Table 7. Association with disease severity in COVID-19 patient

Univariate Multivariate

Parameters Crude OR 95% Cl P-value | Adjusted OR 95% Cl p-value

Age 1.0364 1.02 to 1.05 <0.001 - - -

19 to 39 years (reference) - - (reference) - -

old

40 to 59 years 3.4427 1.44t08.21 0.005 7.7895 1.28 to 0.026

old 47.2

> 60 years 5.1083 2.18to0 12 <0.001 8.1663 1.4to47.6 0.02

Healthcare 0.1209 0.03t0 0.52 0.004

worker

Hypertensive 2.1833 1.41t03.38 <0.001 - - -

PTB

None (reference) - - - - -

Active 0.3279 0.07 to 1.150 0.151 - - -

Previous 4.6374 1.88to0 11.4 0.001 - - -

Number of

comorbidity

Two comor- 1.8105 0.96t03.42 0.067 - - -

bidities

One comorbid- 3.0735 1.63t05.81 0.001 - - -

ity

None (reference) - - - - -

Smoking Status

Smoker 1.9434 1.22t03.10 0.005 - - -

(current/

previous)

Cough

Non produc- 2.4888 1.33t04.65 0.004

tive

Productive 3.6733 1.71t0 7.89 0.001

Clinical Signs and Symptoms on Admission

Dyspnea 8.223 4.10to 16.5 <0.001 4.1606 1.60 to 0.003
10.8

Sore throat 0.2957 0.11t0 0.79 0.015

Diarrhea 0.1847 0.04t00.81 0.025

Physical exam during admission

SBP > 131 1.2536 0.82t0 1.92 0.301

Pulse rate > 2.7241 1.76to 4.21 <0.001

101

Respiratory 7.1558 446t011.5 <0.001 1.1747 1.08 to <0.001

rate > 25 1.28

02 Saturation 6.7347 4.17to 10.9 <0.001 0.9361 0.90to 0.001

<93 0.97

ABG on admission

02 support > 23.246 13.3t040.6 <0.001 1.0285 1.01 to | 0.01

37 1.05

pH < 7.453 2.0283 1.32t03.12 0.001

HCO3 < 23.8 1.9683 1.28t0 3.03 0.002

PF ratio < 24.305 13.8to42.7 <0.001 0.9938 0.98 to | 0.01

215.3 0.998
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ent predictor of severity and mortality for
COVID-19 #*#919% Similarly, the result of our
study using the multivariate analysis showed
that advancing age was significantly associat-
ed with severe and critical COVID-19 infection.
There was a 7-fold (Cl 1.28,47.2, p=0.026) and
an 8-fold (Cl 1.4, 47.6, p=0.020) increase of
having severe to critical COVID-19 infection
among patients aged 40 to 59 year-old and
patients aged 60 and above, respectively. This
may be due to increasing medical conditions
associated with advancing age, and factors
like the differences in the immune system,
glycation, epigenome, inflammasome activity,
and biological age. The ability to control viral
load was one of the prognostics of whether a
patient will develop mild or severe COVID-19
symptoms. The immune system performs four
main tasks like recognizing, alerting, destroy-
ing and clearing the pathogen to effectively
suppress and eliminate SARS-CoV-2. In elderly,
these mechanisms were known to be dysfunc-
tional and increasingly heterogeneous and
there is a gradual decline in the immune func-
tion called immunosenescence, which ham-
pers pathogen recognition, alert signaling and
clearance. Other immune system changes in-
clude chronic increase in systemic inflamma-
tion called inflammaging .

Majority of the population included in
this study were non-smokers. Although smok-
ers were significantly associated with the dis-
ease severity of COVID-19 infection. Using the
univariate analysis, smoker patients were
94.34% more likely to have severe or critical
COVID-19 infection as compared to non-
smoker patients. Mild cases of COVID-19 were
mostly non-smokers (83.33%). This was com-
parable to the findings of Constantine et. al. in
his systematic review of 5 studies regarding
the relationship of smoking and COVID-19.
The largest study showed that current and
former smokers required more ICU support
and mechanical ventilation and had died. A
higher percentage of smokers were also in
severe cases . However, this study showed
that multivariate analysis did not prove that
smokers had significant association with se-

[ Manuel et al. ]

vere and critical COVID-19.

Seven percent (n=27) of the admitted
patients were healthcare workers, and among
them, only two were classified as severe and
critical COVID cases. The low percentage of
healthcare workers infected with COVID-19
may be due to the better knowledge of
healthcare workers in responding to the
threat of COVID-19 infection as demonstrated
by the study of Limbu D. et. al. on knowledge,
attitude and practices of healthcare workers in
which  81.5% answered correctly the
knowledge questionnaire **.

The patients who were reported with
one comorbid condition in this study were
shown to have an increased chance of having
severe or critical COVID-19 infection, while
patients who were reported with more than
one co-morbid condition did not show signifi-
cant additional risk for disease severity. A na-
tionwide analysis on the impact of comorbid
condition in the outcome of COVID-19 pa-
tients was done in China and it involved 1,590
subjects . Results showed that those who
presented with one co-morbid condition had
an increased risk for ICU admission, invasive
ventilation, and death. However, their findings
also reported an increase in risk for poor clini-
cal outcome among patients who have two or
more comorbid conditions which was not re-
flected in our study. This may be explained by
the increased number of patients who self-
reported with only one comorbidity during
admission among those with severe and criti-
cal cases.

The presence of comorbid conditions
had been identified as one of the predictors of
poor outcome, severity, and mortality for
COVID-19. Similarly in other reports, hyper-
tension and DM were also identified in this
study as the most common comorbid condi-
tions among patients with COVID-19
428101839 The strength of association be-
tween the different comorbidities and disease
severity, however, was less consistent when
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instance, comorbid conditions including DM
and COPD were identified as strong predictors
for severity in other studies, however, it was
not reflected in this study #2/10,1838,39 Only
hypertension and previous history of PTB
were shown to have increased odds of having
severe or critical COVID-19 infection. Hyper-
tensive patients were two times (p=<0.001)
more likely to have severe or critical disease.
This was congruent with four studies done in
China (Zhou F et.al.*, Guan WJ et.al.’?, Huang
C. et.al.”” and Liang W.H. et.al.®and a study
done in Italy by Grasselli G. et.al.” showing
hypertension as the most common comorbidi-
ty seen in COVID-19. However, multivariate
analysis revealed that it was not an independ-
ent predictor for disease severity. This was
because the majority of the population in
each disease severity had hypertension as the
predominating comorbid condition across
among the four severity classifications.

The prevalence of PTB was at 10.38%
which was almost similar to previous reports
of J.M. Leung et. al. but was twice more than
the recent reports in a large meta-analysis
done by Yao Gao at 0.37 to 4.47% *"**. Most
of the patients with active TB (n=11) had mod-
erate COVID-19 infection while majority of
patients with previous PTB (n=11) had critical
COVID-19. The Association of Pulmonary Tu-
berculosis with COVID-19 disease severity had
limited data and with conflicting results. In
one meta-analysis conducted by Y. Gao, et. al.,
PTB was associated with 2-fold risk of severe
COVID-19, however it was not proven to be
statistically significant **, while a local study
done by K.T.L. Sy, et. al. showed that previous
and active tuberculosis was significantly asso-
ciated with an increased risk of death and pro-
longs the recovery of patients with COVID-19
infection®®. Another study noted that COVID-
19 patients with both active or previous histo-
ry of PTB had a 2.5 times higher risk and 50%
risk of death respectively # Similar results
were also noted in the study of Sy et. al.
wherein patients with previous pulmonary
tuberculosis were 4 times (95% Cl 1.88, 11.4,
p= 0.001) more likely to have severe or critical

[ Manuel et al. ]

COVID-19 infection as compared to patients
without PTB. Although univariate analysis
showed significant correlation of PTB with
disease severity, the results of the multivari-
ate analysis did not exhibit any significant as-
sociation, probably because of the small num-
ber of patients reported in the study (n=13)
which may have underestimated the actual
result. Obesity was also identified as one of
the predictors for severity in previous litera-
ture, however, this was not included in our
parameters since the majority of the charts
did not report the body mass index of the pa-
tients **%.

Mild cases have a short time of illness
onset to hospital admission which may indi-
cate that they sought early consultation as
compared to moderate to critical cases. The
patients who reported longer time from illness
onset to hospital admission (median of 7 days)
were associated with moderate, severe, and
critical cases. Although univariate and multi-
variate analysis did not show any association
with the disease severity.

The top three self-reported symptoms
by the patients with confirmed COVID-19 in-
fection were non-productive cough, dyspnea
and fever. These three symptoms were com-
monly manifested by patients with moderate
to critical cases as compared to mild cases
which was comparable with the reports in
other literatures *>'%4? Among these three
prominent symptoms, dyspnea was reported
by more than 90% of the patients classified
under the severe and critical category. Those
reporting dyspnea as an initial symptom were
significantly associated with higher odds
(OR:4, Cl 1.6,10.8, p=0.003) of having severe
and critical cases as compared to those who
did not. This was similarly reported by lJiang
Xie et. al. and Lang Wang et. al. in their study
wherein dyspnea was identified as an inde-
pendent predictor for mortality in patients
with COVID-19 >*?. Extensive inflammation of
the bilateral and respiratory bronchioles in
patients with COVID-19 infection due to ex-
cessive activation of pro-inflammatory
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cytokines and chemotactic aggregation of T-
lymphocytes at the site of inflammation were
possible mechanisms which underlie chest
distress and dyspnea among infected patients.
Continuous and unresolved dyspnea often
indicates the progression of lung lesions .

Adjusted logistic regression analysis
showed that physical examinations that had
higher odds of having severe or critical COVID-
19 infection were increased SBP, pulse rate,
respiratory rate, oxygen support requirement
and decreased oxygen saturation. A study
done in London showed that among the physi-
cal examination findings, body temperature of
more than 38°C has the strongest association
with increased mortality among COVID-19
patients while pulse rate, respiratory rate, and
BP did not show any association with disease
severity *. As reported in other studies, fever
was one of the common presentations of
COVID-19 infection *>#21044 However, most
of the patients in our study were afebrile dur-
ing admission and our results did not show
significant association with disease severity as
compared to what were seen from other re-
ports.

All moderate to critical patients en-
rolled in the study had respiratory alkalosis
with mild to moderate hypoxemia on ABG,
however, it did not show significant associa-
tion. Oxygen saturations of > 94% among
COVID-19 patients notably decreased the
odds of having severe or critical COVID-19 in-
fection after adjusting for dyspnea, respiratory
rate, age, oxygen support and PF ratio. The
result of our study was somehow similar to
the study by Xie Jiang et. al. which demon-
strated that higher SpO, levels after oxygen
supplementation were associated with re-
duced mortality independently regardless of
age and sex (hazard ratio per 1 unit SpO2,
0.93; 95% Cl, 0.91, 0.95; p=<.001) **. Hence, it
was prudent to maintain higher oxygenation
saturation of more than 93% among COVID-19
patients. It was also noted that an increased
PF ratio had decreased the odds of having se-
vere or critical COVID-19 infection while a de-
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creased PF ratio of less than 215 was associat-
ed with increased risk of severe to critical
COVID-19. This was supported by other study
which showed a low PaO,/FiO, ratio <200
mmHg as one of the independent risk factors
for mortality (HR 3.57; 95% ClI 2.20, 5.77,
p<0.0001) and the in-hospital mortality pro-
portionally increased with increasing impair-
ment of gas exchange (p<0.001) **. The in-
flammatory process in COVID-19 causes a hy-
percoagulable state that results in microvas-
cular thrombosis creating a dead space with
reduced or absent pulmonary capillary flow
leading to a high ventilation/perfusion(V/Q)
ratio. The overt inflammatory process in
COVID-19 cause capillary hyperperfusion and
uneven distribution of capillary perfusion
cause VQ mismatched and hypoxemia. Preca-
pillary shunts cause a decreased or absent
capillary perfusion leading to hypoxemia.The
said mechanisms may contribute to hypox-
emia, low P/F ratios, and high A-a gradient
seen in COVID-19. Hypoxemia leads to the
stimulation of the peripheral and central
chemoreceptors which cause increased respir-
atory drive and thus increased respiratory rate
(RR).” Increased RR was a sign of hypoxemia,
therefore, it is important to maintain a higher
PF ratio among COVID-19 patients, while a
decreasing PF ratio should alert clinicians to
be aggressive with the management to avoid
fatal outcomes *.

LIMITATIONS

Our study has some notable limitations.
This was a cross-sectional study design which
involved a retrospective chart review, with all
information based on what was recorded on
the chart. Hence, some vital information
might be omitted, thus we may have missed
important associations with disease severity.
Another limitation of this study was self-
reporting of comorbidities and symptoms on
admission. Self-reporting of comorbidities and
symptoms could be underestimated due to
lack of awareness and/or the lack of diagnos-
tic testing, which may contribute to the un-
derestimation of the true strength of associa-
tion with the severity of COVID-19 infection.
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CONCLUSION

This study showed that advanced age,
dyspnea, tachypnea and increase in oxygen
support requirement were significantly associ-
ated with disease severity of COVID-19. Higher
oxygen saturations and PF ratios were signifi-
cantly associated with decreased odds of hav-
ing severe or critical COVID-19 infection.
Hence, clinicians should always be mindful of
these contributing factors to recognize the
disease severity of COVID-19 during initial
evaluation and to enable them to give imme-
diate appropriate measures and avoid poor
outcomes with these patients.

RECOMMENDATION

The proponents of this study recom-
mend that factors such as advanced age,
dyspnea, tachypnea, and increased in oxygen
support requirement, oxygen saturations, and
PF ratios which were associated with more
severe COVID-19 be closely monitored during
the initial evaluation of patients at the emer-
gency room department to immediately rec-
ognize severe and critical cases and provide
personalized management.
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ABSTRACT

BACKGROUND: The extent and severity of the long-term respiratory complications of COVID-19 in-
fection remains to be ascertained, but emerging data reveals that many patients experience persis-
tent respiratory symptoms months after their initial illness and also had imaging abnormalities such
as pulmonary fibrosis and impaired lung function weeks after being discharged. Given that per-
sisting imaging abnormalities correlate with physiological impairment, it is likely that these patients
are at a greater risk of long-term parenchymal lung disease in whom closer follow-up and further
investigation are indicated.

OBJECTIVE: To report the pulmonary function and chest CT changes in this cohort of survivors in
correlation with their symptoms .

METHODS: We conducted a single-centered retrospective analysis on an original cohort of 19 survi-
vors who underwent chest CT-scan upon admission and 10-12 weeks upon discharge. The study
included the measurement of static and dynamic lung volumes, determination of the diffusing ca-
pacity of the lung for carbon monoxide (DLCO), and a health status evaluation using the St. George
Respiratory Questionnaire (SGRQ) during follow-up .

RESULTS: Study has shown that significant radiographic and alterations in lung functions, with main-
ly restrictive pattern in severe illness group (decrease DLCO and total lung capacity), still existed in
a proportion of COVID-19 patients 3 months after discharge. There is a positive correlation be-
tween the CT scores and SGRQ scores suggesting that the higher the inflammatory load as evi-
denced on CT, the more symptomatic the patient was. On the other hand, there was a negative
correlation between pulmonary function test and SGRQ as well as CT scores. The higher the CT
scores and SGRQ scores, the lower the pulmonary function predicted .

CONCLUSION: After three months of recovery from COVID-19 pneumonia, the lung functions are
affected in terms of minor diffusion defect and restrictive lung impairment. The aberration might
be connected to the COVID-19's severity. As a result, it is advised that post-COVID-19 survivors,
particularly those who suffered from severe iliness, have long-term follow-up .

KEYWORDS: COVID-19, pulmonary fibrosis, pulmonary function, DLCO, health status, SGRQ
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INTRODUCTION

The first report of a novel respiratory
virus emerged from Wuhan, China on Decem-
ber 2019 and was shown to be a coronavirus
causing severe acute respiratory syndrome.1
The highly transmissible virus spread rapidly
and on 11 March 2020, coronavirus disease
2019 (COVID-19) was declared a global pan-
demic by the World Health Organization. As of
December 2020, more than 68 million cases
have been confirmed worldwide with 1.5 mil-
lion reported deaths.?

COVID-19 due to SARS-CoV-2 may have
multiple organ failure and lung injury is one of
the most common clinical manifestations. The
entry route of SARS-CoV-2 into the human
cells is mainly facilitated by the angiotensin-
converting enzyme-2 (ACE2) receptors, which
seems to be expressed by type 2 pneumo-
cytes. The binding of SARS-CoV-2 to the ACE2
receptors could arise into acute systemic in-
flammatory responses and cytokine storm,
consequently leading to lung-resident den-
dritic cells (rDCs) activation, to produce T lym-
phocytes and release antiviral cytokines into
the alveolar septa and interstitial compart-
ments. However, the knowledge about the
sequelae of SARS-CoV-2 infection remains lim-
ited.’

In light of the widely documented lung
injuries related with COVID-19, concerns are
raised regarding the assessment of the lung
injury for discharged patients. Predicting the
likely respiratory consequences of COVID-19 is
challenging but reviewing data from this and
other coronavirus infections provide in-
sights. The optimal time for follow-up imaging
to assess for radiological clearance in COVID-
19 is unknown. Retrospective study showed
that many patients had imaging abnormalities
when discharged, a few patients even had
pulmonary fibrosis.* A recent report showed
that discharged patients with COVID-19 pneu-
monia still has residual abnormalities in chest
CT scans, with ground-glass opacity as the
most common pattern. The rate of radiologi-
cal abnormalities (74.55%) is lower than that
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reported in an earlier study (83%) over 7 days
after admission.” The lung pathology of fatal
COVID-19 was dominated by diffuse alveolar
damage with fibrin rich hyaline membranes
and a few multinucleated giant cells. The ab-
errant wound healing may lead to severe scar-
ring and fibrosis. The patchy glass opacifica-
tion classically observed in COVID-19 pneumo-
nia is, however, much less suspicious of har-
boring a malignancy, particularly in the con-
text of a pandemic.®

A 6-week follow-up chest x ray is, there-
fore, not advised and the 12-week time point
is considered to be optimal in providing suffi-
cient time for imaging resolution while also
ensuring that non-resolving changes are ad-
dressed sufficiently early. Guidelines pub-
lished by the British Thoracic Society recom-
mends chest radiography three months after
discharge for all admitted COVID-19 patients,
especially for those with a history of moderate
or severe disease, with persisting symptoms.7
If patients with COVID-19 pneumonia recover
similarly like those with Severe Acute Respira-
tory Syndrome (SARS) and Middle East Respir-
atory Syndrome (MERS), it is envisaged that at
12 weeks post-discharge, approximately 65%
of these patient had full CXR resolution.?

The  post-hospitalization ~ COVID-19
study in the United Kingdom (UK) aims to re-
cruit 10,000 patients to identify the medical,
psychological, and rehabilitation needs of pa-
tients admitted to hospital with COVID-19 and
to provide a comprehensive picture of the
longer term effects of infection.” among survi-
vors and non-survivors. This will help identify
preventable causes of death among patients
with COVID-19 and also prognosticate patients
with advanced disease.

Given that persisting imaging abnormal-
ities correlate with physiological impairment,
it is likely that these patients are at a greater
risk of long-term parenchymal lung disease
necessitating closer follow-up and further in-
vestigation. Persistent impairment of pulmo-
nary function and exercise capacity have been
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known to last for months or even years in the
recovered SARS and MERS survivors. Howev-
er, post discharge imaging or lung functional
data are limited for COVID-19 survivors. Pre-
liminary evidence suggests that impaired lung
function in coronavirus pneumonia could last
for several months or even years, with the
impairment of diffusing capacity (DLCO) as the
most common abnormality followed by de-
creased in total lung capacity. ™

The extent and severity of the long-
term respiratory complications of COVID-19
infection remains to be seen, but emerging
data indicate that many patients experience
persistent respiratory symptoms months after
their initial iliness.

As effective vaccines and treatments for
SARS-Cov-2 emerge, a key objective will be to
identify and proactively manage complications
from the infection and support patients
through the recovery phase with the goal of
preserving their health status. Few reports
have described the sequelae of COVID-19 sur-
vivors, and until now, no study has reported
early prognosis in relation to the degree of
lung injury and rehabilitation in patients with
COVID-19. To the best of our knowledge, this
is the first local study to investigate the
long term effects on changes in both pulmo-
nary function, CT imaging, and health status in
patients with COVID-19. Such data will allow
the design of appropriate follow-up protocols
in a healthcare system with large waiting lists
and limitations on face-to-face appointments.
There is a need for a unified pathway for the
respiratory follow-up of patients with COVID-
19 and balancing the delivery of high-quality
clinical care with stretched resources. In this
guidance document, it will help provide a sug-
gested structure to achieve these aims with a
focus on the respiratory follow-up of patients
with clinico-radiological confirmation of COVID
-19 pneumonia.

OBJECTIVES
To report the pulmonary function and
chest CT changes in this cohort of survivors 12

weeks post discharge in correlation with their
symptoms and to compare severe patients
with non-severe patients by outcome parame-
ters.

METHODS
Study Design, Target Population, Inclusion &
Exclusion Criteria

The study was an observational cohort
study of all COVID-19-confirmed patients ad-
mitted at Cardinal Santos Medical Center from
March to September 2020. In all patients, na-
sopharyngeal and oropharyngeal swabs were
collected, followed by RT-PCR assay to confirm
the diagnosis. It was a single-centered retro-
spective analysis conducted on an original co-
hort of 19 survivors who underwent chest CT
scan upon admission and 10-12 weeks upon
discharge and whose follow-up pulmonary
function test was done as well. The outcome
included the measurement of static and dy-
namic lung volumes, the determination of the
diffusing capacity of the lung for carbon mon-
oxide, and a health status evaluation using the
St. George Respiratory Questionnaire (SGRQ)
during follow up as well along with the repeat
CT scan. Charts with incomplete data and
those who died due to COVID-19 or any rea-
son during admission and on follow-up were
excluded from the study.

Sampling Scheme

Purposive sampling was used. All pa-
tients, male and female, who fulfill the inclu-
sion criteria were included in the study. The
protocol was submitted to the Research Cen-
ter and Research Ethics Review Committee for
technical & ethical review. Request approval
to collect medical records from the Radiology
Department and Pulmonary Unit was done.
Data collection was done via chart and image
review of chest CT scan of patients. A self-
administered questionnaire was sent online.
All data collected will be confidential and
typed into a password-protected computer.
Only the researcher has access to the patient's
data. Data was encoded without the patients’
names. Electronic data will be kept for 5 years
and then deleted thereafter.

Phil J Chest Dis Vol. 21 No.1 January-April 2023



Impact of COVID-19 Pneumonia on Pulmonary Function, Radiology and QOL

Disease Severity

Disease severity was categorized among
the population group stated in the WHO inter-
im guidancez, as mild illness (i.e., mild symp-
toms without radiographic appearance of
pneumonia), moderate pneumonia (i.e., hav-
ing symptoms and the radiographic evidence
of pneumonia, with no requirement for sup-
plemental oxygen), severe pneumonia (i.e.,
having pneumonia, including one of the fol-
lowing: respiratory rate > 30 breaths/minute;
severe respiratory distress; or SpO2 < 93% on
room air at rest), or critical cases (i.e., respira-
tory failure requiring mechanical ventilation,
septic shock, other organ failure occurrence
or admission into the ICU).

Lung Function Testing

Pulmonary function tests (PFTs) were
performed by respiratory therapists in the
Pulmonary Unit of Cardinal Santos Medical
Center. Spirometry was performed in accord-
ance with recommended standards. The fol-
lowing parameters were measured by means
of the single-breath test: forced vital capacity
(FVC), forced expiratory capacity at the first
second of exhalation (FEV1), total lung capaci-
ty (TLC), and diffusion capacity of the lung for
carbon monoxide (DLCO). All PFT measure-
ments were expressed as percentages of pre-
dicted normal values. Diffusion deficit was
considered as DLCO < 80% of predicted value.
To protect lung function laboratory staff, extra
exhaust fans were installed in the lung func-
tion room and staff wore personal protective
equipment such as N95 respirators, protective
goggles, gloves, and gowns.

Health Status Measurement

All of the eligible patients completed
the Singapore-English version of the SGRQ.
The SGRQ is a standardized, self-administered,
pulmonary-specific health status question-
naire containing 50 items and 76 weighted
responses that is divided into three subscales:
(1) symptoms (8 items); (2) activity (16 items);
and (3) impacts (26 items). SGRQ scores were
calculated using score calculation algorithms
and missing data imputation recommended by
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its developer. For each subscale and for the
overall questionnaire, scores range from 0 (no
impairment) to 100 (maximum impairment).
Mean scores obtained from a sample of per-
sons (n = 74) between 17 and 80 years of age
(mean age, 46 years) who had no history of
respiratory disease (mean FEV1, 95%) served
as reference values."

Radiologic Findings

A radiologist who was blinded to the
clinical data, reviewed all the chest CT images.
Chest CT images were scored according to the
pulmonary inflammation index (PIl). Each of
the five lung lobes was assessed for degree of
involvement and classified either as none
(0%), minimal (1%—25%), mild (26%-50%),
moderate (51%—75%), or severe (76%—100%).
No involvement corresponded to a lobe score
of 0, minimal involvement to a lobe score of 1,
mild involvement to a lobe score of 2, moder-
ate involvement to a lobe score of 3, and se-
vere involvement to a lobe score of 4. An
overall lung “total severity score” was reached
by summing the five lobe scores (range of pos-
sible scores, 0—20). Additional scores consist-
ed of presence of consolidation, presence of
pleural effusion, presence of lymphadenopa-
thy (>10mm) and presence of fibrosis. The
higher the value, the heavier the inflammato-
ry load.

Outcome Measures

Continuous variables were described
using mean with standard deviation (SD) or
median with interquartile range (IQR), fol-
lowed by unpaired T-test or Mann-Whitney
test. Categorical variables were described as
percentage and compared using the Chi-
square test. The correlation of different varia-
bles were analyzed using Spearman's correla-
tion. The conventional level of statistical sig-
nificance of 0.05 was used for all analyses.
Statistical analysis was performed using STATA
Version 15.1.

Ethical Considerations
Individual patient records and all data
collected were kept confidential. There is no
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conflict of interest for the author. A waiver of
informed consent was submitted to the RERC
since this study entails record review with no
interaction with the patient. Vulnerability, re-
cruitment, and assent are not applicable.
There are no risks, benefits, and compensa-
tion for the participants. The study abided by
the principles of the Declaration of Helsinki
2013 and conducted along the guidelines of
the International Conference of Harmoniza-
tion and Good Clinical Practice.

RESULTS

One hundred eighty six survivors were
evaluated for this study. One hundred fifty
four patients were excluded due to the follow-
ing reasons: 125 had no CT scan upon admis-
sion or upon follow-up, 4 had no PFT on follow
-up, 22 were lost to follow-up, and 3 died. On-
ly 19 had CT scan done at 10-12 weeks after
hospital discharge out of the 32 remaining

Table 1. Demographics of COVID-19 survivors studied

[ Dimabuyu et al. ]

and FVC were similar for both groups. The
average TLC and DLCO were lower in the se-
vere illness group compared to the moderate
illness group though it was not statistically
significant, however, it was significant at 0.10
in terms of DLCO. Number of patients whose
TLC and DLCO with <80% of predicted were
significantly higher in the severe illness group
(p <0.05).

CT scan at the time of the recovery
showed persistent ground glass opacities in 15
patients but most of them had CT scores of
<5, hence, mean CT score difference was sta-
tistically significant (Table 3). All of the 6 pa-
tients in the severe illness group developed
pulmonary fibrosis, while 6 out of 9 patients
from the moderate illness group were noted
to have fibrosis as well on follow up scan. Nev-
ertheless, an overall improvement in CT
scores after 10-12 weeks after discharge was

Moderate Iliness (n=12) Severe/Critical lliness (n=6)
Age 55 (37-92) 67 (44-83)
Frequency % Frequency Frequency % Frequency
<60y/o 7 58 2 33
>60 y/o 5 42 4 67
Sex
Male 7 58 4 67
Female 5 42 2 33
Comorbidities
Hypertension 5 42 6 100
Diabetes Mellitus 2 17 4 67
Bronchial Asthma/COPD 2 17 17
Cancer 0 0 17
Smoker 3 25 33
Average Number of Hospital Days 11(4-18) 24 (10-58)
Intubated N/A 2 33
High Flow Nasal Cannula N/A 4 67

patients. Baseline characteristics of the pa-
tients included in the study were summarized
in Table 1.

Table 2 showed the pulmonary function
variable of patients that were studied. FEV1

observed. Symptoms, on the other hand, were
common at follow-up, with all the patients
both from the moderate and severe illness
group reporting at least one ongoing symp-
tom since discharge from hospital. Most com-
mon of which were cough and breathlessness

Phil J Chest Dis Vol. 21 No.1 January-April 2023



Impact of COVID-19 Pneumonia on Pulmonary Function, Radiology and QOL [ Dimabuyu et al.

Table 2. Pulmonary function test at 10-12 weeks after discharge

Moderate (N=12) Severe (N=6
No. of No. of
Patients Patients
with with p value p value
Vean sD <80% | . sD <80% | (Mean) | (Freaue
(95% Cl) | Predict- (95%Cl) | Predict- ncy)
ed (% ed (%
Fre- Fre-
guency) guency)
17 20
FEV1 98 (82-107) 2(17) 98 (76.119) 1(17) 0.98 1
12 11
FvC 95 1(8 87 1(17 0.21 0.596
(87-102) | 1 (7a99) | 1117)
19 19
TLC 97 1(8 83 3 (50 0.17 0.045
(85-109) () (63-103) (50)
DLCO 88 18 3(25) 71 o 4 (67) 0.07 0.009
(72-92) (54-88) ' ‘
Table 3. CT score difference and SGRQ score at 10-12 weeks after discharge
Moderate (N=12) Severe (N=6) value
Mean SD (95% Cl) Mean SD (95% Cl) P
-
1 Score 4.75 4.2 (5.7-14.6) 10.2 2.6(3.1-6.4) 0.0037
Difference
SGRQ score 19 10 (12-26) 17 3.4 (13-20) 0.61
Severe/Critical Maderate - Severe/Critical Moderate
NG :
= ’ o |
Ec» Eo, .
Y Gariee " R o °o"
Figure 1A ® FEV1 Fitted values Figure 1B ® FVC Fitted values
Severe/Critical Maderate Severe/Critical Moderate
8 g . *
ES . .\\\.. g ol * . :H\.}i‘.‘:\\\\
i -\ . T — . —
N " - ‘\,\ 2l .
81 . . ‘ ‘ . . g1 * . . ‘ .
v “ * s :;QTDt;OSCOf; ’ * ¥ 40 ” ° “ “ SG“;QTO‘;C;CDI'; ’ zn “ *
Figure 1C [o Tic Fitted values | Figure 1D [¢ bLco Fitied values |

Figure 1. Scatter plot analysis for SGRQ score 10-12 weeks after discharge with pulmonary function: FE-
V1% predicted (A), FVC predicted (B), TLC% predicted (C), and DLCO% predicted (D).
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upon activity. No difference in scores was
seen between the moderate and severe illness

group.

Correlation coefficient was computed
to assess the relationship between the PFT
and SGRQ scores. For the moderate illness
group, there was a strong negative correlation
seen between FEV1 (52%), FVC (57%) and
moderate negative correlation on TLC (42%)
and DLCO (32%) with the SGRQ scores. On the
other hand, there was a moderate negative
correlation seen between FEV1 (20%) and TLC
(34%); weak negative correlation on DLCO
(9%) and strong correlation on FVC (59%) with
SGRQ scores in the severe illness group. Over-
all, there was a negative correlation between
these two variables, meaning the lower the
lung function, the higher the SGRQ score as
seen in Figures 1a-1d. There appears to be 2
outliers in the data of the moderate illness

group.

Scatter plot analysis between the PFTs
and CT scores also showed a negative correla-
tion between these two variables as shown in
Figures 2a-2d. For the severe illness group,
there was a strong correlation between FEV1
(68%), FVC (73%) and TLC (87%) and weak
correlation on DLCO (17%) with the CT scores
on follow-up. On the other hand, there was

Severe/Critical

w FEV g 120

1]

10 ) s
CT score upon Follow Up

o s

Figure 2A ® FEV1

Fitted values

Severe/Critical Moderate

150

wfLe

-

—_ .

- \ '\

~— -

° s 1 o s 10
CT score upon Follow Up

s TLC

2

Figure 2C

Fitted values

moderate correlation on FVC (29%), TLC (43%)
and DLCO (34%) and weak correlation on FEV1
(2%) with the CT scores on follow up in the
moderate illness group. Overall, the higher the
CT score, the lower the lung function test was
observed for both groups.

Severe/Critical Moderate

50

40
;

SGRQ Score
30
L

20
L

10

0 0 5
CT score upon Follow Up

T T
0 5

|- Total score Fitted values |

Figure 3. Scatter plot analysis for SGRQ score with
CT score 10-12 weeks after discharge

CT scores on follow up were observed
to have strong positive correlation with the
SGRQ scores both for the moderate illness
group (73%) and severe illness group (59%) as
shown in Figure 3. The higher the inflammato-
ry load as evidenced on CT, the more sympto-
matic the patient was.

DISCUSSION
Severe COVID-19 leads to acute respira-

Severe/Critical Moderate

110

100
LI ]

10 o 5
CT score upon Follow Up

e
a0

80

0

o s

Figure 2B

* FvC Fitted values

Severe/Critical Moderate

120
.

100

DLCO

60

o 5 10 o s 10
CT score upon Follow Up

Figure 2D e DLCO

Fitted values

Figure 2. Scatter plot analysis for CT score 10-12 weeks after discharge with pulmonary function: FEV1%

predicted (A), FVC predicted (B), TLC% predicted (C),

and DLCO% predicted (D).
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tory distress syndrome. Significant injury to
type Il alveolar epithelial cells induces pulmo-
nary fibrosis through cytokine storm and im-
munopathology. The radiological changes in
COVID-19 pneumonia do not appear to re-
solve fully in all patients but significantly im-
proved as shown in our study.™

A significant proportion not only have
CT evidence of residual pulmonary fibrosis but
also functional impairment. The study by Mo
et al. with a 110 COVID-19 patients demon-
strated that at discharge, 91 (83%) of whom
had a mild—-moderate disease and 19 (17%) of
whom had severe disease, almost half had
impairment of the transfer factor of the lung
for carbon monoxide.’® In a study done by
Huang et al. with fifty-seven patients who
completed the serial assessments 1 month
after hospital discharge, abnormalities were
detected in the PFTs of 43 (75.4%) patients.

Six (10.5%), 5(8.7%), 25(43.8%) 7
(12.3%), and 30 (52.6%) patients had FVC, FE-
V1, FEV1/FVC ratio, TLC, and DLCO values less
than 80% of predicted values, respectively.
Thirty-one patients (54.3%) had abnormal CT
findings.” At 3-months after discharge, resid-
ual abnormalities of pulmonary function were
observed in 25.45% of the cohort in the study
by Zhou et al, mostly demonstrating diffusion
reductions in DLCO similar to our study.14 Re-
covered patients with coronavirus pneumonia
can be left with damaged lungs as seen on CT
scan findings with pulmonary fibrosis. COVID-
19 pneumonia may result in significant altera-
tions in lung function, with a mainly restrictive
pattern, partly persisting at 6 weeks after re-
covery. The DLCO was lower in patients with
severe disease and was more sensitive to dis-
ease severity than other Ilung function
measures such FVC and FEV1.

Another striking finding is the persis-
tence of symptoms relating to COVID-19 more
than two months after the onset of hospitali-
zation, despite the improvement in radiologi-
cal parameters. Critical iliness, muscle weak-
ness and deconditioning are likely to be the

contributing factors. The persistence of symp-
toms following COVID-19 infection is widely
reported in the media and several studies
have shown that across the cohort, nearly
three-quarters of patients had ongoing symp-
toms on questioning. Shortness of breath and
excessive fatigue were the most predominant.
In a study of patients discharged from an ltal-
ian hospital at a median of 60 days post dis-
charge, patients were asked to recall their ad-
mission symptoms and health-related quality
of life. It was found that 87% had at least 1
ongoing symptom with fatigue (53%) and
shortness of breath (43%) predominating, sim-
ilar to our study.l‘r”16 Though symptomatic,
clinical abnormalities requiring action are in-
frequent. However, these patients should still
be monitored for any changes in condition
and symptoms over a longer period.

CONCLUSION

This research has demonstrated that
significant radiographic and alterations in lung
functions, with a mainly restrictive pattern
(i.e., decrease DLCO and TLC), still existed in a
proportion of COVID-19 patients 3 months
after discharge especially in the severe or criti-
cally ill patients. Therefore, repeat chest CT
scan and PFT less than 12 weeks upon dis-
charge is not advised to provide sufficient
time for imaging resolution and lung function
improvement while also ensuring that non-
resolving changes are addressed sufficiently
early. There is a positive correlation between
the CT scores and SGRQ scores suggesting a
significant radiographic abnormality correlat-
ed with more symptoms reported. On the oth-
er hand, there is a negative correlation be-
tween pulmonary function test and SGRQ as
well as CT scores. The higher the CT scores
and SGRQ scores, the lower the pulmonary
function predicted. Impaired lung function
might be related to pulmonary fibrosis.

RECOMMENDATIONS

The small sample size was the main lim-
itation of the present study. Additionally, PFTs
before COVID-19 infection were not available
for our patients. Nevertheless, our results may
represent an important first step in the
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knowledge of COVID-19 consequences in
terms of pulmonary function in correlation
with radiographic abnormality and in terms of
quality of life and independence of patients. It
highlighted the need to strengthen pulmonary
function monitoring in these patients, and
commence rehabilitation treatment if re-
quired in a more holistic approach.'” Longer
follow-up (i.e. 6 months, 1 year and 2 years)
should be done as well, especially in the se-
vere illness group.
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ABSTRACT

BACKGROUND: Health care professionals, particularly physicians, are generally considered the most
knowledgeable in health matters related to smoking and are expected to be role models in the
hospital and community settings. However, in 2007, the WHO reported that the overall prevalence
of tobacco use among physicians in the Philippines was as high as 63%. Despite this figure, to date,
local data is still limited on how physicians smoking status influence their decision to interact with
patients about smoking cessation.

OBJECTIVE: To determine the prevalence of cigarette smoking among residents and fellows-in-
training of different specialties from the University of the Philippines-Philippine General Hospital
and the relationship between their smoking status and attitude towards implementing the minimal
intervention steps on tobacco control.

METHODS: We conducted a cross-sectional survey, analytical study among randomly selected resi-
dents and fellows-in-training from different departments at the UP-Philippine General Hospital. All
respondents were asked to fill out a standardized questionnaire, adapted from the Global Adult
Tobacco Survey (GATS), to extract data to measure tobacco smoking prevalence, consumption,
cessation and impact of health warnings among physicians. A different set of questionnaire was
used to assess the attitudes of physicians toward tobacco control on their patients based on the
5As approach recommended by the United States Department of Health and Human Services. De-
scriptive analyses of the data were performed on all variables using Fishers’ exact test and Chi-
square test.

RESULTS: Two hundred thirty (230) physicians from different departments participated in this study
from November 2019 to March 2020. The respondents were predominantly females, with mean
age of 28.5, and with relatively more of the participants coming from internal medicine (28.4%),
surgery (19.6%) and pediatrics (15.7%). The prevalence of current smokers was 11.7%. Approxi-
mately seven out of ten or 71% of the respondents have never smoked. Sex and age were found to
be significantly associated with smoking status.

CONCLUSION: Medical specialty did not show any significant association with smoking status. Smok-
ing status significantly associated with attitude towards implementing the minimal intervention
steps on tobacco control except in the aspect of assisting the patient to quit. Higher proportions of
former and never smokers as compared to current smokers were found to ask their patients about
tobacco use, advise about quitting tobacco use, and arrange for tobacco cessation services.

KEYWORDS: tobacco control, smoking cessation
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INTRODUCTION

The global prevalence of tobacco smok-
ing is estimated to be over 1.1 billion." In the
Philippines, the prevalence of smoking among
adults is estimated at 15.9 million or 22.7%.
Tobacco smoking is responsible for almost 6
million deaths worldwide each year with 12%
of all deaths among adults aged 30 years and
over were attributed to tobacco.”** It is pro-
jected that the annual death toll could rise to
more than eight million by 2030 unless urgent
measures are taken.’

Health care professionals, particularly
physicians, are generally considered the most
knowledgeable in health matters related to
smoking and are expected to be role models
in the hospital and community settings. Many
regard physicians as a reliable source of
knowledge and advice on matters of health.
In fact, physicians have the potential to reach
80% of all tobacco users per year and can help
2-3% of all those who received advice quit
successfully.”

Many physicians continue to be smok-
ers themselves despite the obvious
knowledge on the health consequences of
smoking. The WHO reported in 2007 that
the overall prevalence of tobacco use
among physicians in the Philippines is 63%.
This is an alarming figure but local data is
still limited on how physicians smoking sta-
tus influence their decision to interact with
patients about smoking cessation.

OBJECTIVES

To determine the prevalence of to-
bacco smoking and the association between
smoking status and attitudes toward tobac-
co control measures with their patients.
Specifically, to determine the (1) demo-
graphic characteristics of the respondents
(i.e., age, sex, and medical specialty); (2)
their tobacco smoking status (i.e., current
smoker, former smoker, non-smoker); (3)
average number of tobacco used by current
smokers and former smokers; (4) attitudes
of current smokers towards smoking cessa-
tion and health care seeking behavior and

health warning on cigarette packages; (5)
association between the respondent’s de-
mographic characteristic and smoking sta-
tus; and (6) association between the re-
spondents smoking status and attitude to-
wards the implementation of the minimal
intervention steps on tobacco control (5A’s)
once they encounter patients who are ready
to quit. This study may provide updated lo-
cal data on the physicians’ smoking rates
and how their smoking habits impact medi-
cal interventions of smoking cessation
among their respective patients.

METHODS

We conducted a cross-sectional sur-
vey, analytical study. The respondents were
randomly selected residents and fellows-in-
training, from different departments all
working at the UP-Philippine General Hospi-
tal. Prior data from the World Health Organi-
zation in 2007 showed that the prevalence
of smoking was 63% among doctors. If the
population size of physicians-in-training was
around 800, the minimum required sample
size was 248 to achieve 5% maximum tolera-
ble error and 95% confidence. The actual
sample size was 230, which corresponded to
an error of 5.27%, and was considered ac-
ceptable. We used G*Power version 3.1.9.2
to estimate the minimum sample size.

Residents and fellows-in-training of
different departments including Internal
Medicine, Family Medicine, Pediatrics, Neu-
rology, Dermatology, Psychiatry, Obstetrics
and Gynecology, Otorhinolaryngology and
General Surgery who handle cases involving
adolescent and adult patients in the outpa-
tient clinic of Philippine General Hospital
were eligible for the study. Residents or fel-
lows-in-training not holding outpatient clin-
ics were excluded from the study.

The total number of physicians-in-
training in Philippine General Hospital at the
time of data collection was approximately
800. The respondents were selected by pro-
portionate stratified random sampling. The
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survey was conducted within a 5-month pe-
riod from the time of approval (from No-
vember 2019 to March 2020). The partici-
pants were recruited during office hours at
the outpatient clinic and were approached
by the principal investigators. The invited
participants were presented with the survey
qguestionnaire with a cover letter discussing
the study details and procedures. These
were verbally explained to all participants.
The principal investigator secured the in-
formed consent. Participants were allowed
to withdraw at any time during the survey
administration and reasons for doing so was
obtained.

The respondents were asked to fill out
a survey questionnaire in English language.
The questionnaire included demographic
characteristics of the physicians. The stand-
ardized questionnaire, adapted from the
Global Adult Tobacco Survey (GATS), was
used to extract data to measure tobacco
smoking prevalence, consumption, cessation
and impact of health warnings among physi-
cians. A different set of questionnaire was
used to assess the attitudes of physicians
toward tobacco control on their patients
based on the 5As approach recommended
by the United States Department of Health
and Human Services. The estimated amount
of time to complete the survey was 10-15
minutes.

The collected data were stored in a
secured location and were encoded using
Microsoft Excel. The descriptive analyses of
the data were performed on all variables
using Fishers’ exact test and Chi-square test
to determine the association between varia-
bles. A p-value of <0.05 was considered sig-
nificant for all tests.

The protocol was submitted to the
Clinical Research Division Technical Review
Board (TRB) and to the University of the
Philippines Manila Research Ethics Board
(UPM REB) for review and approval. This
study was conducted in accordance with

principles of Good Clinical Practice upon ap-
proval of the protocol by both review
boards. The investigators sought the con-
sent from the study participants. The re-
spondents were informed that participation
was voluntary and that they have the option
to refuse or withdraw at any time during the
survey period.

To ensure utmost confidentiality, the
respondents’ personal data such as their
names, birthday, address and contact num-
bers were not asked. The questionnaire was
serially labeled with no other identifiers.
Only the investigators had access to individ-
ual responses. The data obtained was elec-
tronically transcribed and encoded in a pass-
word-protected working spreadsheet. The
data can only be accessed by the study in-
vestigators and the approving ethics com-
mittee. All the data collection forms were
discarded properly after 1 year without pos-
sibility of recovery after the data were en-
coded in a working spreadsheet for analysis.
Data handling and keeping were all in com-
pliance with the Data Privacy Act of 2012.
The potential vulnerability that may arise
from recognition of subordination in the
hierarchy of training was avoided via fre-
quent reminders and reassurance to all re-
spondents of their right to refuse consent
and participation at any point during the
study.

In cases of breach in data privacy that
was considered a potential risk, the respon-
sible officer in the office of research compli-
ance and IRB was immediately informed.
Any form of privacy breach occurrence was
well documented in writing and reported to
authorities. Participants in the survey were
not provided any material compensation.
Since this was a cross-sectional survey, the
investigators did not foresee any direct ben-
efits associated with answering the ques-
tionnaire. However, the results may be used
in developing a framework for a sustainable

tobacco control strategy.
RESULTS
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A total of 230 physicians-in-training
participated in this study, their ages ranging
from 24 to 36 years with a mean of 28.5 +/-
2.2 years. Distribution in terms of sex was
almost equal, with slightly more females. In
terms of medical specialty, relatively more
of the participants are from the field of in-
ternal medicine, surgery, and pediatrics
(28.3%, 19.6%, and 15.7%, respectively)
(Table 1). Approximately seven out of every
10 of the physicians-in-training (71.3%) have
never smoked. Out of the three who have
tried smoking, one is still currently smoking
(Table 2).

The average number of cigarettes

less than 5 sticks per day ([Table 3).

Two current smokers use vapes only so
number of current smokers in Table 3 does
not add up to the total number of current
smokers, which is 27. Moreover, 8 current
smokers use both cigarette and vape. Thus
total number of current smokers who use
vape is 10. Out of these 10, 6 consume 1
bottle or less per week while 4 use more than
1 bottle per week.

About 3 out of every 5 physicians-in-

Table 2. Smoking Status of the Study Participants (n
=230)

1 0,
Table 1. Demographic Characteristics of the Study smoking Status n (%)
. : Current smoker 27 (11.7)
Participants (n =230)
— Former smoker 39 (17.0)
Characteristics Never smoker 164 (71.3)
Age (years)
Mean +/- Standard | 28.5+/-2.2 Table 3. Cigarettes Smoked per Day among Current
Deviation and Former Smokers
Range 24 to 36 Number Smoking status
n (%) of ciga-
20-30 193 (839) rettes
31-40 37 (16.1) smoked
Sex n (%) on aver- Current Former p-value
Male 107 (46.5) age per smoker smoker
Female 123 (53.5) day
Medical Specialty n (%) < 5 sticks 2 (8.0%) 39 0.00"
Internal medicine 65 (28.3) (100.%)
5-10 12 0 (0.0%)
Family medicine 17 (7.4) sticks (48.0%)
Surgery 45 (19.6) > '10 4 (16.0%) 0 (0.0%)
Pediatrics 36 (15.7) sticks
Obstetrics and Gy- 24 (10.4) 20 sticks 7 (28.0%) 0 (0.0%)
necology or more
Otorhinolaryngology | 17(7.4) **Significant (less than a = 0.05); M — Mann Whitney test
*Two current smoker use vapes only hence total number does
Ophthalmology 12 (5.2) not add up to the total number of currents smokers (n=27)
training (59.3%) who were categorized as cur-
Neurology 10 (4.3) rent smokers tried to stop smoking during the
Dermgtology 1(04) 12 months preceding data collection but none
Psychiatry 3(1.3)

smoked per day by former smokers is signifi-
cantly lower than the daily cigarette average
of current smokers (p-value = 0.00). Current
smokers mostly smoked 5 sticks or more per
day while all the 39 former smokers smoked

of them visited a smoking cessation expert
within the said period. Nearly half of them
(48.1%) were advised to quit smoking during
the same period. (Table 4).
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Table 4. Smoking cessation and health care seeking behavior among current smokers (n =27)

Yes Not sure Never
During the past 12 months, have you tried to stop smoking? 5(18.5%) | 6(22.2%) | 16 (59.3%)
Have you visited a doctor or a smoking cessation expert in the 27
past 12 months? (100.0%)
Were you advised to quit smoking in the past 12 months by 13 14
any doctor? (48.1%) (51.9%)

For 4 out of every 5 current smokers > 0.05). Specifically, higher proportions of for-
(81.5%), the warning label in the cigarette mer and never smokers as compared to cur-
package had no impact, as it did not lead rent smokers were found to ask their patients

them to think about quitting (Table 5). about tobacco use, advice about quitting to-
Table 5. Impact of health warnings on cigarette packages among current smokers (n = 27)
Yes Sometimes Never
In the last 3 days, have warning labels in cigarette pack- 2 3 22
ages led you to think about quitting? (7.4%) (11.1%) (81.5%)
Table 6. Demographics and smoking status
Demographic Charac- Smoking Status p-value
teristics Current smoker | Former smoker Never smoker
(n= 27) (n=39) (n=164)
Sex
Male 16 (15.0) 25 (23.4) 66 (61.7) 0.01¢
Female 11 (8.9) 14 (11.4) 98 (79.7)
Age (years)
20-30 27 (14.0) 24 (12.4) 142 (73.6) 0.00%"
31-40 0(0.0) 15 (40.5) 22 (59.5)
Medical specialty
Internal medicine 3 (4.6%) 9 (13.8%) 53 (81.5%) 0.21
Family medicine 4 (23.5%) 1(5.9%) 12 (70.6%)
Surgery 8 (17.8%) 9 (20.0%) 28 (62.2%)
Pediatrics 7 (19.4%) 5(13.9%) 24 (66.7%)
Obstetrics and 2 (8.3%) 5(20.8%) 17 (70.8%)
Gynecology
Otorhinolaryngol- 1(5.9%) 5(29.4%) 11 (64.7%)
ogy
Ophthalmology 1(8.3%) 3 (25.0%) 8 (66.7%)
Neurology 0 (0.0%) 2 (20.0%) 8 (80.0%)
Dermatology 1(100.0%) 0 (0.0%) 0 (0.0%)
Psychiatry 0 (0.0%) 0 (0.0%) 3(100.0%)

*Significant (less than a = 0.05); C- chi square test; F — Fisher’s exact test

Smoking status was found to have a bacco use, and arrange for tobacco cessation
significant association with attitude towards services (Table 7).
implementing the minimal intervention steps
on tobacco control (p-values < 0.05) except in DISCUSSION
terms of assisting the patient to quit (p-value The prevalence of smoking among phy-
sicians is a public health issue since they play
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Table 7. Logistic Smoking Status and Attitude Towards Implementing the Minimal Intervention Steps on

Tobacco Control

Smoking status

Current smoker

Former smoker

Never smoker

Y S N

val-
ue

S N S

31
79.5%

12
44.4%

Are you
willing to
ask your
patients
about
tobacco
use?

33% | 22.2%

25
15.2%

133

0.00
205% | 0% | 81.1% 3.7% F

27
69.2%

10
37.0%

17
63.0%

Are you
willing to
give ad-
vice about
quitting
tobacco
use?

0%

35
21.3%

12
30.8%

127

0.00
77.4% F

0% 1.2%

19
48.7%

13
48.1%

10
37.0%

Are you
willing to
assess a
patient's
willing-
ness to
quit?

14.8%

94
57.3%

11
6.7%

12
30.8%

59

0.00
36.0% F

20.5%

19
70.4%

11
28.2%

Are you
willing to
assist the
patient to
quit?

14.8% 14.8%

31
18.9%

93
56.7%

40
24.4%

24

61.5% | 10.3%

27.4% 25

92.6%

Are you
willing to
arrange
for tobac-
CO cessa-
tion ser-
vices?

0% 7.7%

11
(28.2
%)

25
64.1%

10
6.1%

60
36.6%

94
57.3%

*Significant (less than a = 0.05); C- chi square test; F — Fisher’s exact test; Y — Yes; S — Sometimes; N — Never

an an important role in efforts to promote
smoking cessation.® It has shown that physi-
cian-initiated interventions were found to be
efficacious and cost-effective with regard to
patient smoking cessation outcomes.® The
prevalence of smoking among physicians
across different studies ranges from as high as
62% to as low as 3%.” In the last national prev-
alence study conducted in 1987, 63% of male
physicians and 37% of female physicians were
smokers. The result of our study only shows

11.7% of physicians are current smokers. The
lower prevalence rate may be due to the lack
of physicians who belong to older age groups
since most of the study respondents are
younger doctors in training with a mean age
of 28 years. Recent reports have shown that
physicians who smoke are mostly between the
ages of 40 to 50 years.*?

Our study showed that sex and age
were found to be significantly associated with
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smoking status, with a greater proportion of
males being current or former smokers. These
findings were consistent with the literature
review on tobacco use and smoking cessation
practices of physicians in developing countries
which shows higher smoking prevalence
among male physicians.”® In the Philippines,
smoking rates are among the highest in Asia
for both men, with 54%, and women, with
12.6%."

Several studies have reported that
some medical specialties may be considered
at higher risk of smoking due to the condition
of work, the load and the stress that comes
with it. The highest smoking prevalence was
reported among surgeons (60.2%), internal
medicine doctors (35%) and other specialists
(39.6%). In an international review of tobacco
smoking in the medical profession, family phy-
sicians were found to smoke less and general
practitioners were found to smoke more often
than specialists.n’lg Our study did not find a
significant association between smoking sta-
tus and medical specialty. These could be in-
fluenced by several factors such as patients
and administrative workload and possibly the
setup of training institutions (public or pri-
vate).

It is reported in several studies that the
promotion of minimum smoking cessation
interventions was likely to be influenced by
the smoking status of physicians. Our study
also shows significant association with attitude
towards implementing the minimal interven-
tion steps on tobacco control except in terms
of assisting the patient to quit. The plausible
explanation why physicians are less involved
in tobacco control and smoking cessation
efforts is perhaps a substantial proportion of
them are smokers’ themselves.'* Even among
pulmonary specialists, they found that current
smoking was associated with a low rate of
making efforts in promoting smoking cessa-
tion.™

Building physicians capacity to engage
in tobacco prevention and cessation activities

has been found to be an essential measure for
tobacco control. The quitting rates were low
among physicians, and the delivery of advice
on quitting smoking was not common across
the studies.’® Meta-analyses concluded that
smoking status of doctors might have an im-
pact on them advising their smoking patients
to quit.”> Smoking doctors were found to have
17% increase risk of not advising their patients
to quit, and 8% less likely to counsel their pa-
tients as well.*® Ohida and colleagues®, sug-
gested that non- smoking physicians have
more unfavorable views towards smoking and
are more active in encouraging patients not to
smoke. The rates of male nonsmoking physi-
cians who gave affirmative responses to “I
always ask new patients about their smoking
history” and “l have succeeded in getting
some of my patients to quit smoking during
the past year” were significantly higher than
that of the male physicians who smoke.

In conclusion, the prevalence of smok-
ing among physicians-in-training is 11%.
Smoking status was found to have a significant
association with attitude towards imple-
menting the minimal intervention steps on
tobacco control except in terms of assisting
the patient to quit.

LIMITATIONS

The study included mostly young doc-
tors who are residents and fellows in training
in a public hospital. This may limit the general-
ization of the result.
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ABSTRACT

BACKGROUND: Combination inhaled corticosteroid/long-acting B2-agonist (ICS/LABA) has become
standard treatment for uncontrolled asthma in Filipino adults. Local healthcare professionals be-
lieve available ICS/LABAs have similar efficacy. Price and access are issues in asthma therapy. A
study in Thailand compared the cost of treatment between fixed-dose ICS/LABA versus ICS/LABA
Maintenance and Reliever Therapy (MART) regimens.

OBJECTIVE: To compare direct health care costs between regular Fluticasone/Salmeterol (FP/Salm)
with as-needed Short Acting Beta Agonist (SABA) dosing regimen versus Budesonide/Formoterol
(Bud/Form) MART regimen in a Philippine government hospital setting.

METHODS: We conducted a direct healthcare costs estimation between two ICS/LABAs, regular
fixed-dose FP/Salm twice daily plus as needed short-acting B2-agonist versus Bud/Form as MART
regimen in uncontrolled asthma. The treatment cost impact on societal perspective was also con-
sidered. Three randomized controlled trials were referenced to calculate direct healthcare costs
and these are AHEAD, COMPASS and COSMOS. These three RCTs were included because they re-
flected prospective data on resource utilization in asthma management as well as compared ICS/
LABA treatments among patients aged 12 years and above with moderate/severe asthma.3 Esti-
mated total direct healthcare cost was the sum of drug acquisition cost and other healthcare costs.
Unit costs of different healthcare resources were obtained from a public hospital and medication
costs were obtained from private pharmacies.

RESULTS: The FP/Salm group demonstrates a higher healthcare utilization cost, except in the
AHEAD study. However, overall cost is lower in FP/Salm group. Savings in total cost was highest in
FP/Salm (COMPASS study). Overall, FP/Salm showed more savings in total cost (8.91%) versus
MART regimen. Furthermore, total direct treatment savings is more than the price of another in-
haler.

CONCLUSION: The use of twice daily FP/Salm maintenance therapy plus as needed SABA in uncon-
trolled asthma results in lower total direct treatment costs versus Bud/Form MART because of low-
er medication costs.

KEYWORDS: FP/Salm, SABA, Bud/Form, MART
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INTRODUCTION

Asthma has been acknowledged to con-
stitute a significant public health burden ow-
ing to it being one of the most prevalent non
communicable chronic respiratory disease
globally. According to the latest data from the
World Health Organization (WHO) in 2019,
asthma affected an estimated 262 million peo-
ple and caused 461,000 deaths.* In compari-
son, it was estimated that more than 250 mil-
lion people in the world may have chronic ob-
structive pulmonary disease albeit with higher
deaths at 3.23 million in 2019.> According to
the WHO, asthma was the 10th leading cause
of death in the Philippines in 2018 and there
were 12,749 deaths comprising 2.05% of total
deaths. The age adjusted death rate is 18.42%
per 100,000 population which ranks Philip-
pines as number 14 in the world.®

Asthma is defined as wheezing in the
past 12 months and it had an estimated prev-
alence of 8.7% in the country.” The aim of
asthma management is to control the disease.
Long term goals include good control of symp-
toms, maintaining normal activity levels, mini-
mizing future risk of exacerbations, fixed air-
flow limitations and side effects.®® Discrepan-
cies between patient and physician under-
standing of asthma control has been observed
in Asia. In the REcognise Asthma and LInk to
Symptoms and Experience (REALISE) Asia
study, patients consistently overestimate their
level of asthma control rather than what their
symptoms suggest. Health care providers are
best positioned to educate patients on their
condition, address the perception discrepan-
cy, help patients overcome their anxieties, and
influence their attitudes toward treatment.™

The Philippines has a dual health system
composed of the public and private sector.
The public sector is run by the government
while the private sector is largely market-
oriented where health services are paid for
through user fees at point of service.'’ The
Philippine Health Insurance Corporation
(PHIC) or Philhealth is the national health in-
surance program for all citizens of the Philip-

[ Pasay et al. ]

pines.12 However, as of date, the coverage is
limited and outpatient services and medica-
tions are not yet included. Therefore, the fi-
nancial burden of asthma management is
often borne out-of-pocket by the patient in
the Philippines. Even with private health insur-
ance, these medications for chronic disease
such as asthma are usually not reimbursable.
Price and access are real issues in asthma
therapy,' hence the need for the most afford-
able yet effective treatment for Filipino asth-
ma patients.

Combination of ICS/LABA has become
the standard treatment for uncontrolled asth-
ma in Filipino adults. Local healthcare profes-
sionals believe all the available ICS/LABAs have
similar efficacy clinically. Stepwise treatment
approach for asthma patients using ICS/LABA
demonstrated higher efficacy than ICS alone.®
Fixed-dose ICS/LABA regimen is a recom-
mended maintenance treatment with a sepa-
rate reliever therapy, usually a SABA. This is
recommended as a stepwise approach de-
pending on the presenting symptoms (Steps 3
-5, moderate-severe asthma).9 MART is also
recommended for moderate/severe asthma™
and it relies on rapid as-needed adjustments
in ICS/LABA with the aim of reducing severe
exacerbations. A study in Thailand compared
the cost of treatment between fixed-dose ICS/
LABA versus ICS/LABA MART regimens.2 An-
other similar cost comparison study involved
three of the Philippine’s neighboring coun-
tries, Thailand, Indonesia and, Vietnam." Both
of these studies showed medication cost was
an important driver of direct costs and regular
use of twice daily FP/Salm resulted in lower
total total direct treatment costs due to lower
cost of medication.” **

METHODS

A direct healthcare cost estimation was
performed comparing the two ICS/LABAs, reg-
ular fixed-dose FP/Salm twice daily plus as
needed short-acting B2-agonist versus Bud/
Form as MART regimen in uncontrolled asth-
ma. Treatment cost impact on societal per-
spective was considered but this paper fo-
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Table 1. Study design of the three referenced trials
AHEAD COMPASS COSMOS

6-month, randomized,
double-blind, parallel

group

Study Design

12-month,randomized,
open-label, parallel

group

6-month, randomized,
double-blind, double-
dummy, parallel group

Countries/ 17/184

Sites

16/235 16/246

- FP/Salm 500/50 pg x 1
inhalation bid + terb as
needed

Treatment comparison

- Bud/form 160/4.5 ug x
2 inhalation bid + Bud/
form as needed

- FP/Salm 125/25 pg x 2
inhalation bid + terb as
needed

- FP/Salm 250/50 pg x 1
inhalation bid (100/50
ug x 1 inhalation bid or
500/50 pg x 1 inhala-
tion bid) + salb as need-
ed

- Bud/form 320/9 ug x 1
inhalation bid + terb as
needed

- Bud/form 160/4.5 ug x
2 inhalation bid (dose
could be changed to
160/4.5 pg x 1 inhala-
tions bid) + Bud/form as

- Bud/form 160/4.5 ug x
1 inhalation bid + Bud/
form as needed

predicted (%)

needed
Number of Randomized | 2,309 3,335 2,143
Patients
Mean Age (years) 39 38 45
Mean Baseline FEV,% 71 73 73

Time to first severe
exacerbation

Primary Endpoint

Time to first severe
exacerbation

Time to first severe
exacerbation

cused only on direct healthcare costs. The
costs were collected on a single time period
during data gathering from the public hospital
for the direct healthcare services and from the
private drugstores for the price of medica-
tions.

The societal perspective is concerned
with society’s welfare and how to get the
most benefit from the scarce resources availa-
ble to a society.'® It takes into consideration
the impact of the cost estimates of the asth-
ma management in the society. This paper
mainly focused on direct healthcare cost and
compare the two most commonly used regi-
mens in the Philippines, fixed-dose combina-
tion using FP/Salm + SABA versus Bud/Form as
maintenance and reliever therapy. These
treatment regimens give a snapshot of the
true situation of asthma management in the

Philippines.

Three randomized controlled trials were
referenced to calculate direct healthcare
costs. The three trials - AHEAD'/, COMPASS™
and COSMOS™ were taken from the study by
Wickstrom, et al. which included five trials
(STAY and SMILE were excluded because of
study design wherein only different doses of
Bud/Form were compared). The three refer-
enced trials actually compared FP/Salm + SA-
BA versus MART which included asthma pa-
tients >12years comparing ICS/LABA treat-
ments in moderate/severe asthma.> AHEAD
and COMPASS were double-blind, 6-month
studies and COSMOS was an open-label 12-
month study.

The total direct healthcare cost was
estimated as the sum of medication costs and
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other healthcare costs such as ER consult, reg-
ular or ICU bed rate per day, healthcare prac-

titioners fee, etc. Unit costs of different
healthcare resources were obtained from a
public hospital (See Supplementary Table
1:https://bit.ly/SupTablesAsthmaMeds) while
the medication costs (See Supplementary Ta-
ble 2) were obtained from the nearby private
pharmacies in the Philippines where asthma
patients from public hospitals usually buy
their medicines. The total amount of the med-
ication costs were computed based on the
dosing regimen described for each therapy
(FP/Salm plus SABA versus MART) in the three
referenced studies in asthma patients (Table
2).

Pasay et al. ]

Savings in total cost is highest in FP/
Salm group with a savings of 15.35%
(COMPASS). Overall, FP/Salm shows more sav-
ings in total cost (8.91%) at Php 37,070.78
versus Php 40,695.00 for the MART regimen.
Furthermore, total direct treatment savings
could afford the patient an extra inhaler.

Similar results in terms of lower treat-
ment or medication costs were observed in
two previous studies by Torsak et al. and Ag-
garwal et al. In the study by Torsak, et al., the
treatment savings using FP/Salm was higher
by as much as 45% while the study by Ag-
garwal, et al. showed treatment saving favor-
ing FP/Salm regimen.””® As mentioned in the

Table 2. Average cost by treatment option in the three studies

Treatment Arm Medication Healthcare utili- Total direct % Savings in
Costs zation costs treatment costs Total cost by
(Php) (Php) (Php) FP/SALM
AHEAD FP/Salm 47185.88 48.30 47234.18 4.24%
(500/50)
MART 49625.02 61.80 49326.82
(2x160/4.5)
COMPASS FP/Salm 27666.5 210.40 27876.90 15.35%
(250/50)
MART 32816.2 115.50 32931.92
(2x160/4.5)
COSMOS FP/Salm 36034.76 66.50 36101.26 9.36%
(250/50)
MART 39783.6 44.50 39828.10
(2x160/4.5)
Overall FP/Salm 36962.38 108.40 37070.78 8.91%
(3 studies)
MART 40621.61 73.93 40695.61

*Data were calculated as cost per patient per year

RESULTS

The FP/Salm group demonstrates a
higher healthcare utilization cost at Php
210.40 (COMPASS) and Php 66.50 (COSMOS)
for FP/Salm vs Php 115.50 (COMPASS) and
Php 44.50 (COSMOS) for MART except in the
AHEAD study. However, overall medication
costs are lower in the FP/Salm group.

study by Aggarwal et al., the differences were
basically driven by the costs of the medication
of the treatment regimen — first, the fixed
dose ICS/LABA maintenance plus SABA reliev-
er and second, the maintenance and reliever
therapy.15

Phil J Chest Dis Vol. 20 No. 2 July-December 2022



Cost Comparison of Asthma Medications [

DISCUSSION

In the Philippines, cost of treatment is
always a concern for patients. The public
health insurance and/or public health institu-
tions have limited coverage, that is, only for
admitted patients. Private health insurance
may cover outpatient diagnostics but medica-
tions are mostly out-of-pocket. Therefore, the
issue of cost is always forefront in the man-
agement of chronic diseases such as asthma.

Physicians in the Philippines are always
concerned about affordability as shown in the
Asia-Pacific Survey of Physicians on Asthma
and Allergic Rhinitis (ASPAIR) study. In the
ASPAIR study, 200 health care providers
treating asthma were surveyed about the fac-
tors influencing treatment choice, and about
70% chose affordability (highest among other
countries surveyed which ranges from 33% to
55%), followed distantly by practice guidelines
at 17% and availability (stock). These are real
issues which are stumbling blocks in the opti-
mum management of chronic asthma in the
Philippines.20

Combination ICS/LABA is the standard
treatment for chronic asthma and local health
care professionals believe that available ICS/
LABA have similar efficacy. The results of this
price comparison study showed a very slight
advantage of FP/Salm vs MART regimen. The
actual cost difference may not be huge, but
the savings can already buy the patient an
extra inhaler.

If we were to compare with the results
of the Thailand studyz, their results showed a
sizable variation between the two regimens
with 45% savings in total cost with FP/Salm vs.
8.9% in the Philippine study. A possible expla-
nation for this is that the health infrastructure
set up of the two countries are quite different.
Thailand ranks 6th among 195 countries in the
2019 Global Health Security Index while the
Philippines ranked 53" Indonesia and Vi-
etnam ranked 45" and 65" respectively.”' The
latter two countries’ results were similar, fa-
voring the FP/Salm regimen.

Pasay et al. ]

In the methodology of the Thailand
study, medication cost came from their na-
tional drug information, while in the Philip-
pines, medication cost was from a private
pharmacy. This alone creates an impact on
affordability. But despite this, the results still
showed an advantage in direct treatment cost
for the FP/Salm regimen.

CONCLUSION

FP/Salm shows more savings in total
cost (8.91%) at Php 37,070.78 versus Php
40,695.00 for the MART regimen. Twice daily
FP/Salm maintenance therapy plus as needed
SABA in an uncontrolled asthma result in low-
er total direct treatment costs versus Bud/
Form MART because of lower medication
costs. Similar to the findings in the studies by
Torsak and Aggarwal, this paper will add to
the body of evidence and aid in the treatment
decision for patients with uncontrolled asth-
ma'Z,lS

LIMITATIONS

This study is only limited to direct
healthcare costs in a public hospital setting
while the medication costs are from a private
pharmacy. The basis for the computations of
the economic costs were from clinical trial
studies which may not represent real-life sce-
narios in the Philippine setting. Similarly, there
was also limited data on efficacy and safety
unlike in the other cost comparison studies.

RECOMMENDATIONS

Future studies should include indirect
costs as well as the efficacy and safety of both
treatment regimens. A cost comparison of the
two asthma treatment regimens in a private
healthcare setting should also be undertaken
to determine if the findings of the current
analysis will extend to the private healthcare
institutions.
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ABSTRACT

BACKGROUND: Forceps biopsy (FB) via flexible bronchoscopy is now the diagnostic tool of choice for
identifying endobronchial tumors. Significant failure rates were observed because of the small
amount of tissue obtained and the mechanical damage to the specimen. Cryobiopsy (CB) allows for
the recovery of a larger specimen sample, potentially increasing the diagnostic yield. However, CB
has higher rate of bleeding which may reduce its attractiveness as a diagnostic tool of choice.

OBJECTIVE: To evaluate the diagnostic yield and safety of CB compared to FB.

METHODS: We conducted a systematic review of the literature using PUBMED, MEDLINE, and
Cochrane Library. RCTs comparing CB and FB were considered. Two independent reviewers ex-
tracted data and assessed the quality of the studies.

RESULTS: Five randomized controlled trials (RCT) with a total of 987 participants were examined.
The diagnostic yield of cryobiopsy is significantly better compared to that of forceps biopsy, with an
odds ratio of 4.58 (95% Cl 3.02-6.95). We observed that across all the studies, cryobiopsy provides
larger tissue samples compared to forceps biopsy regardless of variables. There seems to be more
bleeding in cryobiopsy compared to forceps biopsy, with a risk ratio of 1.16 (95% ClI 1.03-1.31).
Three (3) studies support this conclusion, but cited that overall severity is usually mild.

CONCLUSION: This systematic review and meta-analysis found that cryobiopsy has a higher diagnos-
tic yield of about 21 cases per 100 when compared to forceps biopsy. In terms of bleeding, the
cryobiopsy group has a slightly higher risk of about 5 cases per 100. However, the majority of cases
of bleeding in the cryobiopsy group were mild.

KEYWORDS: forceps biopsy, cryobiopsy, diagnostic yield, bleeding
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INTRODUCTION

Flexible bronchoscopy allows us to see
endobronchial lesions and gives us the ability
to diagnose them under direct visualization. It
is currently the diagnostic tool of choice for
identifying endobronchial lesions.! Obtaining
adequate tissue samples from a suspicious
lesion is critical during flexible bronchoscopy
for cytohistological examination.’ Forceps bi-
opsy has been the standard method to obtain
tissue samples from an endobronchial lesion
with diagnostic yield ranging between 65%-
82%.%" A significant failure rate was noted
even if the specimen was obtained under di-
rect visualization, therefore, a repeat bron-
choscopy and biopsy are required to confirm
the diagnosis.> The main disadvantage of the
forceps biopsy technique is the small size of
the obtained tissue and the mechanical dam-
age to the specimen. *

Bronchoscopic cryobiopsy (BLC) is a
novel technique for obtaining endobronchial
lesion biopsy.” Cryobiopsy (CB) produces a
larger tissue specimen than the traditional
forceps biopsy resulting in a significantly high-
er diagnostic yield. Neoplasia and inflamma-
tion are promoters of vasogenesis, which is
proportional to tumor size. The larger the tu-
mor size the higher the rate of bleeding during
cryobiopsy. Although some studies found sig-
nificant bleeding, it was statistically insignifi-
cant. ®’

There have been number of randomized con-
trolled trials (RCT) and prospective studies
comparing forceps biopsy and cryobiopsy, but
none of them have focused solely on endo-
bronchial lesions. Patients with suspected en-
dobronchial lesions who required a biopsy
were recruited for the available studies. Con-
current parenchymal lung lesions were not
specified in these studies. Gangnah et al. per-
formed a meta-analysis in 2016 comparing
cryobiopsy and forceps biopsy. In this study,
however, the cryobiopsy involved transbron-
chial lung biopsy which had different expected
complications than an endobronchial biopsy.
In the last 5 years, cryobiopsy on endobron-
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chial tumors has become more common so,
there are newer RCTs and non-RCTs compar-
ing cryobiopsy to forceps biopsy. The availabil-
ity of newer studies provided more infor-
mation about the benefits and drawbacks.

OBJECTIVES

To compare the diagnostic yield and
safety of cryobiopsy to forceps biopsy in pa-
tients with endobronchial tumors and lung
tumors with endobronchial involvement. To
determine (1) the diagnostic yield of cryobiop-
sy versus forceps biopsy in terms of specimen
size and rate of definitive diagnosis, and (2)
the safety of cryobiopsy versus forceps biopsy
in terms of bleeding severity.

METHODS
Study Design

We included all randomized con-
trolled trials that compared the diagnostic
yield and safety of cryobiopsy versus forceps
biopsy in patients with endobronchial tu-
mors and lung tumors with endobronchial
involvement. All identified RCTs were includ-
ed until the date of this systematic review in
November 2020.

Types of Participants

We included studies with patients more
than 18 years old who had endobronchial tu-
mors or lung tumors with endobronchial in-
volvement.

Types of Interventions

We searched for studies that used cryo-
biopsy and forceps biopsy to obtain tissue
samples from endobronchial tumor and lung
tumor with endobronchial involvement.

Types of Outcome Measures

The following outcome measures were in-
cluded: (1) specimen size, (2) diagnostic
yield, and (3) bleeding severity. Studies with
varying sets of interest outcome measures
were still included. Studies were included
even if it did not include all the listed out-
come measures of interests. The authors
extracted and computed necessary effect
measures if the study did not specifically
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provide the exact outcome measure of in-
terest.

Criteria for Exclusion of Studies

Studies involving other modes of bi-
opsy aside from cryobiopsy and forceps bi-
opsy as well as studies involving biopsy of
lung parenchyma (e.g., Transbronchial biop-
sy) besides from endobronchial lesion were
excluded.

Search Method

We conducted a thorough literature
search in order to review available evidence.
We searched the database of PubMed
(MEDLINE) and Cochrane Library. For RCT,
the maximum sensitivity was used. The
search results were intersected with the in-
tervention terms which were then filtered
by the study design. The included studies
references were manually searched.

Selection of Studies

All selected studies were independently
reviewed by the two (2) trained investigators.
Any conflict on the review was resolved by the
third party (research adviser).

Data Extraction and Management

Language, first author, year of publica-
tion, patient characteristics, objectives of the
study, type of the study, inclusion and exclu-
sion criteria, randomization, blinding, inter-
vention, follow-up, diagnostic outcomes, and
severity of bleeding were independently ex-
tracted into the evidence table. Any disagree-
ment about the review were resolved by a
third party (research adviser). The authors
extracted and computed necessary effect
measures if the article did not specifically pro-
vide the desired outcome measure.

Bias Risk Assessment in Included Studies

The two authors independently as-
sessed the risk of bias in the included studies.
The Cochrane handbook of systematic reviews
template was used for risk assessment. Any
disagreements about the review were re-
solved by a third party (research adviser).

Diagnostic Yield and Safety of Cryobiopsy Compared to Forceps Biopsy [
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Treatment Effect Measurement

We determined the effect measure in
the size of the specimen using a standardized
mean difference with a 95% confidence inter-
val. Odds ratio was used in measuring the di-
agnostic yield, and relative risk was used in
the bleeding. The risk ratio in the bleeding was
calculated based on the total reported bleed-
ing, and each level of severity of bleeding
(mild, moderate and severe) was sub-analyzed
and reported separately (according to the
same level of severity) between the cryobiop-
sy group and forceps biopsy group. In the sub-
analysis, an adjusted level of significance of
0.25 was used.

Unit of Analysis Issues

For meta-analysis, the random effects
model was used, with the assumption that the
true size effect was similar but not identical
across the included studies. By treating differ-
ences as if they were random, this model rep-
resents a lack of understanding about why
real or apparent intervention effects differ.

Assessment of Heterogeneity

The studies included in this meta-
analysis were sufficiently homogeneous in
terms of characteristics, interventions and
outcomes providing a useful summary. The
heterogeneity of all included studies was as-
sessed. The identified sources of heterogenei-
ty in between studies were the number of
patients included in each study, size of the
cryoprobe and forceps used during the biopsy,
the length of freezing time used and the num-
ber of bites done. Heterogeneity was assessed
using the Chi-square and quantified using the
I” statistic. The I” statistic was used since it is
not dependent on the number of studies or
the type of outcome data, since there are only
limited studies that were identified that can
be included in this meta-analysis. A substan-
tial heterogeneity was considered if the I is
>50%. According to Lee, I values of 25%, 50%
and 75% were considered low, moderate and
high estimates of heterogeneity.17

Assessment of Publication Bias
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Studies that show positive effects are
more frequently reported and published, than
studies that show no significant results. The
majority of meta-analysis includes only pub-
lished studies which may overestimate the
actual degree of effect and while underesti-
mating harm. As a result, meta-analysis may
be influenced by publication bias. We as-
sessed the publication bias using the funnel
plot which is a simple scatter plot of the inter-
vention effect estimates from individual stud-
ies against some measures of each study size
or precision. The precision of the estimated
intervention effect increases as the size of the
study increases. Effect estimates from small
studies will therefore scatter more widely at
the bottom of the graph with the spread nar-
rowing among larger studies. In the absence
of bias, the funnel plot produces a symmet-
rical inverted funnel, asymmetry being sug-
gestive of a publication bias. If there is publi-
cation bias the investigators exhausted all
means to retrieve unpublished studies.

Data Synthesis

All of the selected studies and data
were manually entered in the system. Analysis
was performed on each listed outcome meas-
ure. A risk ratio for bleeding and odds ratio for
diagnostic yield with corresponding forest plot
were calculated. We used a 95% confidence
interval in all of the analysis and generating
output data.

Sensitivity Analysis

Sensitivity analysis determines the
strength of the observed outcomes to the
assumptions made in performing the analy-
sis. The principle is to repeat the primary
analysis with an altered data set or statistical
method to check for any effect on the com-
bined outcome estimate. Studies sensed to
be of lower quality were removed and the
analysis was then repeated. The analysis
was robust and there was little change in
the overall outcome estimate. Small-study
effects is the phenomenon that smaller
studies sometimes show contrasting, but
frequently larger treatment effects than big-

Berame et al. ]

ger studies, which usually threatens the va-
lidity of meta-analysis. The most well-known
reasons for small study effects include publi-
cation bias, outcome reporting bias and clin-
ical heterogeneity. Sensitivity analysis by
study design and risk of bias were done in
this meta-analysis.

Description of Studies

Pubmed and Cochrane library were
used to search for possible studies. A total of
186 studies were retrieved in the search using
the search terms described earlier. Two addi-
tional studies were retrieved through Google
scholar. After duplicates were removed, it
yielded 187 studies. Abstracts were reviewed
and 181 studies were found not compatible
with our PICO and study design, thus they
were excluded. Full text articles of the remain-
ing 6 studies were retrieved and one study
was further excluded (Figure 1).

2 additional studies identified
thraugh other sources
(Google Scholar)

186 studies identified through
Pubmed and Cochrane Library

181 studies excluded, not
compatible with our PICO and
study design

187 studies screened after
duplicates were removed

1 full text article excluded because
itis a retrospective non
randomized study

6 full text articles

5 full text articles assessed for qualitative
and quantitative analysis

Figure 1. PRISMA Flow Diagram

We included five RCTs (N=987). The
randomization in one prospective study was
not clear. Two studies randomized patients in
two groups (cryobiopsy group and frozen bi-
opsy group). Three studies did simultaneous
cryobiopsy and forceps biopsy in one patient.
They were randomized as to whether cryobi-
opsy or forceps biopsy is done first. All studies
included patients 18 years old and above with
suspected endobronchial tumors. There were
182 initial studies that were excluded because
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al was also excluded.

Table 1. Characteristics of Included Studies
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they did not fit our PICO and study design. A
retrospective full text study done by Rubio et
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sequence generation and allocation conceal-
ment for selection bias, blinding of outcome

assessment for detection bias, incomplete
outcome data for attrition bias, blinding of

Author, Study Design Number of Sub- | Intervention Control Outcome Measures
Year jects/
Characteristics
Aktas Prospective 41 Cryobiopsy Forceps biopsy | The median size of
2010 Study Patients with biopsies with cry-
older than 20 oprobe and forceps.
with endobron- The diagnostic rate.
chial exophytic Evaluation and con-
lesions trol of complica-
tions—bleeding
Ehab Prospective RCT | 47 Cryobiopsy Forceps Biopsy | The sum size of the
2017 Patients with forceps biopsy sam-
clinically and ples and size of cryo-
radiographically biopsy.
suspected endo- The diagnostic yield.
bronchial le- Adverse events: Post
sions. interventional bleed-
ing
Hetzel Prospective, 593 patients, Cryobiopsy Forceps biopsy | Diagnostic yield.
2011 randomized, Patients age Durations of the
single blinded, above 18 years biopsy
controlled, mul- | suspected with The no. of samples
ticenter study endobronchial taken
lesion based on The level of difficulty
clinical signs and of positioning the
radiologic imag- probe
es Amount of bleeding
Mo- Randomized, 40 patients, Cryobiopsy Forceps Biopsy | Median size of biop-
hamed single blinded Patients sus- sies and artifact free
2015 pected with tissue area
endobronchial Diagnostic yield.
malignant le-
sions based on
clinical and and
enhanced chest
CT
Schu- Randomized, 55 patients, Cryobiopsy Forceps Biopsy | Diagnostic Yield
mann Poised, 2 arm Patients with Safety in terms of
2010 study exophytic endo- bleeding
bronchial tumor

Assessment of the Risk of Bias

outcome assessment and selective reporting
The included studies' risk of bias was for reporting bias. The performance bias was
assessed using the following criteria: random not included in the assessment since blinding
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of personnel who perform the intervention is
impossible to achieve, thus making all of the
studies at risk for performance bias. Figure 2
shows the risk of bias graph while Figure 3
shows the risk of bias summary.

Selection Bias

All of the studies cited that random
sequence generation was done, ex-
cept for the study done by Atkas 2010
which it was not quoted. Schummann
2010 and Atkas 2010, also failed to
mention how allocation of conceal-
ment was done. All remaining studies
utilized a closed envelope method to
conceal allocation.

Performance Bias

Performance bias is unavoidable since
it is physically impossible to blind the
person who performs the biopsy, and
thereafter assess the bleeding. Thus,
all of the included studies blinded only
the participating patients and not the
bronchoscopist.

Attrition Bias

Attrition bias was not detected in any
included studies. All of the random-
ized patients were totally accounted
for and included in statistical analy-
sis. No drop-outs were noted across
all included studies.

Detection Bias

The outcome measure of diagnostic
yield in the included studies were per-
formed by the pathologist which is
usually independent and blinded. De-
tection bias was unlikely because of
these third-party outcome assessors.
Reporting Bias

Reporting biases were not noted in
the included studies. A funnel plot
was not generated since only 5 RCTs
were included in this systematic re-
view.

Other Biases

All of the five studies that were includ-
ed were investigator initiated and
none were noted to be influenced by
any product being investigated.

Berame et al.
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There was no standard size of the biop-
sy forceps and of the cryoprobe used across
the studies. Also, no standardized protocol
was used in performing both biopsies, espe-
cially on the number of bites for forceps biop-
sy and contact freezing time for the cryobiop-
sy. The mentioned variables can vary the size
of the tissue sample, diagnostic yield and
bleeding on both groups. In summary, random
sequence generation and concealment biases
were the identified potential biases of the in-
cluded studies. Two (2) studies failed to ei-
ther elaborate or mention how they random-
ized or concealed allocation of the partici-
pants, thus considered a likely source of bias.

Random sequence? _:l

Aliacafion comealment? _:I

meomplete aueome data Loss of parttinants ta faloweus? _
Blndng of outcome assessment? _

Selectve reporting? _

oerto:
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‘ W ves onzy [ureer [ [GYREEY ‘

Figure 2. Risk of bias graph of the included studies
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Figure 3. Risk of bias summary of the included studies
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RESULTS
Effects of the Interventions
Size of the specimen

Upon review of the included studies,
there was no standard size of the biopsy
forceps and that of the cryoprobe used
across the studies. There is also no standard-
ized protocol used in performing both biop-
sies, especially on the number of bites for
forceps biopsy and contact freezing time for
the cryobiopsy. The mentioned variables
can greatly vary the size of the tissue sam-
ple. There were different ways of measuring
the size and units of measurement used to
report the size of the obtained tissue sample
as well. Noted reports were in units of diam-
eter, square area or volume. The reviewers
feel that heterogeneity is high in this out-
come measure, thus meta-analysis was not

Berame et al. ]

done. We observe that it seems across all
the studies, cryobiopsy provides larger tis-
sue samples compared to forceps biopsy
regardless of above variables. Refer to Table
2.

Diagnostic Yield

The diagnostic yield of cryobiopsy is
significantly better compared to that of for-
ceps biopsy, with an odds ratio of 4.58 (95%
Cl 3.02-6.95), and with insignificant hetero-
geneity as shown in Figure 4. All of the stud-
ies seem to favor cryobiopsy in providing
higher diagnostic yield compared to forceps
biopsy. But there are two (2) included stud-
ies that have fewer enrolled participants.

Table 2. Summary of the identified methodological differences and reported specimen size and conclu-

sion of included studies

Study Author/Year Forceps biopsy and cryobiopsy probe Conclusions
size/Measuring Device
Atkas 2010 Not mentioned Mean diameters of samples taken
with forceps biopsy and cryoprobe
biopsy were 0.2 and 0.8 cm, respec-
tively (P < 0.001).
Ehab 2017 Cryoprobe- Erbokryo, ERBE 2.4mm Samples obtained by cryobiopsy were
diameter significantly larger than that of the
Forceps- EndoFlex, Voerde 2.3 mm forceps biopsy (mean size in mm 5.9 £
diameter 2.3vs2.5+0.8, p=0.001).
Measuring device- electronic caliper
device
Hetzel 2010 Not standardized per protocol No reported specimen size outcome.

Mohamed 2016

Cryoprobe - Erbokryo, ERBE (no diam-
eter size specified)

Forceps - FB 21C or FB 52C-1, Olym-
pus, Hamburg

Measuring device - Not mentioned

Median size of biopsies with cry-
oprobe and forceps were 1.7 cm (0.8—
2.2cm),and 0.6 cm (0.2—1.1 cm) re-
spectively (p < 0.001).

Schumann 2010

Cryoprobe- Erbokryo, ERBE 2.4mm
diameter

Forceps - FB 21C or FB 52C-1, Olym-
pus, Hamburg

Measuring device -Quantitative image
analysis

Cryobiopsy had significantly larger
mean total tissue area (10.4 vs 5.2
mm2; P <.0001)
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Cryobiopsy Forceps Biopsy Clds Ratio Ol ds Rafio
Study or Subgroup  Events Total Events Total Weight  M-H, Random, 9% CI M-H, Random, 95% CI
Hetzel 2011 268 282 238 181 438% 33601.79 6.31] ——
Aktas 2010 38 41 3z 9 80% 356 [0.89, 14.29 1
Schummann 2010 44 55 36 55 16.0% 431 [1.56,11.88
waharmed 2016 14 20 16 m 3% 4. 750,48, 46.91]
Ehab 2017 35 47 24 G4 265% 851 [3.81,15.99 —
Total (95% CI) 445 4 100,0% 4.58 [3.02, 6.95] <
Total events 409 347
Heterogenelty: Tau®= 0,00, Chi*= 3.35, df = 4 (P = 0.50), 1*= 0% :u 01 n"1 1"0 100:

Test for overal effect Z=T7.16 (F = 0.00001)

Favours Forcaps Biopsy  Favours Cryobiopsy

Figure 4. Forest plot of diagnostic yield of CB versus FB in patients with endobronchial tumors

Bleeding

There was more bleeding in cryobiopsy
compared to forceps biopsy, with a risk ratio
of 1.16 (95% ClI 1.03-1.31) and with insignifi-
cant heterogeneity (Figure 5). Three (3) stud-
ies affirm this conclusion, but cited that over-
all severity is usually mild. One (1) study
demonstrated otherwise and showed more
bleeding in the forceps biopsy group, but this
study reported low rate of bleeding and only
mild in severity.

Cryobiopsy
Events Total  Evenls

Forceps Biopsy

Study o1 Subgroup Tota Weight

Risk Ratio
W-H, Random, 95% Cl Yea

but one (1) study contradicted it by reporting
milder bleeding in the forceps biopsy. The ac-
tual incidence of mild bleeding was 218/390
(55.89%) in the cryobiopsy versus 185/389
(47.55%) in forceps biopsy.

There seems to be no significant differ-
ence in moderate bleeding between the cryo-
biopsy and forceps biopsy, with a risk ratio of
1.06 (95% CI 0.76-1.48) and with insignificant
heterogeneity. The actual incidence of moder-

Risk Ratio
M-H. Radoim, 95% CI

1.1.1 Wil Bleading
Akdas 2010 13 Ll 14 H e 0.93[0.50,1.72 2010 —
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Figure 5. Meta-analysis and sub-group analysis of bleeding between CB and FB in patients with endo-

bronchial tumors

Subgroup Analysis (For Bleeding)

Subgroup analysis was done on bleed-
ing to demonstrate if there is difference in the
bleeding events between the forceps biopsy
and cryobiopsy if severity of bleeding is con-
sidered. The results showed that the cryobiop-
sy had more mild bleeding events than the
forceps biopsy, with a risk ratio of 1.18 (95%
Cl 1.04-1.34) and no significant heterogeneity.
Three (3) studies supported this conclusion,

ate bleeding was 60/390 (15.38%) in the cryo-
biopsy versus 55/389 (14.14%) in forceps bi-
opsy. Two (2) studies did not report any event
of moderate bleeding in the forceps biopsy.
While one (1) study did not report an event of
moderate bleeding in the cryobiopsy group.

Sensitivity Analysis
Table 3 shows the results of a sensitivity
analysis that took the study design into con-
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Figure 6. Sensitivity analysis -removed 2 studies with no or different biopsy protocol
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Figure 7. Sensitivity analysis --removed 2 studies that randomize the patient base on the sequence of
biopsy
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sideration. For diagnostic yield, two studies with no biopsy protocol or protocols that
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differed from the other studies were exclud-
ed. The remaining three studies had a higher
diagnostic yield OR of 6.40 (95% Cl 3.49,
11.74). This implies that the non-uniformity in
the biopsy procedure had a significant impact
on the magnitude of the pooled estimate, but
the direction remained unchanged.

We also analyzed the effect of different
types of randomization to the relative risk of
bleeding. First, we considered only the studies
that randomized patients in two groups that
either underwent forceps or cryobiopsy. The
RRis 1.16 (95% Cl 1.02, 1.31). The RR is almost
the same to the original estimate of 1.16 (95%
Cl 1.03, 1.31). Second, we consider studies
that randomized the patient based on the se-
guence of biopsy but undergoing both biop-
sies. The RR for bleeding is higher (RR 1.23
(95% Cl 0.80, 1.91)), but the confidence inter-
val was noted to be wider, thus contributing
to imprecision. This is probably the effect of
the weight of the excluded studies, with high-
er number participants. We concluded that
the results regarding bleeding are robust be-
cause even with the sensitivity analysis, RR are
similar. Refer to Table 3 for the sensitivity
analysis.

Quality of Evidence
Using the GRADE methodology, there is

Table 4. GRADE Evidence Profile

Berame et al. ]

Table 3. Summary of sensitivity analysis for the stud-
ies included

Criteria OR/RR

Original diagnostic yield OR 4.58 (3.02, 6.95)

OR 6.40 (3.49,
11.74)

By study design

-removed 2 studies with no
or different biopsy protocol
-included 3 studies

Original bleeding risk RR 1.16 (1.03, 1.31)

By study design RR 1.16 (1.02, 1.31)
-removed 2 studies that
randomize the patient base
on the sequence of biopsy

-included 2 studies

By study design RR 1.23(0.80, 1.91)
-removed 2 studies that
randomize patients in two
groups that either under-
went forceps or cryobiopsy

-included 2 studies

*OR—odds ratio; RR—risk ratio

high quality of evidence. We are very confi-
dent that the true effect lies close to that of
the estimate of the effect. Further research is
likely to affirm our confidence in the estimate
of effect. Refer to Table 4 for the summary of
findings. In summary, cryobiopsy is more effi-
cient in providing a definitive diagnosis versus

Ne of patients

e |
Certainty Importance

Naof Stw Risk of c 5 e Other S Fi Relative Absolute

--

Diagnostic yield (assessed with: Diagnosis )

randomized not not serious ot seTious not serious none 4097443 474 OR 4.58 1 more | SO
tnals serious 91.9%) 0. (3.02 to | per 100 HIGH
6.03) (from 17
more to
more)
Total Bleeding (assessed with: Bleeding)
randomised not not serious ot serious not serious none 278/780 240778 RR 116 5 mere | SESD
twials serious (33.6%) (30.8%) (103 o | per 100 HIGH
131) (from 1
more to
more)
Mild Bleeding (assessed with: Bleeding)
randomized not not serious not serious not serious none 8/390 185/389 RR 118 9  more | DOOD
tnals serious 39%) (47.6%) (104 to | per 100 HIGH
134) (from 2
moreto 16
more)
Moderate Bleeding (assessed with: Bleeding)
randomised not not serious not serious not seriouz none 60/390 RR 106 1 more | 5580
trials zerious (15.4%) (0.76 to | per 100 HIGH
1.48) from 3
fewer
more)
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forceps biopsy with an OR of 4.58. In practice,
it means that we can diagnose 21 patients
more in every 100 cases compared to forceps
biopsy. There is a slight increase in the
chance of bleeding for cryobiopsy (RR of 1.16)
versus forceps biopsy. Mild bleeding is the
most commonly reported severity. We com-
puted the number needed to harm for both
mild and moderate bleeding, results were 12
and 81, respectively. In actual practice, there
will be 9 more mild bleeding in every 100 cas-
es and 1 more moderate bleeding in every
100 cases, if cryobiopsy will be used in doing
endobronchial biopsy.

RESULTS
Summary of findings

Cryobiopsy has a significantly higher
diagnostic yield than forceps biopsy. Cryobiop-
sy, on the other hand, has a slightly higher risk
of bleeding, specifically mild bleeding. There is
no statistically significant difference in the risk
of moderate bleeding between the two biopsy
methods. Patients in both groups with moder-
ate bleeding resolved spontaneously after
electrocautery or argon plasma coagulation
(APC). There was no note of severe bleeding in
both groups.

Overall completeness and applicability of evi-
dence

The reviewers searched studies using
the usual medical database (PUBMED and
COCHRANE) to retrieve the published data. In
addition, a manual search using Google was
utilized used to search and retrieve the stud-
ies. The following are the strong points of this
study: it included only RCT for good methodo-
logical quality, the population was homogene-
ous, a head-on comparison of intervention to
the standard of care, and almost similar re-
porting of outcome measures of the included
studies.

The limitations of this study include a
different randomization process in each study,
non-standardized material (size of cryoprobe
and forceps) and methods between the stud-
ies, and a small number of enrolled partici-
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pants in most of the included studies. Fur-
thermore, a meta-analysis on specimen size
was not performed due to concerns about the
non-uniformity of biopsy materials and meth-
ods, as well as the units of measurement used
in reporting.

To further strengthen the claim of an
intervention to be applicable, it is essential to
enroll a higher number of participants and
standardize materials and methods of the bi-
opsy procedure.

Potential review process biases

The two authors searched three (3) da-
tabases. We also conducted a manual search
for the related articles on through
Google. Random sequence generation and
concealment biases were identified as poten-
tial biases following a review of the included
studies. The reviewer did not notice other bi-
ases during review.

Agreements and disagreements as well as re-
views

The conclusion of this review suggested
that cryobiopsy has a higher diagnostic yield
than forceps biopsy, and is in agreement with
the latest systematic review published in
2016. However, the quality of evidence for the
said review was graded low due to methodo-
logical flaws such as variable study type inclu-
sion (i.e., retrospective, non-randomized pro-
spective, and RCT), non- homogeneous popu-
lation (i.e., ILD, peripheral and central lung
tumors, endobronchial tumors) and variable
biopsy location (i.e., endobronchial and pe-
ripheral lung biopsy). On the other hand, this
systematic review and meta-analysis has a
more homogeneous population, uses the
same biopsy location and procedures, and
only includes included RCTs. The number of
included studies, however, limited this.

CONCLUSION

This systematic review and meta-
analysis found that cryobiopsy has a higher
diagnostic yield of about 21 cases per 100
when compared to forceps biopsy. In terms of
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bleeding, the cryobiopsy group has a slightly
higher risk of about 5 cases per 100. However,
the majority of cases of bleeding in the cryobi-
opsy group were mild.

Practice Implications

Cryobiopsy is an effective and safe pre- 1

liminary tool in diagnosing endobronchial tu-
mors. Although there is an increased risk of
bleeding in cryobiopsy, it is usually mild. The
use of cryobiopsy as an initial tool in diagnos-
ing suspected endobronchial tumors can be
incorporated into our institutional protocol.
This will allow us to improve our diagnostic
yield while also lowering costs associated with
subjecting our patients to more invasive pro-
cedures if the initial diagnostic procedure is
inconclusive. Furthermore, this will reduce the
possibility of adverse events or morbidity in
patients as a result of complications from mul-
tiple invasive diagnostic procedures.

Unfortunately, the cost of the technolo-
gy, machine utilization costs, and the need for
a well-trained bronchoscopist (an interven-
tional radiologist) limit the availability of cryo-
biopsy.

The above factors are plausible reasons
why cryobiopsy is impractical and inaccessible
to low income and remote communities.

Implications for future research

If future RCTs comparing cryobiopsy to
forceps biopsy can be done , they should be
conducted in a two-arm randomized con-
trolled trial using standardized materials (size
of cryoprobe and forceps) and methods
(standardized measurement of biopsy speci-
men) for more homogenous data. Another
meta-analysis comparing cryobiopsy and for-
ceps for transbronchial lung biopsy (lung tis-
sue biopsy) can be performed.
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ABSTRACT

BACKGROUND: Patent Ductus Arteriosus (PDA) has an estimated prevalence of 1:2000 in children.
However, the true prevalence amongst adults is not well-defined. Among patients with congenital
heart disease (CHD), 5-10 % will subsequently develop pulmonary hypertension if untreated. Usual
therapeutic options for adult PDA patients with severe pulmonary arterial hypertension (PAH) in-
clude targeted therapy aimed at reducing pulmonary pressures, such as phosphodiesterase-5 in-
hibitors, guanylate cyclase stimulators, and endothelin receptor antagonists. Closure of such le-
sions is not regarded standard of care because the pulmonary microvasculature is thought to have
already begun irreversible changes, that lead to Eisenmenger syndrome. Only a few adult cases
were done internationally, and to date, there have been no local cases of successful reversal of
severe pulmonary arterial hypertension in PDA. Our case report shows that these patients can still
undergo successful closure after treatment with targeted therapy.

CASE PRESENTATION: We present a case of a 47-year-old woman diagnosed with congenital heart
disease during childhood but had refused treatment as she was asymptomatic. In her adult life, she
was repeatedly admitted for dyspnea and had been on home oxygen for 2 years before she was
admitted to our institution. Chest radiograph revealed cardiomegaly as well as pulmonary hyper-
tensive changes. A two-dimensional echocardiogram (2D echo) revealed a Pulmonary Artery Sys-
tolic Pressure (PASP) of 155 mmHg by tricuspid regurgitation (TR) jet. Cardiac magnetic resonance
imaging revealed a PDA, and a bidirectional flow was seen on transesophageal echocardiogram.
Sildenafil 25mg thrice daily was started and she was referred for possible percutaneous closure.
Catheterization showed an elevated mean pulmonary artery pressure (mPAP) of 97mmHg. A vaso-
dilator challenge showed reversibility of the shunt (decrease of pulmonary vascular resistance
(PVR) to 11.6 woods unit from 40.85 woods unit: Rp/Rs of 0.42 from 1.95), thus, closure was suc-
cessfully done. Sildenafil was resumed at the same dose due to persistent elevation of PASP. Sub-
sequent 2D echocardiography evaluation showed eventual normalization of the PASP. Sildenafil
and home oxygen were eventually discontinued after one year. Two-year follow-up showed that
the patient continued to remain asymptomatic with normal PASP on 2D echocardiography.

CONCLUSION: In the advent of targeted PAH therapies, such as Sildenafil, there is a growing role for
a combined medical-surgical approach in patients who are either borderline operable, or initially
inoperable.

KEYWORDS: pulmonary vascular disease, patent ductus arteriosus, Sildenafil, Pulmonary arterial
hypertension, congenital heart disease, reversal

Phil J Chest Dis Vol. 21 No.1 January-April 2023



Reversal of Pulmonary Arterial Hypertension after closure of PDA [ Antonio et al. ]

INTRODUCTION

PAH is an eventual complication of un-
treated CHD, particularly in patients with left-
to-right (systemic-to-pulmonary) shunts. Per-
sistent exposure of the pulmonary vasculature
to increased blood flow and pressure may re-
sult in vascular remodeling and dysfunction.
This leads to increased pulmonary vascular
resistance (PVR) and increased pressures in
the right side of the heart.

Several patients with left-to-right
shunts are still undiagnosed until childhood or
even adulthood. In these patients, changes to
the pulmonary vasculature have already oc-
curred, and PAH has, to a certain extent, al-
ready developed. This continually growing
cohort of adult PAH-CHD patients presents the
clinician with a range of challenges associated
with the management of complex cardiac and
non-cardiac comorbidities. With the advent of
PAH-specific therapies (such as Sildenafil) in
recent years, there have been major advances
in the treatment of patients with other forms
of PAH, and comparable success is beginning
to be seen in PAH-CHD as evidenced by stud-
ies done by Nazzareno et al.

THE CASE

A 47-year old woman was diagnosed
with an unrecalled congenital heart disease
since childhood. The family was advised to get
the CHD repaired, but they refused. Since
then, the patient has been admitted several
times for dyspnea and pneumonia. Four years
prior to admission to our institution, the pa-
tient complained of exertional dyspnea while
doing her daily activities. The patient then

sought consult where a 2D echocardiography
was performed revealing severe pulmonary
hypertension (see Table 1). No congenital
heart defect was noted in this 2D echocardi-
ography. The patient was advised 2-liter oxy-
gen supplementation via nasal cannula at
home and was prescribed with unrecalled
medications. In the interim, the patient was
noted to have worsening dyspnea. The patient
could no longer tolerate less than ordinary
activities, thus sought admission in our institu-
tion.

The patient has no history of previous
surgery. The patient is also a Gravida 1 Para 1
with uneventful pregnancy. She is a non-
smoker, non-alcoholic beverage drinker, and
denies illicit drug use. Heredofamilial diseases
include hypertension, diabetes, and heart dis-
ease.

On examination, the patient is of nor-
mal build and nutrition (BMI: 20.78 kg/m?2),
afebrile and slightly tachypneic (23 cycles per
minute), tachycardic (110 beats per minute),
and has normal blood pressure (110/70 milli-
meters mercury). Oxygen saturation was 88%
at room air. The patient was noted to have
engorged neck veins, bibasal rales, and
(occasional) wheeze, a grade 5/6 diastolic
murmur was heard at the left parasternal bor-
der. No edema was noted. Laboratory tests
were unremarkable except for erythrocytosis
(RBC: 5.41 106/L) on CBC. Arterial blood gas
(ABG) showed hypoxemia (pO2 65 mmHg at
4LPM, NV: >80 mmHg). Electrocardiogram
(ECG) revealed sinus rhythm with left atrial
abnormality, incomplete right bundle branch
block with biventricular hypertrophy and ante-

Table 1. Echocardiographic Monitoring Pre- and Post-PDA closure

2 Years 1 month Immedi- 1 month 3 month 9 month | 24 month
pre- pre- ately post post- post- post- Post- clo-
closure closure closure closure closure closure sure
PASP 156 155 45 82 73 23 19
(mmHg)
Interven- 02 at Sildenafil 02 at Sildenafil Sildenafil Sildenafil none
tions 2LPM 25mg 3x/ | 2LPM 25mg 3x/ | 25mg3x/ | 25mg 3x/
day day day day
02 at 02 at 02 at 02 at
2LPM 2LPM 2LPM 2LPM
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roseptal wall ischemia and/or right ventricular
strain pattern. Chest radiograph revealed car-
diomegaly with pulmonary hypertensive
changes (Figure 1). Because of the patient’s
history of pulmonary hypertension, the pa-
tient was initially managed as a case of idio-
pathic PAH, and was worked-up. Computed
tomography (CT) with pulmonary embolism
protocol revealed a significantly dilated main
pulmonary trunk and hypertrophy of the ven-
tricular walls on both sides including the inter-
ventricular septum and no findings of pulmo-
nary artery embolism. 2D echocardiography
(Table 1) revealed dilated right-sided cham-
bers, dilated main pulmonary artery diameter,
severe tricuspid regurgitation, and severe pul-
monary hypertension, and, no intra-cardiac
nor extra-cardiac defects were seen on echo-
cardiography. As there has been a history of
an unrecalled CHD, a cardiac magnetic reso-
nance imaging (MRI) was done which revealed
a patent ductus arteriosus with a Qp: Qs (ratio
of pulmonary blood flow to systemic blood
flow) of 0.59 (Figures 2,3). Transesophageal
echocardiography was done which revealed a
PDA with bidirectional flow.

The patient was diagnosed to have PDA

Figure 1. Chest radiograph showing cardiomegaly
with pulmonary hypertensive changes

Figure 3. Dilated main and branch pulmonary arter-
ies. MPA=3.9cm, right pulmonary artery (RPA) =
3.1cm, left pulmonary artery (LPA) = 3.6cm

with severe PAH. This was supported by physi-
cal findings of engorged neck veins, diastolic
murmur with (a finding of) hypoxemia, right
ventricular hypertrophy, elevated PAP on 2D
echocardiography, a PDA with the bidirection-
al flow and a Qp:Qs ratio of less than 1 on
transesophageal echocardiogram and cardiac
MRI. The patient was started on Sildenafil
25mg tab thrice daily, advised the use of 2L
oxygen via nasal cannula, which relieved dysp-
nea. The patient was referred to the Philippine
Heart Center for reversibility testing.

After a month, the patient was ad-
mitted to the Philippine Heart Center. Hemo-
dynamic studies revealed (Table 2): (1) severe-
ly elevated pulmonary artery pressure; (2)
elevated pulmonary vascular resistance (PVR)
at 3,268 dynes/sec/cm5 (normal value: 20-130
dynes/sec/cm5), equivalent to 40.85 woods
unit (normal value: <2-3 woods unit); and, (3)
conical PDA (diameter of 3.3mm), Qp:Qs was
0.6:1.0 with Rp/Rs (ratio of pulmonary-to-
systemic vascular resistance) of 1.95, indica-
tive of moderate pulmonary vascular disease
(Figure 4). 100% Oxygen challenge test was
done which showed reversibility of the shunt
(PVR of 928 dynes/sec/cm5, equivalent to

Figure 2. PDA (arrow) connecting the main pulmo-
nary artery (MPA) and aortic arch

11.6 woods unit; Rp/Rs of 0.42 post-02 chal-
lenge). Percutaneous device closure using Am-
platzer™ Duct Occluder was done without
periprocedural complications (Figure 5). The
patient was then discharge and taken off
sildenafil.

Table 2 shows the serial pulmonary
artery pressures along with interventions
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done at 2 years pre-closure, 1 month pre-
closure, immediately post-closure, and 1, 3, 9,
and 24 months after closure. One month post-
closure, (a) repeat 2D echocardiography still
revealed residual pulmonary hypertension,
with episodes of exertional dyspnea after per-
forming daily activities and was still unable to
tolerate  without oxygen supplementa-
tion thus, sildenafil 25mg thrice daily was re-
sumed and frequent follow-up was done. The
subsequent 2D echocardiography revealed

declining trend in pulmonary artery systolic §

pressure beginning at 3 months. At 9 months
post-closure, patient was now noted to be
asymptomatic and was able to tolerate with-
out oxygen supplementation, thus sildenafil
was discontinued. At 24 months post-closure,
patient continued to be asymptomatic and
pulmonary artery systolic pressure remained

normal without medications.
DISCUSSION

Table 2. Hemodynamic studies

Reversal of Pulmonary Arterial Hypertension after closure of PDA

Baseline 100% Oxygen

PVR 40.85 woods | 11.6 woods unit

unit

(NV: <2-3

woods unit)
Rp/Rs 1.95 0.42
MPAP 97mmHg 85mmHg

(NV: 8-

20mmHg)

Figure 4. PDA

PDA in children has a prevalence of
1:2000, however, the prevalence amongst

[ Antonio et al. )

Figure 5. Device Closure

adults is not well-defined since it is usually
discovered and treated during childhood1,2.
Most cases presenting during adulthood show
signs and symptoms of heart failure, edema,
and pulmonary hypertensionl. Although 2D
echocardiography is the standard diagnostic
modality3, with a sensitivity of as high as 83%
4, it still has significant operator variability, to
which the late diagnosis of the lesion in this
patient could be attributed to.

Left untreated, prolonged left-to-right
shunting in a hemodynamically significant PDA
can progress to pulmonary arterial hyperten-
sion, a disease of the small pulmonary arteries
that is characterized by vascular proliferation
and remodeling. It causes a progressive in-
crease in pulmonary vascular resistance and,
ultimately, right ventricular failure and death.
PAH occurs in approximately 1.6% to as high
as 12.5% of adult patients with CHD5. The cur-
rent definition of PAH relies on a pulmonary

' arterial pressure =25 mmHg at rest, a left atri-

al pressure <15 mmHg, and normal resting
cardiac output, suggesting a resting pulmo-
nary vascular resistance of >3 Woods units. 5

Three factors are thought to cause the
increased pulmonary vascular resistance that
characterizes this disease: vasoconstriction,
remodeling of the pulmonary vessel wall, and
thrombosis in situ.6 The 3 major pathophysio-
logical pathways, namely the endothelin path-
way, nitric oxide pathway, and prostacyclin
pathway, represent important signaling cas-
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cades in PAH. These pathways also represent
important therapeutic targets. PAH is subdi-
vided into 4 clinical groups: (1) Eisenmenger
syndrome; (2) PAH associated with systemic-
to-pulmonary shunts; (3) PAH with small de-
fects; and (4) PAH after surgical repair.6 Each
clinical group has different management prin-
ciples. Our patient belonged to the second
category.

To date, advanced therapies, including
endothelin  receptor antagonists, phos-
phodiesterase type-5 inhibitors, prostacyclin,
and prostacyclin analogs, which all serve to
decrease pulmonary vascular resistance by
inducing vasodilation of the pulmonary vascu-
lature. Multiple trials such as BREATHE-5, SU-
PER, SERAPHIN, PHIRST have demonstrated
their safety and efficacy in severe PAH, offer-
ing improvements in exercise capacity, func-
tional class, and hemodynamics, without com-
promising oxygen saturation.7-10

According to 2020 ESC guidelines for
the management of adult congenital heart
disease, class | recommendation for PDA clo-
sure are in patients with evidence of LV vol-
ume overload and no PAH (no non-invasive
signs of PAP elevation or invasive confirmation
of PVR <3 WU in case of such signs), while in
patients who have developed PAH with PVR 3
-5 WU, when there is still significant L-R shunt
(Qp:Qs>1.5) is a class lla recommendation. In
patients who have developed PAH with PVR >/
=5 WU, PDA closure may be considered when
there is still significant L-R shunt (Qp:Qs>1.5)
is a class Ilb recommendation; lastly, PDA clo-
sure is not recommended in patients with Ei-
senmenger physiology and patients with lower
limb desaturation on exercise.11 In our case,
the patient did not have any evidence of LV
volume overload. During right heart catheteri-
zation a significantly increased pulmonary vas-
cular resistance (PVR 40.85 woods unit) was
noted with a Qp:Qs was 0.6:1.0. All of these
findings make this patient a poor candidate
for interventional closure. Specifically, when
PVR exceeds 10 woods unit, correction of de-
fect is contraindicated .12 The latest European

Society of Cardiology Guidelines for the Man-
agement of Adult Congenital Heart Disease
also state that in PDA patients who have de-
veloped PAH with PVR > 5 WU, PDA closure
may be considered when there is still signifi-
cant left-to-right shunt (Qp:Qs >1.5)11 Thus,
this patient falls into a gray area zone regard-
ing the repair of the CHD. Medical therapy
with  the phosphodiesterase-5 inhibitor
sildenafil was then instituted. However, on
100% oxygen challenge test, the Rp/Rs (ratio
of pulmonary to systemic vascular resistance)
decreased to 0.42 from 1.95, demonstrating
reversibility of the hemodynamic profile
should the lesion be closed.

Ultimately, the important determinant
of management and prognosis is whether the
PAH is reversible. The criteria for reversibility
are as follows: 1) a fall in the pulmonary artery
pressure or no elevation; 2) no decrease in the
aortic pressure and Sa02; and 3) no worsen-
ing of signs and symptoms13,14. If all the cri-
teria were satisfied, PAH is considered reversi-
ble, as what was seen in our case. There is a
marked paucity of data regarding combined
medical and interventional approaches; with
only 7 reported successful cases, and no Phil-
ippine data has been noted.15 Two of these
cases -- by Ussia et al and by Mitropoulos et al
-- were patients with PDA and severe PAH
who underwent successful closure after medi-
cal therapy. These 2 cases demonstrated pa-
tients initially deemed unoperable due to in-
creased pulmonary vascular resistance and
due to being a “non-responder” to vasoreac-
tivity testing with NO. These patients were
then prescribed with pulmonary vasodilator
drugs (such as bosentan) for 3 months. After-
which, a significant improvement on pulmo-
nary hemodynamics were noted on repeat
right heart catheterization thus transcutane-
ous repair was successfully done. As men-
tioned above, since patient selection for PDA
closure centers on the evidence of reversibil-
ity of the pulmonary vascular resistance, com-
plete closure using Amplatzer duct occluder
was decided by the health care team after
proper explanation of the benefits and risks to
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the patient. These risks include a small per-
centage of patients with borderline hemody-
namic data with PDA and PAH that can deteri-
orate after PDA closure due to non-regression
of pulmonary hypertension, progressive pul-
monary vascular disease, and right sided heart
failure. Thus, treatment with permanent clo-
sure must still be performed with caution.16
As was seen in our patient, PASP 1-month
post-repair showed a rebound increase, albeit
not as high as pre-intervention level, likely due
to the persistence of a pulmonary vascular
disease10,13-14. For this purpose, sildenafil
was continued, as a pharmacological prophy-
laxis for a rebound pulmonary hyperten-
sion.17. Subsequent 2D echocardiography
showed decreasing values in the PAP. To the
best of the investigator's knowledge, this is
the first reported case of a successful reversal
of severe pulmonary hypertension following
device closure in an adult patient with previ-
ously untreated CHD.

CONCLUSION

With the advent of advanced interven-
tional techniques, patients with severe PAH-
CHD could still benefit from the repair of car-
diac defect, even with suspected pulmonary
vascular disease. The decision to repair the
defect should be approached by taking into
consideration multiple factors such as patient
characteristics, functional capacity, hemody-
namic findings, and most critically - evidence
of reversibility on invasive testing.

In the advent of targeted PAH thera-
pies, such as Sildenafil, there is a growing role
for a combined medical-surgical approach to
those patients that are either borderline oper-
able, or initially inoperable, hereby identifying
a larger number of potential appropriate can-
didates for corrective treatment.
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