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Serial biomarker measurements
may be helpful to predict the
successful application of high
flow nasal cannula in COVID-19
pneumonia patients

Reid Ikeda%%**!, Andrew Pham¥?, Guangxiang Zhang?, Jennifer F. Lai?, James Davis* &
Gehan Devendral*

High flow nasal cannula (HFNC) can reduce the need for intubation in patients with coronavirus
disease-19 (COVID-19) pneumonia induced acute hypoxemic respiratory failure (AHRF), but predictors
of HFNC success could be characterized better. C-reactive protein (CRP) and D-dimer are associated
with COVID-19 severity and progression. However, no one has evaluated the use of serial CRP and
D-dimer ratios to predict HFNC success. We retrospectively studied 194 HFNC-treated patients
admitted between August 2020 and October 2022. CRP and D-dimer levels relative to baseline at
HFNC initiation were calculated up to three days thereafter. Intubated and non-intubated patient
comparisons were assessed by the Kruskal-Wallis rank sum test and t-test. Ninety-two patients were
intubated and 102 were not. Median CRP ratios were lower in non-intubated versus intubated patients
(0.69v. 0.96, p=10.050 for Day 1; 0.49 v. 0.61, p=0.028 for Day 2; 0.33 v. 0.64, p=0.008 for Day 3).
D-dimer ratios did not change. CRP ratio monitoring in patients with AHRF due to COVID-19 within
the first three days of HFNC application can serve as an objective adjunctive clinical tool to identify
individuals who can continue to be supported with HFNC without escalating to invasive mechanical
ventilation.
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Patients with coronavirus disease 2019 (COVID-19) pneumonia can develop acute hypoxemic respiratory failure
(AHRF) and acute respiratory distress syndrome'=, a life-threatening pulmonary complication associated
with high mortality®*. Appropriate respiratory support for these patients during their hospital stay is therefore
paramount to minimizing further disease progression and lung injury.

High flow nasal cannula (HFNC) is a respiratory support device that has filled the gap between conventional
oxygen therapy and invasive mechanical ventilation (IMV). HFNC is widely used to manage COVID-19
patients’® and can reduce the need for IMV® which, despite its life-saving potential, may induce lung injury and
have lasting repercussions after discharge’-!?. Conversely, HFNC use may delay intubation and worsen patient
outcomes with acute respiratory failure'!, and prolonged HFNC use prior to IMV has been identified as a risk
factor for mortality in COVID-19-associated respiratory failure!>!3. It would, therefore, be ideal to identify
additional factors which may predict the success of HFNC near the time of initiation.

C-reactive protein (CRP) and D-dimer are routinely measured serum biomarkers whose elevations in
COVID-19 patients are independently associated with adverse outcomes'®. However, few studies have assessed
the predictive value of these biomarkers for successful HFNC management in COVID-19 patients'>~17, and
none, to our knowledge, have evaluated the use of serial biomarker ratios in this respect.

Serial biomarker ratios may correlate with disease activity in a patient’s clinical course and can, therefore,
be more informative in predicting HFNC success than a single measurement. This is particularly true for CRP,
whose circulating levels are determined exclusively by its rate of synthesis in the liver—rising in response to
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the intensity of an inflammatory stimulus and decreasing in a first-order kinetic pattern with the removal of
said stimulus!®. Serial CRP ratios have been used to track the outcome of patients with ventilator-associated!”
and community-acquired?® pneumonia in response to antibiotic therapy with ratios of 0.5 or more associated
with poor outcomes. Similarly, studies with COVID-19 patients have used a 50% decrease in CRP levels within
48-72 h of treatment initiation as a marker of response to immunosuppressive?! and corticosteroid®* therapy.

In this study we evaluated the prognostic utility of serial CRP and D-dimer levels within the first three days of
HENC initiation to predict HENC success in patients with AHRF as a result of COVID-19 pneumonia.

Methods

Study design and participants

This retrospective study reviewed electronic medical records for all consecutive adult (> 18 years of age) patients
managed with HFNC for AHRF due to COVID-19 pneumonia within the Queen’s Medical Health System
between August 2020 and October 2022. The Queen’s Health System consists of three main hospitals serving the
state of Hawai’i: The Queen’s Medical Center (QMC) in urban Honolulu, QMC-West O’ahu, and North Hawai’i
Community Hospital on the Big Island of Hawai’i. During the height of the COVID pandemic, The Queen’s
Health System managed 60% of all COVID-19 related ICU care in the state of Hawai’i. COVID-19 was confirmed
by SARS-CoV-2 detection via real-time reverse transcriptase-polymerase chain reaction from any respiratory
sample. AHRF was confirmed by the admitting physician. Inclusion criteria included HFNC use for at least
six hours and a HFNC protocol in place using the ROX index to guide intubation decisions (see Supplemental
file). Exclusion criteria included (1) a do-not-intubate order, (2) AHRF not primarily due to COVID-19, (3)
HENC use for post-extubation respiratory failure, (4) missing CRP or D-dimer measurements near the time
of HFNC initiation (Day 0), (5) HFNC use for less than six hours, (6) diagnosis of a deep vein thrombosis
(DVT) or pulmonary embolism (PE), and (7) treatment with Tocilizumab or Baricitinib. The QMC institutional
review board approved this study (protocol #RA2021-048) and waived the requirement for informed consent
due to the study’s retrospective design. All methods were carried out in accordance with relevant guidelines and
regulations.

Outcomes

CRP and D-dimer levels relative to baseline were calculated using concentrations from Day 0 and approximately
24 h (Day 1), 48 h (Day 2), and 72 h (Day 3) thereafter. HFNC success was defined as avoidance of endotracheal
intubation and mechanical ventilation. HFNC failure was defined as the need for endotracheal intubation with
mechanical ventilation due to respiratory failure at any point during hospitalization despite management with
HENC, as determined by the discretion of a group of intensivists who used the institution'’s HFNC protocol to
guide intubation decisions (see Supplementary file).

HFNC

Oxygen via HFNC was delivered by one of four sources: Optiflow™ nasal high flow therapy (Fisher & Paykel
Healthcare, Auckland, New Zealand), Airvo™ flow therapy (Fisher & Paykel Healthcare, Auckland, New
Zealand), the Vyaire MaxVenturi Blender with Oxygen Sensor (Vyaire Medical, Mettawa, IL, USA), and the
VOCSN critical care ventilator (React Health, Sarasota, Florida). Each source was applied continuously with a
flow rate of 40 L/min and fraction of inspired oxygen of 1.0 at initiation, then subsequently titrated to maintain
an oxygen saturation of at least 92%.

Data collection

Extracted medical record data included demographics, COVID-19 vaccination status, comorbidities, radiological
findings, time to intubation, admission diagnosis, presenting symptoms and duration on arrival, medications,
and laboratory measurements including serum CRP and D-dimer concentrations at Days 0, 1, 2, and 3.

Statistical analysis

Initial analyses described the study variables. Categorical variables are described by the number and percent of
patients in each category and continuous variables are described by medians with 25th and 75th percentiles. The
study outcomes were changes in CRP and D-dimer levels by day of follow-up relative to the patients’ baseline
values. Percent changes from baseline were calculated for each patient, and the mean percentage change for
each group (intubated and non-intubated) by day were presented along with their 95% confidence intervals. The
statistical significance comparing intubated and non-intubated patients was assessed by the Kruskal-Wallis rank
sum test and by t-tests. For binary variables, statistical significance between groups was tested using Pearson’s
Chi-squared test and Fisher’s exact test (if one or more cells was less than five). Analyses of percent changes from
baseline followed the methodology published by Cui et al.?%. Receiver operating characteristic (ROC) curves
were constructed to assess the performance of biomarker ratios of all three days and included both intubated and
non-intubated patients. A two-sided p-value of <0.05 was considered statistically significant. All analyses were
performed using R version 4.3 (cran.r-project.org).

Results
Of the 432 consecutive patients managed with HFNC for AHRF due to COVID-19 pneumonia between August
2020 and October 2022, 194 were included in the final analyses (Fig. 1).

Of these 194 patients, 47% (n=92) were intubated (HFNC failure) and 53% (n=102) were not (HFNC
success) (Table 1). Patients in the two groups did not differ by age (median 61 v. 59 years, respectively;
p=0.175), gender (66% v. 60% males, respectively; p=0.349), ethnicity, (p=0.316), vaccination rate (18% v.
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Consecutive patients managed with HFNC for AHRF
due to COVID-19 pneumonia

Aug 2020 — Oct 2022

n=432
Excluded (n=238)
Primary reason for exclusion
Do-not-intubate order (n=57)
AHREF not due to COVID-19 pneumonia (n=23; n=7 Intubated; n=16 Non-intubated)
HFNC use for post-extubation respiratory failure (n=24)
Missing C-reactive protein or D-dimer data on Day 0 (n=5; n=5 Intubated; 0=Non-intubated)
HFNC use < 6 h (n=13; n=13 Intubated; n=0 Non-intubated)
Deep vein thrombosis or pulmonary embolism (n=73; n=58 Intubated; n=15 Non-intubated)
Baricitinib use (n=28; n=10 Intubated; n=18 Non-intubated)
Tocilizumab use (n=15; n=10 Intubated; n=5 Non-intubated)
Included
n=194
Intubated Non-intubated
HFNC failure HFNC success
(n=92) (n=102)

Fig. 1. Flowchart of patients with acute hypoxemic respiratory failure (AHRF) treated with high flow nasal
cannula (HFNC).

21%, respectively; p=0.712), or treatment with remdesivir (76% v. 85% respectively; p=0.103), and all patients
in both groups were treated with dexamethasone. After patients with the initial exclusion criteria were excluded,
there were 58 patients in the intubated group and 15 patients in the non-intubated group that were excluded due
to DVT and PE. There were 10 patients in the intubated group and 18 patients in the non-intubated group who
were treated with Baricitinib and were excluded. There were 10 patients in the intubated group and 5 patients
in the non-intubated group who were treated with Tocilizumab and were excluded (Fig. 1). Among intubated
patients, 43% (n=40) identified as Asian, 45% (n=41) as Native Hawaiian or Other Pacific Islander (NHPI),
and 12% (n=11) as Non-Hispanic White while non-intubated patients were 34% Asian, 45% NHPI, and 18%
Non-Hispanic White. However, compared to non-intubated patients, those in the intubated group had a 16%
higher prevalence of hypertension (p=0.020), and 12% lower prevalence of secondary pneumonia (p=0.029).
Intubated patients had significantly shorter hospital stays (median 12 v. 22 days; p <0.001), fewer days on HENC
(1.7 v. 4.7; p<0.001), and greater mortality (52% v. 0%; p <0.001) (Table 1).

The median CRP ratio in the non-intubated group was lower than that of the intubated group for all three
days: 0.69 v. 0.96 for Day 1 (p=0.050), 0.49 v. 0.61 for Day 2 (p=0.028), and 0.33 v. 0.64 (p=0.008) for Day 3. In
contrast, D-dimer ratios in either group did not change significantly (Table 2).

When expressed as a percent change from baseline, mean CRP levels in the non-intubated group decreased by
14% at Day 1, 38% at Day 2, and 50% at Day 3, with Day 2 and Day 3 being significantly different (p <0.05) from
CRP levels in the intubated group that conversely increased by 2%, 10%, and 4% at Day 1, 2, and 3, respectively
(Fig. 2). The number of CRP values available for analysis at each time point is indicated in Fig. 2.

Using the same analysis, D-dimer levels showed inconsistent changes across time and differences never
reached significance (data not shown).

Construction of a ROC curve indicated that the overall accuracy of using the CRP ratio on Day 3 to determine
whether patients on HFNC should be intubated was 75% (Fig. 3).
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Intubated | Non-intubated
Characteristic (n=92) (n=102) P value
Age, median (IQR) 61 (53, 70) 59 (42, 67) 0.175
Gender 0.349
Female 31 (34%) 41 (40%)
Male 61 (66%) 61 (60%)
Patient race 0.316
Asian 40 (43%) 35 (34%)
Black or African American 0 (0%) 1 (1%)
Native Hawaiian or Other Pacific Islander | 41 (45%) 46 (45%)
‘White-Non-Hispanic 11 (12%) 18 (18%)
White Hispanic 0(0%) 2 (2%)
BMI>30 58 (63%) 61 (60%) 0.644
Length of stay in hospital 12 (9, 15) 22 (14, 26) <0.001
Days on HENC 1.7(0.9,1.3) | 4.7 (3.8.6.2) <0.001
Symptoms until HFNC days 8(7,12) 10 (7,12) 0.805
Hypertension 67 (73%) 58 (57%) 0.020
Secondary pneumonia 12 (13%) 26 (25%) 0.029
Acute kidney injury 37 (40%) 35 (34%) 0.395
Cancer not in remission 7 (8%) 6 (6%) 0.631
Ischemic heart disease 15 (16%) 17 (17%) 0.946
Congestive heart failure 15 (16%) 16 (16%) 0.907
Chronic pulmonary disease 8 (9%) 8 (8%) 0.829
Asthma 11 (12%) 13 (13%) 0.868
Active smoker 10 (11%) 10 (10%) 0.807
Diabetes 48 (52%) 46 (45%) 0.325
Immunocompromised 11 (12%) 10 (10%) 0.630
Hepatic failure 7 (8%) 3 (3%) 0.196
End stage renal disease 6 (7%) 2 (2%) 0.153
Chronic kidney disease 23 (25%) 19 (19%) 0.282
Vaccinated against COVID-19 17 (18%) 21 (21%) 0.712
Taking remdesivir 70 (76%) 87 (85%) 0.103
Taking dexamethasone 92 (100%) 102 (100%) 1.000
Expired 48 (52%) 0 (0%) <0.001

Table 1. Study participant characteristics. BMI=body mass index, expressed as weight in kilograms divided
by height in meters squared; HFNC =high flow nasal cannula n (%) or median (interquartile range (IQR))

Discussion

In this retrospective study, we found that monitoring CRP ratios in patients managed with HFNC for AHRF
due to COVID-19 pneumonia can be helpful within the first three days as an objective adjunctive clinical tool
to identify individuals who can continue to be supported with HFNC. In contrast, monitoring D-dimer levels
were not helpful. To our knowledge, we are the first to evaluate the use of serial CRP and D-dimer ratios in this
respect.

Previous COVID-19 studies have assessed CRP as a predictive biomarker for HFNC effectiveness, reporting
higher values in patients for whom oxygen therapy failed compared to those for whom it was successful'>-17:23,
Similarly, other studies have applied single CRP thresholds to predict the need for higher respiratory support?.
Though important for triage purposes, the utility of such information for clinical care decisions is unclear.

Health care workers require prompt and objective criteria to guide intubation necessity, particularly
for patients afflicted with serious respiratory conditions such as AHRE which can cause rapid deterioration
within a very short time. CRP levels reflect COVID-19 disease severity?>> and successive CRP monitoring
has been suggested as a way to predict a patient’s clinical course?®. Mueller and colleagues reported serial CRP
measurements in the first three days of a hospital stay to be more closely associated with clinical deterioration
of COVID-19 patients than absolute levels at admission®®. However, the CRP response is nonspecific?’; it can be
triggered by many factors unrelated to COVID-19%. Thus, to use serial CRP measurements in a prognostication
capacity, it is essential to take into consideration baseline levels that are unaffected by confounding pathologies.
Since this was not possible in our study due to its retrospective design, we employed serial CRP ratios (calculated
in relation to baseline), which we viewed as a more pragmatic approach since patients served as their own
controls. Doing so was especially important given the higher baseline CRP levels of the intubated versus non-
intubated patients (median 86 v. 57 mg/mL, respectively, p =0.003; data not shown), which may have been due to
a combination of several medical, demographic, socioeconomic, and genetic factors that elicit a CRP response™.
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‘ Intubated? Non-intubated® | P value*

CRP

Day 1: Day 0 | 0.96 (0.68,1.17) | 0.69 (0.52,1.01) | 0.050
Day 2: Day 0 | 0.61 (0.44, 1.06) | 0.49 (0.34,0.74) | 0.028
Day 3: Day 0 | 0.64 (0.25, 1.53) | 0.33 (0.19, 0.62) | 0.008
D-dimer
Day 1: Day 0 | 0.97 (0.81, 1.15) | 0.90 (0.74, 1.12) | 0.276
Day 2: Day 0 | 0.94 (0.77, 1.30) | 0.87 (0.70, 1.34) | 0.661
Day 3: Day 0 | 1.10 (0.83, 1.54) | 0.95 (0.72,1.34) | 0.211

Table 2. Median C-reactive protein (CRP) and D-dimer ratios of patients managed with high flow nasal
cannula for acute hypoxic respiratory failure due to COVID-19 pneumonia!. !CRP and D-dimer levels

were measured near the time of high flow nasal cannula initiation (Day 0) and approximately 24 h (Day 1),
48 h (Day 2), and 72 h (Day 3) thereafter. Numbers in parentheses represent interquartile range. 2Number
of Intubated patients with CRP and D-dimer values on Day 0 (n=92 and 92), Day 1 (n=43 and 41), Day 2
(n=48 and 40), Day 3 (n=>52 and 38) *Number of Non-intubated patients with CRP and D-dimer values on
Day 0 (=102 and 102), Day 1 (n=>59 and 55), Day 2 (n=76 and 71), Day 3 (n=>59 and 55) “obtained from
Kruskal-Wallis rank sum test

The significant decline in CRP ratios observed in non-intubated patients was supported by the mean CRP
percentage change in this population, which was also significantly lower than the intubated group, particularly
at Day 3 after HFNC initiation. Further, for Day 3 our ROC curve shows that the CRP ratio has a 75% probability
of accurately identifying the need for intubation in patients currently on HFNC.

Similar to CRP, elevated D-dimer levels have been associated with COVID-19 disease severity
and a number of studies have reported higher D-dimer admission levels in HFNC failure versus HENC
success patients!”. As a degradation product generated after fibrinolysis, elevated D-dimer levels suggest a
hypercoagulable or inflammatory state with vascular injury, and previous studies reported COVID-19 patients
with acute respiratory failure to have severe hypercoagulability**>. We excluded patients with DVT or PE, which
commonly increase D-dimer levels®, and can also elevate CRP levels*”-*, independently from inflammation
associated with COVID infection. Patients with very high D-dimer levels frequently had DVT and/or PE, and
including these patients would have affected the analysis. DVT and PE could also contribute to patients being
intubated, independent of the severity of their COVID pneumonia and ARDS. Nonetheless, baseline D-dimer
levels in intubated patients were higher than those in non-intubated patients with a trend towards significance
(median 1.20 v. 0.90 ug/mL, respectively; p=0.055, data not shown). However, these levels did not change
significantly over the next three days in either the intubated or non-intubated groups (respectively from 1.05
t0 0.79 at Day 1 to 1.06 and 0.94 at Day 2 to 1.23 and 0.96 at Day 3; data not shown). In a previous report with
COVID-19 patients, D-dimer levels peaked ten days after admission®. Thus, it is possible that three days was too
short a time period to monitor D-dimer changes. Further studies with longer monitoring periods are warranted
to clarify this issue. D-dimer levels may have also remained elevated from non-COVID-19 conditions such as
pregnancy, infection, disseminated intravascular coagulation, hypertension, and cancer®, or drug treatment.
Previous studies?®*! reported increased D-dimer levels in COVID-19 patients treated with Tocilizumab, an
immunosuppressive drug used for certain inflammatory conditions. However, opposite effects were reported
in severe COVID cases treated with Baricitinib, an immune modulatory agent*2. Further, both drugs have been
associated with lower CRP levels and improved outcomes*?~#%; thus, use of these medications could reduce
intubation rates and introduce confounding, and were, therefore, part of our exclusion criteria.

Intubated and non-intubated patients in our study were similar except for a few notable factors including
the duration of hospital stay, which was significantly shorter in the intubated group and likely due to the higher
mortality in this patient group. Mortality was zero in the non-intubated group since Do-Not-Intubate patients
were excluded, and patients who were not doing well despite management with HFNC ended up in the intubated
group. Also, the non-intubated group was managed with HFNC for significantly longer periods of time than
the intubated group (4.7 v. 1.7 days, respectively; p <0.001), which was not surprising given the non-intubated
patients did not have a worsening clinical course that would have led to intubation.

We chose to evaluate CRP ratios up to Day 3 as that is a reasonable time point at which clinicians might make
a decision to intubate a patient who is not clinically improving while on HFNC. Indeed, at Day 3, the CRP ratio
in the non-intubated group was 0.33, significantly lower than 0.64 of the intubated group. In fact, non-intubated
patients demonstrated significant decreases in CRP ratios as early as Day 2 compared to intubated patients, a
crucial observation given a previous study'! that reported intubation within 48 h of initiation to be associated
with lower overall mortality in the ICU compared to intubation after 48 h in patients for whom HFNC failed.
Importantly, at Day 2 patients in the non-intubated group, but not those in the intubated group, exhibited a
median CRP ratio less than 0.50, the threshold above which has been associated with poor outcomes in patients
with ventilator-associated!® and community-acquired®’ pneumonia.

31-33
>
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Patients with CRP values by intubated status

Intubated

92 43 48 52

Non-intubated 102 59 76 59

*p<0.

05

Fig. 2. Mean percent change of C-reactive protein (CRP) from baseline in intubated and non-intubated
patients.

Limitations

Our primary hypothesis was that higher biomarker levels correlated with higher levels of COVID-associated
inflammation due to their association with disease severity>>~>"*1-33, and quantification of this inflammation
using a biomarker ratio could indicate an improving inflammatory response, which may identify patients who
could continue safely with HFNC without escalation to intubation. While our intent was to use biomarkers as
surrogates for disease severity, this could not be clearly discriminated from treatment effect, and remains a study
limitation. To reduce the potential for confounding, we excluded patients treated with Tocilizumab or Baritcinib
and patients with DV'T and/or PE for reasons stated in the discussion, which reduced our sample sizes as noted
in the results section.

Secondly, our study objective was limited to patients with AHRF due to COVID-19 pneumonia, and some
had missing biomarker measurements at some of the follow-up time points. The retrospective nature of our study
meant that we relied on data that had already been collected and not acquired specifically for the study’s aim
(to understand the course of a disease while allowing for variations in patient progression with their prescribed
treatment) at the appropriate time intervals. For that reason, missing data were inevitable, and reflects variation
in patient circumstances and clinical decisions, rather than oversights in study execution. Patients who were
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Fig. 3. Receiver operating characteristic curve (area under the curve=0.75) to assess C-reactive protein
decrease at Day 3 and intubation.

intubated had less available biomarker data, as some expired and some clinicians likely felt less inclined to check
biomarkers after patients were intubated. Omitting all patients without complete CRP data on Days 1, 2, and 3
was not feasible as doing so would have compromised statistical power, and CRP ratios should be studied further
in prospective studies, larger cohorts, and in non-COVID-19 patients. We also attempted to analyze lactate
dehydrogenase and ferritin levels, but these biomarkers were checked in fewer patients, the timing of the blood
draws were not always within 24 h of HFNC initiation, and most of these patients did not have follow-up levels at
appropriate time intervals. Ang-2 and ICAM-1, which are biomarkers of endothelial injury, have been identified
as predictors of mortality in COVID-19 associated ARDS*. Unfortunately, these levels were not measured, but
biomarkers of endothelial and alveolar epithelial injury would be interesting to analyze in a prospective study.

Thirdly, the potential effect of prone positioning on biomarkers and outcomes could not be determined in
our retrospective study. As per hospital protocol, all patients with COVID-associated pneumonia who were
started on HFNC were encouraged to do awake self-proning. However, compliance with this activity was
difficult to accurately quantitate retrospectively, and this is a limitation of our study. While the efficacy of awake
self-proning to avert intubation is appealing in concept, the benefits remain controversial®%’. Prone positioning
may theoretically alter biomarkers*, and it has been shown to decrease CRP at Day 7 in patients treated with
Non-Invasive Ventilation?’. However, the effect of prone positioning on CRP levels in COVID patients treated
with HFNC has not been defined. But since we studied CRP ratios, and not just averaged values in each group,
patients served as their own controls with regard to baseline biomarker levels. Thus, any potential benefits from
prone positioning should have been reflected in changes in the serial CRP ratios, which we feel has prognostic
value.

Lastly, data were drawn from a single medical system in Hawai’i, which limits its generalizability to other
clinical settings and populations.

Despite these limitations, this study has notable strengths. First, CRP is a robust and routinely measured
biomarker with a long half-life (19 h) with levels unaffected by food intake, and presents only negligible diurnal
and seasonal variation®. Second, data were extracted over 2.2 years, a much longer time period than other
retrospective COVID-19 HENC studies, which used data from only a couple weeks'®*! to a few months!>?3°1,
Third, NHPI constituted a large proportion (45%) of our patients in both groups. These minority individuals
have been disproportionally impacted by COVID-19 infection® and, to the best of our knowledge, have not
been studied with respect to HFNC use. Finally, nearly all patients were managed by the same core Pulmonary/
Critical Care group using the same HFNC protocol guided by ROX index assessments, which was intended to
minimize the variability in clinical decisions, including the need for intubation.

Future directions
Patients with Asian ancestry made up a higher percentage of the intubated group than the non-intubated group,
through the difference was not significant. Disaggregation analysis was not possible due to small sample sizes
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within each subgroup. Future studies exploring different Asian subgroups may yield interesting findings. Some
patients on HFNC for an extended time had an initial decrease in CRP and did not initially need to be intubated,
but subsequently exhibited a rise in CRP and were intubated later in their hospital course. Investigating the
predictive value for CRP throughout the hospital course could prove useful, as such biphasic responses in
patients with community-acquired pneumonia® have reported mortality rates of 33%. To that end, further
studies should aim to evaluate serial CRP ratios in patients with other respiratory diseases managed by HENC,
such as community-acquired pneumonia, ventilator-associated pneumonia with post-extubation respiratory
failure, and acute respiratory failure not due to COVID-19.

Conclusion

Monitoring CRP ratios in patients with AHRF due to COVID-19 within the first three days of HFNC application
can serve as an objective adjunctive clinical tool to identify individuals who can continue to be supported with
HFNC without escalating to invasive mechanical ventilation.

Data availability

The data that support the findings of this study are available from the Queen’s Health Systems, but restrictions
apply to the availability of these data, which were used under license for the current study, and so are not publicly
available. Data are however available from the corresponding author upon reasonable request and with permis-
sion of the Queen’s Health Systems.
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