Case Report

COVID-19 progression, frailty, and use of prolonged
continuous positive airway pressure as a ward-based
treatment: Lessons to be learnt from a case
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ABSTRACT

Coronavirus disease 19 (COVID-19) poses the greatest public health threat in 100 years, with cases rising rapidly in many
countries around the world. We report a case of a 78-year-old female who exhibited a biphasic course of COVID-19;
showing initial clinical improvement followed by deterioration before making a full recovery. The patient was managed
with prolonged continuous positive airway pressure (CPAP) and supportive care. In total, 24 days of treatment with
CPAP was administered. We emphasize the role of CPAP in the management of severely hypoxemic patients who are
inappropriate for mechanical ventilation and describe the role of adequate nutrition and hydration for such patients.
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INTRODUCTION

Coronavirus disease 19 (COVID-19) has evolved into an
international public health crisis. As of June 30, 2020,
there were over 10.5 million reported cases and >510,000
deaths worldwide. Several countries, including the
United Kingdom (UK), are now past the first peak of
the crisis and it is vital that lessons can be learned for
future surges and for nations approaching their first peak.
India is currently among the 5 most-affected countries
internationally and cases are continuing to rise; >20,000
new cases are being reported daily and total numbers are
approaching a million.™"?*

Although most people with COVID-19 have a mild disease,
others require hospitalization and a small but important
minority will develop organ failure.! A small proportion of
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patients experience a “biphasic” course in their condition,
characterized by initial improvement before deterioration.
It has been suggested that this may result from an aberrant
inflammatory response or “cytokine storm” in the later
phase of the illness.*

Continuous positive airway pressure (CPAP) is a
noninvasive form of positive airway pressure ventilation.
It delivers a constant pressure throughout the respiratory
cycle, preventing small airway collapse and allowing
patient-initiated breaths to recruit more lung capacity.”
CPAP was initially used in COVID-19 with circumspection
due to poor evidence in the management of acute respiratory
distress syndrome (ARDS) and pneumonia.® However,
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awaiting robust published evidence, it is increasingly
acknowledged as having an important role in the
management of hypoxemic respiratory failure caused by
COVID-19.17#

We report a case not deemed fit for invasive mechanical
ventilation, successfully managed on a respiratory ward
with prolonged use of CPAP. Our case also conveys the
“biphasic” nature of the disease as well as how biochemical
markers may reflect this. We also emphasize the role of
adequate nutrition and hydration.

CASE REPORT

A 78-year-old female ex-smoker was admitted with
an 8-day history of nonproductive cough, fever, and
worsening malaise. Prior to admission, she required help
with high-order activities of daily living, such as heavy
housework; she was relatively independent with activities
of daily living, receiving some support from her family
for the same, but she rarely left her house. This put her
in the category of “mildly frail” on the Clinical Frailty
Scale 5. Her past medical history included hypertension,
chronic obstructive pulmonary disease (COPD), and
diet-controlled diabetes mellitus-type 2. Her vital signs
following initial assessment were: Heart rate 94/min,
blood pressure 104/71 mmHg, respiratory rate 19/min,
temperature 36.2° C and oxygen saturation 92% on 6 L
02 delivered through nasal cannula. Her laboratory
results revealed: White cell count 3.4 X 10 9/L (normal
range: 4.0-11.0 X 10%L), neutrophils 2.43 x 10 9/L (2.0-
7.7), lymphocyte 0.82 X 10 9/L (0.8-3.4), C-reactive
protein (CRP) 100 mg/L (0-8), urea 4.7 mmol/L (3.0-7.6),
and creatinine of 62 umol/L (65-114). Chest X-ray (CXR)
showed bilateral infiltrates that were most apparent in the
left middle and right lower zones [Figure 1a].

She was initially managed as suspected COVID-19
pneumonia with an exacerbation of COPD. On day-3 of
admission she deteriorated significantly; she became
cyanosed and tachypnoeic at 30 breaths per minute
and 15 L/min oxygen via a mask with a reservoir bag
was required to achieve oxygen saturation of 90%.
Molecular testing confirmed the presence of severe acute
respiratory syndrome coronavirus 2 on nasopharyngeal
swab, confirming the diagnosis of COVID-19 pneumonia.
Arterial blood gas analysis on 15 L/min oxygen via a mask
with a reservoir bag showed: pH 7.49, pC02-4.9 kPa, and
pO2-4.2 kPa, in keeping with severe lung injury. She was
commenced on CPAP of 10 cm H20 with 60% fraction of
inspired oxygen (FiO2). Following initiation of CPAP, she
improved symptomatically with reduction in respiratory
rate and achieved saturations at 92% on 60% FiO2. The
CPAP management strategy was to titrate pressures up
to a maximum of 15 cm H20 with an aim to keep FiO2
requirements to 60% or less, as far as possible, with target
saturation of 88%-92%.1% A do-not-attempt resuscitation
order was placed and agreed with the family, which
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included the decision that the patient would not be suitable
for invasive ventilation through an endotracheal tube; this
was based on the patient’s premorbid functional status
and perceived poor prognosis with these interventions.

On day 4 of the admission, her oxygen requirements
increased to an Fio2 of 90%, and she was CPAP
dependent on 15 cm H20, rapidly desaturating when it
was removed. A nasogastric (NG) tube was inserted to
maintain both nutrition and hydration. A repeat CXR
showed worsening consolidation in both lungs consistent
with worsening COVID-19 pneumonia [Figure 1b]. Rising
inflammatory markers prompted the initiation of empirical
antibiotics (Moxifloxacin) to cover possible secondary
bacterial infection [Figure 2]. The patient’s condition
initially stabilized; by day 10, she was weaned to overnight
CPAP only, maintaining adequate oxygen saturation on
2 L/min of oxygen delivered through nasal cannula and
the feeding NG-tube was removed.

Despite initial improvement, she experienced a second
phase of clinical deterioration on day 12 (20 days
from onset of symptoms) with worsening respiratory
parameters (respiratory rate 37 and oxygen saturations
falling to 86% on 5 L/min oxygen through nasal cannulae).
CPAP was recommenced with titration of pressure
and FiO2 as earlier described. A feeding NG-tube was
reinserted. A repeat CXR [Figure 1c] showed worsening
infiltrates bilaterally, suggestive of ARDS and there was
a concomitant rise in CRP levels [Figure 2]. Along with
raised CRP levels, interleukin-6 levels were raised at
50.1 pg/mL (0-7), ferritin levels were 302 ug/L and D-dimer
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Figure 1: Serial chest X-rays showing the evolution characteristics
changes in our patient. (a) Day 4: Showing the early bilateral infiltrates
and positioning of the nasogastric tube. (b) Day 10: Worsening of the
bilateral infiltrates (c) Day 15: Extensive bilateral infiltrates in keeping
with a picture suggestive of ARDS. (d) Day 29: Chest X-ray prior to
discharge demonstrating significant improvement in the previously
seen infiltrates
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4236 ng/mL. Although the clinical picture was in keeping
with worsening COVID-19, empirical antibiotic therapy
with piperacillin-tazobactam was restarted to cover
for hospital-acquired pneumonia. However, multiple
sputum and blood cultures did not demonstrate growth
of pathogens. The patient slowly improved and was again
weaned from CPAP with this being discontinued on day
27 of admission, completing 24 days of CPAP treatment in
total. Clinical improvement was reflected in the decline of
CRP levels to 11 mg/L from a high of 314 mg/L. Interleukin-6
levels also decreased to 14.2 pg/ml. She was discharged
after 30 days of treatment for COVID-19 at which time she
no longer required supplementary oxygen and was close
to her normal premorbid state. The progression of our
patient’s clinical observations, CPAP settings, and CRP
levels are summarized in Table 1, supporting the “biphasic”
nature of our patient’s condition.

DISCUSSION

The use of CPAP in hypoxemic COVID-19 patients offers
a low-cost, readily available and non-invasive treatment
option.”?® It has now become the primary modality of
respiratory support in hypoxemic COVID-19 patients in the
UK who are not deemed fit for endotracheal intubation.*”
Despite early apprehension to the use of CPAP, with some
national guidance advising against its use, more recent
data suggest it could be vital in preventing progression
to intubation as well as a ceiling of care in more frail
patients. The ease of production and use of CPAP masks
makes them suitable for temporary “nightingale” wards and
hospitals which have formed an important part of many
countries’ response to the rising number of cases and the
resulting pressure on existing health care resources."?
However, evidence suggests that noninvasive ventilatory
support, such as CPAP, carries the greatest magnitude of
aerosol generation and therefore operators need to wear
appropriate personal protective equipment (PPE) whilst
attending to these patients.3'% Such PPE can be expensive
and countries, including the UK, have encountered
difficulties with supply.

As anoninvasive form of ventilatory support administered
in conscious patients, CPAP can be provided outside the

intensive care unit setting by adequately trained nursing
staff. Continuous monitoring may be helpful; however,
the patient-to-nurse ratio required is less as compared to
an intubated and mechanically ventilated patient on an
intensive care unit. The tolerability of CPAP is variable; in
the unrelated condition of obstructive sleep apnea patients
use CPAP at night, on a regular basis. Our patient tolerated
treatment with CPAP very well and cessation of treatment
with CPAP on the grounds of intolerance or futility was
never considered. Tolerability may depend on the patient’s
and clinician’s perception of efficacy. There are almost no
absolute contraindications to treatment with CPAP and
complications other than intolerance are uncommon.

Our case demonstrates a “biphasic” course that has
been described in early reports on the natural history of
COVID-19. Initial presentation with pyrexia, cough, and
systemic symptoms, is thought to be directly related to
increasing viral load. This first “phase” may be reflected
in the patient’s lymphocyte count, with lymphopenia
potentially attributable to a high viral load.[*® This
is observed in our patient’s lymphocyte count in the
1t week of admission which normalizes early, in keeping
with clinical improvement [Figure 3a], likely reflecting
a reduction in viral load.® The second “phase” of
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Figure 2: Line graph showing the temporal trend of the patient’s
C-reactive protein level (mg/L). Initial C-reactive protein levels are
raised followed by an initial improvement. There is again an increase to
an even higher level, thought to be due to the aberrant host response

Table 1: Some representative measures displaying our patient’s clinical condition aligned with specific days of their

admission

CPAP status Day 1 Day 3 Day 4 Day 10 Day 12 Day 15 Day 19 Day 23 Day 29
No CPAP-6 15cmH,0- 1SemHO- 8cmHO- 8cmH,O- 10ecmH,0- 10cm HO- 10 cm H,O - No CPAP -

L/min O, 60% O,24h 90% O,24h 30% O,24h 30% O,5.5h 40% O,24h 40% O,24h 30% 18 h  Room air

Mean SpO2 (%) 90.8 91.0 91.7 89.5 88.7 84.7 89.8 91.2 92.0

Mean respiratory rate 17.2 22.8 22.7 19.0 19.8 23.8 29.2 22.8 18.4

(breaths per min)

Means NEWS* score 3 3.8 4.5 43 4.2 5.8 5.5 4.5 1.1

CRP (mg/L) 100 N/A 170 98 N/A 314 228 101 11

We can visualize the patient’s progression in a ‘biphasic’ pattern with initial improvement by day 10 after the initial deterioration requiring CPAP. This
was followed by a second deterioration, which peaked by around day 15-19, before an ultimate recovery prior to discharge. *NEWS — A cumulative
score based on the patient’s vital observations, widely used in the UK to monitor patient’s clinical condition, with more points scored for worse
observations."'*! CPAP: C-reactive protein measurements, NEWS: National Early Warning Score, CRP: C-reactive protein
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Figure 3: (a) Line graph representing the patient’s lymphocyte count throughout admission. Conveying an initial lymphopenia, thought to be
associated with a higher viral load, and eventual normalization. Normal range: 0.8—-3.4 x 10°. (b) Line graph demonstrating the patient’s serum
urea concentration throughout admission, which shows a serum level within normal limits throughout admission. Normal range: 3.0—7.6 mmol/L

deterioration is thought to be linked to an aberrant host
response, dubbed the “cytokine storm,” which leads
to the acute inflammatory response within the lung
tissue.l'® Our patient exhibited this with her subsequent
clinical deterioration along with a rise in inflammatory
markers [Figure 2]. The second deterioration of our patient
was more severe than the first; the CPAP and oxygen
requirements were higher; the chest X-ray changes were
more widespread and CRP levels greater compared to
admission. This suggests that the host response is an
important contributor to patient mortality. This actuality
may be a vital factor as to why we have observed positive,
albeit preliminary, data from the RECOVERY trial which
demonstrated a significant reduction in mortality for
patients receiving Dexamethasone in the specific group
of patients requiring supplemental oxygen or ventilatory
support, with a more modest effect in those with milder
illness.” Selective cytokine inhibitors may also have some
benefit in the context of this inflammatory response; there
is some data on the use of tocilizumab, a recombinant
humanized monoclonal antibody to the IL-6 receptor.!*®

Our case highlights the necessity for holistic care of the
COVID-19 patient requiring ventilatory support. Patients
may be more susceptible to nosocomial infection due to
bronchial and alveolar inflammation.[*”! Although our
patient received empirical antimicrobial therapy to cover
possible secondary bacterial infection, the clinical picture
and progressive rather than new discrete infiltrates on
the chest X-ray led us to feel that the worsening was more
likely due to the inflammatory response to COVID-19. By
the time the patient was discharged the chest X-ray was
improving [Figure 1d]. Adequate hydration and nutrition
are vital components of the treatment of COVID-19 patients,
with enteral nutrition believed to be central to supporting
patients with poor oral intake during prolonged periods
of non-invasive respiratory support.* NG feeding is a
cheap, reliable, and easy-to-use technique that can support
patients who require protracted periods of CPAP. It has the
capacity to provide vital nutritional support, especially
in the context of limited access to medical expertise, for
instance in rural India. NG tube insertion also allows the
administration of water into the gastrointestinal tract
helping keep the patient euvolemic without recourse to
intravenous fluids. In our patient, this is reflected in her
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urea measurement throughout admission [Figure 3b].
Adequate fluid balance is essential in COVID-19 patients
as they are prone to acute renal failure, which may increase
the patient’s risk of thrombosis. Although the exact
mechanism is unclear we know that thrombotic events
occur in up to 31% of critically ill COVID-19 patients. "2
A NG-tube may also help in decompressing the stomach,
a possible complication of CPAP.

CONCLUSION

COVID-19 cases are rising rapidly in countries across the
world, including India. Resources to fight this public health
emergency are limited, and it is of utmost importance
that low-cost, reproducible protocols are generated for
hypoxemic patients. Previous articles in Lung India have
mentioned the possible need for make-shift hospitals and
temporary wards.*?¥ We believe that the interventions
that have been used in this case study are suited for large
scale management of critically ill patients. The use of
CPAP masks and nasogastric tubes are relatively low-cost
interventions and do not require extensive training to
implement, making them germane treatment options for
temporary high-dependency units.
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