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Abstract

Background: Humidified high flow nasal cannula (HFNC) has been shown to be an effective respiratory support therapy in
both primary and post-extubation patients with Type 1 respiratory failure (T1RF). Clinical outcomes using HFNC in patients with
hypercapnic respiratory failure or Type 2 respiratory failure (T2RF) are less well understood as research to date has frequently
excluded hypercapnic patients. However, there is growing evidence that suggests HFNC could be beneficial in patients with T2RE.

Aims: To describe the outcome of patients with T2RF who received primary HFNC and to elaborate a safe algorithm for its use.

Methods: We conducted a retrospective observational study on the use of HFNC as a primary treatment in 102 (n=102)
consecutive subjects admitted to the Intensive Care Unit (ICU) from August 2015 to June 2017. Vital signs and arterial blood gases
were evaluated before, one hour and 6 hours after initiation HFNC and their need for escalation of therapy was collected from
patient records.

Results: In T2RF patients it was observed that HFNC was successful in 51.28%, and despite escalation, 90% of subjects were
successfully discharged from hospital. Need for escalation of therapy was observed at 24.56 hours of treatment with HFNC. In our
population, in both T1RF and T2RF, those with a pH<7.30 and a RR=30 prior and one-hour post initiation of HFNC were more likely
to require escalation of therapy and, these parameters had 97% specificity and 80% predictive value.

Conclusion: HFNC could be cautiously used as primary therapy in hypercapnic respiratory failure. The clinical parameters:
pH<7.30 and a RR230, prior and post initiation of HFNC, allow a risk stratification of subjects and a safe guide in case of needing an
escalation of therapy:.
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Introduction
chronic obstructive pulmonary disease (COPD) [8]. This is likely

Thebenefitand effectiveness of heated and humidified high-flow o . ) .
due to clinicians being reluctant to deliver oxygen in a cohort of

nasal cannula (HFNC) in Type 1 respiratory failure (T1RF) patients
has been well recognized in literature [1-3]. It allows delivery of
heated and humidified oxygen at high flow rates (typically 40-50L/

patients where it can reduce their respiratory drive when exposed
to high oxygen concentrations. Emerging data by Hernandez et al.
demonstrates the developing use of HFNC in hypercapnic patients
during post-extubation and there are increasing case reports
demonstrating the successful use of HFNC in the primary treatment
of acute hypercapnic respiratory failure [9-11], Airway model
reconstructions have shown that HFNC can produce a washout
of the carbon dioxide in the anatomical dead space and increase
alveolar ventilation [12]. Studies have demonstrated HFNC to be at
least non-inferior to NIV with regards to intubation rate, Intensive
Care Unit (ICU) mortality and ventilator-free days at day 28 [13]. It

min) and with accurately predetermined oxygen concentrations.
It has been observed that the therapy produces an improvement
in physiological parameters (oxygen saturations and respiratory
rate) [4] by providing low-level positive airway pressure, reducing
physiological dead space and improved patient comfort ultimately,
resulting in a reduced work of breathing [5]. The use of HFNC in
Type 2 respiratory failure (T2RF) is still under much investigation
with limited evidence available supporting its use in: sleep -
related hypoventilation [6], hypercapnic respiratory failure [7] and
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also has improved patient tolerance; more relief of dyspnoea and
patients are more compliant with treatment [14]. The long-term
humidification therapy provided by HFNC statistically significantly
reduced days of exacerbation, increases time to first exacerbation,
and generally improves lung function and quality of life in subjects
with COPD and bronchiectasis [15]. In stable COPD patients when
HFNC was compared to long term oxygen therapy, there was a 7.3%
reduction in CO, levels and a 64.9% improvement of end expiratory
lung impedance [16].
Aim

Our study aims to describe the outcome of patients with T2RF
who received primary HFNC and to elaborate a safe algorithm for its
use. Also, to provide further understanding, through physiological
parameters and arterial blood gases (ABGs), on the use of HFNC

as primary treatment in hypercapnic patients in an Intensive Care
Unit (ICU) setting as an emerging alternative treatment option.

Methods

A retrospective observational study was conducted at a district
general hospital in an 8-bed adult ICU at Newham University
Hospital, London, over a 21-month period. Subjects were
consecutively included in the study if they were aged above 18
years old and had received HFNC as a primary treatment during
their ICU admission. ICU admission criteria was based on National
Early Warning Score 2 (NEWS 2) [17], when this score was >5.
Subjects who did not have initial baseline observations and arterial
blood gases to allow data comparison were excluded. The decision
to provide HFNC was made by the ICU team when there was not
a clear indication for immediate intubation. HFNC was delivered
by the Fisher & Paykel Healthcare Opti flow system. Therapy was
initiated at the previous fraction of inspired oxygen (FiO,) delivery
system and a flow rate varying between 30-60L, titrating both
flow and FiO, to maintain target percutaneous oxygen saturations
(Sp0,) >94% in T1RF and 88-92% in T2RF. Temperature was set
at 37. Clinical parameters (heart rate, respiratory rate, oxygen
saturations) and arterial blood gases were obtained from the
patient’s ICU observation chart at baseline, 1 hour and 6-hour post
treatment initiation, as standard procedure in critical patients.
Remaining demographic and comorbidities were obtained from
the hospital patient electronic system. During the study period,
102 subjects received HFNC from which there were identified as
T2RF by mean partial arterial pressure of carbon dioxyde (PaCO,)
>6.7kPa (>50mmHg) and bicarbonate >24mmol/l or T1RF when
mean partial arterial pressure of oxygen (Pa0,) was below 8kPa
(<60mmHg) with normal or low PaCO, ,<6.7kPa (<50mmHg) as cut
off point. The primary outcomes were whether subjects required
escalation of treatment whilst on HFNC (non-invasive ventilation,
intubation and palliation) and whether they were successfully
discharged from hospital. Secondary outcomes included
improvement in physiological parameters and ABGs. Failure
of HFNC treatment, due to the lack of a universal standardized
algorithm, was determined by the treating clinician based on
worsening physiological parameters, gas exchange and failure
to tolerate treatment. Primary outcomes were further analyzed

against physiological markers and pH to allow risk stratification
of features associated with need for escalation of therapy. This
allowed a proposed algorithm to be developed to support clinicians
identify “alarms signs” prompting early assessment and escalation
of therapy if necessary.

The study was approved by the hospital ethic committee
and patient consent was waived because data collation occurred
retrospectively after patient discharge.

Statistical analysis

Excel software was used for initial data collation and Statistical
Package of Social Sciences (SPSS version 20) was used for statistical
analysis. Demographic data were expressed as meantstandard
deviation and dichotomous variables were reported as number
(percentage). Parametric data were analysed through Student
T - Test. Non - parametrical tests were used in some subgroups
due to the limited number of subjects (n<30) and qualitative data
were compared using the Fisher exact test. Friedman test was used
for analysis of variance for repeated measures. Assigned rank test
P<0.05 was considered statistically significant.

Results
Subject characteristics

The study included 102 subjects treated with HFNC as primary
respiratory support. The mean age of our population was 62 years
with a standard deviation (£SD) of (+18 years). In our population,
59 were male (57.84%) and 43 were females (42.16%) with a mean
age of 62.41 and 61.60 years respectively. The underlying diagnosis
within our population group were; pneumonia, abdominal sepsis,
congestive cardiac failure and urinary sepsis. There were 63
subjects identified as having T1RF and 39 subjects with T2RF. The
average BMI of our population group was 28kg/m? We observed
that within our population group the mean FiO, prior to HFNC was
0.43 and this was delivered via conventional oxygen (nasal prongs
or venturi mask). On initiation of HFNC within the Type 1 RF the
mean FiO, was 0.95 and 0.47 for T2 RF with an average flow rate of
43.5L. Within 6 hours of HFNC therapy the FiO, was titrated down
to 0.45 within the Type 1 RF and in T2 RF this was increased to
0.45. Tables 1 & 2 reflect patient demographics and FiO, and flow
settings prior and during HFNC therapy, respectively.

Table 1: Baseline demographics of subjects enrolled.

Patient Characteristics Values
Age, mean (SD) 63 (16.94)

Males/females, n (%) 59 (58)/43(42)

BMI, mean kg/m? (SD) 28(7)

T1 Respiratory Failure n (%) 63 (62)

T2 Respiratory Failure n (%) 39 (38)

Pneumonia n (%) 57 (55)

Abdominal sepsis n (%) 20 (20)

Urinary sepsis n (%) 9(9)
Congestive Cardiac Failure n (%) 16 (16)

Citation: Raquel d’ Espiney, Jacek Jablonski, Michal Brys, Juan F Martin Lazaro. Humidified High Flow Nasal Cannula Algorithm for
Primary Therapy in Hypercapnic Respiratory Failure. Glob ] Anes & Pain Med 1(4)-2019. GJAPM.MS.ID.000120.

N



Glob J Anes & Pain Med

Volume 1 - Issue 4

Copyrights @ Juan F Martin Lazaro, et al.

Table 2: FiO, and flow (L/min) settings prior and during HFNC therapy.

Respiratory Therapy
Baseline FiO, prior HFNC
Mean (SD) 0.43 (0.15)
T1RF FiO, 0.44
T2 RF FiO, 0.42
FiO, on initiation of HFNC
Mean (SD) 0.75 (2.93)
T1RF FiO, 0.95
T2 RF FiO, 0.47
Flow on Initiation of HFNC
Mean (SD) 43.5(11.19)
FiO, on 6hrs of NHFC
Mean (SD) 0.45 (0.16)
T1RF FiO, 0.45
T2 RF FiO, 0.45
Flow on 6hrs of HFNC
Mean (SD) 43.9(10.59)

Primary outcomes

In Type 2 RF it was observed that HFNC was successful, without
escalation of therapy, in 20 subjects (51.28%) compared to 43
subjects (68.23%) among the T1RF group. In T2 RF treatment was
escalated in 19 subjects (48.7%) and it was on average initiated
after 24.56 hours of treatment with HFNC whilst T1 RF escalation
wasrequired in 20 subjects (31.74%) and initiated on average 15.19
hours post initiation of therapy. Non-invasive ventilation (NIV) was
required for 14 subjects (36%), 4 were intubated (10%) and 1 (5%)

Table 3: Effect of HFNC on vital signs and arterial blood gases.

patient received HFNC therapy for palliation. Despite escalation, 34
subjects (90%) were successfully discharged from hospital.

Secondary outcomes

On initiation of HFNC, a statistical difference (p<0.05) was
observed for the clinical parameters: HR and RR, as well for
physiological lung changes in the Pa/FiO, across two time points,
namely pre and post 6hrs of HFNC as demonstrated in Table 3. We
did not observe a statistical significance in the reduction of pCO, in
both groups at pre and 6 hours post HFNC.

TYPE 1 RF TYPE 2 RF
Pre HFNC Post 1hr HFNC Post 6hr HFNC Pre HFNC Post 1hr HFNC Post 6hr HFNC
Vital Signs

HR (beats/min) 107.09* 105.7 101.45* 93.3* 87.57 87.06*
RR 29.33* 29.21 26.14* 21.43* 19.43 17.5%

Saturation 94.88 95.03 93.41 93 93.43 94.5
Pa/Fi0, (kPa) 26.03* 28.02 30.00* 28.32* 29.06 30.38*

Arterial Blood gases

pH 7.41 7.4 7.39 7.32 7.33 7.3

PCO, (kPa) 4.54 441 48 7.53 7.48 7.74
PO, (kPa) 10.82 10.45 11.36 9.72 9.87 11.31
HCO, (mmol/L) 22.02 21.68 21.68 26.03 26.25 25.68

(*) Statistically significant difference (p<0.05).

Effect of RR and pH on primary and secondary outcomes

Subjects with a RR=30 were identified as having reduced
likelihood of improvement, namely in T1RF 70% vs 62% and in
T2RF 63% vs 39%. In those with a pH<7.30 an increased need
for escalation of therapy was observed in both groups, with an
increased risk of intubation. HFNC allowed an improvement in

most physiological and arterial blood gas parameters in subjects
with a pH<7.30 and RR230, irrespective of their type of respiratory
failure, with exception of T2RF where worsening hypoxia, acidosis
and an increase in PaCO, was observed. Demonstrated in Table 4 &
5. Both parameters combined (RR=30 and pH<7.30) demonstrated
a specificity of 97% and predictive value of 80% for need of
escalation.
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Table 4: Effect of Respiratory rate (RR) and pH on primary and secondary outcomes with HFNC.

TYPE 1 RF TYPE 2 RF
pH<7.30 pH=7.30 pH<7.30 pH27.30
Intubation (%) 30 10 16 5
NIV (%) 0 12 44 26
Improvement (%) 60 70 39 63
Palliation (%) 10 8 0 5
RR<30 RR230 RR<30 RR230
Intubation (%) 15 14 9 17
NIV (%) 9 12 33 44
Improvement (%) 70 62 55 39
Palliation (%) 6 12 3 0
Table 5: Effect of Respiratory rate (RR) and pH on primary and secondary outcomes with HFNC.
TYPE 1 RF TYPE 2 RF
RR<30 RR230 RR<30 RR230
Pre HFNC Post 1hr HFNC Pre HFNC P(]){Sft,; (l:l r Pre HFNC | Post 1hr HFNC | Pre HFNC | Post 1hr HFNC
Vital Signs
HR (beats/min) 99.47 96.02 116.38 107.67 90.94 88.27 97.5 95
RR 21.26 21.74 39.06 36.13 19.36 17.94 33.33 28.33
Saturation 93.98 94.93 91.44 95.27 93.67 94.03 93 93.67
Arterial Blood gases
pH 7.38 7.39 7.41 7.4 7.31 7.31 7.25 7.27
PCO, (kPa) 4.6 4.45 4.52 4.59 7.48 7.33 8.01 8.1
PO, (kPa) 11.41 119 10.59 10.82 10.51 10.3 12.43 9.81
HCO, (mmol/L) 20.81 20.82 22.07 22.55 25.1 25.27 23.38 23.8
Discussion
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Figure 1: Risk stratification algorithm for HFNC.
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This study adds understanding to the limited evidence
and experience of using HFNC in hypercapnic subjects. In our
population we observed HFNC could be cautiously used in
hypercapnic respiratory failure as primary therapy for respiratory
failure with a success of 51.28%. HFNC allowed an improvement
in their vital signs and gas exchange by delivery of gas at flow
rates exceeding the patient’s peak inspiratory demand, upper
airway dead space washout and the ability to generate low levels
of positive airway pressurel5. We did not observe a statistical
significance in the reduction of pCO, in these subjects and, in the
group pH <7.30 and RR>30, pCO, increased. This could be explained
by FiO, not being titrated to target saturations which may have
resulted in suppressed respiratory drive in this population group.
Despite escalation of therapy on HFNC, only 10% were intubated
and 90% of subjects were successfully discharged from critical
care. With increased pressure and demand for critical care beds
and the poor tolerance associated with NIV, the initiation of HFNC
on hypercapnic subjects is an attractive alternative therapy to
ventilator support and a bridge to stabilizing vital signs until
escalation of therapy decisions are made and patient is transferred
to critical care. As the use of HFNC becomes increasingly available
in facilities outside critical care, clinicians need to be supported in
recognizing deteriorating signs and the need for escalation. In our
population, in both Type 1 and Type 2 Respiratory failure, those
with a pH<7.30 and a RR230 prior and one-hour post initiation of
HFNC were more likely to require escalation of therapy and these
parameters had 97% specificity and 80% predictive value. These
parameters allow risk stratification of subjects and propose an
algorithm (Figure 1) to be used within the first hour of initiation of
HFNC which supports clinicians, particularly those outside critical
care settings, in recognizing subjects not thriving on HFNC. Despite
our limited sample size in hypercapnic respiratory failure, our
retrospective review suggests that HFNC could be cautiously used
as primary therapy and allow decision making time for clinicians.

Conclusion

HFNC could be cautiously used as primary therapy in T2RF
patients. The clinical parameters: pH<7.30 and a RR230, prior and
post initiation of HFNC, allow a risk stratification of subjects and a
safe guide in case of needing an escalation of therapy.
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