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Abstract

Background: The dead space washout and provision of some level of positive airway pressure by nasal high-flow
(NHF) cannula could improve the efficiency of ventilation, oxygenation and maintenance of the upper airway in
patients undergoing deep sedation. This study aimed to compare the incidences of events represented oxygenation
and ventilation, i.e. desaturation and upper airway obstruction, and arterial blood gas (ABG) levels between using NHF
cannula and conventional nasal cannula (NC2) during deep sedation of adult surgical patients.

Methods: In this prospective randomized single-blinded study, the patients who were 20-80 years old, ASA physical
status of 1 to 3, scheduled for surgery under intravenous sedation (IVS) were included. The patients were randomly
divided into two groups, i.e,, NC2 or NHF groups. Propofol infusion was given to maintain deep sedation. The desatu-
ration (SpO, < 92%) and upper airway obstruction events (presence of snoring with paradoxical breathing) after
application of NC2 or NHF were observed and collected. Other outcomes included interventions during IVS, such as
jaw lifting or airway instrument insertion, mouth dryness, and post- ABG analyses were also collected and compared.

Results: Thirty-six patients undergoing endovascular surgery were randomized into NC2 or NHF groups (18 in each
group). No patients dropped out of the study. There were no significant differences in age, sex, ASA physical status,
pre-sedation and pre-application of NC2 and NHF ABG analyses (PaO,, Sa0,, pH, PaCO,, and PaO,/FiO,). NHF group
had significantly lower in the incidence of desaturation [5 (27.78%) vs 13 (72.22%), p = 0.008], upper airway obstruc-
tion [4 (22.22%) vs 13 (72.22%), p=0.003], and airway maneuver [6 (33.33%) vs 13 (72.22%), p=0.019] than NC2 group.
There were no differences in the ABG analyses after oxygen supplementation and no significant differences in mouth
dryness between groups.

Conclusion: The use of NHF cannula in patients undergoing endovascular surgery under deep sedation reduced
desaturation events and required fewer airway interventions than NC2 with no difference in arterial blood gas analy-
ses and mouth dryness.
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Introduction

Intravenous sedation is widely performed to sedate
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patient and abilities of the patient to maintain the airways
and ventilation. With deep sedation, the upper airway
muscles relax and cause upper airway obstruction, which
may require some degree of an airway or ventilatory sup-
port [1]. Therefore, several techniques, such as chin lift,
anterior displacement of the mandible, and airway device
insertion, can be applied to improve airway patency [2].
Additionally, oxygen supplementation via multiple equip-
ment and positive pressure ventilation via a face mask are
performed. Adverse effects from these maneuvers may
interrupt the depth of sedation and cause gastric inflation
from positive pressure ventilation via a face mask that
can lead to nausea or vomiting post-operation. Recently,
a nasal high-f low (NHF) cannula was reported to have
beneficial effects in patients with obstructive sleep apnea
[3], chronic obstructive pulmonary disease [4]. Several
studies also demonstrated that the use of an NHF can-
nula could reduce hypoxia or desaturation events with
good tolerance or minimal adverse events in the patients
undergoing endoscopic retrograde cholangiography
(ERCP) [5], bronchoscopy [6] and gastroscopy [7], and
dental treatment [8] under sedation. A previous rand-
omized controlled trial (RCT) showed benefit and safety
of the NHF oxygen therapy in hypoxemic patients after
receiving cardiothoracic surgery [9] and a prospective
cohort studies shown that NHF cannula was a useful tool
as an adjuvant or main oxygen therapy during induction
of general anesthesia, maintenance of deep intraoperative
sedation, and during early postoperative care [10].

An NHF cannula can deliver positive airway pressure
(PAP) in the upper airway without the use of an uncom-
fortable face or nasal mask compared with a conven-
tional PAP machine. Mean nasopharyngeal pressure
during NHF therapy increases as flow increases [11] and
PAP created by an NHF depends on whether the per-
son is breathing with the mouth open or closed and the
flow rate [12]. Hypopharyngeal pressure increases with
an increase in gas flow rate. The mean airway pressure
is as high as 7.1 cmH,O when oxygen flow increases to
50 L/minute [13]. Moreover, patients can comfortably
breathe warmed and fully humidified air, even when the
flow rate is increased up to 50 L/minute. The gas could
be humidified with a heated water chamber immediately
before delivery to the patient [13]. Dead space washout
and provision of some level of positive airway pressure
by NHF device can improve efficiency of ventilation, oxy-
genation and self-maintaining of the upper airway [14].
However, there was no randomized controlled studies to
demonstrate that NHF could improve oxygenation and
ventilation in endovascular surgery patients undergoing
intravenous deep sedation when compared with NC2.

Therefore, we conducted a prospective, randomized,
controlled trial in inpatients who planned to have surgery
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under IVS, to demonstrate whether using an NHF can-
nula was able to maintain oxygenation and ventilation
during deep sedation compared with a conventional
nasal cannula (NC2) at the same fraction of inspired oxy-
gen (FiO,).

Methods

Study design and participants

This prospective single-blinded randomized controlled
study was approved by the Committee on Human Rights
Related to Research Involving Human Subjects, Faculty
of Medicine Ramathibodi Hospital, Mahidol University
(Approval Certificate ID: MURA 2017/90. Protocol ID
02-60-12, approval on 30/03/2017). The study was reg-
istered on Thai Clinal Trial Registry http://www.clinicaltr
ials.in.th (Study ID: TCTR20201007002, Registration
date 01/11/2018). This study was retrospectively regis-
tered in the registry because it was not a requirement for
the approval of the protocol by the Committee on Human
Rights Related to Research Involving Human Subjects
of the Faculty of Medicine. The study was carried out
in accordance with the Declaration of Helsinki and the
Conference on Harmonization Guidelines for Good Clin-
ical Practice and adhered to Consolidated Standards of
Reporting Trials (CONSORT) guidelines [15].

Written informed consent was obtained from all par-
ticipants prior to participation in this study. We recruited
20-80-year-old patients with an American Society of
Anesthesiologists (ASA) physical status classification of
1 to 3 who were scheduled for surgery under IVS. The
patients with known allergies to the anesthetic drugs
used in the study and those with known unstable hemo-
dynamics were excluded from the study.

Eligible patients were randomly divided into 2 groups.
The patients in Group 1 received conventional nasal can-
nula with oxygen flow at 2 L/minute (Fraction of inspired
oxygen (FiO,): 0.28; NC2 group) while the patients in
Group 2 were administered nasal high flow (NHF) (Opti-
flow; Fisher & Paykel Healthcare, Auckland, New Zea-
land) therapy at a flow rate of 60 L/minute (FiO,: 0.28;
NHEF group). All gases for patients using an NHF cannula
were administered through a humidifier and breathing
circuits (AIRVO™ 2 System; Fisher & Paykel Healthcare).
The randomization was performed with sealed envelope
randomization services (available at http://www.seale
denvelope.com) with allocation ratio of 1:1 and block size
of 2.

Anesthesia and measurements

The primary outcome was the occurrence of desaturation
defined as an SpO, <92% (measured by pulse oximetry)
after application of NC2 or NHF. The secondary out-
comes were the occurrence of upper airway obstruction
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event defined as the present of snoring with paradoxical
breathing, interventions during IVS, such as jaw lifting or
airway instrument insertion, and arterial blood gas analy-
ses after application of NC2 or NHF, and mouth dryness.

For anesthesia, an intravenous catheter was inserted
with any sized catheter and Acetate Ringer’s solution was
started at 60 mL/kg. Routine monitoring included non-
invasive blood pressure, pulse rate, and pulse oximetry
(SpO,), and electrocardiography (lead II) was performed
before induction of anesthesia. Before starting sedation,
an arterial line was inserted into a radial artery under
local anesthesia (with 1% lidocaine without adrenaline)
and then the first arterial blood sample was collected.
The patient’s head was then repositioned by using rolled
drapes to support the posterior neck and shoulder. Sub-
sequently, hypnosis was induced by the administration of
propofol using a target-controlled infusion system. The
target blood concentration was maintained at 2 pg/mL
to obtain an adequate deep level of sedation [16, 17]. The
second arterial blood sample was then collected 15 min
after propofol infusion to ensure the adequate depth of
sedation. Administration of oxygen was initiated via NC2
or NCF cannula depending on the group assigned after
an adequate depth of sedation was achieved. The defi-
nition of deep sedation was that the patients cannot be
easily aroused but still had respond purposefully follow-
ing repeated or painful stimulation [1]. In this study, we
assessed the deep sedation by using verbal commands
and shaking shoulders. The deeply sedated patients must
not have any response to verbal commands but still have
a response to shaking shoulders. The deep sedation was
periodically assessed throughout the surgical procedure.
The third arterial blood sample was collected after apply-
ing oxygen for 15 min. The response to surgical painful
stimuli was got rid by infiltrating with 10 ml of 1% xylo-
caine at surgical site.

Anesthesiologists carefully monitored for upper air-
way obstruction by listening to breathing sounds and
observing chest wall movement. Systolic and diastolic
blood pressure, heart rate, and arterial hemoglobin
saturation (SpO,) were measured and recorded every
5 min throughout the study. When systolic blood pres-
sure decreased by 20% from baseline or was less than
100 mmHg, 3 to 6 mg of ephedrine was administrated.
When SpO, decreased below 92%, an intervention, such
as jaw lifting or anterior mandibular displacement, was
performed by the anesthesiologist and recorded. If SpO,
was still less than 90% in any period of interventions, oxy-
gen was applied by a nasal cannula/NHF cannula or FiO,
was temporarily increased in case of both devices already
be used. An oropharyngeal/nasopharyngeal airway was
inserted when the upper airways could not be maintained
by both devices. A nasopharyngeal airway was used first,
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and if upper airway obstruction still occurred, an oro-
pharyngeal airway was applied. Positive pressure venti-
lation (PPV) via a face mask was performed when SpO,
was less than 88%. Taking blood samples was delayed for
15 min after positive ventilation and/or increased FiO,
was intervened. The target blood concentration was not
changed until the surgical procedure was completed.
Finally, the patients’ mouth dryness was evaluated by an
interview while the patients did not know which study
group they were in.

Statistical analysis

The approximate rate of desaturation under intrave-
nous sedation in a previous study was 40% [5, 18] in the
patients receiving oxygen through conventional nasal
cannula. The desaturation rates in the patients receiving
oxygen through the nasal high-flow system during seda-
tion in various condition from previous studies were
ranged 0 to approximately 20% [5, 6, 19, 20]. We expected
that the incidence of desaturation under the intravenous
deep sedation in our study would be 40% in NC2 group
and 2% in NHF group. Power and Sample Size Calcula-
tion Program (PS) version 3.1.2 was used to estimate
the sample size with the ratio of NC5 to NHF subjects
of 1:1. At least 17 subjects in each group were needed to
be able to reject the null hypothesis that the desatura-
tion rate during IVS between NC2 and NHF groups are
equal with a power of 80% and a type I error probabil-
ity of 0.05. Considering a dropout rate of 5% due to short
term follow-up, the sample size required was 18 patients
per group.

All analyses were performed on an intention-to-treat
basis using IBM SPSS Statistics for Windows, Version
20.0. (IBM Corp, Armonk, NY, USA). Baseline categori-
cal characteristics are described as number with per-
centage and/or 95% confidence interval (95%CI) and the
quantitative variables as mean + standard deviation (SD).
Dichotomous variables were compared with the x? test or
Fisher’s test, as appropriate. Continuous variables were
compared with the t-test or Wilcoxon rank-sum test as
appropriate. A P-value of less than 0.05 was considered
statistically significant for all tests.

Results

Baseline demographic and clinical characteristics

From April 2017 to February 2018, there were 36 eli-
gible patients scheduled for surgical treatment under
IVS. All patients screened and enrolled were patients
undergoing endovascular surgery. The patients were
randomized to either NC2 or NHF group using an
equal allocation. No patients dropped out of the study
(Fig. 1 Participant Flow). Thus, all randomized patients
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were included in the analyses. There were no significant
differences in age, sex, male/female, body mass index,
ASA physical status, having obstructive sleep apnea,
and pre-sedation blood gases between the two groups
(Table 1).
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Outcomes

NC2 group had a significantly higher incidence of desatu-
ration than the NHF group [13 (72.22%) vs. 5 (27.78%);
p=0.008]. Besides, there was a significantly higher inci-
dence of upper airway obstruction in the NC2 group than
in the NHF group [13 (72.22%) vs. 4 (22.22); p=0.003].
The NC2 group required interventions more frequently
when compared with the NHF group. However, there

Accessed eligibility and obtained informed consent
(n=36)

Excluded (n=0)

36 eligible patients enrolled and
randomized

NC2 group (Control group)
(n=18)

Allocation

NHF group
N=18

Discontinued intervention (n=0)
Loss to follow-up (n= 0)

Analyzed
(n=18)

Fig. 1 Participant Flow

Follow-up

I

Analysis

Discontinued intervention (n=0)
Loss to follow-up (n=0)

Analyzed
(n=18)

Table 1 Baseline characteristics

NC2 group (n=18) NHF group (n=18) P value

Age (years) 67.33+£883 6744+12.84 0.976
Sex, male/female, n 11/7 11/7 1.000
Body mass index (kg/mz) 2285+338 24291456 0.291
ASA physical status 1.000

| 1 (5.56%) 1 (5.56%)

I 1 (5.56%) 1 (5.56%)

I 16 (88.89%) 16 (88.89%)
Obstructive sleep apnea 1 (5.56%) 0 (0%) 1.000
Pre-sedation blood gases

pH 745+0.03 742+0.07 0121

PaCo, 38.1543.25 4034+£4.13 0.086

Pa0, 78.81+16.88 7937+£1287 0912

Sa0, 9578+ 193 96494261 0.359

PaO,/FiO, 368.85+84.5 372.08+6341 0.898
Endovascular surgery, n (%) 18 (100%) 18 (100%) NA

Data are mean =+ standard deviation or n (%)

Abbreviations: NA Not applicable, NHF Nasal high flow, NC2 Conventional nasal cannula, PaCO, Partial pressure of carbon dioxide in arterial blood, PaO, Partial pressure
of oxygen in arterial blood, SaO, Oxygen saturation in arterial blood, FiO, Fraction of inspired oxygen, FiO, Fraction of inspired oxygen
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was no statistically significant difference in instrument
insertion between groups. One of 18 patients in the NHF
group required PPV via a face mask during IVS. There
was no significant difference in the rate of mucosal dry-
ness between the two groups (Table 2).

The arterial partial pressure of oxygen (PaO,) and the
PaO,/FiO, (PF ratio) after oxygen supplementation were
not significantly different between the two groups. The

Table 2 Complications, airway intervention and instrument insertion
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partial pressure of carbon dioxide (PaCO,) was also not
significantly different between the groups (Table 3).

Discussion

In this study, we used propofol infusion to maintain deep
sedation during endovascular surgery. Relaxation of the
tongue and pharyngeal muscles causes narrowing or clos-
ing of the upper airway space, resulting in upper airway
obstruction in patients under deep sedation. Although a

NC2 group (n=18) NHF group (n=18) P value
Complications
Desaturation (SpO, < 92%) during IVS? 13 (72.22%) 5(27.78%) 0.008*
[46.52,90.31%] [9.69, 53.48]
Upper airway obstruction during IVS? 13 (72.22%) 4(22.22%) 0.003*
[46.52,90.31%] [6.41,47.63%]
Mucosal dryness 2(11.11%) 1(5.56%) 1.000
[1.38,34.71%] [0.14,27.29%]
Required interventions
Airway maneuver 13 (72.22%) 6 (33.33%) 0.019*
[46.52,90.31%] [13.34,59.01%]
PPV requirement® 0 (0%) 1 (5.56%) 1.000
[0.14,27.29%)]
Instrument insertion
Nasopharyngeal airway 6 (33.33%) 3(16.67%) 0.443
[13.34,59.01%] [3.58,41.41%]
Oropharyngeal airway 2(11.11%) 1 (5.56%) 1.000
[

[1.38,34.71%]

0.14, 27.29%]

Parentheses are percentages and values in square brackets represent 95% confidence interval (Cl)

Abbreviations: IVS Intravenous sedation (IVS), PPV Positive pressure ventilation
" Significant at P value <0.05

? Desaturation events after application of NC or NHF during deep sedation

b Upper airway obstruction after application of NC or NHF during deep sedation. The Upper airway obstruction during IVS defined as the present of snoring with

paradoxical breathing

€ One patient in NHF group received airway maneuver with PPV without desaturation and upper airway obstruction during IVS because the patient had apnea

Table 3 Arterial blood gas analysis between groups (n= 18 in each group)

Baseline Post-sedation® Post-sedation with oxygen device
intervention®

NC2 group NHF group NC2 group NHF group P value NC2 group NHF group P value
PaO, 7881+1688  7937+£1287 63.14+£14.75 62.56+25.12 0.934 110.16£52.77 109.32+2867 0.954
Sa0, 95.78+1.93 96494261 90.54+5.88 8745+12.24 0.344 95.9743.72 97.34+251 0.205
pH 745£0.03 7.4240.07 741£0.06 74£0.06 0.394 7.384+0.04 7.38+£0.05 0.705
PaCO, 38.1543.25 40344413 42484367 4484 +£479 0.107 4535+569 46.18+5.56 0.660
PaO,/Fi0, 368854845  372.08+6341 296.15+£7107  293214£11985 0929 379.344+183.11 385.714£10543  0.899

Data are mean + standard deviation (SD)

Abbreviations: NHF Nasal high flow, NC2 Conventional nasal cannula, PaCO, Partial pressure of carbon dioxide in arterial blood, PaO, Partial pressure of oxygen in
arterial blood, Sa0, Oxygen saturation in arterial blood, FiO, Fraction of inspired oxygen, FiO, Fraction of inspired oxygen

? Blood collection 15 min after propofol infusion and before application of nasal conventional or NHF cannula

b After application of NC2 or NHF
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simple airway maneuver, such as head tilt, chin lift, or jaw
thrust, may be effective to relieve this obstruction, it is
often inconvenient to perform during the surgical period.
In our study, the NHF system helped reduce the need
to open airway obstruction and reduce the incidence of
desaturation compared with a conventional nasal can-
nula. Improving gas exchange could be achieved by an
NHF cannula-induced reduction in rebreathed CO, vol-
ume by clearance of dead space [21, 22] and an increase
in end-expiratory lung volume [23].

NHEF can also generate PAP. Many studies on NHF can-
nulas have shown that this device could generate mean
pressure in the pharyngeal space up to 7.1 cmH,0O when
flow was delivered up to 50 L/minute [11-13, 24]. In this
study, the NHF group were administered at a flow rate
of 60 L/minute that higher than the previous studies
[11-13, 24]. The higher rate might be helpful in relieving
upper airway obstruction and reduce the requirement for
performing airway maneuvers in deeply sedated patients
in NHF group. The Starling resistor model of the upper
airway is used to explain the collapsible (pharyngeal) seg-
ment between two rigid tubes (nasal and trachea) [25].
If the airway pressure in upstream is more than critical
closing pressure (pressure required to collapse the air-
way), the obstruction will be relieved and airflow can pass
through the lower airways. The study by Lin Y et al. [7] in
outpatients undergoing routine gastroscopy with propo-
fol sedation that used the nasal high flow (NHF) therapy
at the flow rate up to 60 L/minute showed the incidence
of hypoxia of 0% in NHF group while the desaturation
rate in NHF group in the present study was 27.78%. The
higher desaturation rate might be from the differences
in oxygen concentration (FiO,) and patient positioning.
FiO, in our study was 0.28 and all patients were in supine
position, whereas the study by Lin et al. applied FiO, of
1.0 and all patients were in lateral position. In addition,
the study patient characteristics were also different.
Almost all patients in our study were ASA physical sta-
tus grade 3 while the study by Lin Y et al. included the
patients with ASA physical status grade 1 to 2 only.

A previous study [26] showed that an upstream pres-
sure equal to 11.84+2.7 cmH,O was sufficient to main-
tain airway patency. Mathru M et al. found that nasal
continuous PAP (CPAP) can restore the patency of the
pharyngeal airway in patients sedated with propofol
[27]. In our study, there were 6/18 patients in the NHF
group required an airway maneuver. A reason of airway
maneuver requirements could be from insufficient PAP
level generated by NHF to open the collapsed airway,
which might require upstream pressure of more than 12
c¢cmH,0, as mentioned above. The PAP created by NHF
depends on whether the person is breathing with the
mouth opened or closed and the flow rate used.
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In this study, there was no control of the mouth posi-
tion. Additionally, because sedated patients might have
had some mechanical obstruction at the nasopharynx,
base of the tongue, and hypopharynx, the NHF could
not combat the resistance from those obstructions.
Therefore, the airflow proximally leaked from the air-
way obstruction area. Subsequently, the NHF system
was unable to maintain PAP all of the time. In the pre-
sent study, although the incidence of desaturation and
upper airway obstruction in NHF group was significantly
lower than NC2 group, however, some patients in NHF
group required combination of the interventions. Of the
5 patients having desaturation in NHF group, 3 patients
had airflow leak and required both the airway maneu-
ver and airway instrument insertion to maintain SpO,
over 92%. Two of the 3 patients required nasopharyn-
geal airway insertion only and one patient needed both
nasopharyngeal and oropharyngeal airway insertion. In
addition, one patient in NHF group experienced apnea
during the deep sedation. Recent studies demonstrated
that transnasal humidified rapid insufflation ventila-
tory exchange (THRIVE), an oxygenation technique that
delivers continuous, warm and humidified oxygen at a
high flow rate (up to 120 L min~!) [28] via high flow nasal
cannula could prolong the safe apnea time both adults
[29] and children [30]. The THRIVE technique is easily
implemented method to achieve oxygenation and venti-
lation without an invasive device [31]. Further research
into THRIVE by comparing with current oxygenation
technique with NHF cannula is required to demonstrate
the benefit of THRIVE in the patients undergoing sur-
gery under deep sedation.

In this study, post-intervention arterial blood gas anal-
ysis showed no significant difference in partial pressure
of oxygen (PaO,) and carbondioxide (PaCO,) between
using the NHF system and a conventional nasal cannula.
Although PaO, and PaCO, were not correlated with clin-
ical desaturation and the need to perform airway inter-
ventions, which had a significantly higher incidence in
the NC2 group than in the NHF group. The reason for
this finding could be because there were patients with
severe hypoxemia in the NC2 group. Therefore, we had
to prevent further desaturation by performing an airway
maneuver and inserting an airway device before collect-
ing blood samples. For this reason, an accurate meas-
urement of oxygenation and ventilation could not be
obtained at this time.

In the NC2 group, two patients had an extremely high
PaO, and PF ratio, which caused an increase in overall
oxygenation. As a result, oxygenation in the NC2 group
was not significantly different compared with that in
the NHF group. Generally, a conventional nasal can-
nula should only be used with an oxygen flow rate of
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6L/minute because exceeding 6 L/minute causes dry-
ness of the nasal mucosa. A previous study reported
that an oxygen flow rate of up to 50 L/minute could
be delivered by a conventional nasal cannula, but only
when the gas was optimally warmed and humidified
[32]. In our study, only one patient complained about
airway dryness, and it did not lead to low satisfaction
by the patient while he was applied oxygen via an NHF
cannula.

A previous randomized controlled study showed ben-
efit and safety of the NHF oxygen therapy in hypoxemic
patients after receiving cardiothoracic surgery [9] and
a prospective cohort studies shown that NHF cannula
was a useful tool as an adjuvant or main oxygen therapy
during induction of general anesthesia, maintenance of
deep intraoperative sedation, and during early postop-
erative care [10]. However, our study would be the first
randomized controlled study comparing nasal high flow
cannula versus conventional nasal cannula in the patients
undergoing endovascular under IVS. Although the sam-
ple size was small, the significant differences in desatu-
ration, upper airway obstruction, and airway maneuver
were detected. The study with larger sample size could
give more precise estimates of effects (narrower confi-
dence intervals). Despite the positive results, this study
has some limitations. We could not properly control
the timing of drawing arterial blood gas because of ethi-
cal issues about the safety of patients after desaturation
occurred. The apnea time and the length of desaturation
was not collected and the screening tools for the risk of
obstructive sleep apnea (OSA) e.g., STOP-Bang Ques-
tionnaire was not applied. Moreover, further studies
should measure the nasopharyngeal pressure to clarify if
the NHF system was able to maintain PAP or not.

In conclusion, the use of NHF cannula in patients
undergoing endovascular surgery under deep sedation
reduced desaturation events and required fewer airway
interventions than NC2 with no difference in arterial
blood gas analyses and mouth dryness.
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