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EDITORIAL

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

Moving On To The Next Level of Life

“Coronavirus also introduces us to a completely new world of life, to move on
from our struggles and enjoy Next Level of Life.” — Srinivas Mishra *

It has been over two years since the declaration of the COVID-19 Pandemic by the
World Health Organization (WHQO) in March 2020. While the medical community and scientists
struggled against time to understand the novel virus, the ensuing months saw the rapid devel-
opment of diagnostic tests, vaccine development and trials of therapeutic drugs for COVID-19
infection. With the decreasing number of cases over the last several months, the world is
moving on from the struggles in combatting the coronavirus. We are now looking forward
what our lives will be post-pandemic.

For us in the medical community, hopefully we have gained learnings from pandemic
related research studies that have been generated over the last two years. In the opinion arti-
cle by Oviedo DC et al.> the role of clinical researchers during COVID-19 was aptly described as
follows:

“At a scientific level, due to the complexity, novelty and unexpectedness of COVID-19,
we as other researchers around the world, have urgently responded by rapidly generating da-
ta while maintaining scientific validity and replicability. Researchers and work groups have had
to generate multiple therapeutic strategies, prevention mechanisms and diagnostic tests to
tackle this new disease. Moreover, the COVID-19 pandemic has exposed the importance of
research’s social benefits. Knowledge cannot be limited to a laboratory or to a publication. It is
mandatory that research in this health emergency has practical applications that rapidly
reaches all countries affected by the virus.”

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



EDITORIAL

Like other researchers around the world, our country’s clinicians and research-
ers have also generated COVID-19 scientific researches. In this issue of the PJCD, three
original researches and one case series tackled varied aspects of the COVID-19 infec-
tion. The study by De Vera et al. determined the risk factors for mortality of COVID-19
patients hospitalized in a referral tertiary hospital. The data from this study can help
clinicians identify patients who need more close monitoring and allocate care accord-
ingly. The retrospective, cross- sectional study by Morrell et al. reported the clinical,
laboratory and radiological characteristics and outcomes of SARS-CoV-2 patients in
critical care units. The utility of high flow nasal cannula (HFNC) in COVID-19 associated
acute hypoxemic respiratory failure was determined in the study by Mariano and Lao.
The case series by Dimabuyu and Chua evaluated the feasibility of applying airway
pressure release ventilation (APRV) as rescue ventilation for refractory ARDS in COVID -
19 patients.

Included in this issue are research articles about two common pulmonary dis-
eases, namely COPD and TB. The observational cross-sectional questionnaire-based
study by Villamonte et al. determined the knowledge, attitude and practice of non-
pulmonary medicine specialists in the diagnosis of COPD. The results of this study will
help design educational modules for non-pulmonary specialists in diagnosing COPD. A
systematic review and meta-analysis conducted by Feraren et al. evaluated the effec-
tiveness of remote TB-DOT (virtual) compared to conventional TB-DOT (in-person) in
the management of drug-susceptible TB. This study explored TB DOT using telemedi-
cine technology as alternative for treatment adherence and completion.

While the WHO has yet to officially declare the end of the pandemic, we have to
prepare ourselves to a new world of life equipped with the knowledge gained from
researches both local and international. May we see the end of this pandemic soon
and the transition to the “Next Level of Life”.

References:

1.  https://www.goodreads.com/author/quotes/20017913.Srinivas_Mishra

2. Oviedo DC, Perez-Lao AR, Villarreal AE, Carreira MB and Britton GB. The Role of
Clinical Researchers During COVID-19: Balancing Individual, Scientific, and Social
Benefits of Research. Frontiers in Public Health. April 2021 Volume 9, Article
638964
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ABSTRACT

BACKGROUND: The novel coronavirus (SARS-CoV-2) caused an outbreak in Wuhan, China in Decem-
ber 2019 and eventually emerged as a major global pandemic. The first identified case in the Philip-
pines was documented last January 30, 2020. The subsequent spread was rapid in development,
with 868 deaths, 3,249 recoveries and 9,918 active cases, as of this writing.

OBJECTIVE: To report the clinical, laboratory and radiological characteristics, treatment, respiratory
parameters and outcomes of patients with laboratory-confirmed and probable critical SARS-CoV-2
infection among survivors vs. non-survivors; younger vs older and hypertensive vs. non-
hypertensives.

METHODS: We conducted a single-center, retrospective, cross-sectional study of 122 patients, with
76 laboratory-confirmed and 46 probable critical SARS-CoV-2 infection, who were admitted to criti-
cal care units at St. Luke’s Medical Center, Quezon City from March 1, 2020 to July 31, 2020. The
primary outcome was in-hospital mortality. Secondary outcomes were clinical and laboratory char-
acteristics of SARS-CoV-2 survivors vs. non-survivors, younger vs. older, and hypertensive vs. non-
hypertensive patients; the proportion of patients developing acute respiratory distress syndrome
(ARDS) and other complications; the mean number of ventilator and hospital days; and, the com-
parison of treatment modalities and interventions of survivors vs. non -survivors.

RESULTS: The mean age of the patients was 64.1 years (SD + 13.67) with most being males (62.3%).
Comorbidities were present in more than half of patients, with hypertension (76.2%) being the
most common. The most frequent symptom on admission was shortness of breath (76.2%), with
chest x-ray findings revealing bilateral infiltrates (77.9%). In non -survivors, prothrombin time and
BUN were significantly elevated. The most frequently observed complication was ARDS (72.1%).
Overall, in-hospital mortality was 53.3%.

CONCLUSION: Patients admitted for critical SARS-CoV-2 infection in this study were predominantly
males, requiring mechanical ventilation and developed complications like acute kidney injury, sep-
tic shock and ARDS.

KEYWORDS: SARS-CoV-2, critical COVID-19, ARDS

Phil J Chest Dis Vol. 20 No. 2 July-December 2022
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INTRODUCTION
The novel coronavirus (SARS-Cov-2)

caused an outbreak in Wuhan, China in De-
cember 2019 and eventually emerged as a
major global pandemic evolving in real
time."®? Epidemiological evidence suggested
that the cases had a history of exposure to a
large seafood market in Wuhan City, China. It
was confirmed to be an acute respiratory in-
fection caused by a novel coronavirus and
since then, the disease has promptly spread
from Wuhan and to other 66 countries.’* As
of May 25, 2020, there are over 5.5 million
cases worldwide *®, and more than 14,000
cases in the Philippines alone. *° The estimat-
ed case fatality rate was calculated to be 2.2-
7.2%.%2 The first identified case in the Philip-
pines was documented last January 30, 2020.
The subsequent spread was rapid in develop-
ment, with 868 deaths, 3,249 recoveries and
9,918 active cases as of this writing.*® These
figures are updated daily and are expected to
increase further.

Coronaviruses are enveloped non-
segmented positive-sense RNA viruses belong-
ing to the family Coronaviridae and the order
Nidovirales and broadly distributed in humans
and other mammals.'” Its reproduction num-
ber was estimated to range between 2.2 to
3.5, ensuing threat to public health as the vi-
rus is spreading rapidly around the world.>®

The SARS-CoV-2 is spread predominant-
ly via respiratory droplets and its clinical
presentation ranges from asymptomatic to a
mild common flu-like illness to a potentially
fatal severe pneumonia, with acute respirato-
ry distress syndrome (ARDS) as its sequelae.
Acute respiratory distress syndrome (ARDS)
occurs within 1 week of a known clinical insult
or as a new or worsening of respiratory symp-
toms, with chest imaging showing bilateral
opacities, not fully explained by effusions, lo-
bar or lung collapse, or nodules, with respira-
tory failure not fully explained by cardiac fail-
ure or fluid overload.'®. It may be classified as
mild (200 mmHg < Pao2/Fio2 < 300 mmHg
with PEEP or CPAP >5 cmH20); moderate (100

mm Hg < Pao2/Fio2 £ 200 mmHg with PEEP or
CPAP > 5 cmH20) or severe (PaO2/Fi02 < 100
mm Hg with PEEP > 5 cmH20).

Some recent studies have found that
the most common symptoms were fever (45-
98%), cough (67-76%), myalgia or fatigue
(44%), headache (85%), hemoptysis (5%) and
diarrhea (3%).)>’ About half of the patients
had dyspnea and lymphocytopenia and was
observed in 68-83% of the patients."”” Moreo-
ver, the current literature from studies con-
ducted in Italy and Wuhan, China have noted
that the elderly, and those with comorbidities
are the most at risk for acquiring the dis-
ease.’ The most common comorbidities re-
ported were hypertension (30%), diabetes
(19%), and coronary heart disease (8%).'°
Among patients who underwent respiratory
failure, comorbidities were similarly prevalent:
hypertension (27%), diabetes (19%) and cardi-
ovascular disease (6%).** The frequency with
which SARS-CoV-2 patients are hypertensive
may not necessarily imply a causal relation-
ship between hypertension and SARS-CoV-2
infection severity since based on reports, hy-
pertension is highly frequent in those with
advancing age and functionally impaired im-
mune system.!* 3117 However, it is uncer-
tain whether uncontrolled blood pressure is a
risk factor for getting infected with SARS-CoV-
2, or whether controlled blood pressure
among hypertensive patients is or is not less
of a risk factor.*®

Treatment is supportive at best and
several regimens and protocols have been
suggested, though none have been recom-
mended as standard or with proven clinical
efficacy to date. Some of these include the use
of off-label drugs such as hydroxychloroquine,
lopinavir/ritonavir, tocilizumab and
remdesivir, convalescent plasma infusion, and
hemoperfusion among others.

In a previous study conducted among
critically-ill patients with COVID-19 infection,
outcomes were as follows: mechanical venti-

Phil J Chest Dis Vol. 20 No. 2 July-December 2022
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while acute ARDS was observed in all patients
requiring mechanical ventilation and 53% de-
veloped severe ARDS by 72 hours. In the same
study, patients did not initially manifest with
shock, however, vasopressors were used for
67% of patients during the course of illness.
Cardiomyopathy developed in 7 patients
(33%) and mortality was 67%, while 24% of
patients have remained critically ill and 9.5%
have been discharged from the ICU.** In an-
other study done in Lombardy, the majority of
the patients (58%) were still in the ICU 5
weeks after the first admission, 16% of the
patients had been discharged from the ICU,
and 26% had died in the ICU. The death rate
was higher among those who were older.**

The SARS-Cov-2 outbreak has been a
major challenge for clinicians and has caused
concern to the medical community. With lim-
ited data available at the time of its outbreak
in 2020, its epidemiology, clinical features,
course and complications remain to be fully
characterized. This study aims to describe the
baseline characteristics and clinical outcomes
of Filipino patients suffering from critical
COVID-19 infection and to supplement the
data provided by earlier foreign and local jour-
nals.

OBJECTIVES

To describe the baseline characteris-
tics and outcome of patients with laboratory
-confirmed and probable critical SARS-CoV-2
infection admitted to the critical care units
at St. Luke’s Medical Center, Quezon City.
Specifically, to (1) compare the clinical and
laboratory characteristics of critical SARS-
CoV2 patients who survived vs. those who
did not survive, younger vs. older patients,
hypertensive vs. non-hypertensive; (2) com-
pare the treatment modalities and interven-
tions of survivors vs. non-survivors; (3) de-
termine the respiratory parameters of survi-
vors and non-survivors that include Pa0Q2/
FiO2 ratio, mean positive end-expiratory
pressure (PEEP), and ventilator days; (4) de-
termine the hospital days and complications
of patients with COVID-19 who survived and

did not survive; and, (5) determine the pro-
portion of patients who expired and those
who recovered or were discharged among
laboratory-confirmed and probable critical
SARS-CoV?2 infected patients.

METHODS
Study Design

This is a single center, retrospective,
cross-sectional study of patients admitted at
the critical care units at St. Luke’s Medical
Center (SLMC), Quezon City from March 1,
2020 to July 31, 2020.

Ethical Consideration

The study was conducted in accord-
ance with the International Conference on
Harmonization-Good Clinical Practice (ICH-
GCP) and the Principles of the Declaration of
Helsinki (2013). The clinical protocol and all
other related documents were carefully re-
viewed and approved by the SLMC Institu-
tional Ethics Review Committee. Confidenti-
ality was strongly upheld in the data collec-
tion process and throughout the entire du-
ration of the study. Codes were assigned to
each patient’s documents and were accessi-
ble only to the principal investigators. Fur-
thermore, all study-related documents such
as versions of the protocol, ethical clear-
ance, data collection forms and hard copies
of the source documents will be kept and
stored by the principal investigators in strict
confidentiality for at least 5 years and will
later be discarded by shredding of all afore-
mentioned documents.

Inclusion Criteria
Included patients were aged 18 and
above who went into acute respiratory fail-
ure and eventually admitted to critical care
units at SLMC, Quezon City and who were
either laboratory-confirmed SARS CoV-2 or
Probable SARS-CoV-2 and classified to have
Critical SARS-CoV-2 infection, defined as fol-
lows:
o Acute respiratory failure (ARF)
— failure of the respiratory
system mainly due to either

Phil J Chest Dis Vol. 20 No. 2 July-December 2022
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lung failure resulting in hypox-
emia or pump failure resulting in
alveolar hypoventilation and
hypercapnia; defined by any one
of the following: pO2 <60mmHg
or spO2 pulse oximetry) <91%
breathing room air, pCO2 >50
and pH <7.35, PF ratio (PO2/
FiO2) of <300, pO2 decrease or
CO2 increase by 10mmHg from
baseline (if known). /8%
Laboratory-confirmed SARS CoV
-2 - a positive result of real-time
reverse transcriptase—
polymerase chain reaction (RT-
PCR) assay of nasal and pharyn-
geal swabs.'?

Probable SARS-CoV-2 - a suspect
case who fulfills any one of the
following: (a) suspect case
whom testing for COVID-19 is
inconclusive, (b) suspect who
underwent testing for COVID-19
but not conducted in a national
or subnational reference labora-
tory or officially accredited la-
boratory for COVID-19 confirma-
tory testing, and (c) suspect case
for whom testing could not be
performed for any reason.*®
Critical SARS-CoV-2 - a patient
with probable or confirmed
SARS-CoV-2 infection who devel-
ops any of the following: RR
>30/min or SpO2 <93% on room
air; need for mechanical ventila-
tion of high flow nasal cannula
(HFNC);  Pa02/Fi02 < 300
mmHg; shock or multiorgan fail-
ure.”

Exclusion Criteria

All patients below 18 years old

Eighteen vyears old and above
without any signs and symptoms
of respiratory failure and failed to
meet the criteria for probable
critical SARS CoV-2 infection or

tested negative for SARS CoV-2 on
RT-PCR nasopharyngeal swab

Data Gathered

Source documents used were patients’
electronic charts. All collected data were
written in the data collection form by the in-
vestigators themselves. A standardized data
collection form was created for this study and
used for all patients whose medical records
were reviewed. Epidemiological, clinical, and
laboratory data were recorded and retrieved
from the hospital charts of patients included
in the study. This included the following:

° Baseline demographic data
(i.e.,age, sex, date admitted and
travel history)

° Patient symptoms (i.e., fever,
cough, dyspnea, hemoptysis, sore
throat, myalgia, headache, anos-
mia, rhinorrhea, headache, altera-
tion of sensorium, skin rash, nau-
sea and vomiting, diarrhea, ab-
dominal pain and chest pain)

° Comorbidities (i.e., hypertension,
chronic pulmonary obstructive
disease (COPD), bronchial asthma,
chronic kidney disease, chronic
liver disease, diabetes mellitus,
tuberculosis, asplenia, coronary
artery disease, cerebrovascu-
lar disease, malignancy and HIV)

° Smoking history

° Baseline laboratory values (i.e.,
hemoglobin, white blood cell
(WBC) count, absolute lympho-
cyte count, prothrombin time,
SGPT (ALT or Alanine Aminotrans-
ferase), SGOT (AST or Aspartate
Aminotransferase), creatinine,
blood urea nitrogen (BUN), serum
albumin, C-reactive protein (CRP),
procalcitonin, ferritin, lactate de-
hydrogenase (LDH), D-dimer,
chest X-ray and chest CT scan
findings)

. Physical examination findings on
admission (i.e., systolic blood

Phil J Chest Dis Vol. 20 No. 2 July-December 2022 u
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pressure (SBP), respiratory rate,
temperature, baseline oxygen sat-
uration, level of sensorium, base-
line PaO2/Fi02 ratio, lowest
Pa02/Fi0O2 ratio and qSOFA score)

. Medications and interventions
given during course of admission
(i.e.,vitamins and or supplements,
statins, antiretroviral agents, anti-
malarial drugs, antibiotics, anti-
fungals, tocilizumab, remdesivir,
dexamethasone, convalescent
plasma infusion, hemoperfusion,
use of HFNC, from non-invasive
mechanical ventilation to invasive
mechanical ventilation, invasive
mechanical ventilation and prone
positioning)

. Complications (i.e., sepsis, septic
shock, bacteremia, fungemia,
acute kidney injury (AKl), acute
liver injury, pneumothorax, myo-
carditis, gastrointestinal bleeding,
acute coronary syndrome, cere-
brovascular injury, venous throm-
boembolism (VTEs) and ARDS)

Sample Size Estimation

No statistical sample size calculation
was performed a priori, and sample size was
based on convenience sampling, wherein all
charts of patients that fulfilled the inclusion
criteria were included in the study, from
March 1, 2020 to July 31, 2020.

Statistical Analysis

The clinical and laboratory characteris-
tics of patients with critical SARS-CoV-2 infec-
tion among those who (1) survived versus
those who did not survive, (2) among the
younger and older patients and among those
who are (3) hypertensive and non-
hypertensive patients was compared. Chi
Square test was used for clinical and labora-
tory characteristics that were qualitative and
T-test or Mann-Whitney U-test for quantita-
tive clinical and laboratory characteristics.
Furthermore, determination of respiratory
parameters (i.e., PaO2/Fi02 ratio, PEEP, num-

ber of ventilator days), number of hospital
days, complications, treatment modalities
and interventions among the survivors and
non-survivors was analyzed using Chi Square
test for qualitative variables and T-test or
Mann-Whitney U test for quantitative varia-
bles. Lastly, comparison of the proportion of
patients who expired among laboratory con-
firmed and probable critical SARS-CoV-2 pa-
tients was done using frequency and percent-
ages. A 95% confidence interval of the per-
centage was also calculated. Level of signifi-
cance was set at a less than 0-05.

RESULTS
A total of 136 patients were admitted

to critical care units at SLMC, Quezon City
with laboratory-confirmed and probable criti-
cal SARS-CoV-2 infection between March to
July 2020. Fourteen patients were excluded
due to the absence of signs and symptoms of
respiratory failure or were unable to meet
the criteria for probable critical SARS-CoV-2
infection. From a total of 122 patients includ-
ed in the study, 76 were laboratory-
confirmed and 46 were probable critical SARS
-CoV-2 infection (Figure 1).

Clinical and laboratory characteristics and res-
piratory parameters of survivors and non-
survivors

The mean age of the patients was 64.1
years (SD = 13.67) and were predominantly
males (62.3%). Comorbidities were present in
more than half of the patients with hyperten-
sion (76.2%) being the most common, fol-
lowed by diabetes mellitus (41%) and at least
one other coexisting illness like atrial fibrilla-
tion, dyslipidemia, or thyroid disease (34%).
The most common symptoms on admission
were shortness of breath (76.2%) followed by
cough (62.3%) and fever (61.5%). The majori-
ty of patients on admission presented with
tachypnea with a mean respiratory rate of
25.8 (SD + 6.81) cycles per minute and oxy-
gen saturation level of 92.4% (SD £ 9.27).

There was no statistically significant
difference in the computed p-values of the
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Figure 1. Flowchart of included patients in the study

baseline characteristics among survivors and
non-survivors of this study (Supplementary
Table 1: http://philchest.org/publications/
Supplementary_Table_Manuscript29.pdf).

Lymphocytopenia with mean absolute
lymphocyte count of 1,265.6 cells/mm3 (SD *
867.66) was noted on admission, however,
this was not found to be significantly lower
among non-survivors (Supplementary Table
2).

Elevated mean serum CRP, procalciton-

in, LDH, ferritin, D-dimer, SGOT, SGPT, creati-
nine, BUN and prothrombin time were ob-
served, while mean serum albumin was low
across both groups on baseline evaluation. All
patients had chest x-ray done and majority of
the findings revealed bilateral infiltrates
(77.9%). Twelve patients underwent further
imaging with chest CT scan, 25% of which
showed features consistent with SARS-CoV-2
infection.

Ninety-five patients (77.9%) underwent
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invasive mechanical ventilation on admission,
while 27 patients (22.1%) were started on
HFNC support, however, 16 of these patients
initially on non-invasive mechanical ventilation
were subsequently intubated. Baseline mean
Pa0O2/Fi02 ratio on admission was low at
200.4 mmHg. The lowest Pa02/Fi02 ratio
throughout the course of hospital stay was
also reviewed and non-survivors were noted
to have a significantly lower mean Pa0O2/Fi02
ratio compared with survivors (Supplementary
Table 2)

Treatment modalities, interventions and com-
plications of survivors and non-survivors

Almost all patients received empirical
antibiotic treatment, 38 were given dexame-
thasone, 35 received 1 to 2 doses of tocili-
zumab, 34 were started on antimalarial drugs
(i.e., hydroxychloroquine) and 22 were on
remdesivir. Hemoperfusion was performed in
62 patients, convalescent plasma transfusion
was given to 25 patients and prone position-
ing was done in 21 patients. Other treatments
given are listed on Supplementary Table 3.
ARDS (72.1%, OR 2.33, p 0.038) was the most
frequently observed complication, followed by
septic shock (70.5%, OR 5.6, p <0.001) and AKI
(68%, OR 2.85, p 0.008), all of which occurring
significantly in the non-survivor group
(Supplementary Table 3).

Laboratory findings, respiratory outcomes and
complications among younger and older pa-
tients, hypertensive and non-hypertensive
patients

Comparisons between the younger and
older, as well as, among hypertensive and non
-hypertensive patients were also done, in
terms of laboratory findings, respiratory pa-

rameters, oxygen support, outcomes and
complications (Supplementary Tables 4 and 5,
respectively).

Mean baseline BUN was significantly
higher in the older (32.2 mg/dL SD + 30.95)
and hypertensive (29.7 mg/dL + 31.22) pa-
tients while serum albumin was lower in the
non-hypertensive group (2.2 g/dL + 0.61).
Acute kidney injury (AKIl) was significantly
higher among hypertensive patients (75.3% vs
44.8%) while other complications such as my-
ocarditis and VTE were more evident in the
non-hypertensive group.

Ventilator days and number of hospital days of
survivors and non-survivors

The mean length of hospital stay was
25.7 days (SD + 26.39), this was notably longer
in the survivor group at 35.1 days (SD + 26.54)
compared to 17.6 days (SD + 23.61) in non-
survivors. The mean length of ventilator use
was 13.9 days (SD £ 15.65). The duration of
mechanical ventilation was not significantly
different among the survivors and non-
survivors (Table 1).

Outcomes of laboratory-confirmed and proba-
ble SARS-CoV-2 infection

From March to July 2020, the overall
mortality rate of patients with critical SARS-
CoV-2 infection was 53.3%. Sixty three per-
cent of which were laboratory-confirmed
while 37% were probable cases. Fifty-seven
patients (46.7%) were eventually transferred
out of critical units and/or discharged from
the hospital (Table 2).

Table 1. Ventilator days, number of hospital days of survivors and non-survivors

Total Survivor Non-survivor (n = p
(N=122) (n=57) 65)
Ventilatordays 139 +1565 151 +13.16 131+17.22 0.512
Hospital days 25712639 351 +2654 176 +£2361 <0.001

Data are mean (+SD). p values were calculated by Pearson Chi-Square, or Fisher’s exact test, as appropriate.
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Table 2. Outcomes of laboratory confirmed and probable SARS-CoV-2 infection

Total Confirmed SARS- Probable SARS- p value

(N=122) CoV-2 Infection CoV-2 Infection
Outcomes (n=76) (n=46)
Transferred/ Dis- 57/122 (46.7%) 35(61.4%) 22 (38.6%) 0.849
charged
Expired 65/122 (53.3%) 41(63.1%) 24(36.9%) 0.849
No aggressive 21(17.2%) 11(524%) 10(47 6%) 0.303
measures (DNR,
limit labs and
medications)

Data are mean (#SD), n (%), or n/N (%). p values were calculated by Pearson Chi-Square, or Fisher’s exact test, as

appropriate. DNR =do not resuscitate

DISCUSSION
Clinical and laboratory characteristics of survi-
vors and non-survivors

According to this study, among patients
admitted at the ICU for critical SARS-CoV-2
infection, the majority were older men, hyper-
tensive and with no significant travel history.
These patients presented with shortness of
breath, cough and fever, as reflected in stud-
ies by Guan et al. and Huang et al. in Wuhan,
China.! Mean laboratory findings on baseline
evaluation showed lymphocytopenia, elevated
inflammatory markers, prolonged prothrom-
bin time, elevated BUN, creatinine and liver
enzymes. In a meta-analysis by Shao et al.,
higher levels of serum creatinine and BUN
were associated with a significant increase in
fatality in COVID-19 patients.*® BUN is a ni-
trogenous end-product of protein metabolism
and has been observed to be associated with
mortality in various diseases and may indicate
the presence of organ damage in addition to
its role in the estimation of renal function. A
multicenter review by Wernly et al. reported
that BUN can independently predict mortality
in critically ill patients admitted to the inten-
sive care unit (ICU), while a study by Cheng et
al. identified that the combination of BUN
>4.6 mmol/L and D-dimer > 0.845 pg/mL in
COVID-19 patients were high risk for in-
hospital mortality.>> Coagulopathy was also
reported by studies from Wuhan last January
2020, suggesting that elevated D-dimers and

prolonged prothrombin time were among the
baseline characteristics of patients critically ill
with COVID-19.%*71° Non-survivors in this
study were observed to have significantly
higher levels of BUN and prolonged prothrom-
bin time consistent with earlier reports. As for
imaging features, abnormal chest x-rays par-
ticularly bilateral infiltrates were noted in our
population. This was congruent with a study
by Cleverley et al., which emphasized that no
single feature on a chest radiograph was spe-
cific or diagnostic for COVID-19 pneumonia,
but a combination of multifocal peripheral
ground glass opacities and/or consolidation,
which were most commonly bilateral, were
present in most reviewed cases.*!

Laboratory characteristics and complications
among younger and older patients, hyperten-
sive and non-hypertensive patients

In this study, comparisons between the
younger and older population, as well as,
among hypertensives and non-hypertensives
were done. Earlier reports conducted in Italy
and Wuhan, China have noted that the elder-
ly, and those with comorbidities are the most
at risk for acquiring the disease, consisting
primarily of hypertension (30%), diabetes
(19%), and coronary heart disease (8%). Hy-
pertension rates were particularly high in the
severely ill, which was consistent with results
of this study. This comorbidity is highly fre-
guent in those with advancing age and func-
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tionally impaired immune systems. A clear link
has yet to be established with regards to sur-
vival and a causal relationship is yet to be
found. X 131817 Significantly higher BUN levels
were observed in the older patients which
may be attributed to the age-related decline
in renal function, as well as the increased vul-
nerability of AKI in the elderly.” Over time,
uncontrolled high blood pressure can cause
arteries around the kidneys to narrow, weak-
en or harden, thus disrupting the blood flow
to the kidney tissue, causing decline in renal
function.?® In relation to this, the hypertensive
population in this study was found to have a
significantly higher mean BUN on admission
and noted to develop more cases of AKI. Liter-
ature has also shown hypoalbuminemia to be
an independent predictive factor for mortali-
ty.! The mean baseline serum albumin was
low (2.4 g/dL + 0.62) upon review, although
this did not show major difference with pa-
tient outcome. Hypertensive patients had sig-
nificantly higher mean serum albumin levels,
consistent with results from Hostmark et al.,
which revealed a positive association between
serum albumin and blood pressure. This could
be attributed to albumin’s role in keeping the
colloid osmotic pressure in blood. Myocarditis
was also one of the complications and found
more frequently among the non-hypertensive
group according to the data of this study,
along with the occurrence of venous throm-
boembolism. Critically ill patients are generally
predisposed to thromboembolism due to the
combination of immobility, systemic inflam-
mation, platelet activation, endothelial dys-
function, and stasis of blood flow.?” Inflamma-
tion and coagulopathy have been associated
with morbidity and increased mortality in hos-
pitalized patients with COVID-19, suggesting
that either the viral infection itself or the cyto-
kine storm produced by the hyperinflammato-
ry state induces a prothrombotic state predis-
posing these patients to thromboembolic
events. As for viral myocarditis, the proposed
pathophysiology is a combination of direct cell
injury and T-lymphocyte—-mediated cytotoxici-
ty, which was also found to be augmented by
the cytokine storm syndrome.® Though myo-

carditis and venous thromboembolism were
more frequently observed in patients without
hypertension in this study, limited data have
shown any association between developing
such complications in the non-hypertensive
population, hence this should be interpreted
carefully. Based on some literature, the preva-
lence of myocarditis among COVID-19 patients
particularly in the early stages of this pandem-
ic was unclear, if not underrepor’ted.zgg’&39
This may be attributed to its heterogeneous
clinical presentations especially in the critically
ill with SARS-CoV-2 infection and partly from
the lack of specific diagnostic modalities to
determine the features of myocardial injuries
in these patients.%

Complications in survivors and non-survivors
The most common complication ob-
served was ARDS (72.1%), followed by septic
shock (70.5%) and AKI (68%). These findings
occurred more frequently among the non-
survivor group and may indicate poor progno-
sis. In a large meta-analysis*®, it was shown
that the incidence of ARDS was 14.8%. Like-
wise, three studies “***? in Wuhan, China re-
ported that among patients with SARS-CoV-2
infection and those transferred to ICU, most
of the patients developed ARDS (17-61%).
Critical cases of SARS-CoV-2 infection can also
be complicated by sepsis and/or septic shock
and multiorgan failure including acute kidney
injury.*® According to Huang et al., 20% of
SARS-CoV-2 infection patients developed sep-
sis and/or septic shock and were admitted to
ICU. A review of research data reported that
prevalence of septic shock in SARS-CoV-2 in-
fection is variable, ranging from 4-28.9%.*
Growing evidence also has demonstrated that
AKI is prevalent among patients with SARS-
CoV-2 infection, particularly among patients in
the ICU.*** A recent study from Yang et al.
suggested that the incidence of AKI is quite
high at 29% while in a retrospective study by
Diao et al.,, 27.06% of the patients had AKI,
and showed that elderly patients (aged 60
years and above) had much higher incidence
(70%). Similar to AKI from other causes, SARS-
CoV-2 infection-associated AKI is found to
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have more adverse outcomes which is con-
sistent with the findings in this study. AKI sec-
ondary to sepsis and development of ARDS
lead to greater derangement of vital signs and
laboratory examination with higher need for
ventilatory and inotropic support. These can
be attributed to global tissue hypoxia brought
about by the disparity between oxygen de-
mand and delivery to tissues resulting in mul-
tiple organ failure and increased mortality
rate® The elderly and in individuals with at
least one comorbidity have higher odds of in-
hospital death amongst the reported cases, to
date. Compared with other studies, a higher
prevalence of ARDS, septic shock and AKI
were noted in the results, which could be due
to the severity of infection included in this
study, consisting only of critical SARS-CoV-2
cases admitted tothe ICU.
Treatment modalities and interventions of
survivors and non-survivors

According to Wang et al, a standard
treatment protocol has yet to be made and
the main approach still remains as supportive
for patients with COVID-19 infection. An up-
date of the Solidarity Trial found that the fol-
lowing treatment: remdesivir, hydroxychloro-
quine, lopinavir/ritonavir and interferon had
little or no effect on mortality, initiation of
ventilation and duration of hospital stay. As of
this writing, only corticosteroids have been
proven as beneficial for severe and critical
cases. The main approach is still primarily
supportive in nature. Antibiotic therapy was
initiated in 21 patients with 31% receiving
dexamethasone, 29% receiving tocilizumab
and 18% receiving antiretroviral treatment
and remdesivir. Other interventions included
hemoperfusion (51%), convalescent plasma
infusion (20%) and prone positioning (17%).
Based on this study, the treatment and inter-
ventions given showed no significant differ-
ence in the outcome of patients in terms of
mortality, consistent with reports from earlier
studies. In contrast, dexamethasone failed to
show any benefit on survival, but it should be
noted that use of corticosteroids was not in
the initial treatment regimen and was added

on later in the course of this study.

Respiratory parameters of survivors and non-
survivors and mortality

For critically ill patients admitted to the
ICU in this study, a large proportion required
mechanical ventilator support (77.9%), slightly
lower than that observed in the Lombardy
trial (88%). In the same review, PEEP was 14
mmHg (12-16 mm Hg) compared to the mean
PEEP level of 9mmHg in this study popula-
tion. Mean duration of mechanical ventilation
was 13.9 days (SD + 15.65) and mean hospital
stay was 25.7 days (SD + 26.39). The latter was
significantly longer in survivors (35.1 days *
26.54) in contrast with non-survivors (17.6
days + 23.61). Baseline PaO2/FiO2 ratio was
low at 200.4 mm Hg, with the lowest Pa02/
FiO2 ratio noted among non-survivors at
104.7 mm Hg being statistically significant.

Overall, there was a 53.3% mortality
rate for laboratory-confirmed and probable
SARS-CoV-2 infected patients admitted at the
ICU, in comparison to 67% in the Washington
study, 61% in Wuhan Study *® and only 26% in
the Lombardy study. This discrepancy may be
attributed to the difference in severity of res-
piratory failure in the given populations.

SCOPE AND LIMITATIONS

This study has some notable limita-
tions. Primarily, it was conducted in a single
tertiary institution which only included ICU
patients. It was difficult to assess various host
risk factors that may have been related to
disease severity and mortality due to the
short time period allotted for data collection,
thus limiting the generalizability of the given
results. At the same time, statistical analysis
and p-values should be interpreted with cau-
tion, and non-significant p-values do not nec-
essarily reflect the exact situation of the gen-
eral population. Another limitation is its ret-
rospective approach, which may contribute
to inherent biases. For this reason, not all
laboratory tests were performed on all pa-
tients (particularly inflammatory markers and
albumin) which may have led to the underes-
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timation of their relation with hospital death.
It is recommended that patients with labora-
tory-confirmed and probable acute SARS-CoV
-2 infection admitted at progressive care units
and non-ICU settings be included in further
studies, as well as the distinction between
confirmed and probable cases of COVID-19
into separate groups in the analysis of data to
give a better comparison between the two
discrete populations. Narrowing the range
between age groups among the participants
of the study would also be more appropriate.
Likewise, a prospective and multicenter study
with larger sample size is needed to deduce
the full picture of the spectrum of the epide-
miology, clinical characteristics, severity and
prognostic factors associated with SARS-CoV-
2 infection.

CONCLUSION

Critically-ill patients admitted at the
ICU for SARS-CoV-2 infection were predomi-
nantly older men, hypertensive and with a
large proportion requiring mechanical ventila-
tion. In non-survivors, there were noted ele-
vated levels of prothrombin and BUN, which
were neither considered as risk factors for
poor outcome in previous studies. Observed
complications such as ARDS, AKI and septic
shock were also significantly higher. Overall,
in-hospital mortality was 53.3%. The COVID-
19 pandemic continues to cause concern to
both the medical and non-medical communi-
ty, hence, this aims to supplement the data
provided by earlier foreign and local journals
regarding patients suffering from critical SARS
-CoV-2 infection.
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ABSTRACT

BACKGROUND: COVID-19 is an emerging infection that has reached pandemic levels with a reported
fatality rate of 3%-4%. As the knowledge about COVID-19 is still evolving, local data tackling disease
characteristics and outcomes has yet to be published. Local studies on outcomes of COVID-19 in-
patients and predictors of mortality are lacking as well.

OBJECTIVE: To determine the risk factors at baseline that predicts in-hospital death due to COVID-
19 for patients admitted at Lung Center of the Philippines.

METHODS: We conducted a retrospective cohort, observational, and analytical study that used
chart review for data collection. The study subjects included cases of confirmed COVID -19 patients
that were either admitted and/or discharged, or expired at the Lung Center of the Philippines (LCP)
from March 7 to August 31, 2020. Patients who were less than 19 years old, with missing data or
information, and who opted for advance directives (i.e., do not intubate, do not resuscitate), or
discharged against medical advice, and transferred to another hospital were excluded.

RESULTS: Only 258 out of the 531 admitted patients were included in this study. There were 84 non
-survivors, and 174 survivors. Non-survivors were older and had more than one co-morbidity, par-
ticularly, chronic kidney disease (CKD). Fever, cough, and dyspnea were the most common symp-
toms of disease onset. The inflammatory markers that were significantly elevated among non-
survivors were aspartate aminotransferase (AST), C-reactive protein (CRP), lactate dehydrogenase
(LDH), procalcitonin, and troponin I. Multivariate analysis showed that, low oxygen saturation (OR
0.952 Cl 0.92-0.99 p 0.015), low Glasgow Coma Scale (GCS) score (OR 0.4722 CI0.27 — 0.83), esti-
mated glomerular filtration rate (eGFR) (OR 0.9681 Cl 0.95-0.98 p<0.001), neutrophilia (OR 1.0485
p 0.036), and increased LDH (OR 1.0038 Cl 1.002 —1.006 p<0.001) correlates with mortality.

CONCLUSION: Physical findings of decreased oxygen saturation, low GCS score, as well as baseline
laboratory findings of increased neutrophils, increased LDH, and decreased eGFR may warrant
more aggressive management on COVID-19 inpatients as they confer increased risk for mortality.

KEYWORDS: COVID-19, SARS-CoV-2, mortality, risk factors
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INTRODUCTION
The latter part of 2019 saw the emer-

gence of a novel coronavirus and was later
termed SARS-CoV-2 or COVID-19. It was first
reported in Wuhan City, the province of Hu-
bei, China. The has reached pandemic propor-
tions — affecting 58 million people in 218
countries and killing more than 1,392,000 to
date.! The Philippines was not exempted from
this global pandemic with over 400,000 cases
by November 2020 and over 8,000 deaths due
to this disease.®> With the ease of lockdowns
both locally and internationally, the number of
COVID-19 cases continues to rise.

SARS-CoV-2 hails from a family of Coro-
naviridae, a zoonotic infection known to infect
both humans and animals.* The majority of
people that were infected developed mild-to-
moderate flu-like symptoms or respiratory
illness, while the vulnerable portion of the
population such as the elderly and those who
have underlying chronic conditions developed
serious illnesses.” Person-to-person transmis-
sion through respiratory droplets and infected
surfaces has been the most documented
modes of transmission. > The incubation peri-
od of the virus is within 2-14 days of exposure.
One infected person has the capacity to infect
6-14 other people. Countries have adopted
several measures to mitigate the spread of the
virus and infection which forced several indus-
tries as well as local and international travels
to shut down.®

Several foreign studies show that differ-
ent demographic, clinical, laboratory, and ra-
diographic findings were found to influence
mortality, wherein self-reported dyspnea,
tachypnea, and elevated inflammatory mark-
ers conferred greater risk of mortality.8¥ 12422
Baseline chest X-ray and chest CT-scan find-
ings were not found to be associated with
greater mortality risk.*?

As the knowledge about COVID-19 is
still evolving, local data tackling disease char-
acteristics and outcomes has yet to be pub-
lished. Local studies on outcomes of COVID-19
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in-patients and predictors of mortality are still
lacking.

OBJECTIVES

To determine the risk factors associated
with mortality in COVID-19 confirmed cases
admitted at the Lung Center of the Philippines
(LCP). Specifically, this study aimed to: (1) de-
termine and compare the baseline demo-
graphic, epidemiologic, and clinical character-
istics, disease severity, and time from onset of
illness to hospital admission among survivors
and non-survivors; (2) to determine and com-
pare baseline inflammatory and infection
markers of patients who recovered and
died; and (3) to determine and compare the
initial radiologic and CT scan findings among
survivors and non-survivors. This will help
identify preventable causes of death among
patients with COVID-19 and also prognosticate
patients with advanced disease.

METHODS
Study Subjectsand Design

This research was a retrospective co-
hort, observational, and analytical study us-
ing chart review for data collection. The
study subjects included patients with COVID-
19 confirmed by RT-PCR testing or SARS-CoV
-2 GeneXpert who were admitted and/or
discharged or expired at the LCP from March
7 to August 31, 2020. Patients who were less
than 19 years old, with missing data or infor-
mation, and who opted for advance direc-
tives, or discharged against medical advice,
and transferred to anocther hospital were
excluded.

Data Collection and Processing

A pooled patient master list from the
Hospital Epidemiologic Surveillance Unit and
Admissions and Records section of LCP was
obtained to identify subjects. Demographic
and clinical characteristics, baseline radio-
logic and laboratory parameters of the iden-
tified patients were extracted through chart
review using a standard data collection tool
(Supplementary Data 1&2:http://
philchest.org/publications Supplemen-
tary_Tables_Manuscript_No9.pdf)
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Based on the current observed case fatality
rate in the Philippines of 4.3% from the De-
partment of Health, a minimum sample size of
253 confirmed COVID-19 patients satisfying
the inclusion/exclusion criteria were required
to have an 80% chance of describing the clini-
cal course and determining the risk factors of
mortality among confirmed COVID-19 patients
at 2.5% margin of error.’® A total of 531 closed
confirmed COVID-19 cases were recorded dur-
ing the specified study period. Simple random
sampling was done using a random number
generator to retrieve the charts. A total of 270
charts were pulled out — 6 patients were ex-
cluded due to age, while another 6 patients
had advanced directives. Descriptive statistics
was used to summarize the demographic and
clinical characteristics of the patients. Fre-
guency and proportion was used for categori-
cal variables, median and inter-quartile range
for non-normally distributed continuous varia-
bles, and mean and SD for normally distribut-
ed continuous variables. Independent sample
T-test, Mann-Whitney U test, and Fisher’s Ex-
act/Chi-square test was used to determine the
difference of mean, rank, and frequency, re-
spectively, between alive and expired pa-
tients. Odds ratio and corresponding 95% con-
fidence intervals from binary logistic regres-
sion were computed to determine significant
predictors for mortality. Stepwise method was
utilized to determine the final multivariate
model. All statistical tests were two-tailed
test. Shapiro-Wilks test was used to test the
normality of the continuous variables. Missing
variables were neither replaced nor estimat-
ed. Null hypotheses were rejected at 0.05 o-
level of significance. STATA 13.1 was used for
data analysis.

Ethical Considerations

The study protocol was approved by the
LCP Institutional Ethics Review Board. Data
from this study was utilized solely for academ-
ic purposes. Patient names were initially used
to retrieve medical records but were eventu-
ally coded and deleted from the data collec-
tion tool. Raw data from the study will be dis-
posed after two years.
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RESULTS
Out of the 531 identified subjects, 270

charts were retrieved using a random number
generator for data extraction and analysis.
Twelve subjects were excluded due to age
limitation of less than 19 years old (n=6) and
presence of advanced directives (n=6). From
the analyzed charts, 174 subjects survived and
84 did not — putting the crude mortality rate
at 33%. Supplementary Table 3 summariz-
es the demographic, clinical, baseline physi-
cal, laboratory and radiographic findings of
admitted patients. The mean age of admitted
patients was 57 years old (56.83 + 14.4,
p<0.001), with majority having no known ex-
posure to COVID-19 (n=118,47.01%, p 0.273).
The mean age of non-survivors was signifi-
cantly higher as compared to survivors at 62
years old (61.82 + 12.6 vs 5443 + 14.66,
p<0.001). Most of the admitted patients were
male but differences in sex distribution and
time of illness onset to hospital admission
were not significant. The most common re-
ported symptoms upon admission were fever,
cough, and dyspnea. However, more survivors
reported dyspnea and sore throat as their pre-
senting symptoms. Hypertension and type 2
diabetes mellitus were the most common
comorbidity among COVID-19 inpatients. Non-
survivors reported having two or more comor-
bidities with the prevalence of CKD as com-
pared to patient survivors. Smoking status and
pack year history did not significantly differ
betweenthe twogroups.

Most of the admitted patients were
classified as moderate (n=157, 61.81%
p<0.001), followed by critical (n=45, 17.72%
p<0.001), and severe (n=44, 17.32% p<0.001)
in terms of disease severity on admission. Ma-
jority of the patients with moderate COVID-19
on admission survived (n=132, 77.65%
p<0.001), while those classified as critical did
not (n=37, 44.05% p<0.001). There were sig-
nificantly more survivors as compared to non-
survivors (n=24 vs 20, p<0.001) among pa-
tients with severe COVID-19.
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Physical examination during admission
showed that the patients in the non-survivor
cohort were more tachycardic, tachypneic,
and desaturated at room air thereby requiring
a significantly higher oxygen support on ad-
mission as compared to survivors. Baseline
arterial blood gases showed a more decreased
mean pH and metabolic acidosis in non-
survivors. PO2/Fi02 (PF) ratio was lower in
non-survivors  (n=162.2, range 91-265.7
p<0.001). Complete blood count (CBC) among
non-survivors during admission revealed an
increase in white blood cell count (WBC) and
neutrophil fraction. CRP, LDH, procalcitonin,
troponin |, and AST levels were found to be
significantly elevated among non-survivors.
Conversely, higher eGFR, and a lower baseline
creatinine was observed in survivors. No elec-
trolyte abnormality was noted to be signifi-
cantly present in either cohort. Bacteremia
and consolidation on baseline chest X-ray

Table 1. Treatment Initiated on Admission

Risk Factors for Mortality of COVID-19 Patients [

De Vera et al.

were more prevalent in non-survivors (n=7,
20% p 0.011 and n=21, 25% p<0.001) than
survivors (n=2, 3.28% p 0.011 and n=14,
8.05% p<0.001).

Table 1 summarizes the treatment that
was initiated on patients upon admission.
Most patients received non-invasive forms of
ventilation, with the majority belonging to the
survivor cohort. Invasive ventilation on admis-
sion was seen more among non-survivors
(n=34vs 12, p<0.001), while non-invasive ven-
tilation via nasal cannula (n=109 vs 28,
p<0.001) and at room air (n=28 vs 2, p<0.001)
was seen in patients who survived.
Hemoperfusion and hemodialysis on admis-
sion were required more by non-survivors
(n=26vs 21, p 0.006).

Total Non-Survivors Survivors
(n=258) (n=84, 33%) (n=174,67%)
P-value
Frequency (%)
<0.001
Invasive ventilatory support 169 (65.5) 13 (15.48) 156 (89.66)
No 46 (17.83) 34 (40.48) 12 (6.9)
Yes upon admission
<0.001
Non-invasive ventilatory sup-
port 30(14.91) 2 (4.35) 28 (18.06)
(n=201) 20(9.95) 10 (21.74) 10 (6.45)
Room air 1(0.5) 0 1(0.65)
Hi Flow 1(0.5) 0 1(0.65)
BIPAP 137 (68.16) 28 (60.87) 109 (70.32)
CPAP 8(3.98) 2(4.35) 6(3.87)
NC 4(1.99) 4(8.7) 0
Face Mask
NRM
Hemoperfusion
47 (50.54) 26 (68.42) 21(38.18) 0.006
Hemodialysis
Status (n=77) <0.001
Done 27 (35.06) 21(60) 6(14.29)
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Table 2 shows the significant risk factors
for mortality which was determined after lo-
gistic regression and multivariate analysis. Ox-
ygen saturation (OR 0.952 CI 0.92-0.99 p
0.015), GCS score (OR 0.4722 Cl1 0.27 —0.83),
and baseline eGFR (OR 0.9681 Cl 0.95-0.98
p<0.001) were found to decrease mortality.
Factors that conferred increased mortality
were neutrophilic ratio (OR 1.0485 p 0.036)
and LDH (OR 1.0038 CI 1.002 —1.006 p<0.001)
— increasing mortality odds by 4.85% and
0.38%, respectively per unit increase.

Table 2. Multivariate Odds Ratio of the Significant
Risk Factors for Mortality of COVID-19 Patients

Parameters AdJUSte(.j 95% Cl P-value
Odds ratio

Oxygen

Saturation 0.9520 0.92t00.99 0.015
(O2sat)

GCS Scoring 0.4722 0.27t00.83 0.010
Neutrophils

(multiply by 1.0485 0.27t00.84 0.036
100)

EEIF)R ®y 1 59681 [0.95t0098| <0.001

1.002 to

LDH 1.0038 1,006 <0.001
DISCUSSION

The initial results of this retrospective
cohort on COVID-19 mortality was the first
among all the designated referral centers in
the country. Mortality rate was 33% and con-
sistent with the other studies which ranged
between 20%-44%.°°*® We found through
multivariate logistic regression that lower
baseline oxygen saturation, eGFR and GCS,
neutrophilic predominance on CBC, and high
LDH levels conferred an increased mortality
rate.

A lower baseline oxygen saturation
could correlate to increased disease severity
on admission. A retrospective cohort study by
Wang et. al showed that low oxygen satura-
tion on admission was largely attributed to
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disease severity and impending acute lung
injury through cytokine storm.** This was also
found on a recent study by Bahl et. al which
showed that low oxygen saturation on admis-
sion is a risk factor for in-hospital death.”® Xie
et. al stated that it is the most powerful pre-
dictor of death among the multiple variables
that was measured and that severe hypoxia
was associated with elevation of inflammatory
markers, which is also consistent with our
study. *°

A low GCS score in association with in-
creased mortality was seen on a study of
COVID-19 patients in Italy and on COVID-19
patients with pre-existing stroke°*' It was
regarded as part of the Sequential Organ Fail-
ure Assessment (SOFA) score in the retrospec-
tive cohort done by Zhou et. al wherein an
increased SOFA score conferred a 5x higher
risk of mortality.” A low GCS score can there-
fore be seen as part of an advanced end-organ
damage associated with sepsis syndrome. GCS
score is also part of the Modified Early Warn-
ing Score (MEWS) and Rapid Emergency Medi-
cine Score (REMS) where it established high
predictive values for mortality of admitted
critically-ill patients with COVID-19.3?

A study by Lin et. al showed that the
mechanism of kidney injury in COVID-19 in-
volves direct attack to the intrinsic renal cells
and that high Angiotensin Converting Enzyme-
2 (ACE2) on the proximal tubular epithelial
cells are targets of SARS-COV-2 thereby induc-
es decreased eGFR.>* There is 30% prevalence
of kidney disease on admission which was as-
sociated with greater in-hospital mortality
according to an international registry in Eu-
rope and America.** Chronic kidney disease,
which can also yield a decreased eGFR at
baseline, has also been found in our univariate
analysis as a comorbidity with significant
effect on mortality. The study by Uribarri et. al
also stated that patients with low eGFR con-
ferred greater risk of mortality when CKD pa-
tients were excluded from the analysis.>* De-
creased eGFR at baseline can likewise be a
manifestation of end organ damage due to
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sepsis which is usually present in COVID-19
patientsadmitted in our institution.

Increased neutrophilic ratio was found
in this study to confer increased mortality.
This finding was also found in other cohorts
and descriptive studies that specifically looked
at neutrophil to lymphocyte ratio (NLR) as a
novel biomarker for the dysregulated immune
response seen in more severe COVID-19 infec-
tions as well as for non-refractoriness of the
disease.'?*?> The pathophysiology of in-
creased neutrophils is theorized to be in direct
correlation to the proinflammatory response —
leading to preferential production of neutro-
phils and subsequent apoptosis of lympho-
cytes. A study in Wuhan University, China
found that neutrophilia is significantly associ-
ated with greater risk of developing acute res-
piratory distress syndrome (ARDS) and it can
lead to severe pneumonia and death. *

LDH, a housekeeping enzyme present in
various tissue types including the cardiomyo-
cytes, pneumocytes, kidneys, liver, and striat-
ed muscle is another proinflammatory marker
found in this study that increases the odds for
mortality.>** As such, the release/increased
levels of LDH in the circulation often heralds
cytokine-mediated tissue damage and/or inju-
ry. Increased LDH levels in COVID-19 often
correlate with acute lung injury from severe
interstitial pneumonia often culminating in
ARDS.

Other inflammatory markers such as
ferritin, troponin |, D-dimer, and CRP were not
seen to be significantly elevated in non-
survivors in this study unlike what was seenin
cohorts done earlier which may be due to the
limited availability of these laboratory exams
during the initial months of the pandem-
ic.?t? The utility of these inflammatory
markers can therefore be realized by doing a
prospective cohort study in the future.

The 4C (Coronavirus Clinical Characteri-
zation Consortium) mortality score developed
by the World Health Organization-

[ De Vera et al. ]

International Severe Acute Respiratory and
Emerging Infections Consortium predicts in-
hospital mortality for admitted COVID-19 pa-
tients.>® Included in this scoring are the oxy-
gen saturation, GCS score, kidney function,
and inflammatory markers which are con-
sistent with our study. Thus, the combination
of the physical examination findings and labor-
atory values deemed to be significant predic-
tors of mortality elicited in this retrospective
cohort and can be used as a guide among pa-
tients who has poorer prognosis at baseline
and warrants a more aggressive management.
Although no treatment regimen has yet been
identified to significantly alter mortality, risk
factors for mortality can help clinicians identi-
fy patients who needs more close monitoring
and allocate care accordingly.

Since the development of vaccines
against COVID-19, more recent studies have
emerged that investigated the impact of the
vaccine rollout and on the risk factors for se-
vere COVID-19 outcomes.®’ In the study done
by CDC, immunosuppression, pulmonary dis-
ease, liver disease chronic kidney disease, and
neurologic diseases were found to be risk fac-
tors for either respiratory failure, ICU admis-
sion and/or death.>’ Age, chronic kidney dis-
ease, and neurologic disease were also risk
factors identified in this study.

LIMITATIONS AND STUDY RECOMMENDATIONS

The study having a retrospective design
has several limitations, namely: (1) incom-
pleteness of some of the data gathered (i.e.,
BMI and other inflammatory markers); (2) non
-uniformity of some laboratory values due to
their initial unavailability in-house; (3) lack of
specific data in some of the subjects may un-
derestimate their role in COVID-19 mortality;
and, (4) findings in this study is also limited by
number of subjects analyzed compared to the
target population identified. A more compre-
hensive analysis can be obtained after all eligi-
ble study subjects are included. An update to
this study is warranted to capture the effect of
vaccination in the local setting as well as the
emergence of novel variants.
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CONCLUSION
Oxygen desaturation, low GCS score,

decreased eGFR, increased LDH, and neutro-
philia were found to increase the risk of mor-
tality for COVID-19 inpatients. Invasive ventila-
tor support, other clinical and laboratory find-
ings, hemoperfusion, and hemodialysis were
not found to significantly affect mortality for
COVID-19 after adjusting for confounders.
Predictors for greater risk of mortality wheth-
er clinical or laboratory findings will guide the
healthcare team to allocate more aggressive
management to which patients accordingly.
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ABSTRACT

BACKGROUND: The use of high flow nasal cannula (HFNC) among patients with severe COVID-19
associated hypoxemic respiratory failure especially in resource-limited institutions is uncer-
tain. HFNC was extensively used in different countries with limited access to intensive care unit
(ICU) resources. However, only few data exist regarding its use among COVID -19 patients in gen-
eral wards and predictors of failure are still being studied until now.

OBJECTIVE: To determine the HFNC use among COVID-19 patients including the predictors of HFNC
failure in a non-ICU setting.

METHODS: We conducted a descriptive-retrospective study of 71 patients with acute hypoxic respir-
atory failure due to COVID-19 pneumonia admitted at Vicente Sotto Memorial Medical Center from
March 1, 2020 to September 30, 2020. Patient’s, age, gender, comorbidities, vital signs, arterial
blood gas results, and Respiratory Rate-Oxygenation (ROX) indices were determined and correlated
with HFNC failure.

RESULTS: Among the 71 severe COVID-19 patients who received HFNC, 36 (51%) were successfully
weaned while 35 (49%) failed and were intubated. The mean age (in years) of intubated patients is
higher (58.14 + 13.7) than those weaned ((57.5 + 11.6), p =0.832). Hypertension is the most com-
mon comorbidity in both groups. Tachycardia was slightly associated with HFNC failure (p=0.097).
Intubated patients have shorter HFNC duration with mean of 35.7 hours than those weaned with
53.1 hours (p=0.000) and they also have shorter hospital days with mean of 5.5 days while 14.5
days for those weaned (p=0.000). Patient’s disposition and HFNC therapy are significantly related
(p=0.000). Use of the ROX index to determine HFNC success is statistically significant (p=0.000).
ROX-2 of 4.85 can classify 97.1% of those who will be weaned and 85.7% of false positives. Thirty -
three (94%) out of 35 intubated patients died while 1 (1.4%) out of 36 weaned patients died. ROX -
2 scoreis an important predictor of HFNC failure.

CONCLUSION: HFNC provides respiratory support among severe COVID 19 patients and successful
weaning can be done on more than half of those who received it even in a non-ICU set-up.

KEYWORDS: COVID-19, acute hypoxemic respiratory failure, high flow nasal cannula, ROX index
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INTRODUCTION
The current COVID-19 pandemic,

caused by SARS-CoV-2 tragically infected
110,224,709 people in across 219 countries
with 2,441,901 mortalities as of February 20,
2021." Majority (81%) have mild respiratory
symptoms, while 19% progress to severe to
critically—ill pneumonia thereby increasing the
burden on healthcare systems especially
among the world’s least developed countries.’
3 Shortages of ICU beds and mechanical venti-
lators among hospitals were reported during
the peak of the pandemic that compromised
care.t>®

Acute hypoxemic respiratory failure
(AHRF) is the most concerning complication of
severe COVID-19 patients with numerous
mechanisms that includes pulmonary edema,
hemoglobinopathies, vascular occlusion, and
ventilation and perfusion (V/Q) mismatch.” It
requires a high fractional concentration of
inspired oxygen (FiO2) since the variable pul-
monary compliance related to severe COVID-
19 is comparable to pulmonary compliance
reported for acute respiratory distress syn-
drome (ARDS).2

High flow nasal cannula (HFNC) is a non-
invasive respiratory modality that improves
oxygenation by providing humidified and heat-
ed gas up to 60 L'min-1 with an FiO2 up to 1.0
that washes out pharyngeal dead space (CO,
removal), reduces labored breathing, provides
continuous fraction of inspired oxygen with a
positive end expiratory pressure, and attains
100% humidification.>*? Its use in wards could
be a lifesaving modality for patients suffering
from severe respiratory compromise awaiting
ICU care especially in hospitals with high influx
of COVID-19 admissions and overburdened
critical care units.>™ Evidence-based guide-
lines on HFNC use in a non-ICU setting and its
use in infected patients with other corona vi-
ruses are still limited especially during the
start of pandemic.'**? In the Philippines, local
guidelines from the Philippine College
of Chest Physicians (PCCP) and Philippine So-
ciety for Microbiology and Infectious Diseases

(PSMID) were used as references as to when
HFNC can be safely used among COVID-19
patients and when endotracheal intubation is
deemed necessary.****

Vicente Sotto Memorial Medical Center
(VSMMC), is among the active government
hospitals in Cebu that catered the majority of
severe to critical COVID-19 patients. Out of
the total 1,133 admitted COVID-19 patients
from March 1, 2020 to September 30, 2020,
96 (0.08%) received HFNC. This study will
serve to corroborate the utility of HFNC
among COVID-19 patients in a resource lim-
ited center particularly in non-ICU-setting and
identify possible factors that will predict HFNC
failure.

OBJECTIVES

To ascertain the utility of high-flow na-
sal oxygenation via HFNC for severe COVID-19
associated hypoxemic respiratory failure. Spe-
cifically, we aim to determine the (1) age,
gender and co-morbidities of admitted COVID-
19 patients on HFNC; (2) proportion of pa-
tients with hypoxic respiratory failure success-
fully weaned off from HFNC; and, (3) factors
that predict HFNC failure.

METHODS
Study Design

This is a descriptive, retrospective,
and single-center records review study of
severe COVID-19 patients who received
HFNC to determine its use and its predictors
of failure.

Study Setting

This study was a medical chart review
from March 1, 2020 to September 30, 2020
conducted at Vicente Sotto Memorial Medi-
cal Center.

Populationand Sampling Technique

The study involved a total enumera-
tion of medical records of patients who re-
ceived HFNC from the mentioned dates,
hence, no sample size was calculated. The
data collection ran for a period of 6 months.
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Inclusion Criteria

All confirmed severe COVID-19
(laboratory confirmed SARS-CoV-2 positive via
PCR with Sp0O2 <90, RR >30) patients ad-
mitted from March 1, 2020 to September 30,
2020 who received oxygenation via HFNC
aged 18 years old and above; with or without
diagnosed co-morbidities, with Glasgow Co-
ma Scale (GCS) of >8, stable vital signs (i.e., no
paradoxical breathing, no need of vasopres-
sors, no fatal arrhythmias, not in cardiac or
respiratory arrest) and no recent facial or
neck trauma, either discharged or died during
their stay at the COVID-19 ward of Vicente
Sotto Memorial Medical Center were includ-
ed in the study.

Exclusion Criteria

Excluded from the study are patients
who received intubation prior to HFNC thera-
py, less than 18 years old, with poor sensori-
um (GCS<8), with cardiac or respiratory arrest
that necessitates immediate intubation, and
those with recent facial or neck trauma.

Figure 1 shows the conceptual frame-
work of the study. Severe COVID-19 patients
with acute hypoxic respiratory failure with
good sensorium (GCS >8), stable vital signs
(i.e., no paradoxical breathing, no need for
vasopressors, no fatal arrhythmia, not in car-
diac and respiratory arrest), and no trauma
on the face and neck were identified. The se-
verity of hypoxia were classified based on
their ABG results as mild (Pao2/FiO2 of 200-
300), moderate (Pao2/Fio2 of 100- 200), or
severe (Pao2/Fio2 of <100). These patients
were attached to HFNC and their condition
was assessed whether there is improvement
based on their sensorium, vital sighs and oxy-
genation as to their respiratory rates, ROX
index and ABG results. Weaning off from
HFNC implies improvement of condition or
HFNC success regardless if the patient died
from other causes while endotracheal intuba-
tion denotes HFNC failure.

Patients who were weaned off from
HFNC were either directly discharged from

the hospital or transferred to regular IM
ward but their course in the ward were not
followed up.

Severe COVID-19 patients with Acute Hypoxic Respiratory
Failure who received HFNC

¥

Sensorium

Vital signs

ROX index
ABG

INDEPENDENT VARIABLES

¥

HFNC Failure

Demogrgphics
DEPENDENT VARIABLE Co-morbidities

Figure 1. Conceptual Framework

Data Collection Procedure

All data using data collection form
(Supplementary Data: http://philchest.org/
publications/
Supplemetary_Tables Manuscript_No10.pdf)
was taken from a retrospective medical rec-
ords review. Demographic data, medical his-
tory, clinical characteristics that include vital
signs (i.e., body temperature, respiratory
rates, heart rates, and blood pressures), oxy-
gen saturations, ABG results and clinical out-
comes were gathered and analyzed. ROX indi-
ces (oxygen saturation/fraction of inspired
oxygen to respiratory rate) at 2, 6 and 12
hours post-HFNC attachment for each patient
were also computed to predict HFNC failure
(need tointubate), based on the algorithm on
the respiratory management of COVID-19 by
the PCCP. Patients who were weaned off
HFNC are considered to have HFNC success
while those intubated patients have HFNC
failure. These data were treated with statisti-
cal analyses suited for the objectives declared
in the study.

Statistical Analysis

The clinico-demographic characteristics
of the subjects were summarized using de-
scriptive statistics. Qualitative variables were
expressed as frequency and percentage
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while quantitative variables as mean +
standard deviation. Variables were com-
pared among patients with different severity
of hypoxemia, with successful (weaned) and
failed (intubated) HFNC treatment, as well
as between survivors and non-survivors. Bi-
nary logistic regression was used to ascer-
tain the effects: ROX index 2 hours after
HFNC attachment, respiratory rates prior
HFNC, elevated blood pressure (>/=
140/90mmHg) and PF ratio 1 day after HFNC
attachment on the success of therapy, with
0.05 level of significance. Prediction of HFNC
failure was gauged using the area under the
receiving operating characteristic curve
(AUROC) plus cut-offs. SPSS software for
statistical analyses was done.

Ethical Consideration

This study was conducted upon ap-
proval of the research protocol by the Ethics
Review Board (ERB). Hospital permission was
sought and review of medical records was
granted. As a retrospective type of study
without patient intervention, informed con-
sent was waived. The investigator will suit the
moral doctrines established within the Na-
tional Ethical Guideline for Healthand Health-
related Research (2017) and in the Declara-
tion of Helsinki. Important information innate
to patients such as names and other identify-
ing features will be kept confidential and all
results will not be disclosed elsewhere except
for future publications, in observance with
the Data Privacy Act of 2012.

RESULTS

During the study period we identified
96 subjects with AHRF who received HFNC, 71
of which fit the inclusion criteria as shown in
Figure 2. Majority (51%) had a successful out-
come of which most of them were directly
discharged (22.5%). Among those with failed
(49%) HFNC therapy, 94% died.

Baseline characteristics of the subjects
are presented in Table 1. Patients with severe
hypoxemia are older with a mean age of 58
(s.d. = 12.4) compared to those who have

mild and moderate hypoxemia. Majority of
those with severe hypoxemia are males
(53.5%), afebrile (66.2%), and with comorbidi-
ties including hypertension (52.1%) and dia-
betes (33.5%). Two patients (2.8%) had an
arterial partial pressure of oxygen <60mmHg
and Sp0O2 <90 but with PF ratio > 300 thus,
severity of hypoxemia was classified as very
mild.

Patient’s provided with HFNC from March to
September 2020
n=96

! '

Excluded Included
n="96 n=71

Y Y

COVID 19 negative n=20
Intubation prior HFNC
n=6

2/71 (2.80%) normal
171 (1.40%) mild
&/71 (11.26%) moderate
60/71 (84.50%) severe

Y

A

HFNC success | weaned HFNC failure /
off intubated
36/71(51%) 35/71 (49%)

L Y

1/35 (1.40%) normal
1/35 (1.40%) mild
1/35 (1.40%) moderate
32/35 (45.10%) severe

1/36 (1.40%) normal

0 mild

7136 (9.90%) moderate
28/36 (39.40%) severe

\ A

16/36 (22.50%) direct discharged 33/35 (94%) died

6/36 (8.50%) trans out to regular 2/35 (6%) trans out to regular
ICU/CCU* cu/ccus

13/36 (18.30%) trans out to regular
ward*

1/36(1.40%) died**

Figure 2. Diagram of HFNC outcomes and survival
*Recovered =1gG positive patients

**Sudden death =weaned off from HFNC but died from
other causes

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



Table 1. Baseline Characteristics and Severity of Hypoxemia
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Characteristics Severity of Hypoxemia

Very Mild (n=2) Mild (n=1) Moderate (n=8) Severe (n=60)
Age, years (meants.d.) 56.5+134 73.00 52.5+140 58.3112.4
Gender
Male 2 (2.8%) 5(7.1%) 38(53.5%)
Female 1(1.4%) 3(4.2%) 22 (31.0%)
Blood Pressuren (%)
Hypertensive 1(1.4%) 1(1.4%) 6 (8.5%) 37(52.1%)
Normal 1(1.4%) 2(2.8%) 23 (32.4%)
Heart rate n (%)
Tachycardic 1(1.4%) 1(1.4%) 4(5.6%) 26 (36.6)
Normal 1(1.4%) 4(5.6%) 34 (47.9%)
Temperature n (%)
Febrile 1(1.4%) 13 (18.3%)
Afebrile 2(2.8%) 1(1.4%) 7(9.9%) 47 (66.2%)
Comorbidities n (%)
Hypertension 2(2.8%) 1(1.4%) 7 (9.9%) 37 (52.1%)
Diabetes Mellitus 1(1.4%) 3(4.2%) 24 (33.8%)
PTB (ongoing treatment) 1(1.4%) 4(5.6%)
Bronchial Asthma 2(2.8%)
CKD (ongoing hemodialysis) 1(1.4%) 2(2.8%)
Hepatitis 2(2.8%)

Patients requiring intubation (HFNC fail- Most of those who required intubation are

ure) are older

(mean=58.14,5.d.=13.7) than males (28.2%), hypertensive (31.0%), tachy-

those who had successful HFNC therapy cardic (26.8%), afebrile (38.0%), with pre-
(mean=57.5,5.d.=11.6) as seen on Table 2. existing hypertension (33.8%), and has diabe-

Table 2. Baseline Charact

eristics and HENC Therapy Outcome

Characteristics HFNC Outcome Odds Ratio P-value
Failed n=35 Success n=36 (95% Cl for OR)
Age, years (meants.d.) 58.14+13.7 57.5¢11.6 0.832
Gender
Male 20(28.2%) 25(35.2%) 0.282
Female 15 (21.1%) 11 (15.5%)
Blood Pressuren (%)
Hypertensive 22 (31.0%) 23(32.4%) 0.928
Normal 13 (18.3%) 13 (18.3%)
Heart rate n (%)
Tachycardic 19 (26.8%) 13(18.3%) 2.101(.812-5.439) *+0.097
Normal 16 (22.5%) 23(32.4%)
Temperature n (%)
Febrile 8(11.3%) 6 (8.5%) 0.361
Afebrile 27 (38.0%) 30 (42.3%)
Comorbidities n (%)
Hypertension 24 (33.8%) 23(32.4%) 0.434
Diabetes Mellitus 13 (18.3%) 15(21.1%) 0.442
PTB (ongoin g treatment) 3(4.2%) 2(2.8%) 0.486
Bronchial Asthma 2(2.8%) 0.146
CKD (ongoing hemodialy- 2(2.8%) 1(1.4%) 0.539
sis)
Hepatitis 1(1.4%) 1(1.4%) 0.984

**significant at 0.10 level of significance; all other comorbidities such as COPD, malignancy, Thyroid, HIV, Valvular
disease and myasthenia have only one case
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Table 3. Clinical Outcomes and Severity of Hypoxemia
Severity of Hypoxemia

Clinical Outcomes Very Mild (n=2) Mild (n=1) Moderate (n=8) | Severe (n=60) P-value
Length of Hospital 6.047.1 3.00 15.448.2 9.648.0 0.172
stay (meanzs.d.)
Hours prior to HFNC 73.5+100 6.00 104.9485.5 36.1+104.2 0.331
(meants.d.)
Duration of HFENC 17.0£9.9 38.00 121.3+615 110.9+119.7 0.618
(meants.d.)
HFNC outcome n(%)

Success 1(1.4%) 7(9.9%) 28 (39.4%) 0.124

Failure 1(1.4%) 1(1.4%) 1(1.4%) 32 (45.1%)
Disposition n(%)

Expired 2(2.8%) 1(1.4%) 1(1.4%) 30 (42.3%) *%0.096

Discharged 5(7.0%) 11(15.5%)
Transout to ICU/CCU 2(2.8%) 6 (8.5%)

Transout to regular 13(18.3%)
ward

**significant at 0.10 level of significance

Patients with severe hypoxemia did not
stay long in the hospital with a mean hospital
day of 9.6 (s.d = 8.0) unlike those who were
moderately hypoxemic with a mean hospital
day of 15.4 (s.d=8.2) as seen in Table 3 above.
Those patients with severe hypoxemia were
started HFNC early on, within 36 hours after

of hours prior to HFNC therapy do not signifi-
cantly differ between those who were weaned
against those who were intubated. However,
disposition of the patients and HFNC therapy
are significantly related (x2= 61.116, p=0.000).

Table4. Clinical Outcomes and HFNC Therapy

admission but attached longer to HFNC with a
mean duration of 110.9 hours (s.d=119.7).

HFNC therapy is successful in 51% of the sub-
jects while 49% required intubation (HFNC
failure). Moreover, among those with severe
hypoxemia, HFNC was successful on 47% of

them although 50% of the severely hypoxemic
expired.

Those who were successfully weaned
from HFNC therapy stayed longer in the hospi-

tal (mean=14.5, s.d=5.8) while those who

were intubated stayed less than a week
(mean=5.5, s.d=7.4), and this difference in the

number of hospital days is significant (t(69)=-
5.76, p=0.000) (see Table 4). The shorter hos-

pital stay among those who were intubated is

attributed to the increased mortality rate
among them. Understandably, the duration of

HFNC therapy is longer (in terms of hours) for
those who were weaned (mean=53.1,
s.d=59.1), than those who are intubated
(mean=35.7, s.d=134.1) and this is statistically
significant (t(69)=-4.91, p=0.000). The number

. HFNC P-value
Clinical -
Outcomes Failed Success
n=35 n=36
Length of 5.5+7.4 14.545.8 *<0.005
Hospital stay,
days
(meants.d.)
Hours prior to 58.14+13. 57.5+11.6 0.480
HFENC 7
(meants.d.)
Duration of 35.7+#134. | 53.1459.1 *<0.005
HFNC, hrs. 1
(meants.d.)
Disposition n
(%)
Expired 33 1(1.4%) *<0.005
(46.5%)
Discharged 16
(22.5%)
Transout to 2 (2.8%) 6 (8.5%)
ICU/CcU
Transto 13
regular ward (18.3%)
**significant at 0.10 level of significance
Among the different models consid-

ered, the only factor which is deemed to be
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success (i.e., being weaned) is ROX-2. Taken as
a single predictor, using ROX-6 or ROX-12 also
serve as significant predictors but their predic-
tive ability is deemed insignificant if taken to-
gether in a single model (i.e., with ROX- 2, ROX
- 6, and ROX-12 as predictors in one logistic
model).

A binary logistic regression was done to
ascertain the effects of ROX-2, respiratory rate
(RR) prior to using HFNC, Pao2/FiO2 (PF) ratio
1 day after HFNC attachment, and elevated
blood pressure on the success of therapy, as
shown in Table 5. The logistic regression mod-
el was statistically significant, x*(4)
20.225, p =0.000. It explained 34%
(Nagelkerke R?) of the variance in HFNC thera-
py success and correctly classified 71.4% of
cases. Those with lower ROX-2 have a 3.470
times higher chance of intubation.

Table5. logistic Regression Analysis of HFNC failure

is already a good cut-off score.

ROC Curve

1.0

0.8

06|

Sensitivity

047

0.2

0.2 0.4 0.6 0.8 10
1 - Specificity

Diagonal segments are produced by ties.

Figure 3. ROC Curve

95% C.I. for odds
Variables |nc|uc':led inthe B SE Sig Odds Lower Upper
Analysis
ROX 2 hours post HFNC 1.244 0.522 0.017 3.470 1.25 9.65
attachment
RR prior HENC attachment -0.173 0.121 0.154 0.841 0.664 1.07
PF Ratio HFNC Day 1 0.004 0.006 0.505 1.004 0.993 1.02
Elevated Blood Pressure (1) 0.249 0.582 0.669 1.282 0.410 4.01
Constant 0.269 4.178 0.949 1.308
df=1 DISCUSSION
Prediction of HFNC failure or the need COVID-19 has devastated the

for mechanical ventilation was assessed using
AUROC and cut-offs. It was found out that the
use of ROX index to determine success of
HFNC is statistically significant, p=0.000 and it
is fair enough predictor (AUC=0.768, 95% C.I.
0.655 — 0.881). The corresponding Receiver
Operator Characteristic Curve (ROC Curve) is
shown in Figure 3.

A cut-off ROX index two hours after
HFNC attachment of 4.85 can correctly classify
97.1% of those who will be weaned and can
correctly classify 85.7% of false positives. The
ROX index of 4.85 after the HFNC attachment

healthcare system worldwide. Burden of the
disease has compromised the level of care
significantly. Much has been done to augment
the shortage of ventilatory support for severe-
ly hypoxemic patients, including the use of
high flow nasal oxygenation via HFNC. HFNC
isan easy to set, non-invasive and can be used
outside the ICU setting.

Severe COVID-19 as defined by the
World Health Organization is SARS-CoV-2 posi-
tive via reverse transcription polymerase chain
reaction (rt-PCR) with either respiratory rate
of >30 breaths/minute and oxygen saturation
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of <90%."* Increasing age, especially older
adults, having cardiovascular disease and dia-
betes mellitus, and male gender are risk fac-
tors for severe illness, ' which also character-
ize the majority of the study population.

Age is a crucial risk factor for COVID-19
morbidity and mortality. Advanced age is re-
lated to a decline in respiratory function,
weaker immune reaction, frailty, and co-
morbidities that increases the risk of getting
complications.!”?? Within the study,the mean
age of intubated patients with 94% mortality
is above than those weaned (58.14 + 13.7 vs.
57.5 + 11.6) but not significant (p=0.832). This
is in contrast with a retrospective study of Hu
et al., where age is significantly associated to
HFNC outcome (p <0.001).2> Mortality rate of
COVID-19 is 8.1 times higher among those
who are aged 55-64 years old compared with
individuals who are < 54 years old and more
than 62 times higher among those >65 years
old.** Men have 70% higher death rates in
COVID-19 than women and is taken into ac-
count as a possible aspect for poor outcomes
in other studies.” In the study, 28.2% of these
intubated were males while 21.1% were fe-
males but no significance noted (p = 0.282)
which is not concordant with study of Hu et
al., where gender is significantly associated
with HFNC outcome (p=0.025).”> Men have
more angiotensin converting enzyme-2 (ACE)
receptors than women, which is the entry
point of SARSCoV-2 into host cells, and would
explain why men are more vulnerable to infec-
tion and its consequences, although other
psychosocial, biological, and behavioral fac-
tors play a part.**?° These receptors act on
the renin-angiotensin-aldosterone system
(RAAS) which controls blood pressure, thus
hypertension was linked to COVID-19,%° with a
two-fold increased risk of dying from it.?” In
the study, hypertension is the most common
comorbidity in both failed and successful
HFNC groups but no significance in HFNC out-
come (p=0.928) which is comparable in previ-
ous HFNC studies.???’#®

This study showed that HFNC provided

respiratory aid to severe COVID-19 patients
who had hypoxic respiratory failure, and pre-
vented most of them (51%) from being intu-
bated and attached to mechanical ventilators.
Major benefits of HENC include giving patients
with continuous positive airway pressure de-
creasing airway collapse, constant alveolar
recruitment and more comfortable means
improving compliance.?’ During a prospective
randomized crossover study from Italy, re-
searchers examined HFNC to oxygen therapy
by face mask at approximately the same
FiO, settings and their findings showed that
HFNC significantly enhanced oxygenation, re-
duced respiratory rate and work of breathing,
improved dynamic compliance, lung volume,
transpulmonary pressures, and consistency.*®
Consistent with the study of Soffler et al., intu-
bation rates were decreased in patients who
received HFNC (55% vs. 72%) but mortality
rates were similar

HFNC failed in almost half (49%) of the
study population, with high mortality among
this group who received mechanical ventila-
tion which is analogous to the outcomes of a
prospective multi-center observational study
conducted in Cape Town, South Africa.® With-
in the latter study, high prevalence of HIV and
tuberculosis, multiple comorbidities, and soci-
oeconomic deprivation attributed to poor ven-
tilation outcome which differs during this
study since among the physiological parame-
ters, increase in heart rate slightly affected
HFNC success.>?> A prospective observational
cohort study done in China wherein 145 pa-
tients were given HFNC, it concluded that
tachycardia is related to HFNC failure re-
flecting decompensation of the cardiopulmo-
nary system or increase in sympathetic drive
resulting to poor outcomes.*? The diagnostic
accuracy of the ROX index could be intensified
by incorporating the heart rates within the
index (ROX-index/heart rate x 100) with a ROX
-HR index of < 6.80 signifying HFNC failure.*?
Tachycardia as early as 1 hour after HFNC
attachment was associated to HFNC failure as
observed by Frat et al,, during a multicenter
analysis. **
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The ratio of arterial oxygen partial pres-
sure to fractional inspired oxygen (PF ratio) is
used to measure respiratory efficiency and
indicates degree of hypoxemia, with normal
value of >400 mmHg at sea level.** A value of
<100mmHg is classified as severe hypoxemia
in Berlin’s definition of ARDS with 45% death
rate3® Within the study, the majority (85.7%)
of the subjects have severe hypoxemia of
which 45.1% among them had failed HFNC
(p=0.124) and 42.3% of them died (p=0.096)
as explained by its accompanying high mortali-
ty rate. No significant relationship between PF
ratio, 1 day post HFNC attachment, and HFNC
failure was found within the study which is
similar in the study of Hu et al. (p= 0.722).%
However, a significant relationship, (p=<0.001)
was noted between PF ratio at HFNC initiation
to HFNC outcome in a study done by Calligaro
et. al. ° Moreover, no association between
respiratory rate prior HFNC attachment and
HFNC failure was noted in the study which
differs from the study of Park et al. (p=0.04).3!
The study shows that respiratory rate alone
does not predict failure but when incorpo-
ratedto ROX calculation, shows a relationship.

Majority (94%) of the intubated pa-
tients stayed less than a week (mean=5.5, s.d
= 7.4) and its difference on the length of hos-
pital stay among those who were weaned is
statistically significant (t(69) =-5.76, p=0.000).
In addition, the duration of HFNC therapy is
shorter than those who were weaned and is
also statistically significant (t(69) =-4.91, p =
0.000). Both of these can be explained by the
high mortality of intubated patients in the
study, entailing HFNC failure as a poor prog-
nosis. This is comparable with the multicenter
retrospective cohort study done by Xia et al. in
Wuhan China, where patients who received
endotracheal intubation after failed HFNO
showed a mortality rate as high as 75%.%°
Moreover, majority (80%) of COVID-19 pa-
tients who were intubated died which is con-
sistent with the reports during the early out-
break in China.*”3®

Shortage of ICU beds and ventilators

due to the imposed severe strain of COVID-19
associate AHRF caused variation in the inva-
sive mechanical ventilation rate among hospi-
tals worldwide.*” ** Mechanical ventilation is
an invasive vital breathing assistance provided
among severe COVID-19 patients with unac-
ceptable ROX-index and ideally done by rapid
sequence intubation using a video laryngo-
scope,  which is being done in VSMMC. Algo-
rithm in its initiation and settings set by the
PCCP is being followed in VSMMC. Yet, it may
result in airway injury, ventilator-induced lung
injury promoting lung damage and introduces
pneumonia which increases the chance of non
-survival.***! Once intubation is done, the pa-
tient must be monitored closely for accompa-
nying risks involved.

HFNC failure may delay intubation
thereby increasing mortality risk.** Survival
and timing of intubation had a little but im-
portant relationship with one other, having a
1.001 (95% Cl, 1.001-1.002) hazard ratio for
every additional hour between admission and
intubation during a large multihospital, retro-
spective cohort study done in New York City.**
Delayed intubation results to self-induced lung
injury that causes more severe ARDS causing
death.”® In relation with the study, patients
with severe hypoxemia (85% of the entire
study population) were started HFNC early on,
within 36 hours after admission but attached
longer to HFNC (mean=110.9, s.d=119.7) with
45% mortality. In a study done by Hyman et
al., intubation increased the in-hospital mor-
tality rate by 1.03-fold per day of delay among
the retrospectively analyzed 755 intubated
patients with COVID-19 pneumonia.** This
emphasizes the importance of timely distinc-
tion of patients who would need mechanical
ventilation from patients who may benefit
from HFNC, *° and once HFNC unsuccessfully
improve gas exchange and ventilatory func-
tion, delaying tracheal intubation should be
avoided.*®

The use of ROX index to determine suc-
cess of HFNC is statistically signifi-
cant (p=0.000) and is fair enough predictor
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(95%C.I., 0.655 —0.881) as shown in the study.
Using ROX two hours post HFNC attachment
(ROX-2) provides early prediction of HFNC fail-
ure with a cut off ROX - 2 of 4.85 classifying
97.1% of those who will be weaned and 85%
of false positives. Those with lower ROX-2
have a 3.470 times higher chance of intuba-
tion. This result differ from a 2-year multicen-
ter prospective observational cohort study
done by Roca et al. which is also being fol-
lowed by the PCCP, where identified predic-
tors of HFNC failure include a ROX< 2.85,
<3.47, and < 3.85 at 2, 6, and 12 hours of
HFNC initiation, respectively. Meanwhile, ROX
— 2,6 and 12 of >4.88 determine HFNC suc-
cess.***? Monitoring the patients’ overall con-
dition including hemodynamic stability and
alteration in mental status must be consid-
ered also rather than ROX index alone when
deciding for intubation.

Mortality in COVID-19 can also be
attributed to its other complications. Severe
COVID-19 may lead to cardiac arrhythmias,
coagulopathy, rhabdomyolysis, acute cardiac,
liver and kidney injury and shock*® which may
be related to high markers of inflammation
like elevations in C-reactive protein and inter-
leukin-6, hyperferritinemia, thrombocytope-
nia, lymphopenia and high procalcitonin and D
-dimer levels®®. However, these complications
are beyond the scope of the study but can be
included in future studies.

Caring for severe hypoxemic COVID-19
patients in a regular ward or a non- standard
ICU setting with limited manpower and re-
sources occurred in other countries like South
Africa and ltaly, but still cared for by intensiv-
ists.>% °? Like VSMMC, a tertiary government
hospital in Cebu, admitted COVID-19 patients
were provided respiratory support non-
invasively in a non- ICU setting and multidisci-
plinary approach was undertaken. HFNC use in
out-ICU-setting was successful in managing
more than two-thirds of severe COVID-19 pa-
tients failing standard oxygen therapy in a
study done in India.>®> Moreover, 9 ICU’s in
Philadelphia recorded a high endotracheal

intubation rate of 69.9% among severe COVID
19 patients who received HFNC. ** Results
proved to show that severe COVID-19 patients
with acute hypoxic respiratory failure man-
aged in a resource limited institution specifi-
cally in regular ward did not portend worse
outcome as compared to those admitted in
ICU. 3 >* *®* HENC is thus a viable option with
failure rates similar to those of ICU settings ,
2354 \which is contrary in the study of Calli-
garo et al where HFNC failure rate experi-
enced in ICU (44/105, 41.9%) was lower than
inwards (76/188, 59.6%). °

Various studies suggested that HFNC
use is associated with proven bio-aerosol dis-
persion of viable particles around the patient’s
room because of high gas flow used, but still
unable to relate it clearly with the increased
number of health care workers being infect-
ed.”® Putting a surgical mask on top of HFNC
among patients considerably lessens disper-
sion distance and the patients should be
placed in an airborne isolation rooms with
staffs wearing complete level 4 PPE while in

the room, as advised also by the local guide-
Iines 12,14,52

CONCLUSION

Providing severe COVID-19 patients
with respiratory support through HFNC was
deliverable and feasible even in a ward-based
non-ICU setting in a tertiary government hos-
pital. HFNC use improved oxygenation and
reduced the rate and workload of breathing. It
can be successfully weaned off on more than
half of those who received it and conversely,
there is a high mortality rate in patients who
were intubated from failed HFNC. Success rate
of HFNC use between ICU and non-ICU setting
did not differ significantly compared to other
studies.”>****® ROX-2 score is an important
predictor of HFNC failure.

Increase in heart rate slightly affected
HFNC outcome and can be studied further as
a predictor of HFNC failure. Future studies
may also consider Sequential Organ Failure
Assessment (SOFA) scoring, inflammatory bio-
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markers (D-dimer, serum ferritin, LDH, procal-
citonin) chest X- ray results, concomitant bac-
terial pneumonia as factors that might foresee
HFNC outcome. Lastly, treatment regimens

given to COVID-19 patients may also be pon-
dered.

ACKNOWLEDGMENT

| would like to express my deep sense
of gratitude to my adviser, Dr. Ayn Marie B.
Lao, who supported and guided me all
throughout this study. | would also like to
thank Dr. Ma. Philina P. Villamor, Liza Lorena
C. Jala, Dr. Juanito Zuasula, Dr. Henry Cani-
zares, Dr. Regina G. Alfonso, IM-VSMMC De-
partment, and my friends for their support
and great ideas to improve this study. Most of
all, to our Almighty God, for giving His endless
blessings, knowledge and strength to make
this study possible.

REFERENCES

1. World Health Organization: WHO Coro-
naVirus Disease (COVID-19) Dashboard.
World Health Organization. Accessed
February 20, 2021. https://
covid19.who.int

2. Wu Z, McGoogan J. Characteristics of
and important lessons from the corona-
virus disease 2019 (COVID-19) outbreak
in China: summary of a report of 72,314
cases from the Chinese Center for Dis-
ease Control and Prevention. JAMA.
2020 323(13):1239-1242. doi:10.1001/
jama.2020.2648

3. Brukner M, Mollerus R. UN/DESA Policy
Brief #66: COVID-19 and the least de-
veloped countries. United Nations. May
1, 2020. Accessed February 20, 2021.
https://www.un.org/development/
desa/dpad/publication/un-desa-policy-
brief-66-covid-19-and-the-least-
developed-countries/

4, Dar M, Swamy L, Gavin D, Theodore A.
Mechanical-Ventilation Supply and Op-
tions for the COVID-19 Pandemic. Lev-
eraging All Available Resources for a
Limited Resource in a Crisis. Ann Am
Thorac Soc. 2021 Mar;18(3):408416.
doi: 10.1513/AnnalsATS.202004-

10.

11.

12.

13.

317CME. PMID: 33202144; PMCID:
PMC7919160

Calligaro G, Lalla U, Audley G, et al.The
utility of high-flow nasal oxygen for se-
vere COVID-19 pneumonia in a resource
- constrained setting: a multi-center
prospective observational study. EClini-
calMedicine. 2020. https://
doi.org/10.1016/j.eclinm.2020.100570
Aggarwal A, Arora U, Mittal A, Aggarwal
A, Singh K, Ray A, et al.Outcomes of
HFNC Use in COVID-19 Patients in Non-
ICU Settings: A Single-center Experi-
ence. Indian J Crit Care Med 2022;26
(4):528-530

Montazerin S. Wiki Doc. COVID-19 asso-
ciated respiratory failure. July 27, 2020.
Accessed February 20,2021. https://
www.wikidoc.org/index.php/COVID-19-
associated_respiratory failure.
Gattinoni L, Cairn P, Cressoni M, et al.
Lung recruitment in patients with the
acute respiratory distress syndrome. N
Engl J Med. 2006 354:1775-86. doi:
10.1056/NEJM0a052052 pmid:
16641394,

Mauri T, Wang YM, Corte F, et al. A.
Nasal high flow: physiology, efficacy and
safety in the accurate setting, a narra-
tive review. Emerg Med. 2019 11: 109-
20.doi: 10.2147/0AEM.5180197.
Nishimura M. High-flow nasal cannula
oxygen therapy in adults. J intensive
care. 2015 3(1): 15. doi: 10.1186/
s40560-015-0084-5.

LuoY, OuR, Ling Y, Qin T. The therapeu-
tic effect of high flow nasal cannula oxy-
gen therapy for the first imported case
of Middle East respiratory syndrome to
China. Pub Med. 2015. Accessed Febru-
ary 20, 2021 https://
pubmed.ncbi.nlm.nih.gov/27132449
Arabi VY, Arifi A, Balkhy H, et al. Clinical
course and outcomes of critically ill pa-
tients with Middle East respiratory syn-
drome coronavirus infection. Ann Intern
Med. 2014; 160 (6): 389-97.

Philippine College of Chest Physicians.
Algorithm on the respiratory

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



Utility of HFNC and its Predictors of Failure in COVID-19 Associated AHRF [ Mariano and Lao ]

14.

15.

16.

17.

18.

19.

20.

management of critically ill with sus-
pected and/or confirmed COQOVID-19.

2020. Accessed October 30,
2020. https://twitter.com/philcestorg/
status /1243682818133131264/
photo/1

Philippine Society for Microbiology and
Infectious Diseases. Interim Guidance
on the Clinical Management of Adult
Patients with the Clinical Management
of Adult Patients with Suspected or
Confirmed COVID -19 infection. 2020
Accessed March 6, 2020. https://
www.psmid.org/interim-management-
guidelines-for-covid-19-version-3-1
World Health Organization. COVID -19
Clinical management Living Guidance.
2021.

Agarwal A, Basmaji J, Muttalib F, et al..
High-flow nasal cannula for acute hy-
poxemic respiratory failure in patients
with COVID-19: systematic reviews of
effectiveness and its risks of aerosoliza-
tion, dispersion, and infection transmis-
sion.Can J Anaesth. 2020. doi: 10.1007/
s12630-020-01740-2.

Centers for Disease Control and Preven-
tion. Accessed January 23, 2021.
https://www.cdc.gov/coronavirus/2019
-ncov/need-extra-precautions/older-
adults.html

Berlin D, Gulick R, Martinez F. Severe

COVID-19. N Engl J Med. 2020
383:2451-60. doi: 10.1056/
NEJMcp2009575

Nikolich-Zugich J, Knox KS, Rios CT, Natt
B, Bhattacharya D, Fain MJ. SARS-CoV-2
and COVID-19 in older adults: what we
may expect regarding pathogenesis,
immune responses, and outcomes. Pub-
Med Central. Geroscience. April 10,
2020. May 3, 2020. Accessed January
23, 2021. https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC7145538/

Montero-Odasso M, Hogan DB, Lam R,
Madden K, MacKnight C, Molnar F, et
al. Age Alone is not Adequate to Deter-
mine Healthcare Resource Allocation

21.

22.

23.

24.

25.

26.

27.

28.

during the COVID-19 Pandemic. Can
Geriatr J. 2020;23(1):152-4.

Le Couteur DG, Anderson RM, Newman
AB. COVID-19 is a disease of older peo-
ple.J Gerontol A Biol Sci Med Sci. Series
A.2020.

Jordan RE, Adab P, Cheng K. Covid-19:
risk factors for severe disease and
death. Brit. Med J. 2020. pmid:
32217618

Hu M, Zhou Q, Zheng R, et. al. Applica-
tion of high flow nasal cannula in hypox-
emic patients with COVID 19: a retro-
spective study. BMC Pulmonary Medi-
cine. December 24, 2020. Accessed Jan-
uary 25, 2021. https:// doi.org/10.1186/
$12890-020-01354-w.

Yanez N, Weiss N, Romand J. COVID-19
mortality risk for older men and wom-
en. BMC Public Health. November 19,
2020. Accessed January 25, 2021.
https://
bmcpublichealth.biomedcentral.com/
articles/10.1186/512889-020-09826-8.
Griffith D, Sharma G, Holliday C. et al.
Men and COVID-19: A Biopsychosocial
approach to understanding sex differ-
ences in mortality and recommenda-
tions for practice and policy interven-
tions. July 16, 2020. Accessed February
2, 2021. https://www.cdc.gov/pcd/
issues/2020/20_0247.htm

Sama IE, Ravera A, Santema BT, van
Goor H, Ter Maaten JM, Cleland JGF, et
al. Circulating plasma concentrations of
angiotensin-converting enzyme 2 in
men and women with heart failure and
effects of renin-angiotensin-
aldosterone inhibitors. Eur Heart J.
2020; 41(19):1810-7.

Kanwal A, Agarwal A, Martin L, et
al. COVID-19 and Hypertension: What
We Know and Don’t Know. J Am Coll
Cardiol. July 6, 2020. Accessed January
15, 2021. https://www.acc.org/latest-in
-cardiology/articles/2020/07/06/08/15/
covid-19-and-hypertension

European Society of Cardiology. High
blood pressure linked to increased risk

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



29.

30.

31

32.

33.

34.

35.

36.

37.

of dying from COVID-19. ESC European
Society of Cardiology. June 5, 2020.
Accessed January 4, 2021. https://
www.escardio.org/The-ESC/Press-
Office/Press-releases/High-blood-
pressure-linked-to-increased-risk-of -
dying-from-COVID-19

Kashani N, Kumar R. High flow nasal
oxygen therapy. BJA Education. 2017,
17 (2), 57-62.

Mauri T, Turrini C, Eronia N, et al. Physi-
ologic effects of high-flow nasal cannula
in acute hypoxemic respiratory failure.
Am J Respir Crit Care Med. 2017;
195:1207-1215.

Soffler, M. High-Flow Nasal Cannula in
Critically Ill Severe COVID-19 Patients.
Am J Respir Crit Care Med. 2020.
https://doi.org/10.1164/rccm.202005
2007LE

Park S, Lee C, Kim C, et al. High flow
nasal oxygen in acute respiratory fail-
ure; effectiveness and predictors of fail-
ure.Eur Respir J. 2020; 40: P2055. DOI:
10.21037/jtd.2018.01.125

Goh K, Chai H, Ong T, et al. Early predic-
tion of high flow nasal cannula therapy
outcomes using a modified ROX index
incorporating heart rate. J. Intensive
Care. 2020. https://doi.org/10.1186/
s40560-020-00458-z

Frat J, Ragot S, Coudroy R, et al. Predic-
tors of intubation in patients with acute
hypoxemic respiratory failure treated
with a noninvasive oxygenation strate-
gy. Crit Care Med. 2018; 46:208.
Nickson C. PaO2/Fi02 Ratio. 2020. Life
in the Fast Lane. November 3, 2020.
Accessed February 10, 2021. https://
litfl.com/pao2-fio2-ratio/

Raniere M, Rubenfield G, Thompson B,
et al. Acute Respiratory Distress Syn-
drome. The Berlin Definition. JAMA.
2012 ; 307(23):2526-33. doi: 10.1001/
jama.2012.5669.

Xia J, Zhang Y, Ni L, et al. High —flow na-
sal oxygen in Coronavirus Disease 2019
Patients with Acute Hypoxemic Respira-
tory Failure: a Multicenter, Retrospec-

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Utility of HFNC and its Predictors of Failure in COVID-19 Associated AHRF [ Mariano and Lao ]

tive Cohort Study. Crit. Care Med.
2020;48(11):e1079-e1086.

Yang X, Yu Y, Xu J, et al. Clinical course
and outcomes of critically ill patients
with SARS-CoV-2 pneumonia in Wuhan,
China: A single-centered, retrospective,
observational study. Lancet Respir Med.
2020;8:475-481.

Zhou, F., Yu, T., Du, R., et al. Clinical
course and risk factors for mortality of
adult inpatients with COVID-19 in Wu-
han, China: A retrospective cohort
study. Lancet. 2020; 395:1054-1062.
Ranney M , Griffeth V, Jha A. Critical
Supply ShortagesThe Need for Ventila-
tors and Personal Protective Equipment
during the Covid-19 Pandemic. N. Engl.
1. Med. 2020, 382, e41.

Parker J, Hernandez L, Peevy K. Mecha-
nisms of ventilator induced lung injury.
Crit Care Med. 1993; 21: 131-43

Maes M, Higginson E, Dias J, et al. Ven-
tilator- associated pneumonia in critical-
ly ill patients with COVID- 19. BioMed
Central. April 6, 2021. Accessed Febru-
ary 2, 2021. https://doi.org/10.1186/
$13054-021-03560-2

Kang B, Koh Y, Lim C, et al. Failure of
high flow nasal cannula therapy may
delay intubation and increase mortality.
Intensive Care Med. 2015; 41 (4): 632-
32 .doi: 10.1007/s00134-015-3693-5
Hyman J, Leibner E, Tandon P, et al.
Timing of Intubation and In-Hospital
Mortality in Patients with Coronavirus
Disease 2019. Crit Care Explor. 2020; 2
(10):e0254.

Marini J, Gattinoni L. Management of
COVID-19 respiratory distress. JAMA.
2020. https://doi.org/10.1001/
jama.2020.6825.

Tobin MJ. Principles and practice of me-
chanical ventilation. 3rd ed. New York:
McGraw Hill; 2013. p. 3-1516.

Anesi G. Coronavirus disease 2019
(COVID19): Critical care and airway
management issues. UpToDate.2021
Roca O, Caralt B, Samper M, et al. An
index combining respiratory rate and

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



Utility of HFNC and its Predictors of Failure in COVID-19 Associated AHRF [ Mariano and Lao ]

49.

50.

51.

52.

53.

54.

55.

56.

and Oxygenation to predict outcome of
Nasal High Flow Therapy. Am. J. Respir.
Crit  .2019; (11):13681376. doi:
10.1164/rccm.201803-05890C

Roca O, Messika J, Carralt B. Predicting
success of high-flow nasal cannula in
pneumonia patients with hypoxemic
respiratory failure: The utility of the
ROX index. J. Crit. Care. 2016; 35:200-5 .
doi: 10.1016/j.jcrc.2016.05.022.

Huang C, Wang Y, Li X, et al. Clinical fea-
tures of patients infected with 2019
novel coronavirus in Wuhan, China.
Lancet. 2020; 395:497-506

Moore JB, June CH. Cytokine release
syndrome in severe COVID-19. Science.
2020; 368:473-4. doi: 10.1126/
science.abb8925.

Grasselli G, Zangrillo A, et al. Baseline
characteristics and outcomes of 1591
patients infected with SARS-CoV -2 ad-
mitted to ICU of the Lombardy region,
ltaly. JAMA. 2020;323(16):1574-
1581. doi: 10.1001/JAMA.2020.5394.
Kerai S, Singh R, et al. A Retrospective
Study on Experience of High-flow Nasal
Cannula Oxygen in Critically Il COVID-19
Adult Patients Admitted to Intensive
Care Unit. Indian J Crit Care Med. 2022;
26(1): 62-66. doi: 10.5005/jp-journals-
10071-2409

McDonough G, Khaing P, et al. The Use
of High-Flow Nasal cannula as a First-
Line Therapy for Acute Hypoxemic Res-
piratory Failure Secondary to Corona-
virus Disease 2019. Crit. Care Ex-
plor. 2020, 2 (100 : p
e0257.d0i:10.1097/
CCE.000000000000025

Haymet A, Bassi G, Fraser J. Airborne
spread of SARS-COV-2 while using high
flow nasal cannula oxygen therapy:
myth or reality. Intensive Care Med.
2020; 46(12): 2248-225

Hui D, Chow BK, Chu L, et al. Exhaled air
dispersion during coughing with and
without wearing a surgical or N95 mask.
PLoS One. 2012; 7: e50845.
doi:10.1371/journal.pone.0050845.

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



Philippine Journal of Chest Diseases [ Original Research ]

Non-Pulmonary Medicine Specialists’
Knowledge, Attitude and Practice in the
Diagnosis of Chronic Obstructive Pulmonary
Disease in a Tertiary Hospital in Manila,
Philippines

Shane B. Villamonte, MD; Melanie B. Sanchez, MD; and Tim S. Trinidad, MD, FPCCP
University of Santo Tomas Hospital, Manila, Philippines
Corresponding Author: Dr. Shane B. Villamonte (sbvillamonte @ gmail.com)

PAPER PRESENTED IN THE FOLLOWING CONFERENCE: Poster Presentation, 25th Congress of the Asian
Pacific Society of Respirology (APSR 2021) November 20, 2021

ABSTRACT

BACKGROUND: Underdiagnosis of chronic obstructive pulmonary disease (COPD) in the Philippines
has become one of the driving forces of medical organizations such as the Philippine College of
Chest Physicians (PCCP) to increase awareness about COPD. According to the 2009 Philippine Clini-
cal Practice Guidelines on COPD, several reasons for underdiagnoses are physician’s lack of
knowledge, poor attitude, and lack of practice regarding screening, diagnosis and management of
populations at risk.

OBJECTIVE: To determine the knowledge, attitude and practice of non-pulmonary medical special-
ists in COPD diagnosis.

METHODS: We conducted an observational cross-sectional online questionnaire-based study. Non-
pulmonary medical specialist consultants from the Departments of Internal Medicine and Family
Medicine were recruited. A validated questionnaire was used to measure outcomes of the study.

RESULTS: Eighty-two (82) respondents participated in the study that was conducted from May to
August 2020. Majority of the respondents were aware of the COPD Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guideline. Forty -five respondents (54.88%) knew how to interpret
spirometry. Thirty-four (41.46%) were somewhat confident in diagnosing COPD based on GOLD.
Almost all (97.56%) recognized that spirometry is essential in diagnosing COPD, however, only 8
(9.76%) always requested spirometry for COPD patients.

CONCLUSION: Majority of the respondents recognize the importance of spirometry in the diagnosis
of COPD and are aware of the GOLD guidelines. However, its implementation and accurate inter-
pretation is considerably lacking. Knowledge gaps were recognized but most of the respondents
expressed their willingness to learn spirometry. The results of this study will help design education-
al modules for non-pulmonary specialists in diagnosing COPD which will improve physicians’
awareness and knowledge on COPD diagnosis.

KEYWORDS: COPD, diagnosis, spirometry
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INTRODUCTION
COPD is currently the 3™ leading cause

of death according to the World Health Or-
ganization. More than 3 million people died of
COPD in 2012, accounting for 6% of all deaths
globally. Despite being a preventable and
treatable disease, COPD is a major cause of
mortality and morbidity.*

The Burden for Obstructive Lung Dis-
ease (BOLD) study showed that the preva-
lence of COPD among people aged 40 years
old and above in Manila and two rural towns
in Nueva Ecija are 13.9% and 21.8%, respec-
tively.* These rates are relatively high com-
pared to other countries.> An important ob-
servation in the BOLD study was that only 2%
of the subjects were diagnosed by a physi-
cian.? This degree of underdiagnosis is one of
the driving forces of medical organizations
such as the PCCP to increase awareness about
COPD in the country.?

One of the possible reasons for the
underdiagnosis of COPD in the Philippines is
due to the physician’s lack of knowledge,
poor attitude, and lack of practice regarding
screening, diagnosis, and management of
populations at risk of COPD.? The role of non
-pulmonary specialists, particularly those
who practice Internal Medicine and Family
Medicine, is considered substantial because
they attend to a significant number of pa-
tients who are at risk of developing COPD.
Hence, determining the knowledge, attitude,
and practices of non-pulmonary specialists in
diagnosing COPD will help formulate the
necessary education modules needed to fa-
cilitate their diagnosis of this disease.

OBJECTIVES

To determine the knowledge, attitude
and practice of non-pulmonary medical spe-
cialists in COPD diagnosis. Specifically, we
aimed to determine the (1) characteristics of
non-pulmonary specialists in terms of age,
gender, specialty, years of practice, and type
of practice at USTH; (2) prevalence of non-
pulmonary specialists adhering to the GOLD
document; (3) prevalence of non-pulmonary

specialists who utilize spirometry in the diag-
nosis of COPD and their confidence in inter-
preting its results; and, (4) describe how a non
-pulmonary specialist screens a patient for
possible COPD.

METHODS
Sample Size

The sample size of the study is 92 non
-pulmonary medical specialists in order to
detect power of 80% with an alpha level of
5%. Sample size computation was done
online via OpenEpi (http://
www.openepi.com). Non-response rates of
at least 10% were taken into consideration
in order for the study to be significant.

Research Setting

The study was conducted at the Uni-
versity of Santo Tomas (UST) Hospital from
May to August 2020. A Knowledge, Atti-
tudes, and Practices questionnaire was for-
mulated by the investigators. Questions
were based on and patterned after the avail-
able GOLD Clinical Practice Guideline regard-
ing the diagnosis of COPD. Content validity
of the questionnaire was done by three pul-
monologists who are experts in the field.
The questionnaire was reproduced after Re-
search Ethics Committee (REC) approval was
obtained. A pilot study was conducted
among 10% of the total population. The
guestionnaire was finalized after modifying
the questions based on the pilot study. We
obtained permission from the Hospital Med-
ical Director to distribute the questionnaires
to the different Section Heads of the popula-
tion to be included in the study. Thereafter,
the Google form link of the online question-
naires and consent forms were sent through
the e-mail of the participants. The question-
naire included details of the respondents.
Refer to Figure 1 for the study’s flow chart.

Statistical Analysis

Descriptive statistics was used to de-
scribe the baseline characteristics of the re-
spondents whereas summary statistics was
used to report the knowledge, attitude, and
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practices of non-pulmonary specialists. All of
the analysis was done using STATA1C 16 soft-
ware.

Producten of KAP Questionnaire

Cues bonnare validation

REC Appronval

Medaal Derector and Depust mepadl S sn Hisasd

Bedge irvs

Filod jestong

nding of oodne guestannare (Groogie Form bnic)

Irdaamied Cadvia-ar

Fabealationy ol repini

Irderareiaton of reuelis

Figure 1. Study Flowchart

Ethical Consideration

The study was done in observance of
healthcare practitioners’ right in accordance
to the Helsinki Declaration. The study adhered
to the principles set by the 2017 National Ethi-
cal Guidelines for Health and Health Related
Research (NEGHHRR). The approval of the UST
Hospital Research Ethics Committee was ob-
tained prior to the initiation of the research
study. All non-pulmonary medical specialists
of UST Hospital had an equal chance of being
chosen in the study. The identity of each par-
ticipant was kept anonymous and was identi-
fied using code numbers. Informed written
consent was obtained from the respondent
prior to giving the questionnaire. Joining in the
study entailed no risk and no undue influence,
coercion, or manipulation to participate.

The summary of their response to the
guestionnaire was sent back to each partici-
pant and kept confidential. Data obtained
were kept confidential in compliance to the
Data Privacy Act of 2012 and its Implementing

[ Villamonte et al. ]

Rules and Regulations. Google form was used
for the online questionnaire and all tabulated
answers were stored in a password-protected
data file using Microsoft Excel (v13.64, 2020)
in observance with privacy and confidentiality.
Research data will be stored up to a period of
one year after the conduct of the study and
will be permanently deleted thereafter. The
Google forms online questionnaires were de-
leted after the completion of the study.

We addressed questions pertaining to
the study and appropriate contact numbers
were given for reference should there be any
questions or clarification from the partici-
pants. Subjects who felt uncomfortable an-
swering the questionnaire were given permis-
sion to withdraw from the study. No compen-
sation was given to any of the respondents
and we shouldered all the expenses in the
conduct of the study.

RESULTS

Table 1 below shows the demographic
profile of the respondents. There were 82 non
-pulmonary medicine specialists who partici-
pated in the research study. Mean age of re-
spondents was 49.13 years (30,70) with the
majority (30.49%) belonging to the 51-60
years’ age group. Among the participants, for-
ty-four (53.66%) were male and 38 (46.34%)
were female. Majority (95.12%) of the re-
spondents were from the Department of In-
ternal Medicine. Sixty-seven percent were
active consultants. Mean years in practice was
15.82 (1,40) years. Question 1, 7, 8, and 9
were questions on knowledge and summa-
rized in Table 2. For question number 1, 64
participants (78.05%) are aware of the COPD
GOLD guideline. Majority (67.01%) of the re-
spondents knew which clinical scenario
wherein they will consider COPD. Further-
more, 45 participants (54.88%) knew how to
interpret a spirometry result and nearly half
(45.12%) does not. Most of the respondents
(48.78%) correctly answered the spirometry
parameter cut-off value of FEV1/FVC <0.70 as
diagnostic of COPD.
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Table 1. Demographic Data
Variables N=82 | Percentage
Age 49.13 years (30,70)
30-40 27 2561%
41-50 24 29.27%
51-60 25 30.49%
61-70 12 14.63%
Gender
Male 14 53.66%
Female 38 46.34%
Subspecialty (Non-Pulmonary)
InternalMedicine 78 95.12%
Family Medicine 4 4.88%
Hospital Status
Active Consu ltant 55 6/.0/%
Visiting Consuftant 27 32.93%
Years in Practice 15.82 years (1,40)
1-10 28 34.15%
11-20 33 40.24%
21-30 14 17.07%
31-40 7 8.54%
Table 2. Questions on Knowledge
YES NO A (%) B (%) C (%) D(%)
N % N %
Areyou aware of (Yes) (No, but | (No, I don’t
the GOLD document am aware of know any
other COPD | other COPD
clinical prac- | clinical prac-
ticeguide- ticeguide-
line) line)
64 9 9
(78.05) (10.98) (10.98)
In which clinical (Risk Fac- (Risk Fac- (Risk Fac- (Risk Fac-
scenario willyou torsPre- torsPre- tors Absent; | torsAbsent;
consider COPD? sent; Symp- | sent; Symp- Symptoms Symptoms
toms Pre- toms Ab- Present) Absent)
sent) sent)
5 1
55 21 (6.10) (1.22)
(67.01) (25.61)
Doyou knowhowto | 45 | 54.88 | 37 | 45.12
interpret a spirome-
try result
What is the spirom- (FEV1/FVC (FEV1/FVC (FEV1/FVC (FEV1/FVC
etry parameter cut- <0.50) <0.60) <0.70) <0.80)
off value diagnostic
of COPD? 11(13.41) 19(23.17) 40 (48.78) 12 (14.63)
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Table 3 below shows the response of
non-pulmonary specialists to questions on
attitude towards COPD diagnosis. Thirty-seven
(45.12%) were somewhat confident and 24
(29.27%) were neutral when asked about how
confident they are in understanding the GOLD
guideline. Likewise, when asked about their
confidence in diagnosing COPD based on
GOLD, 34 (41.46%) were somewhat confident
and 21 (25.61%) were neutral. Majority
(95.12%) were willing to learn how to inter-
pret a spirometry report. Almost all (97.56%)
of the respondents thinks that spirometry is
essential for diagnosing COPD. Thirty-one
(37.80%) respondents do not request for spi-

[ Villamonte et al. ]

rometry among COPD suspect patients be-
cause they think that it is too expensive for
their patients. Eighteen (21.95%) respondents
thinks that clinical diagnosis is reliable enough
and 7 (8.54%) said that it is not readily availa-
ble in their place of practice. Eighteen out of
26 non-pulmonary specialists who answered
“Others” stated that their reason for not re-
guesting spirometry was they refer these pa-
tients to pulmonary specialists.

Table 3. Attitudes of non-pulmonary specialist medical consultants toward COPD diagnosis

Areyou willing
to learn how
tointerpreta
spirometry
report?

78 95.12 | 4 4.88

Do you think
spirometry is
essential for
diagnosisof
COPD?

80 97.56 | 2 2.44

Among your (Itis not (Itis too (Signs (Others)
COPD suspect available expen- and
patients, what inmy sive for symp-
is/areyour place of my pa- toms
reason/s for practice) tient) (clinical
not requesting diagno-
aspirometry sis)are
test? reliable

enough)

7 31 18 26
(21.95)

YES NO A (%) B (%) C (%) D (%) E (%)
N %

How confident (Not (Notvery | (Neutral) (Somewh (Very

areyou in confident confi- at confi- confi-

understanding atall) dent) dent) dent)

GOLD guide-

lines 4 15 24 37 2
(4.88) (18.29) (29.27) (45.12) (2.44)

How confident (Not (Notvery | (Neutral) (Somewh (Very

areyou in confident confi- at confi- confi-

diagnosing at all) dent) dent) dent)

COPD based

on GOLD? 5 20 21 34 2
(6.10) (24.39) (41.46)
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Questions regarding the practices of always obtained smoking history and expo-

non-pulmonary medical specialists on COPD
diagnosis are question numbers 4, 5, 6, and
12. Their responses are summarized in Table 4
below. Fifty-two (63.41%) consultants some-
times implement the recommendations of the
GOLD document and only 11 (13.41%) always
implement it. Most of the respondents
(47.56%) start screening a patient for possible
COPD only at the age 50 years. According to
GOLD 2018 and 2009 Philippine CPG, preva-
lence of COPD is higher in those > 40 years
old, hence the recommendation to start
screening for COPD in this age group. Fifty-five
(67.07%) respondents answered that they

Table 4. Practices of non-pulmonary specialist medical consultant regardin
YES NO A% B (%
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sure. Only 8 (9.76%) of the clinicians always
request spirometry for COPD patients.

DISCUSSION

COPD is a common, preventable, and
treatable disease that is characterized by per-
sistent respiratory symptoms and airflow limi-
tation due to airway and/or alveolar abnor-
malities usually caused by significant exposure
to noxious particles or gases.* Currently, there
is no national COPD prevalence study in the
Philippines. The most reliable data on the bur-
den of COPD in the Philippines is the BOLD
study. The prevalence of COPD in Manila and

COPD diagnosis

C %) D(%)
N % N %
Do you implement the (Yes, all the (Yes, some- (No, not at
recommendations  of time) times) all)
the GOLD document?
11 52 19

(13.41) (63.41) (23.17)
In your practice at (30 years (40 years (50 years (60 years
what age do you start old) old) old) old)
screening a patient for
possible COPD 5 35 39 3

(6.10) (42.68) (47.56) (3.66)
In your practice, do (Yes, all the (Yes, some- (No, not at
you get the smoking time) times) all)
history and exposure
of your patients? 55 27 0

(67.07) (32.93) (0)
Among your COPD (Always; > Often;>50% Occasionally; (Hardly; less
patients, how often do 90%) to 89%) >20%to than 20%)
you request for spi- 49%)
rometry

8 34 22 18
(9.76) (41.46) (26.83) (21.95)
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two rural towns in Nueva Ecija is 14% and
21%, respectively. Aside from the high rate, it
is unfortunate that only 2% of these cases
were diagnosed by doctors practicing as in-
ternists, family physicians, and general physi-
cians. Thus, there isa 12% to 21% under diag-
nosis of COPD with a concomitant reason to
believe that there is a high prevalence of un-
der treatment as well.”

In this study, it is noteworthy that de-
spite the fact that 97.56% of the respondents
think that spirometry is essential in the diag-
nosis of COPD, only 9.76% always request it.
About 21.95% responded that they do not
request for spirometry since clinical diagnosis
is reliable enough. This reason was also re-
ported in the survey by Chokhani et al. where-
in 37% of general practitioners said that they
only relied on the clinical features for the di-
agnosis of COPD.*°

Similarly, 78.05% of the non-pulmonary
specialists are aware of the GOLD guidelines
but only 13.41% always implement the recom-
mendations stated in the guidelines. This
shows that there is divergence from what one
knows to what one practices. It must be ad-
dressed as well that nearly half of the re-
spondents who are in a teaching institution
answered that they do not know how to inter-
pret a spirometry result. GOLD is the guideline
that has served as the major reference of the
PCCP Council of COPD and Pulmonary Rehabil-
itation Summary Consensus Statements on
the Diagnosis and Management of COP in the
Philippines.’®

The diagnosis of COPD in primary care
has to be improved and it may require more
than simple provision of spirometry equip-
ment. Other barriers which potentially caused
the under- and over diagnosis of COPD in-
cludes: (1) lack of time and training in inter-
preting the spirometry; (2) shortage of trained
medical assistants to perform the test; and,
(3) physicians’ perception that having spirom-
etry results will not add benefit. These barriers
are potential areas that needs to be ad-

[ Villamonte et al. ]

dressed to improve the use and quality of spi-
rometry in primary care.'?

A multi-center survey done from 2007-
2014 in Chicago, California, North Carolina,
and Florida assessed the knowledge and atti-
tudes of family physicians attending COPD
continuing medical education. It showed that
their knowledge about COPD was based on
GOLD and American Thoracic Society/
European Respiratory Society Guidelines.” The
most common barrier they experienced in
diagnosing COPD are due to patient’s lack of
symptoms, failure of patient to report symp-
toms, patient having multiple comorbidities,
and underutilization of spirometry due to the
lack of access and training with the use of spi-
rometry.’

The role of primary care in COPD diag-
nosis is vital since misdiagnosis of COPD has
been reported to occur in the primary care
setting. Studies have shown that patients are
often mislabeled and this may be attributed to
the lack of awareness of and knowledge about
COPD.*” More importantly, included in the
Philippine College of Physicians’ terminal com-
petencies for internists is interpretation of
basic spirometry alongside electrocardiogram
and other imaging modalities, hence, it must
be given the same emphasis as the other diag-
nostic procedures.

This study included non-pulmonary
medical specialists of the UST Hospital who
belong to the Department of Family Medicine
and Department of Internal Medicine. One
major limitation of this study is the small num-
ber of participants. Other factors such as re-
call bias in this self-reporting study may affect
the result as well.

After assessing the knowledge, attitude,
and practice of non-pulmonary medical spe-
cialists in the diagnosis of COPD, this study
recommends that in order to increase the
confidence of non-pulmonary medical special-
ists in diagnosing COPD, lectures on the latest
GOLD guideline especially on disease diagno-
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sis must be conducted. Likewise, easily com-
prehensible modules for all non-pulmonary
medical specialists must be designed so as to
empower them and lessen the need for refer-
ral of all COPD suspects to pulmonologists.
Further, the authors of the COPD guideline
must assess if the guideline itself is too com-
plicated for non-pulmonologists, or if there is
possible lack of its dissemination. Finally, to
improve the utilization of spirometry, regular
programs such as free or low-cost spirometry
must be conducted.

CONCLUSION

Diagnosis of COPD is as essential as its
treatment since it considerably decreases
productivity and quality of life of patients. Un-
derdiagnosis of COPD arises from physician’s
inadequate knowledge and poor attitude and
practice. It was shown in the results that
awareness about the guidelines and recogni-
tion of the importance of spirometry are
somewhat sufficient, however, its implemen-
tation and accurate diagnostic interpretation
are considerably lacking.

Our role as physicians on timely screen-
ing, early diagnosis, and accurate interpreta-
tion of spirometry is important. Certain
knowledge gaps were recognized as it was
shown in the results that despite knowing the
clinical scenario when to request for spirome-
try, nearly half do not know how to the re-
sults. However, most of the respondents posi-
tively responded by expressing their willing-
ness to learn on how to interpret spirometry
test results. We can also enhance the confi-
dence of physicians in utilizing spirometry and
GOLD recommendations by increasing their
knowledge on COPD diagnosis. On the other
hand, barriers to adhering to GOLD recom-
mendations as non-pulmonary medical spe-
cialists were identified which includes the cost
of spirometry and the referral system to spe-
cialists.

RECOMMENDATION
We recommend conducting further
studies that will involve more respondents,
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preferably coming from different institutions,
and include more Family Medicine specialists
and statistically analyze if there will be differ-
ences in the knowledge, attitude and practice
between them and the non-pulmonary Inter-
nal Medicine consultants. Finally, more COPD
prevalence studies must be carried out to
know the real burden of the disease in our
country.
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ABSTRACT

BACKGROUND: Tuberculosis is still a significant cause of death especially among developing coun-
tries like the Philippines despite the implementation of the widely studied Directly Observed Treat-
ment Short Course program (DOTS). Several adherence interventions have been explored and one
of them is the telemedicine application of DOT, which showed potential to be a more convenient,
cost-effective and less laborious option for both patients and healthcare workers alike, and thereby
improving treatment adherence and completion.

OBJECTIVE: To evaluate the effectiveness of remote TB DOT (Video/Virtual) compared with conven-
tional in-person TB DOT in the management of drug-susceptible tuberculosis.

METHODS: We conducted a systematic review and meta-analysis on the effectiveness of remote TB
DOT. We searched MEDLINE, the Cochrane Registry and ClinicalTrials.gov for the research and the
primary outcome was treatment completion; other outcomes were treatment adherence and cost.
The title and abstract of all identified papers that passed the title and abstract screening based on
predefined eligibility criteria were independently assessed by the 2 investigators. Disagreements
were resolved through a third party (research adviser). The following data were extracted from
studies included in the review: study characteristics (study design, duration, sample size, setting),
participants, intervention characteristics, and clinical outcomes. All 4 included studies reported the
primary outcome of treatment completion which favors remote TB DOT.

RESULTS: There was no statistically significant difference in treatment completion, however, there
was significant heterogeneity noted in the results. Two of the studies have shown that the popula-
tion of patients enrolled in remote DOT resulted in better treatment adherence with less missed
doses as opposed to conventional DOT and that the average cost of treatment is greater for con-
ventional in-person TB DOT than for remote TB DOT (video/virtual).

CONCLUSION: The effectiveness of remote TB DOT is comparable with conventional TB DOT. Offer-
ing a remote TB DOT as an alternative improved treatment completion and adherence, and it is
also more cost-effective.

KEYWORDS: Remote TB DOT, Video DOT, Virtual DOT, In-Person DOT, Drug-susceptible TB
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INTRODUCTION
Tuberculosis caused by Mycobacterium

tuberculosis has been a significant cause of
death in adults worldwide, especially among
developing countries like the Philippines.’ The
mode of transmission of M. tuberculosis is via
the inhalation of aerosolized droplets, which
may then lead to four possible outcomes: im-
mediate clearance of the organism, primary
disease, latent infection or reactivation dis-
ease.” According to the data of the World
Health Organization (WHO), approximately 10
million people are infected with tuberculosis
each year and despite being preventable and
curable, about 1.5 million people die of tuber-
culosis each year. A timely diagnosis and full
adherence to treatment results in successful
management of the disease and the curtail-
ment of further transmission. The geographic
distribution of the disease points to the coun-
tries in Southeast Asia having the most cases
(44%), followed by Africa (24%), and the
Western Pacific (18%), cases from the Philip-
pines alone account for 6% of the worldwide
TB population.!  United Nations member
countries have intensified their initiatives in
identifying and notifying infected individuals.
The set target for notifying cases have been
met for the year 2018, however, the gap be-
tween case notification and treatment is yet
to be reduced. The Philippines has been iden-
tified as one of the countries with a huge gap
between notification and treatment which is
primarily due to inaccessibility to health care.
The global strategies set to successfully eradi-
cate TB can only be achieved if TB diagnosis,
treatment and prevention services are provid-
ed within the context of progress towards uni-
versal health coverage and if there is multisec-
toral action to address the broader determi-
nants that influence TB epidemics and their
socioeconomic impact.!

Directly observed treatment, short-
course (TB-DOTS) is the flagship TB control
strategy of the WHO whose early develop-
ment can be attributed to the International
Union Against TB and Lung Disease. It was
piloted between 1970 — 1980 in four African
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countries. Its initial success was noted to be
responsible for the increase in cure rates to
nearly 80%.% Currently, the five major compo-
nents of DOTS, as described by the WHO are:
(1) political commitment and resources, which
must be the strongest link because TB is a
public health responsibility and an epidemicin
some countries; (2) accurate diagnosis
through sputum smear microscopy among
symptomatic patients; (3) standardized treat-
ment regimens; (4) regular, uninterrupted
supplies of effective anti-TB medications and
assurance of full compliance; and, (5) stand-
ardized recording and reporting of patients’
treatment and progress.* The implementation
of DOTS is not without its challenges, among
those identified in the Brazilian study were
some patients’ thoughts of DOTS as difficult,
laborious, conflicting with work schedules,
medications too numerous or large to swal-
low, and healthcare workers beset with mana-
gerial/administrative problems.’ Despite
these challenges, efforts have been made by
the WHO to strengthen the DOTS programs,
ensuring adequate supplies of medications,
developing plans and strategies with global
agencies and regional entities, mobilizing re-
sources, and funding and providing technical
and strategic support to countries.

Telemedicine or Telehealth has been
defined by the Health Resources Services Ad-
ministration as the use of electronic infor-
mation and telecommunications technologies
to support long-distance clinical healthcare,
patient and professional health-related educa-
tion, public health and health administration.
Technologies include videoconferencing, the
Internet, store-and-forward imaging, stream-
ing media, and terrestrial and wireless com-
munications. Telemedicine refers specifically
to remote clinical services, while telehealth
can refer to remote non-clinical services, such
as provider training, administrative meetings
and continuing medical education, in addition
to clinical services.” Video or Virtual TB DOT is
the application of telehealth in the manage-
ment of TB wherein patients record and trans-
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watched by healthcare providers remotely to
monitor treatment adherence.*®

The Infectious Diseases Society of
America published a position statement on
the application of telemedicine to the practice
of infectious diseases in 2019, the telemedi-
cine management of TB was among them.
Given that two of the reasons why DOTS is
considered challenging by patients are the
amount of time and distance required to trav-
el to a DQTS clinic or facility, electronic DOT
may reduce these burdens.® The CDC has re-
leased its toolkit for the implementation of an
electronic DOT program as an alternative
method to in-person or conventional DOT.
This toolkit aims to assist TB programs in de-
veloping and implementing a TB eDOT pro-
gram which may be tailor fit to meet their re-
spective TB program’s patient needs, utilize
available resources, and meet management
and regulation concerns. Depending on the
resources of the program and the technology
available, the electronic DOT may be imple-
mented with the use of a smartphone, a tablet
or a computer with a webcam. Just like any
telemedicine or telehealth consultation, the
health care worker and the patient can agree
on an appointment, to meet virtually. During
the session, the healthcare worker asks about
the patients condition and well-being, any is-
sues or side effects with the medications, any
signs or symptoms and then watches the pa-
tient live as he or she takes the medications.®

The relevance of remote DOT is particu-
larly important at this time when people are
strongly advised to stay home, have limited
mobility to essential travels, social distancing
or avoidance of hospital or clinic visits to miti-
gate the spread of COVID-19. While the virtu-
al consults are not a true replacement for ac-
tual patient-doctor interaction, patients can
still avail of medical consultations in a safe,
cost-effective and practical manner. In addi-
tion to the benefits of remote DOT to pa-
tients, it is also beneficial to health care work-
ers that the DOTS facility may operate in a
skeletal workforce schedule, thereby reducing
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staff travel cost and time.® On the other hand,
identified challenges to remote or electronic
DOT are the lack of a clinical evaluation for
monitoring adverse events, the lost oppor-
tunity of building rapport and the legal, ethical
and moral issues of patient privacy in the
transmission of data through these devices.®

This meta-analysis aims to evaluate the
effectiveness of remote TB DOT comparing it
with conventional in-person TB DOT. It has
been established previously that through con-
ventional DOT, the WHO is able to improve
the treatment of TB and curtail further infec-
tions, drug resistance, and disease recur-
rence. During this time of the COVID-19 pan-
demic in which there has been a noted in-
crease in the utilization of telemedicine, it is
deemed appropriate by the reviewers to seek
out the possibility that remote DOT is an ap-
propriate alternative to conventional DOT and
that future recommendations may be made to
improve the options available for the treat-
ment of TB patients in the Philippines.

WHO  conditionally  recommended
VDOT as an alternative to DOT in 2017, but
the evidence was graded weak due to few
randomized controlled trial available (RCT). In
2018, a WHO-funded systematic review and
meta-analysis of trials and observational stud-
ies on adherence interventions and outcomes
of tuberculosis reported successful treatment
outcomes with VDOT based on two cohort
studies.'* This updated meta-analysis will in-
clude the most recent studies (RCTs and co-
horts) available now.

OBJECTIVE

To evaluate the effectiveness of remote
TB DOT (Video/Virtual) compared with con-
ventional in-person TB DOT in the manage-
ment of drug-susceptible tuberculosis. Specifi-
cally, to determine the effectiveness of re-
mote TB DOT (Video/Virtual) versus conven-
tional in-person TB DOT in improving treat-
ment completion and in achieving treatment
adherence and to assess the clinical cost ben-
efit of remote TB DOT (Video/Virtual) com-
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pared with conventional in-person TB DOT.

METHODS
Study Design

Studies included are RCTs, and cohort
studies evaluating the effectiveness of remote
TB DOT (Video/Virtual) compared with con-
ventional in-person TB DOT in the manage-
ment of tuberculosis.

Types of Participants

Studies involving patients with a TB
diagnosis (bacteriologically confirmed or clini-
cally diagnosed), aged 18 years old and above
are included.

Types of Interventions

We looked into studies evaluating the
effectiveness of remote TB DOT (Video/
Virtual) compared with conventional in-
person TB DOT in the management of tuber-
culosis.

Types of Outcome Measures

Primary: Treatment Completion

Secondary: Treatment adherence and cost
of treatment observation

Search Methods

An electronic search strategy was used to
identify trials published in MEDLINE, the
Cochrane Central Register of Controlled Tri-
als as well as the clinicaltrials.gov. The
search terms included the following inter-
vention terms: Free Text: Tuberculosis, Tele-
health, Remote TB DOTS, Video DQOTS, Tele-
medicine General search strategy: Tubercu-
losis AND (Telehealth OR Remote TB DOTS
or Video DOTS or Telemedicine)

Data Extraction and Management

The title and abstract of all identified papers
that passed the title and abstract screening
based on predefined eligibility criteria were
independently assessed by the 2 investiga-
tors. Disagreements was resolved through a
third party (research adviser). The following
data were extracted from studies included in
the review: Study characteristics (study de-
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sign, duration, sample size, setting), partici-
pant and intervention characteristics and
clinical outcomes. Studies that did not re-
port any of the outcome measures enumer-
ated above were excluded.

Assessment of risk of bias of included studies
The risk of bias was independently assessed
by the two authors using the template from
the Cochrane Handbook for Systematic Re-
views of Interventions. Any disagreements
between reviewers was resolved through
third third party (research adviser).
Measures of treatment effect

We used relative risk for treatment comple-
tion with corresponding 95% confidence
interval. Qualitative analysis was done for
treatment adherence and cost of treatment
observation.

Unit of analysis issues

Statistical analysis was performed using Re-
view Manager version 5.4. Random effects
model was used for the meta-analysis on the
assumption that true size effect are similar
but not identical among the studies includ-
ed. This model represents the lack of
knowledge about why real, or apparent, in-
tervention effects differ by considering the
differences as if they were random.

Assessment of heterogeneity

Clinical heterogeneity between studies was
assessed by comparing the characteristics of
the study populations, interventions and
outcome measure. Statistical heterogeneity
was assessed using the 12 statistic, chi-
square p value, and visual inspection of For-
est plot. Substantial heterogeneity is consid-
ered if the 12 is > 50% or chi square p-value
is<0.1.

Assessment of reporting biases
Reporting bias was planned to be reported
using a funnel plot.

Data synthesis
Statistical analysis was done using Review

Phil J Chest Dis Vol. 20 No. 2 July-December 2022
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Sensitivity analysis
Sensitivity analysis was done to try to re-
move the source of heterogeneity.

Ethical Considerations

The protocol for this study was reviewed by
the Lung Center of the Philippines Institu-
tional Ethics Review Board and has been
qualified for exemption from review.

RESULTS
Description of Studies

MEDLINE, Cochrane library and clinical-
trials.gov website were used to search for
possible studies. 61 studies were initially yield-
ed by the search after the following filters
were applied (english language, clinical trials
and RCTs conducted in the last 5 years). Dupli-
cates were then removed vyielding 34 stud-
ies. The search was further narrowed down
to 7 papers whose design was in accordance
to the PICO format of our research question.
Full text articles of the remaining 7 studies
were retrieved. 3 studies were further exclud-
ed. Figure 1 illustrates the search and study
selection process.

We included 2 RCTs (n =583) and 2 co-
hort studies (n = 709) in this systematic review
and meta-analysis. The two RCTs and two co-
hort studies had two-arm trials (using remote

Table 1. Summary of description of included studies
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61 papers identified in
PUBMED, COCHRANE
and ClinTrials.gov

Erhrreher37
Excruaed27-papers

- Pre-specified PICO
format and study design
not compatible

34 papers after duplication
were removed

Excluded-3.
P

P

*Target main outcome
(Treatment Completion)
not reported.

7 papers assessed for
eligibility

4 papers included for
analysis

Figure 1. Flow diagram of the search and study selection
process

DOT and in-Person DOT for the treatment of
Tuberculosis). All studies were conducted
among patients diagnosed with drug-
susceptible tuberculosis. The 4 studies all in-
cluded intervention of interest, remote DOT
and in-person DOT as comparator group. All
studies were conducted in developed coun-
tries and were done between year 2015 to
2020. Table 1 shows the summary of descrip-
tion of studies. Out of the 7 papers assessed
for eligibility, 3 studies were excluded after
full text articles were reviewed. The 3 studies
did not report on the main outcome of inter-
est (treatment completion).

Author, Year, | Study Population Intervention Control Outcome
Location/ Design
Setting

Peng Guo, RCT Adult diagnosed Remote DOT: In-Person Treatment Comple-

2019 with Tuberculosis | N=203 TBDOT: tion, Treatment

China N =202 Cost

Ravenscroft, | RCT Adult patients VDOT: In-Person Treatment Comple-

2020 diagnosed with N=85 TBDOT: tion, Treatment

Moldova Tuberculosis N =93 Adherence, Treat-
ment Cost

Xujun Guo, Cohort | Adultpatients VDOT: In-Person Treatment Comple-

2020 Study diagnosed with N=235 TBDOT: tion, Treatment

China Tuberculosis N =158 Adherence, Treat-
ment Cost

Chuck, Cohort | Adultpatients VDOT: In-Person Treatment Comple-

2015 Study diagnosed with N=49 TBDOT: tion

USA Tuberculosis N =267
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Risk of Bias of Included Studies

The following were used to assess the
risk of bias: random sequence generation and
allocation concealment for selection bias,
blinding of outcome assessment for detection
bias, incomplete outcome data for attrition
bias, and selective reporting for reporting bias.
The two RCTs generally exhibited low risk of
bias but due to the nature of the intervention,
researchers, medical professionals and partici-
pants were not blinded to the allocation of
trial group. Figure 2 shows the risk of bias
graph while Figure 3 shows the risk of bias
summary. A different instrument (Newcastle-
Ottawa scale) was used to assess the risk of
bias in the two cohort studies (Table 2).

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)

TS Chuck 2015

{05 Xujun Guo 2020
(RCT) Peng Guo 20150
{RCT} Ravernscroft 2020

@ ® @| @ selectivereporting (reporting bias)
@ O O @ otherbixs

@ @ @@ ncomplete outcome data (attrition bias)

Figure 3. Risk of Bias Summary

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment {detection bias)

Incomplete outcome data {(attrition bias)

Selective reporting (reporting bias)

Other bias
0X 25% 50X 75% 100X
[ Low risk of bias [ ] unclear risk of blas [l High risk of blas
Figure 2. Risk of Bias
Table 2. Newcastle-Ottawa Quality Assessment Scale for Cohort Studies
Study Xujun Guo, Chuck,

2020 2015
China USA

Representativeness of Export Cohort

Selection of Non-Exposed Cohort from same source as Exposed Cohort
Ascertainment of Exposure

Outcome of interest was not present at start of study

Assessment of outcome

Follow-up long enough for outcome to occur

Adequacy of follow-up

Quality Score

Dé Db

D46

DD Db

*

GOOD

GOOD

Selection impossible to blind both participants and out-

All the RCTs used randomization during the
selection of the patients, which minimized
selection bias. The two RCTs used sealed en-
velopes as their way to ensure allocation con-
cealment to minimize selection bias. It was

come assessors to their treatment assign-
ment. The four studies did not report signifi-
cant dropouts, thus minimizing attrition bias.
No reporting bias was noted.
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Effects of Interventions

All four included studies reported the primary
outcome of treatment completion which fa-
vors remote TB DOT. Three studies (Peng Guo
201913, Ravenscroft 202014 and Xujun Guo
202015) included treatment cost in their out-
comes and have unanimously shown that re-
mote DOT is more cost effective than conven-
tional  in-person DOT. Two  studies
(Ravenscroft 2020 and Xujun Guo 2020) have
shown that the population of patients en-
rolled in remote DOT resulted in better treat-
ment adherence with less missed doses as
opposed to conventional DOT.

Primary Outcome: Treatment Completion

Four studies reported treatment completion
(Figure 4). Remote DOT versus In-Person TB
DOT showed no statistically significant differ-
ence in treatment completion (1.05 95% Cl,
0.97 to 1.14; p = 0.19). However, there was
significant heterogeneity noted in the results
(12: 89%).

Effectiveness of Remote TB DOT versus Conventional TB DOT [
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Sensitivity Analysis

A sensitivity analysis was done to try to re-
move the source of heterogeneity for treat-
ment completion (Figure 6). The exclusion of
one study (Xujun Guo) significantly reduced
the heterogeneity of the remaining studies
(1.02,95% Cl,0.99, 1.04, 12: 0%).

Secondary Outcome/s: Treatment Adherence
and Treatment Cost

Treatment Adherence (No. of Patients with at

least 80% Adherence)

Two studies (Table 3) have shown that the
population of patients enrolled in remote DOT
resulted in better treatment adherence with
less missed doses as opposed to conventional
DOT.

vDOT In-Person TBDOT Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI ABCDEF
{CS} Chuck 2015 47 49 260 267 24.3% 0.99 [0.93, 1.05] . eee
(€S Xujun Guo 2020 235 235 131 156 23.1% 1.21[1.12, 1.30] — eee
(RCT) Peng Guo 2019 185 203 181 0z 26.3% 1.02 [0.97, 1.086] - @ eéeee
(RCT) Ravenscrofr 2020 85 65 80 93 26.3% 1.03 [0.99, 1.08] T @ eeee
Total (95% CI) 572 720 100.0% 1.05 [0.97, 1.14] e
Total events 562 672
Hewmrogenehy: Tawk = 0.01; ChP = 26.79, df = 3 (P < 0.00001); F = §OX 057 ) ‘Bs 152 155
Test for overall effect: Z = 1.30 (P = 0.18) Favours In-Person TEDOT Favours VDOT
Risk of bias legend
(A) Allocation concealment (selection bias)
(B) Blinding of participants and personnel (performance bias)
(C) Blinding of outcome assessment {detection bias)
(D) Incomplete outcome data (attrition bias)
(E) Selective reporting (reporting bias)
(F) Other bias
Figure 4. Remote DOT vs In-Person TB DOT: Treatment Completion

vDOT In-Person TEDOT Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF
{CS) Chuck 2015 a7 49 260 267 20.0% 0.98 [0.93, 1.05] —=— [T1]
{C$ Xulun Guo 2020 235 235 131 156 0.0 1.21[1.12, 1.30] eee
{RCT) Peng Guo 2019 195 203 191 20z 397 1.02 [0.97, 1.08] -
{RCT} Ravenscroft 2020 5 85 20 93 40.3x 1.03 [0.99, 1.08] T
Total (95% CI) 337 562 100.0% 1.02 [0.99, 1.04] »
Total events azz 541
Heterogenehy: Taw® = 0.00; ChE = 1.60, df = 2 (P = 0.45); P = 0X B YT iz s

Test for overall effect Z = 1.17 (P = (.24}

Risk of bias legend

(A) Allocation concealment (selection bias)

(B) Blinding of participants and personnel (performance bias)
(C) Blinding of outcome assessment (detection bias)

(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

Favours In-Person TBDOT Favours VDOT

Figure 5. Remote DOT vsIn-Person TB D OT: Treatment Completion Sensitivity Analysis
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Table3.VDOTvs In-Person TB DOT: Treatment
Adherence

Author, Year, VDOT In-Person DOT
Design, n

Ravenscroft 745% 195%

2020 *80% adher-

Moldova ence in any *80% adher-

RCT given two- encein any

N=178 week period given two-
week period

Xujun Guo, 88.9% 313%

2020 *Adherence

China during the *Adherence

CS course of the during the

N=393 treatment. course of the
treatment.

Treatment Cost

Three of the studies (Table 4) took into con-
sideration the average cost of both DOT mo-
dalities which showed that the average cost of
treatment is greater for conventional in-
person TB DOT than for remote TB DOTS
(video/virtual).

Table4.VDOTvs In-Person TB DOT: Treatment Cost

Author, VDOT In-Person DOT

Year, Design,
n
Peng Guo, 343 Yuan 716 Yuan
2019 *amount *amount spent
China spenton eve- | on every ob-
RCT ry observed served treat-
N=405 treatment ment
Ravenscroft | 187 Moldo- 697 Moldovan
2020 van Leu Leu
Moldova *amount *amount spent
RCT spent by pa- by patient over
N=178 tient over 4- 4-month period
month period
Xujun Guo, 53 Yuan (USD | 276 Yuan (USD
2020 7.57) 3994)
China *amount *amount spent
CS spenton eve- | on every ob-
N=393 ry observed served treat-
treatment ment

DISCUSSION

Summary of Findings
There is a limited number of studies
comparing the effectiveness of VDOT versus in
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-person TB DOT. There was no significant
difference in baseline characteristics of pa-
tients included in these studies. Significant
heterogeneity was noted on the outcome of
treatment completion among the studies in-
cluded. Remote TB DOT (Video/Virtual) is
comparable with conventional in-person TB
DOT in the management of drug-susceptible
tuberculosis. Remote TB DOT improved treat-
ment completion, adherence and cost-
effectiveness.

Overall Completeness and Applicability of
Evidence

The strength of this study are the inclu-
sion of RCTs to ensure methodological quality
and that the patients randomized to either
remote DOT or conventional in-person DOT
already have basic knowledge on how DOT is
conducted. Studies regarding remote DOT are
few and thereby limits this study. Also, there
is no uniform reporting of the currencies to
evaluate cost-effectiveness.

Quality of Evidence

The GRADE methodology was used to
assess for the quality of evidence (Table 5).
The strength of evidence is moderate for
treatment completion favoring remote TB
DOT.

Potential Biases in the Review Process

The database search was limited to
studies in English whose full texts were avail-
able online. Also, search was limited to the
three databases previously mentioned.

Agreementsand disagreements or reviews

The findings in this review, comparing
the effectiveness of VDOT versus in-person
DOT, is similar to the systematic review and
meta-analysis done in 2018. The previous
meta-analysis included only two cohort
studies favoring remote TB DOT. With the
addition of RCTs with low risk of bias, the
strength of evidence for treatment comple-
tion is moderate in this review.
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Table5. Strength of Evidence

Feraren et al.

N

Y

taking his meds can potentially improve treat-

Outcome

Strength of Evidence Elements

Summary of Findings

No. of
Studies

Risk of
Bias

Con-
sistency

Direct-
ness

Precision

Publica-
tion Bias

Descrip-
tion of
Effect

Strength
of Evi-
dence

Treat-
ment
Comple-
tion

VDOT=5
72

Low

Incon-
sistent

Direct

Precise

None

Based on
2 RCT

and 2 CS
(n=1292)

Moder-
ate

In-
Person
DOT=72
0

therewas
consider-
able het-
erogen eit
y ofthe
results
(1.0595%
Cl,-0.97
to1.14,
12=89%,
p=0.19).

CONCLUSION

The effectiveness of remote TB DOT
(Video/Virtual) is comparable with conven-
tional in-person TB DOT in the management of
drug-susceptible tuberculosis. Offering a re-
mote TB DOT alternative improved treatment
completion, adherence and cost-effectiveness.
Patient satisfaction surveys conducted by the
proponents of the studies included in this
analysis have also shown that remote TB DOT
is easy, convenient and advantageous to those
enrolled. It is a welcome enhancement of the
DOT program.

Due to the burden of TB in our country
—worsened by challenges in delayed diagnosis
and continued transmission, compounded by
situations such as poverty, lack of transporta-
tion, an ongoing pandemic, frequent weather
disturbances, and calamities that make con-
ventional DOT difficult, it is recommended
that adherence interventions such as remote
TB DOTS should be appropriately exploredand
pilot tested in DOT centers. A significant num-
ber of Filipinos have access to a smartphone
capable of receiving updates/reminders and
videoconferencing. Although the quality of
our internet connections leave a lot to be de-
sired, the bare minimum of sending a video
call to a DOTS worker/observer of a patient

ment adherence and completion in a conven-
ient and cost effective way. DOTS programs
can also send text brigades akin to that of
NDRRMC’s to remind patients to take their
medications and to report any adverse reac-
tion or new symptoms. Based on the experi-
ence and available data of other DOT centers
albeit in first world nations, exploring the pos-
sibility of remote TB DOT in our country shows
promise. Historically, the successes and chal-
lenges of the original DOTS programs were
documented in China and Brazil. Taking into
consideration the feedback of patients and
healthcare workers alike in most DOTS centers
worldwide, policy makers were able to adjust,
revise and improve into the program that we
know today and several adherence interven-
tions are still currently being explored. Filipino
patients are not strangers to technological
advancement. During the COVID-19 pandem-
ic, service patients in government hospitals
were able to communicate with their doctors
and obtain their prescriptions through the
Facebook Messenger platform — a simple, so-
cial messaging application with which millions
of Filipinos have access to. In recent times,
even those in lower economic households
have relied on telecommunications and the
internet to receive important news and an-
nouncements regarding calamities or disas-
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ters, including TB notifications. Important an-
nouncements such as TB notifications necessi-
tate a strong political commitment and alloca-
tion of resources and a working collaboration
between the Department of Health and the
Department of Information and Communica-
tions Technology. The Lung Center of the Phil-
ippines, being the apex center for lung and
chest diseases in this country, can explore the
feasibility of this adherence intervention in its
TB DOTS clinic.

Future research may explore the possi-
bility of using video/virtual means in other
adherence interventions other than actual
observation of medication administration and
monitoring of adverse effects such as the con-
duct of a support group session through video
conferencing (TB DOT equivalent of virtual
asthma club). Providing incentives such as free
cellphone load or mobile data through
platforms like Gcash, reminders and tracers
like text brigades from NDRRMC may also be
explored to see whether these interventions
will result in improved treatment adherence,
treatment completion, more efficient follow-

up, and monitoring of patients.

REFERENCES

1. World Health Organization. Global tu-
berculosis  report 2019. https://
www.who.int/tb/publications/
global_report/en/

2. Centers for Disease Control and Preven-
tion. Tuberculosis: Basic TB Facts.
http://www.cdc.gov/th/topic/basics/

risk.ntm

3. "TB: Join the DOTS." The Economist.
May 20, 1995. P. 89.

4. Joint Effort to Eradicate Tuberculosis
https://archive.is/20130131011911/
http://www.ourjeet.com/generall/
tb_dots.asp

5. Queiroz E, Guanilo M, Ferreira K, et al.
Tuberculosis: Limitations and strengths
of Directly Observed Treatment Short-
Course. Revista latino-americana de
enfermagem. 2012; 20. 369-77.

6. Young JD, Abdel-Massih R, Herchline T,

10.

11.

12.

13.

14.

15.

Feraren et al. ]

et al. Infectious Diseases Society of
America Position Statement on Tele-
health and Telemedicine as Applied to
the Practice of Infectious Diseases, Clin-
ical Infectious Diseases, Volume 68, Is-
sue 9, 1 May 2019, Pages 1437-1443
Health Resources and Services Admin-
istration. Telehealth programs. Availa-
ble at: https://www.hrsa.gov/rurak
health/telehealth/index.html
Implementing an Electronic Directly
Observed Therapy (eDOT) Program: A
Toolkit for Tuberculosis (TB) Programs
https://www.cdc.gov/tb/publications/
pdf/tbedottoolkit.pdf

Chen X, Zhao F, Duanmu, H, et al The
DOTS strategy in China: results and les-
sons after 10 years. Bulletin of the
World Health Organization. 2002; 80
(6):430-6

DeMaio J, Schwartz L, Cooley P, et al.
The Application of Telemedicine Tech-
nology to a Directly Observed Therapy
Program for Tuberculosis: A Pilot Pro-
ject. Clinical Infectious Diseases.
2001;33(12):2082—-2084

Definitions and reporting framework for
Tuberculosis — 2013 Revision: World
Health Organization; 2014.

Alipanah N., Jarlsberg L, Adherence in-
terventions and outcomes of tuberculo-
sis treatment: A systematic review and
meta-analysis of trials and observation-
al studies. PLoS Med. 2018 Jul 3;15
(7):1002595.

Guo P, Qiao W, Sun Y, et al. Telemedi-
cine Technologies and Tuberculosis
Management: A Randomized Controlled
Trial. Telemed J E Health. 2020 Sep;26
(9):1150-1156

Ravenscroft L, Kettle S, Persian R, et al.
Video-observed therapy and medication
adherence for tuberculosis patients:
randomised controlled trial in Moldova.
Eur Respir J. 2020 Aug 6;56
(2):2000493.

Guo X, Yang Y, Takiff H, et al. A Compre-
hensive App That Improves Tuberculo-
sis Treatment Management Through

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



16.

Effectiveness of Remote TB DOT versus Conventional TB DOT [ Feraren et al.

Video-Observed  Therapy:  Usability
Study. JMIR mHealth and uHealth.
2020. 8.e17658.10.2196/17658.

Chuck C, Robinson E, Macaraig M, et al.
Enhancing management of tuberculosis
treatment with video directly observed
therapy in New York City. Int J Tuberc
Lung Dis. 2016;20(5):588-93

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



Philippine Journal of Chest Diseases [ Case Series ]

Airway Pressure Release Ventilation as Rescue
Ventilatory Strategy for Refractory Acute
Respiratory Distress Syndrome of Patients with
COVID-19: A Case Series

Marian Dimabuyu, MD and Rachel Lee Chua, MD, FPCCP
Cardinal Santos Medical Center, San Juan City, Metro Manila, Philippines
Corresponding Author: Dr. Marian Dimabuyu (marian_711@yahoo.com)

PAPER PRESENTED IN THE FOLLOWING: 2020-2021 Philippine College of Chest Physicians (PCCP)
Research Contest for Meta-Analysis and Case Report Categories (Consolation Prize Winner); and Poster
Presentation at 41st Korean Society of Critical Care Medicine-Acute Critical Care Conference 2021 Joint
Scientific Congress of the KSCCM and JSCI

ABSTRACT

BACKGROUND: Tuberculosis One of the devastating consequences of COVID-19 is severe pneumonia
leading to acute respiratory distress syndrome (ARDS). The standard of care is low tidal volume,
individualized positive end-expiratory pressure (PEEP) and prone positioning. Question remains
what can still be done for persistent hypoxemia due to refractory ARDS despite utilizing low tidal
volume and optimal PEEP titration and if lack of manpower hinders us to do proning.

OBJECTIVE: To evaluate our experience and the feasibility of applying APRV as rescue ventilation
and to present the challenges in the management of patients, including how to initiate, titrate and
wean patients from APRV.

METHODS: We collected data of all adult patients admitted for critical COVID-19 pneumonia in
ARDS who were ventilated using APRV and successfully weaned from March to November 2020.
Data from these patients regarding baseline clinical status, initial APRV settings, their reported sub-
sequent clinical course, and any recorded episodes of hemodynamic instability or adverse events
attributable to the use of APRV were collected from each patient’s health records.

RESULTS: Oxygenation markedly improved in patients managed with APRV. Most common effect
noted was development of hypercapnia in all 4 cases due to prolonged inspiratory time
(Thigh), hence ventilator settings were modified accordingly. There were no episodes of hemody-
namic instability or major adverse events recorded. No one required neuromuscular blockade.

CONCLUSION: Although APRV may be useful in oxygenating COVID-19 patients, we still strongly rec-
ommend adhering to evidence-based management as suggested by international guidelines for
ARDS before commencing APRV for severe hypoxemia where possible. Future research should aim
to clarify which specific subgroups of patients, if any, would benefit from the use of APRV.

KEYWORDS: COVID-19, Acute Respiratory Distress Syndrome, Airway Pressure Release Ventilation

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



APRYV as Rescue Ventilatory Strategy for ARDS Patients with COVID-19 [ Dimabuyu and Chua ]

INTRODUCTION
One of the devastating consequences of

COVID-19 is severe pneumonia leading to
ARDS. ARDS as defined by the Berlin Criteria is
an acute hypoxemic respiratory failure follow-
ing an acute event, such as a respiratory viral
infection, that presents as bilateral pulmonary
infiltrates on lung imaging in the absence of a
purely cardiogenic or hydrostatic etiology.*

The pathophysiology of ARDS results
from an acute systemic inflammatory re-
sponse affecting the lung’s gas exchange sur-
face, the alveolar-capillary membrane. In-
creased permeability of the membrane associ-
ated with the recruitment of neutrophils and
other mediators of acute inflammation into
the airspace manifests as high permeability
pulmonary edema. The resulting acute inflam-
matory exudate inactivates surfactant leading
to collapse and consolidation of distal airspac-
es with progressive loss of the lung’s gas ex-
change surface area. This would be compen-
sated for by hypoxic pulmonary vasocon-
striction thereby allowing deoxygenated blood
to cross unventilated lung units on its way to
the left heart. This could lead to profound hy-
poxemia and eventually type 2 respiratory
failure as hyperventilation fails to keep pace
with carbon dioxide production.’”

Management of ARDS is mainly sup-
portive. Where mechanical ventilation is re-
quired, the use of low tidal volumes (<6 ml/kg
ideal body weight) and airway pressures
(plateau pressure <30 c¢cmH,0) was recom-
mended. For patients with moderate/severe
ARDS, prone positioning was recommended
for at least 12 hours per day. By contrast, high
frequency oscillation was not recommended
and it was suggested that inhaled nitric oxide
is not used. The use of a conservative fluid
management strategy was suggested for all
patients, whereas mechanical ventilation with
high PEEP and the use of the neuromuscular
blocking agent, cisatracurium, for 48 hours
was suggested for patients with ARDS with
ratio of arterial oxygen partial pressure to
fractional inspired oxygen (PF) ratios less than

or equal to 27 and 20 kPa, respectively.*

Prone positioning leads to a relief of
severe hypoxemia due to reduction of overin-
flated lung areas, promotion of alveolar re-
cruitment and decrease in ventilation/
perfusion mismatch. The Proning Severe ARDS
Patients (PROSEVA) trial, performed by Guerin
et al. demonstrated a significant decrease in
28-day and 90-day mortality in patients with
severe ARDS.” The main obstacle continues to
be its implementation and generalization
among each institution. Trained and qualified
nursing and respiratory therapists are the
most important factor to obtain successful
results, as severe life-threatening events may
occur at any given time (i.e., self-extubation,
hemodynamic instability, lack of adequate
sedation, pressure ulcers). Lack of manpower
hinders us to do proning especially if the pa-
tient is obese.

COVID-19 has been known to be a het-
erogenous syndrome with reports of dichoto-
mized L and H phenotypes: (1) Type L which is
characterized by low elastance, low ventila-
tion-to-perfusion ratio, low lung weight and
low recruitability and (2) Type H which is char-
acterized by high elastance, high right-to-left
shunt, high lung weight and high recruitability.
Despite falling in most of the circumstances
under the Berlin definition of ARDS, whose
distinctive features are severe hypoxemia
often associated with near normal respiratory
system compliance, some COVID-19 patients
may exhibit profound hypoxia with relatively
little dyspnea—*“happy hypoxics.” This raises
numerous questions about the pathophysiolo-
gy and treatment implications including venti-
latory strategies.®” Question remains what
can we still do for persistent hypoxemia due
to refractory ARDS. Various modes can be
used, but there is increased interest in using
APRV, which is a special mode characterized
by two levels of pressure that invert by in-
creasing inspiratory time.

APRV was originally described in 1987
by Downs and Stock as a means to oxygenate
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the lungs. It prevents significant fluctuations in
airway pressure (Paw) and thus is thought to
decrease the risk of barotrauma.

The application of continuous positive
airway pressure (CPAP/Ppg,) for a prolonged
time (Thig) Maintains adequate lung volume
and alveolar recruitment. This results in per-
sistent application of elevated mean airway
pressure (MAP). This elevated MAP allows
almost constant lung recruitment (open-lung
approach) at lower peak and plateau pres-
sures, in contrast to conventional invasive
ventilation, in which a briefer period of re-
cruitment is used followed by PEEP to prevent
alveolar collapse. There is a time-cycled re-
lease phase to a lower set of pressure (Piow)
for a short period of time (T, or release time)
where most of ventilation and carbon dioxide
(CO;) removal occurs. A patient is able to
maintain spontaneous breathing throughout
this mode and is not constrained by the tradi-
tional forms of ventilation, which can lead to
dyssynchrony and a need for sedation. If the
patient has no spontaneous respiratory effort,
APRV becomes typical of inverse ratio where-
by inspiratory time is longer than expiration.®?
This concept was illustrated by Yoshida in a
retrospective analysis of 18 patients with
ARDS. Patients who received APRV were
found to have more dramatic improvements
at follow up in Pa02/Fi02 (PF) ratio and per-
centage gainsin lung aeration. Similar findings
of improved oxygenation have been demon-
strated in additional small retrospective se-
ries, although it should be noted that the ma-
jority of publications evaluating APRV versus
conventional ventilation illustrates that oxy-
genation between the two modes is largely
similar, albeit with the benefit of lower peak
airway pressures. Only one trial has compared
APRV with conventional low tidal volume ven-
tilation for patients with ARDS. The single-
centered, open-label study showed an in-
crease in ventilator-free days with APRV but
no mortality benefit.®%*°

A retrospective analysis was done by
Mahmoud et al. involving 60 patients with

CoVID-19 who developed refracto-
ry hypoxemia (PaO2/FIO2 ratio (P/F ratio)
<200) while on mechanical ventilation and
were treated with a trial of APRV for at least 8
hours. They found that APRV significantly im-
proved the P/F ratio and decreased the FiO2
requirements. There was an increase in tidal
volume per predicted body weight and de-
crease in total minute ventilation during the
APRYV trial. In their multivariate analysis, high-
er inspiratory rate and airway pressure were
also seen.!* Another single-centered, retro-
spective, observational study with 14 COVID-
19 ARDS patients underwent mechanical ven-
tilation with APRV showed significant improve-
ment in oxygenation with an increase in mean
P/F ratio from 62 to 110 after initiating APRV.
It also showed an increase in the mean airway
pressures ranging from 25-35 cmH,0 as com-
pared to a range of 18-26 cmH,0 but no sig-
nificant changes in peak airway pressures. Tid-
al volumes ranged from 5.4 -13.2 ml/kg. There
was also a 41% decrease in vasopressor re-
quirements with no significant changes in se-
dation and analgesic requirements.*

In this case series, we report the story
of four patients hospitalized in our institution
with refractory ARDS secondary to COVID-19
who utilized APRV and successfully weaned
from mechanical ventilators.

METHODS

We reviewed the cases of all adult pa-
tients admitted for critical COVID-19 pneumo-
nia in ARDS at Cardinal Santos Medical Center
who were ventilated using APRV and success-
fully weaned from March 2020 to November
2020. APRV was delivered using the Draeger
Infinity ¢500. We collected data on the pa-
tients’ health records, specifically, their base-
line clinical status, initial APRV settings, re-
ported subsequent clinical course, and any
recorded episodes of hemodynamic instabil-
ity, air leaks or adverse events attributable to
the use of APRV.

RESULTS
Out of the sixty-four invasively mechan-
ically ventilated patients in our institution be-
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tween March 2020 to November 2020, there
were four patients who were ventilated using
APRV and successfully weaned.

APRV was initiated primarily due to re-
fractory hypoxemia despite low tidal volume
and optimal PEEP titration while on assist con-
trol (AC) mode. Ventilator asynchrony was
also reported while on AC mode, hence they
were on sedation but no paralysis was done.
These cases were described in detail and sum-
marized in Supplementary Table 1 (http://
philchest.org/publications/
Supplementary_Table_Manuscrip22.pdf
).

Case 1 (Male): He was admitted at day 6 of
illness. Respiratory status deteriorated at day
10 of iliness despite treatment. High flow na-
sal cannula (HFNC) was initially started withan
increasing oxygen requirement up to 100%.
He was subsequently intubated and AC mode
was initiated. He was transitioned to APRV
due to refractory hypoxemia and O2 satura-
tion going down as low as 75%. Following 2
hours of APRV, his FiO2 requirements im-
proved from 1.0 to 0.6 and was weaned fur-
ther after 10 days. He tolerated APRV well and
sedation was discontinued after 2 days on
APRV. APRV was shifted to CPAP and extubat-
ed after 4 days and hooked to HFNC.

Case 2 (Female): She was admitted at day 4 of
illness and intubated at day 8 of illness. She
was initially set on AC mode and to be extu-
bated after 6 days but after 48 hours, she de-
veloped respiratory acidosis. She was reintu-
bated for respiratory failure secondary to
bacterial infection. She was initially set on AC
mode for 2 days to resolve the respiratory
acidosis then switched to APRV due to refrac-
tory hypoxemia. She remained ventilator de-
pendent for a prolonged period, hence under-
went tracheostomy. APRV was applied for 11
days. After which, she was shifted to synchro-
nized intermittent mandatory ventilation
(SIMV) mode then CPAP prior to liberation to
mechanical ventilator.

Case 3 (Male): He was admitted at day 7 of
illness and hooked to HFNC and eventually
reaching up to FiO2 100% after 4 days. There
was a note of persistent desaturation and was
intubated. He was initially set at AC mode but
due to refractory hypoxemia, he was switched
to APRV mode. Ventilation subsequently im-
proved following APRV. He was transitioned to
SIMV after 14 days of APRV then shifted to
CPAP and successfully extubated 5 days later
and hooked to HFNC.

Case 4 (Male). He was admitted last week of
March 2020 where tocilizumab, convalescent
plasma and hemoperfusion were not yet avail-
able at that time in our institution. He re-
mained on APRV for 13 days and was switched
to SIMV mode then T piece and eventually
extubated after.

DISCUSSION

COVID-19 depends on the interaction of
the following factors: the severity of the infec-
tion, the host response, physiological reserve
and comorbidities, and the ventilatory respon-
siveness of the patient to hypoxemia. In this
case series, oxygenation has markedly im-
proved in our patients managed with APRV
even after an hour. Repeat chest radiograph
also showed a decrease in haziness on bilat-
eral lung fields. Most common effect noted
was development of hypercapnia (pCO2 range
of 48-65 mmHg with pH >7.3) in all 4 cases
due to prolonged Thg, hence, ventilator
settings were modified accordingly. There
were no recorded episodes of hemodynamic
instability, episodes of air leaks or major ad-
verse events attributable tothe use of APRV in
any of the four cases. No one required neuro-
muscular blockade.

Patientswith  COVID-19 and  se-
vere hypoxemia have a highin-hospital mor-
tality. APRV may benefit these patients as it
maximizes alveolar recruitment resulting in
improved oxygenation, alveo-
larventilationand CO2 clearance. These
effects are more pronounced for increase in
tidal volume, higher airway pressure and in-
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spiratory to expiratory ( IE) ratio. **

In contrast to conventional mechanical
ventilator settings, the time spent at the high-
er pressure is generally 80-90% of the respira-
tory cycle in APRV. Alveolar collapse is typical-
ly prevented by keeping the time at the lower
pressure very brief rather than by providing
high positive end expiratory pressure. The
higher CPAP level is known as Phigh and the
lower pressure level as Plow. The time spent
at high and low pressure is known as Thigh
and Tlow, respectively.13 There are 5 key pa-
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Figure 1. Key parameters in APRV Completion

Flions

rameters to set in APRV14 (Figure 1):

1.Phigh: Phign Can be considered the target plat-
eau pressure. Pngn determines the mean
airway pressure and the driving pressure of
the released breath, depending on the de-
gree of intrinsic PEEP. Excessive Ppig, can
lead to alveolar overdistention and impair
hemodynamics causing cor pulmonale. If
Phign is too low, the patient may suffer from
atelectrauma, increased work of breathing
or derecruitment and hypoxemia.

2.Thign: Thign is the duration of time spent at
Phign and is the driving factor for the respira-
tory rate. If the T is too short, derecruit-
ment and hypoxemia can occur. If Tpg, is
too long, the respiratory rate will decrease
leading to hypercapnia.

3.Piow: Pow is the target pressure during the
release phase. P, is generally set at zeroto
maximize peak expiratory flow rate. Howev-
er, a P,y of 0 cm H20 is never reached dur-

ing expiration, if the T, is sufficiently brief,
generating intrinsic PEEP to stabilize the
open lung. The exhaled tidal volume is de-
termined by the pressure gradient between
the Ppign and P,y as well as the duration of
Tlow-

4.Tow: Tiow is the time spent at Py, and is criti-
cal to control end-expiratory lung volume. It
is very important to avoid setting a T, that
is too long, as it will lead to alveolar col-
lapse, causing ventilator-induced lung injury
via atelectrauma from repeated opening
and closing of alveoli during each tidal
breath. Conversely, if the Ty, is too short,
the volume of the release breath will not be
adequate to clear CO,.

5.Fi02: Fraction of inspired oxygen titrated to
a target saturation of 88-94%.

When initiating APRV for hypoxemic
respiratory failure, one method is to set the
Phign at approximately the plateau pressure on
conventional MV. Plateau pressure is the best
clinical estimate of the average alveolar pres-
sure. The Phign should then be increased as
necessary in order to allow the FiO2 to be
weaned to a less toxic level (a cutoff of 0.6 is
often used). Our practice has been to keep the
Pow at zero, as described by Frawley and Ha-
bashi, which facilitates maximum acceleration
of expiratory gas flow and minimizes the time
required for release ventilation.’> We usually
begin with a Tygn of 3.5— 5.5 sec. The long Thign
maintains the Paw and hence alveolar recruit-
ment. The appropriate T, depends on the
expiratory time constants of the lungs. An op-
timal release time allows for adequate ventila-
tion while minimizing lung volume loss. A
short release time should impede complete
exhalation in the slower compartments (i.e.,
areas of high compliance or resistance to ex-
halation) and generate regional intrinsic PEEP.
Theoretically, this will enhance alveolar re-
cruitment. Our practice is to adjust the Ty
until the patient’s expiratory flow during the
release phase reaches approximately 50-75%
of its peak value. Short cut method is to adjust
the T-low to target a dumping breath volume
of approximately 6-8 cc/kg. For patients who
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Titration

of APRV

According to respiratory mechanics, ventilation parameters, arterial blood gas

analysis, hemodynamic parameters.

L
Hypercapnia
Y
(1) Ensure patient is not over sedated and achieve the SV level.
(2) Increase release volume:
@. Increase AP (Phigh-Plow):
a. Increase Phigh by 1- 2emH;0 per increment
(max30cmH;0);
b. Decrease Plow by 1-2emH,0 as necessary;
@. Prolong Ty 0.05-0.1s, to 50% of PEFR.
(3) Improve release minute ventilation by increasing release
frequency:
Increase release frequency by 1-2 rate per increment
(Max 30 frequencies/minute)
Severe hypercapnia (PH<7.2, PaCO:>60mmHg)
Increase /AP simultaneously increase release frequency
(4) If hypercapnia is not responsive to all the above adjustments,

APRV was transmitted to other treatment.

Figure 2. Titration of APRV

are actively breathing on the ventilator, this
may be the only possible method to use.*®’

Figure 2 shows the algorithm for ti-
trating or troubleshooting common problems
using APRV as adopted from Zhou et al.*® In
our institution, there were 12 other patients
who were ventilated using AC mode but de-
veloped persistent hypoxemia despite low
tidal volume and optimal PEEP titration hence
shifted to APRV. However, eight patients died
and the other 4 patients reverted back to AC
mode due to respiratory acidosis (pH <7.3,
pCO2 >70).

Permissive hypercapnia during mechan-
ical ventilation is a strategy that has been
widely adopted to facilitate the benefits of
lung-protective ventilation. The degree of hy-

Hypoxemia

Y
(1

—

Increase Phigh by 1-2emH;0 per increment (max
30cmH,0);

2

—

Without CO; retention, prolong Thigh:

@ Decrease Tigy 0.05-0.15, (minimal 7);

@ Increase Plow by 1-2cmH»0 as necessary;
@Decrease release frequency by 1-2 rate per decrement;
(3) Combine recruitment maneuver or prone potion;

(4) With severe CO; retention, improve minute ventilation;

(5

—

Ensure the sedation and SV target level;

(6) Increase FiOy;

-

(7) Ifhypoxemia is not responsive to all the above adjustments,

APRV was transmitted to other treatment.

percapnia and respiratory acidosis tolerated
by each patient will differ, and although we
have recommended a value of pH >7.25 or
7.3, many patients tolerate further decreases
in pH to >7.2. Conversely, other groups of pa-
tients will not tolerate even moderate degrees
of hypercapnia, particularly in neurocritical
care, those with coronary artery disease, con-
gestive cardiac failure, arrhythmias, pulmo-
nary hypertension, right ventricular dysfunc-
tion and significant hypovolemia.*® 8

One method of weaning on APRV is the
“drop and stretch technique.” Ppg, was de-
creased in increments of 2 cm and T, Was
prolonged by increments of 0.5-2 seconds.
This may be done every 4-8 hours as tolerat-
ed. This was continued until the patient was
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weaned down to a Pyjg, of ~16 orl8 cm and a
Thign of more than 8-10 seconds. The Thigh is
lengthened and the Py, is lowered in a step-
wise fashion, thus allowing a slow, controlled
wean of Paw, until a low enough level of CPAP
(no release phase) is reached from which the
patient can be extubated. Lengthening the
Thigh in this fashion is usually only tolerated
wklwsn the patient is breathing spontaneous-
ly.

Increased intrathoracic pressure as a
result of mechanical ventilation has many
effects on the heart, both positive and nega-
tive. The negative effects are well known: de-
creased venous return to the right side of the
heart, increased afterload, and increased pul-
monary vascular resistance (which can be cat-
astrophic in patients with right heart failure).
However, the positive effects are often ne-
glected: high intrathoracic pressure decreases
the transmural left ventricular pressure there-
by reducing the work of contraction and in-
creasing cardiac output. In the context of hy-
poxemia, a mode of mechanical ventilation
that improves arterial oxygenation will im-
prove myocardial oxygen delivery, myocardial
function, and cardiac output. As APRV is a
spontaneous breathing mode, in addition to
the benefits of spontaneous ventilation, re-
duced doses of sedative drugs can often be
used, with subsequent reduction of require-
ment for vasoactive drugs and improvement
in hemodynamic state.** %

Critics of APRV argue that spontaneous
breathing during Thig can cause high local
transpulmonary pressures and tachypnea,
especially in the context of heterogeneous
lung disease, which in turn may increase the
risk of patient self-inflicted lung injury. They
also warn that occult atelectrauma still occurs
with APRV, as T\, times longer than 0.2 sec-
onds could still result in collapse of injured
alveoli, and many ventilators are unable to
provide Tjo, times this short.**

One group of patients who
might not benefit from APRV are patients with

substantial obstructive lung disease (e.g.,
COPD or asthma). Such patients tend to accu-
mulate excessive intra-thoracic pressures
(autoPEEP) with any ventilator mode. APRV
could potentially exacerbate this. APRV may
be used cautiously in patients with mild or
moderate obstructive lung disease, with the
understanding that patients may require unu-
sually long Tow and that careful monitoring is
required to ensure adequate ventilation.*?

Improvement in P/F ratio and vasopres-
sor requirements was noted after the initia-
tion of APRV in COVID-19 patients. However,
patients on APRV had higher release volumes
and mean airway pressures. Longer duration
of APRV was associated with the incidence of
barotrauma and volutrauma related complica-
tions like pneumothorax, pneumomediasti-
num and subcutaneous emphysema with
higher mortality rate (52% vs 85.7%).** Chi-
umello et al. demonstrated that venous ad-
mixture and PaO,/FiO, were not correlated to
the fraction of non-aerated lung, suggesting a
different mechanism of hypoxemia in their
patients with COVID-19 pneumonia. The se-
verity of hypoxemia appeared to be out of
proportion to the impairment in lung mechan-
ics. This conclusion agreed with the pathologi-
cal findings revealing unusual involvement of
the pulmonary microvasculature and associat-
ed coagulopathy.??

APRV may be considered in the course
of intubated COVID-19 patients with severe
ARDS, in order to provide adequate alveolar
recruitment. The application of APRV contin-
ues to be limited, given that many providers
are not familiar with this ventilation mode or
its titration methodology, stemming from a
lack of commonly accepted APRV protocols.
The marked heterogeneity in APRV settings
prohibits prospective evidence from a RCT and
accurate meta-analyses of their outcomes.

CONCLUSION

When contemplating the heterogene-
ous nature of respiratory failure in critically ill
COVID-19 patients, it is probable that one
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mode of ventilation does not provide opti-
mum support for every patient with respect to
gas exchange or survival. In this paper, we
have summarized the rationale for and against
the use of APRV and explained how APRV can
be initiated, titrated and weaned. While APRV
has an attractive theoretical basis, there are
no large multi-center RCTs supporting its use.
Future research should aim to clarify which
specific subgroups of patients, if any, would
benefit from the use of APRV. Therefore, alt-
hough APRV may be useful for oxygenating
COVID-19 patients, judgment should be re-
served when considering its use until it
achieves the level of scientific evidence to im-
prove outcomes in this challenging patient
population.

LIMITATIONS

The limitations of our study are as fol-
lows (1) it is a case series with a large poten-
tial for bias; (2) there was no defined protocol
for initiation of APRV or for consequent venti-
lator management as well as non uniform
management for COVID-19 patients at that
time; and, (3) patients included in this case
series were also relatively young.

RECOMMENDATIONS

We strongly recommend adherence to 8.

evidence-based management as suggested by
international guidelines for ARDS which in-
cludes lung-protective mechanical ventilation,
individualized PEEP and prone positioning be-
fore commencing APRV for severe hypoxemia
in ARDS. Safety and efficacy needs to be es-
tablished by a large prospective observational
trial or a randomized controlled trial.
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ERRATUM

Erratum to “Effect of a Chronic Obstructive Pulmonary Disease Discharge Bundle on Re-
Admission Outcomes”. Philippine Journal of Chest Diseases Vol. 20 No. 1, January-June 2022,
Pages 28-36.

Maria Katrina R. Rivera, MD, FPCCP and Evelyn Victoria E. Reside, MD, FPCCP

On page 28, the hospital affiliation of the authors was written incorrectly and should read as
“The Medical City, Pasig City, Metro Manila, Philippines”.

The publisher would like to apologize for any inconvenience caused.

In addition, the authors would like to declare that the paper was presented in the following
conference: Asian Pacific Society of Respirology Congress (November 2019).
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