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ABSTRACT

Background: Acute respiratory failure (ARF) in immunocompromised patients is associated
with increased incidence of mortality when endotracheal intubation is used. Early use of high
flow nasal cannula (HFNC) or non-invasive ventilation (NIV) may prevent intubation. This
prospective randomized controlled study was designed to evaluate the use of HFNC versus
NIV in prevention of intubation in immunocompromised patients suffering from ARF.
Methods: After ethical committee’s approval and written informed consent, 76 patients were
enrolled in the study, 38 in each group. Patients were randomized into High Flow Nasal
Cannula (HFNC) group as they connected to HFNC to keep SpO, 92% or more alternating
with simple face mask 10-15 L/min, or non-invasive ventilation (NIV) group as they connected
to ICU ventilator pressure support 8 cmH,O and PEEP 5 cmH,O or more to keep SpO, 92% or
more alternating with simple face mask 10-15 L/min. Tolerance to HFNC or NIV, need for
intubation, ICU stay, hospital stay and 28-day mortality rate were documented and compared
between the two groups.

Results: Seventy six patients were enrolled, 38 in each group, VAS tolerance was statistically
significant higher in HFNC than NIV group 7(6-7) vs 6(5-7), respectively, p value < 0.001.
Incidence of intubation was statistically significant lower in HFNC than NIV (31.6% vs 55.3%),
respectively, (p value 0.037), however both groups had similar 28-day mortality rate, (p value
0.195).

Conclusion: Use of high flow nasal cannula in immunocompromised patients suffering from
ARF has less incidence of endotracheal intubation but same 28-day mortality rate when
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compared to non-invasive ventilation.

1. Introduction

Over the last decades, the number of immunocompro-
mised patients have increased due to advances in
chemotherapy, bone marrow transplantation and
other organ transplantation [1]. Indeed these types of
patient have risk of serious complications especially
acute hypoxemic respiratory failure [2]. Acute respira-
tory distress syndrome (ARDS) mortality is high, it
ranges from 35% to 46% according to the severity of
ARDS and remains high despite recent modalities of
treatment [3]. Non-invasive ventilation (NIV) becomes
a reliable method in treatment of acute respiratory
failure but its role in ARDS is not certain [4]. Acute
respiratory failure (ARF) type 1 is considered one of
the major indications for ICU admission in immuno-
compromised patients. Early non-invasive ventilation is
considered as a practical, simple and inexpensive tech-
nique to prevent deterioration of respiratory functions
and complications in this type of patients [5]. A large
center study showed that there is no difference
between NIV and standard oxygen therapy in ARF [6].

High flow nasal cannula (HFNC) which has been in
clinical development for the past two decades, initially
in neonatal medicine, started to be a good alternative
to NIV in clinical practice in intensive care unit (ICU) [7].
In recent studies, HFNC was used to treat ARF to pre-
vent intubation and to study its effect on mortality rate
[8-10]. However, these studies did not compare HFNC
use to NIV in immunocompromised patients suffering
from ARF in ICU.

The aim of this study is to evaluate the effect of HFNC
alternating with simple face mask and NIV alternating
with simple face mask in immunocompromised patients
admitted to ICU with ARF, primary outcome was the
need for endotracheal intubation within 48 hours of
admission, secondary outcome was the length of stay
in ICU and mortality rate after 28 days of admission.

2. Methods

This study was conducted in the general intensive care
unit after ethical committee approval and clinical trial
registration in the period between March and
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July 2020. It is a prospective randomized controlled
study. A total of 90 eligible patients were randomized
by computer system, after written informed consent,
to one of the two groups either high flow nasal can-
nula (HFNC) group or non-invasive ventilation (NIV)
group. Inclusion criteria included admitted immuno-
compromised patients to general ICU with acute
hypoxemic respiratory failure (ARF).

ARF is characterized by respiratory rate more than
25/min, Pa0, /FiO, less than 300 under standard O, 10
L/min, or findings of persistent pulmonary infiltrates in
radiographs.

Immunocompromised patients have one or more of
the following criteria hematological: malignancy
(either active or remitting in the last 5 years), bone
marrow transplantation (in the last 5 years), severe
leucopenia less than 1000 white blood cells in cubic
millimeter, solid organ transplantation, steroid therapy
more than 0.5 mg/kg/day for at least 3 weeks, or
cytotoxic therapy for non-malignant disease.

Exclusion criteria included need of emergency intu-
bation as in cases of cardiopulmonary resuscitation or
as result of respiratory arrest, patients with deteriora-
tion of conscious level with hypoxemia with SpO, less
than 90% in spite of maximum O, support, haemody-
namic instability with need of vasoconstrictor support
to maintain systolic blood pressure more than
90 mmHg, and postoperative patients.

Patients included in the study were randomized
after admission to ICU to one of the two groups,
HFNC group or NIV group. Patients enrolled in the
HFNC group immediately connected to HFNC
(Optiflow Fisher and Paykel, Auckland, New Zealand)
with a flow of 60 L/min, and FIO, adjusted to have
SpO, of 92% or more, through a heated humidifier and
an oxygen blender of the same machine (Figure 1). In
case of patient intolerance to high flow, flow was
diminished to the highest tolerated by the patient.
Patients were encouraged to have their mouth closed
during HFNC to augment positive end expiratory pres-
sure (PEEP) created by high flow. The constant flow
rate of HFNC offers variable pressures in airways
according to the breath effort of the patient and
dynamic thoracic compliance. Patient was connected
to it to most tolerated period alternating with simple
face mask 10-15 L/min.

NIV group, patients were connected to ICU ventila-
tor (Evita, Drager, Lubeck, Germany) on NIV mode for
at least 4 hours, through a NIV continuous positive
airway pressure (CPAP) mask with ventilator settings;
pressure support (PS) level of 8 cmH,0O and PEEP level
of 5 cmH,0, which can be increased to 10 cmH,0 to
maintain tidal volume between 6 and 8 ml/kg and FiO,
adjusted to keep SpO, equal or more than 92%. At
least patient was on NIV for 12 hours during the day,
alternating with simple face mask 10-15 L/min to keep
SpO, equal or more than 92%.
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In all patients, the head of the bed was elevated till
45-degree angle, monitoring was continuous for heart
rate, blood pressure, respiratory rate (RR) and oxygen
saturation. Frequent arterial blood gas (ABG) monitor-
ing was done/12 hours and if needed in case of desa-
turation. Medications included antimicrobial agents,
bronchodilators, diuretics, immunosuppressive agents
and subcutaneous heparin to be continued during
patient stay in ICU. Parenteral nutrition, correction of
electrolyte disturbances, and fluid resuscitation was
kept for all patients during the study.

Oxygen support for patients of both groups was
continued for at least 48 hours, then according to the
respiratory state of the patient, could be weaned from
oxygen support or need mechanical ventilation.
Patients of both groups could be weaned from HFNC
and NIV and switched to conventional oxygen therapy
in the form of simple face mask or nasal cannula with
oxygen flow from 4 to 10 L/min, when RR is less than
25 breaths/min and SpO, equal or more than 92% with
FiO, equal or less than 0.5 and flow less than 50 L/min
in HFNC or stopped NIV with maintenance of the same
respiratory parameters. In case of respiratory distress or
desaturation after weaning of oxygen support in the
form of HFNC or NIV, patient was shifted again to
oxygen support according to his randomization group.

There was no hesitation of intubation for patients
included in the study to avoid harms of delayed intu-
bation. Intubation was performed for patients of either
HFENC or NIV in case of occurrence of one of the follow-
ing criteria; disturbed conscious level in the form of
agitation or Glasgow Coma Scale less than 8, severe
hemodynamic instability defined as need of more than
300 ng/kg/min norepinephrine support to maintain
systolic blood pressure more than 90 mmHg, severe
respiratory distress with RR more than 40 breaths/min,
severe hypoxemia with PaO, /FiO, less than 100 or
presence of significant acidosis with pH less than 7.35.

2.1. Data collection

Data of each patient were collected by a research
assistant for each patient after written informed con-
sent and computer randomization. Age, sex, and
weight of patient were documented. Comorbidities
of patients as regards hypertension, diabetes, coron-
ary artery disease, renal impairment or hepatic impair-
ment were documented. Group of patient either
HFNC or NIV group, state of oxygenation in the form
of Pa0O,, FiO, and oxygen saturation. Tolerance of
patient to oxygen support either HFNC or NIV was
monitored via visual analogue scale of 10 cm ranges
from 0: means very uncomfortable to 10: means very
comfortable, frequent ABG every 12 hours, and daily
chest X-ray, with documentation of percent of chest
affection by infiltration or consolidation which was
done by intensivist who was blinded to treatment
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Figure 1. High flow nasal cannula machine (HFNC).

modality. Daily clinical examination of patient in the
morning round in ICU for follow up of patient
improvement or deterioration on oxygen support. If
patient of either groups need intubation and
mechanical ventilation, cause and time of intubation
were evaluated. Length of ICU stay and total duration
of hospital stay were documented, mortality rate after
28 days of ICU admission and cause of death were
recorded.

End point of the study was need of intubation and
mechanical ventilation in HFNC or NIV groups, or car-
diac arrest and declared death.

Sample size calculation was done based on previous
study Gilles et al. [11], using PASS 11 program and
assuming incidence of intubation in NIV group 46%,
sample size of 38 patients in each group can detect the
difference between two groups with power 80% and a
— error 0.05. Data were collected, revised, coded and
entered to the statistical package for social science
(IBM SPSS) version 23 (released 2015.IBM SPSS statistics
for Windows, Armonk, NY: IBM Corp.). The comparison
between the quantitative data was done as mean,
standard deviation and range, when parametric and
presented as median with inter-quartile range (IQR)
when non-parametric. Qualitative variables were pre-
sented as number and percentages. The comparison
between the groups as regards to qualitative data was
done by using Chi-square test. The comparison
between groups as regards qualitative data was done
by using Chi-square test. The comparison between two
independent groups with quantitative data and para-
metric distribution was done by using Independent
t-test while with non-parametric distribution was
done by using Mann-Whitney test. Repeated Measures
ANOVA was used to compare between more than two
paired measurements in the same group.

The confidence interval was set to 95% and the
margin of error accepted was set to 5%. So, the
P value was considered statistically significant at the
level of <0.05.

3. Results

Patients assessed for eligibility were 90, 10 patients
were excluded for different reasons, 80 patients were
followed up, 76 patients continued for analysis
(Consort flow diagram, Figure 2); follow up in ICU for
all patients was done by the same ICU team. There
were no statistically significant differences between
the two groups as regards age, sex, and diagnosis,
while there were statistically significant higher VAS
tolerance in HFNC than NIV 7 [6,7] vs 6 [5-7], respec-
tively, p value < 0.001 (Table 1). There were no statis-
tical differences as regards admission parameters to
ICU (Table 2). Chest X-ray affection showed statisti-
cally significant differences between the two groups
as more affection in NIV group than HFNC group
at second and third day of ICU stay (p value <
0.001), while more affection and deterioration of NIV
group in second and third day in comparison to
first day (p value < 0.001) (Table 3, Figure 3).
Changes in PaO, showed statistically significant
higher PaO, in HFNC group than NIV group at 12,
24, 36, 48, and 60 hours from admission to ICU (p
value < 0.05) (Figure 4). Application of HFNC or NIV
to patients in ICU showed statistically significant
longer hours of application in HFNC than NIV as
regards hours/day and total hours during ICU stay (p
value< 0.05) (Table 3, Figure 5). Incidence of
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(n=90)

Excluded (n=10)

- Not meeting inclusion criteria (n=3)
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y

Allocated to HFNC group
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Lost follow up (n=2)

- Transferred to another ICU (n=1)
- Emergency intubation (n=1)
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- Excluded from analysis (n=0)

Figure 2. Consort flow diagram.
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A
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- Transferred to another ICU (n=2)

Table 1. Demographic data and tolerance to HFNC or NIV.

Analysis (n=38)

- Excluded from analysis (n=0)

Table 2. Admission parameters to ICU.

HFNC group NIV group HFNC group NIV group
No. =38 No. =38 P-value Admission No. =38 No. =38 P-value

Age, mean + SD 48.63 + 13.62 43.71 £13.09 0.113 Pao,(mmHg) 68.74 + 7.54 71.89 = 8.25 0.086"
Sex, no. (%) FIO, 0.37 £0.05 0.37 £0.05 0.707°
Female 14(36.8%) 18(47.4%) 0.353* SpO; (%) 88.92 + 1.79 89.03 = 1.75 0.796
Male 24(63.2%) 20(52.6%) Pulse (beat/min) 95.66 * 6.84 96.63 = 7.68 0.561°
Weight, mean + SD 80.16 + 790 81.50+ 843 0.476- MAP (mmHg) 7155+ 11.84 7121 £1335 0.906
Co-morbidities, no. (%) Temperature (C°) 37.75 £ 043 37.94 £ 0.59 0.104°
Hypertension 16 (42.1%) 18 (47.4%) 0.644* GCS 14 (13-14) 14 (13-14) 0.494*
Diabetes 22 (57.9%) 20 (52.6%) 0.644* Platelet count x 103/mm® 122.05 + 18.27 11536 +25.32 0.191°
Coronary artery disease 18 (47.4%) 14 (36.8%) 0.352* S. creatinine (mg%) 2.38 +£0.91 2,65+ 1.23 0.280°
Renal impairment 26 (68.4%) 27 (71.1%) 0.803* S. bilirubin (mg%) 3.72 £ 1.61 343 £1.52 0.422°
Hepatic impairment 13 (34.2%) 17 (44.7%)  0.347* SOFA score 12 (11-13) 11 (11-13) 0.378"
VAS tolerance, median (IQR) 7 (6-7) 6 (5-7) <0.001" pH 7.34 +0.04 7.33 £ 0.04 0.521°
Diagnosis, no. (%) HCO; (mEq/L) 23.71 + 2.64 24,66 + 2.82 0.135°
Patient with hematological 13 (34.2%) 12 (31.6%) 0.806 CO, (mmHg) 30.34 = 3.62 29.05 = 3.00 0.095-

cancer RR (breaths/min) 2447 £ 1.57 2497 +1.28 0.133.
Pat.lents with drug lpduced 10 (26.3%) 11(289%) 0797 «: Data were presented as mean + SD and compared between groups

Immunosuppression using Independent t-test.
Patients with bgne marrow 7 (18.4%) 6 (15.8%) 0.760 *: Data were presented as median (IQR) and compared between groups

transplantation ) using Mann-Whitney test.
Orgqn transplantanon 5 (13.2%) 6 (15.8%) 0.744 MAP = mean arterial pressure, RR = respiratory rate.
Corticosteroid therapy 3 (7.9%) 3 (7.9%) 1.000 P value > 0.05 is considered statistically non-significant.

.. Data were presented as mean + SD and compared between groups

using Independent t-test.

”: Data were presented as median (IQR) and compared between groups

using Mann-Whitney test.
VAS Visual Analogue Scale.
IQR Inter-Quartile Range.
P value > 0.05 is considered statistically non-significant.
P value < 0.05 is considered statistically significant.

intubation was statistically significant lower in HFNC
than NIV (12 patients 31.6% versus 21 patients 55.3%
respectively) (p value 0.037)(Table 5).There was no
statistically significant difference between HFNC and
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Table 3. Chest X-ray changes (percent of affection) during ICU
stay.

HFNC group NIV group
No. =38 No.=38  P-value-

Chest X-ray (percent of 36.58 + 594 39.21 £6.42 0.068
affection) day 1

Chest ray (percent of
affection) day 2

Chest X-ray (percent of
affection) day 3

P-value* 0.066 < 0.001

«: Data are presented as mean * SD and compared between groups using
Independent t-test.

*: P-value comparing chest X-ray affection at different times of measure-
ment in the same group.

P value < 0.05 is considered statistically significant.

3739+ 656 4526 +£753 <0.001

38.24 +7.94 48.03 £8.97 <0.001

NIV as regards 28 day mortality (p value 0.159) (Table
4). Duration of ICU stay and hospital stay were statis-

values 0.044 and 0.042), respectively. Duration of intu-
bation was statistically significant lower in HFNC than
NIV. (p value 0.001) (Table 5).

4. Discussion

The present study was designed to compare the effect
of using HFNC versus NIV in immunocompromised
patients admitted to intensive care unit suffering
from acute hypoxemic respiratory failure for preven-
tion of intubation and assessment of 28 day mortality.
The main finding of the study is that incidence of
intubation was lower in patients assigned to HFNC
than those patients treated with NIV. As regards 28-
day mortality, there was no significant difference

tically significant lower in HFNC than NIV (p  noted between patients treated with HFNC and NIV.
=—&—HFNC group =—#—N|V group
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Figure 3. Chest X-ray (percent of changes) changes during ICU stay.
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Figure 4. PaO, changes in arterial blood gases (ABG) at different times between two groups.
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Figure 5. Hours/day and total hours of application of HFNC or NIV to patients in ICU.

Table 4. Application of HFNC or NIV to patients in ICU hours/
day and total hours.

HENC group NIV group
Time No. =38 No. =38 P-value.
Hours (/day), mean + SD 16.18 + 1.29 14.21 + 1.47 <0.001
Hours total, mean + SD 49.68 + 4.81 46.89 £ 6.64  0.039

« Independent t-test.
P value < 0.05 is considered statistically significant.

Table 5. Incidence of intubation, ICU stay and hospital stay.

HFNC group NIV group
No.% No.% P-value
Intubations, no. (%)
No 26 (68.4%) 17 (44.7%)  0.037*
Yes 12 (31.6%) 21 (55.3%)

Duration before intubations 51.17 £ 1494 52.18 £ 6.67 0.785-
(hours), mean + SD

28 day mortality, no. (%)

No 26 (68.4%) 20 (52.6%)  0.159*

Yes 12 (31.6%) 18 (47.4%)

ICU stay (days), median (IQR) 4 (3-4) 4 (3-5) 0.044™

Hospital stay (days), median 5 (4-5) 5((3-7) 0.042™
(IQR)

Duration of intubations (days), 1 (1-1) 2 (2-2) 0.001*
median (IQR)

*:Chi-square test; «: Independent t-test; “:Mann-Whitney test.
P value < 0.05 is considered statistically significant.

Invasive ventilation is associated with high mortal-
ity rates in immunocompromised patients, so seek of
other treatment modality like NIV is recommended as
means of avoiding intubation [12]. However, NIV was
associated with failure rate from 60% to 70% in immu-
nocompromised patients with acute hypoxemic
respiratory failure [13,14]. This failure rate of NIV
required obligation of endotracheal intubation is
near the result of the present study as need of intuba-
tion in NIV was 55.3%. In the present study tolerance

to HFNC was significantly higher than NIV by patients,
this may explain the lower incidence of intubation in
HFNC than NIV group, the present result coincides
with Frat et al. [15] who found that NIV was not the
best treatment for acute hypoxemic respiratory fail-
ure in immunocompromised patients and had
increased risk of intubation when compared to
HFNC. On the other hand, in the present study dura-
tion before intubation was not statistically significant
different between two groups although duration of
tolerance was much higher in HFNC than NIV this
might be due to difference of incidence of intubation
between two groups. The results of the present study
as regards need for intubation in NIV were different
from Huang et al. [16]. who emphasized that NIV
would reduce intubation rate and length of stay in
ICU, the cause of this difference is mostly the large
scale of patient in their study and different groups of
immunocompromised patients with acute respiratory
failure.

Chest X-ray differences between NIV and HFNC
groups were statistically insignificant at admission
(day 1), while were statistically significant worse in
NIV than HFNC group after admission by second and
third day, this might be due to better tolerance of
patients in HFNC than NIV group to the oxygen support
technique or might be also due to other causes like
chest infection, aspiration, deterioration of primary
pathology. The result is coincident with finding of Tan
et al. [17] who found that patients in HFNC were more
tolerant to treatment than of NIV, however in
a different group of patients as they compared HFNC
to NIV for chronic obstructive pulmonary disease
patients after extubation. Improvement of PO, in
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HFNC group more than NIV was statistically significant
this might be due to longer time of patient treatment
on HFNC than NIV, this result was similar to findings of
Sim et al. [18] in a physiological study between simple
face mask, non-rebreathing mask and HFNC found that
FIO, by HFNC was higher due to the high flow 40 L/min
so higher PO, of patients among the three groups.
Twenty-eight day mortality rate was similar between
patients in HFNC group and NIV group, this finding was
different from Frat et al. [15] who found that HFNC
treatment in immunocompromised patients suffering
from acute hypoxemic respiratory failure was asso-
ciated with lower incidence of 28 day mortality than
NIV patients, this may be due to difference in sample
size as it was a multicenter study, whereas the present
study is a single center study. Mortality rate in the
present study was 47 % which was near to the result
of Bellani et al. [19] who emphasized that in a large
scale international lung safe study, severe hypoxemic
patients who failed NIV had a higher mortality rate
(approximately 43%) than invasively ventilated
patients, in the present study we compared HFNC to
NIV with result of 28 days mortality 31% to 47%,
respectively. In a systematic review and meta analysis
was done by Sklar et al. [20], HFNC was found that it
decreased mortality compared to alternative non-
invasive oxygen control, the cause of difference of
result of the present study might be due to difference
of sample size as it was a meta analysis study.

ICU stay and hospital stay were statistically sig-
nificant shorter in HFNC group than NIV group.
These findings were different from findings of
Huang et al. [16] that early use of NIV is associated
with shorter ICU stay in comparison to oxygen
therapy alone.

5. Conclusion

In conclusion, the results of the present study found
that, high flow nasal cannula could prevent endotra-
cheal intubation and is associated with shorter ICU
stay and hospital stay when used in immunocompro-
mised patients suffering from acute hypoxemic
respiratory failure when compared to non-invasive
ventilation, but both methods have similar 28-day
mortality rate.
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