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ORIGINAL ARTICLE

Supraglottic jet oxygenation and ventilation reduces
desaturation during bronchoscopy under moderate to
deep sedation with propofol and remifentanil

A randomised controlled clinical trial

Benjun Zha, Zhiyun Wu, Ping Xie, Huaping Xiong, Li Xu and Huafeng Wei

BACKGROUND Hypoxaemia is frequently seen during flexi-
ble bronchoscopies that are done with a nasal approach
under the traditional sedation with propofol. This study
investigated the potential benefits of supraglottic jet oxygen-
ation and ventilation (SJOV) using the Wei nasal jet tube
(WNJ) in reducing hypoxaemia in patients undergoing bron-
choscopy under moderate to deep intravenous sedation
using a propofol, lidocaine and remifentanil cocktail.

OBJECTIVES Our primary objective was to evaluate the
efficacy and complications of SJOV via the WNJ during
flexible bronchoscopy under moderate to heavy sedation
with propofol and remifentanil.

DESIGN A randomised controlled clinical trial.

SETTING The 180th Hospital of People’s Liberation Army,
Quanzhou, China, from 1 June to 1 November 2019.

PATIENTS A total of 280 patients aged >18 years with
American Society of Anesthesiologists’ physical status 1 to 3
undergoing flexible bronchoscopy were studied.

INTERVENTIONS Patients were assigned randomly into one
of two groups, a nasal cannula oxygenation (NCO) group
(n=140) using a nasal cannula to deliver oxygen (4 | min~")
or the SJOV group (n=140) using a WNJ connected to a
manual jet ventilator to provide SJOV at a driving pressure of

103 kPa, respiratory rate 20 min~', AO, 1.0 and inspiratory:
expiratory (l:E) ratio 1:2.

MAIN OUTCOME MEASURES The primary outcome was
an incidence of desaturation (defined as SpO, < 90%) dur-
ing the procedure. Other adverse events related to the
sedation or SJOV were also recorded.

RESULTS Compared with the NCO group, the incidence of
desaturation in the SIOV group was lower (NCO 37.0% vs.
SJOV 13.1%) (P < 0.001). Patients in the SJOV group had a
higher incidence of a dry mouth at 1 min (13.1% vs. 1.5%,
P < 0.001) than at 30 min (1.5% vs. 0%, P=0.159) or at
24h (0% vs. 0%). There was no significant difference
between the groups in respect of sore throat, subcutaneous
emphysema or nasal bleeding.

CONCLUSIONS SJOV via a WNJ during flexible bronchos-
copy under moderate to deep sedation with propofol and
remifentanil significantly reduces the incidence of desatura-
tion when compared with regular oxygen supplementation via
anasal cannula. Patients in the SJOV group had an increased
incidence of transient dry mouth.

TRIAL REGISTRATION Registered at www.chictr.org.cn
(ChiCTR1900023514).

Published online 25 November 2020

Introduction

Flexible bronchoscopy has been used in both diagnostic
and therapeutic applications in treating lung diseases.’
Without sedation, patients often find the procedure
extremely uncomfortable, experiencing difficulty with
breathing, coughing, pain, fear, anxiety and airway

irritation. With adequate sedation (or general anaesthe-
sia), patients have better tolerance of the procedure, with
reductions in coughing, fear and complications.*”
Amanda ¢z al.* suggested that sedation should be recom-
mended for all patients undergoing bronchoscopy
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procedures except where contraindications exist. The use
of a mixture of propofol 0.5mg/kg and remifentanil
0.5 pg/kg has been reported to produce a high satisfaction
score with patients and bronchoscopists because of its
short recovery time, but also has a high incidence of
hypoxaemia.’ Hypoxaemia is usually caused by suppres-
sion of ventilation due to controlled sedation and the
bronchoscopy, which produces both obstruction and
stimulation of the airway.

Studies have shown that 82.5% of patients undergoing
this procedure experience hypoxaemia if not supplied
with supplemental oxygen.® The procedure is compli-
cated and fraught with difficulty because the anaesthesi-
ologist and bronchoscopist share the same airway.” If
hypoxaemia occurs (as defined as SpO, <90%), the pro-
cedure should be stopped until the hypoxaemia is cor-
rected. Supplemental oxygen can be very helpful in
reducing hypoxaemia during flexible bronchoscopy,®™'!
but there is still a risk of hypoxaemia due to insufficient
ventilation because the flexible bronchoscope occupies
part of the airway and stimulates the bronchus, leading to
dyspnoea or apnoea. Additionally, depression due to
sedative drugs or anaesthetics can lead to insufficient
ventilation. Hypoxaemia has been reported to occur in
40% of sedated bronchoscopy patients.'? High-flow nasal
oxygen (HFNO) has been proposed to prevent hypox-
aemia during bronchoscopy, but has not shown any

Fig. 1 Components for flexible bronchoscopy using the Wei nasal jet tube

significant advantage over standard oxygen flow at
101 min~'.® Furthermore, studies have indicated that
HENO results in the accumulation CO, because of
insufficient ventilation.'>*

Supraglottic jet oxygenation and ventilation (SJOV) is
established by placing a jet catheter through the nasal
cavity, and has been used effectively in both oxygenation
and ventilation'® as well as in difficult airway manage-
ment and colonoscopy.'®™*® The Wei nasal jet tube
(WNJ; Well Lead Medical Company, Guangzhou, China)
has two channels built inside its wall, one for jet oxygen-
ation and ventilation delivered supraglottically and the
other for monitoring the end-tidal partial pressure of CO,
(Fig. 1). SJOV with the WN]J has been used effectively in
upper gastrointestinal endoscopy in patients under seda-
tion with propofol.?"** It has also been used in fibreoptic
bronchoscopic intubation of paralysed patients with a
difficult airway,® without severe complications such as
barotrauma or severe nose bleeding.?' ~%* Therefore, we
proposed that using SJOV with the WNJ may be appro-
priate for reducing hypoxaemia during flexible bronchos-
copy under moderate to heavy sedation with a
combination of propofol, lidocaine and remifentanil.

Our study aim was to evaluate the efficacy and compli-
cations of SJOV via the WN] during flexible bronchos-
copy under moderate to heavy sedation. We
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hypothesised that using SJOV via the WN] would result
in a lower incidence of hypoxaemia than procedures
performed with only supplemental oxygen delivered by
a nasal cannula in patients under sedation with a com-
bination of propofol, lidocaine and remifentanil during
flexible bronchoscopy.

Methods

This randomised controlled clinical trial was approved
(2019-33) by the Medical Ethics Committee of the 180th
Hospital of People’s Liberation Army, Quanzhou, China,
on 27 May 2019. The study was registered at www.chic-
tr.org.cn (ChiC'TR1900023514). The study was con-
ducted in accordance with the Declaration of Helsinki,
as all the authors had access to the study data and
reviewed and approved the final manuscript. All inves-
tigators, including nurses and anaesthesiologists, partici-
pated in the standardised training for the use of SJOV,
including the mechanism of action, indications and con-
traindications for its use in upper airway flexible bron-
choscopy, and the precautions for and management of
predicted adverse events. Written informed consent was
obtained from all participating patients.

Patients aged >18 years with American Society of
Anesthesiologists’ (ASA) physical status of 1-3 undergo-
ing flexible bronchoscopy from 1 June to 1 November
2019 were studied. Patients with the following conditions
were excluded: pre-operative resting pulse oxygen satu-
ration on room air <90%, obstructive sleep apnoea [OSA;
STOP-BANG (Snoring, Tiredness, Observed apnoea,
blood Pressure, Body mass index, Age, Neck circumfer-
ence and Gender) >3],%* intolerance of or allergic to the
study drug, history of nasopharyngeal surgery, nasal mal-
formation, nasal tissue hyperplasia, bleeding diseases or
pregnancy. Patients were allocated randomly to one of
two groups according to computer-generated randomisa-
tion results: nasal cannula supplement oxygen group
(NCO group) or SJOV via the WN]J (SJOV group).
Randomisation was undertaken using opaque sealed
envelopes which were selected randomly before induc-
tion of anaesthesia.

Patients fasted pre-operatively for at least 8 h and were
premedicated with i.v. midazolam 0.02mgkg ' in the
preparation room. Patients received standard monitoring,
including heart rate, electrocardiogram, noninvasive arte-
rial pressure and oxygen saturation with pulse oximetry
(SpOy). Patients were premedicated to receive nebulisa-
tion of 2% lidocaine using a nebulisation device.

Patients were pre-oxygenated for 3 min via a facemask
with an oxygen flow rate of 101 min~" immediately pre-
ceding sedation. The patients were then treated with
boluses of a propofol/lidocaine cocktail (propofol 200 mg
+ lidocaine 40 mg) with 0.5mgkg ' of propofol and
0.5pgkg " of remifentanil i.v.> This was followed by a
continuous infusion of remifentanil 0.075 wg kg ' min~"
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at the discretion of the anaesthesiologist. The depth of
sedation was assessed to achieve a moderate to deep
sedation level using the modified observer’s assessment
of alertness/sedation (MOAA/S)® score of 2 or 3 (5,
responds readily to name spoken in normal tone; 4,
lethargic and responds to name spoken in normal tone;
3, responds only after name is called loudly, repeatedly or
both; 2, responds only after mild prodding or shaking; 1,
responds only after painful trapezius squeeze; 0, does not
respond to painful trapezius squeeze). Patients were
administered additional boluses of propofol (10 or
20 mg) when MOAA/S was >3.

In the NCO group, patients received supplemental oxy-
gen (41 min ') via a nasal cannula in one nostril; the other
was used for the flexible bronchoscope.

In the SJOV group, a well-lubricated WN]J was inserted
into one nostril. The inserted depth was the distance
from the tip of the nose to the earlobe on one side. We
would try the other nostril if the insertion into one nostril
failed twice. If WN] insertion into the second nostril also
failed twice, the patient was excluded from the study. A
flexible bronchoscope was placed through the lumen of
the WN] as a conduit after the WN] had been inserted
successfully into the nostril. SJOV was subsequently
established using a manual jet ventilator (Well Lead
Medical Company, Guangzhou, China) connected to
the proximal end of a built-in jet catheter on the WN]J
(Fig. 2) with the following working parameters: driving
pressure 103 kPa, respiratory rate 20 min~', inspirator-
y:expiratory (I:E) ratio 1:2 and gas source 100% oxygen.
Positioning of the WN]J was adjusted and verified during
SJOV based on optimal chest expansion. If obvious chest
rising did not occur, an up-and-down manoeuvre was
performed to change the depth of the insertion, or the
WN] was rotated slightly. The anaesthesiologist titrated
the propofol and remifentanil infusions to maintain mod-
erate to deep sedation with propofol.

A satisfaction score using a numerical rating scale (NRS;
0, very dissatisfied; 10, very satisfied) was obtained from
the bronchoscopist at the end of the procedure, and from
the patients before leaving the bronchoscopy room.

Outcomes were collected by a separate investigator using
the World Society of Intravenous Anaesthesia (SIVA)
adverse sedation event reporting tool.?> The primary
outcome was desaturation, which was defined as
SpO, <90% during the procedure. Hypoxaemia was
described as follows: subclinical respiratory depression
(SpO; 90-95%); oxygen desaturation (SpO, 75-89% for
<60 s); or severe oxygen desaturation (SpO, < 75% at any
time or <90% for >60s).

The secondary outcomes included other adverse events
related to the sedation according to the World SIVA
adverse sedation event reporting tool, which included
the following:
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Fig. 2 lllustration of a well lubricated Wei nasal jet tube inserted into the left nostril with supraglottic jet oxygenation and ventilation during flexible

bronchoscopy
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(1) Minimal risk: nausea/retching, muscle rigidity,
myoclonus, hypersalivation, paradoxical response,
agitation during recovery, prolonged recovery.

(2) Minor risk: airway obstruction, failed sedation,
allergic reaction without anaphylaxis, bradycardia,
tachycardia, hypotension, hypertension, seizure.

(3) Sentinel risk: cardiovascular collapse/shock, cardiac
arrest/absent pulse.

(4) Adverse events related to SJOV at 1 and 30 min after
the procedure, including pneumothorax, subcutane-
ous emphysema, nose bleeding.

The procedure time, total propofol dose, and bronchos-
copist and patient satisfaction scores were recorded.
Patients with no adverse events related to SJOV at
30min after the procedure were followed up by tele-
phone 24 h after the procedure.

When hypoxaemia occurred, it was treated using the
following sequence in the NCO group: verbal and tactile
stimulation; increasing the oxygen delivery to
101 min~"; jaw thrust; removing bronchoscope and mask
ventilation; tracheal intubation for mechanical ventila-
tion. In the SJOV group, the following sequence was
used: verbal and tactile stimulation; increasing the driv-
ing pressure to 172 kPa; jaw thrust; removing broncho-
scope and mask ventilation; tracheal intubation for
mechanical ventilation.

When other adverse events related to the sedation
occurred, the interventions were performed to treat
the adverse events according to step 3 in the World
SIVA adverse sedation event reporting tools. Nose bleed-
ing at 1 min was treated with vasoconstriction by the
anaesthesiologist using ephedrine in the nasal cavity.

Nasopharyngeal doctors treated the nose bleeding if it
happened 30 min after surgery.

Pass (version 11.0, NCSS, LLC, Kaysville, Utah, USA)
software was used for sample size calculation. The inci-
dence of hypoxaemia has been reported to be up to 30%
during bronchoscopy for patients who were sedated with
propofol and remifentanil.’ Assuming that the SJOV via
the WN]J would achieve a reduction from 30 to 15% for
the incidence of hypoxaemia, we calculated a sample of
121 patients in each group (a=0.05, power =0.8). If the
attrition rate was set at 15%, a total of 280 patients (140 in
each group) would be required.

Data are presented as number (%), or as mean + SD. The
Student’s 7-test was used to analyse age, height, weight,
BMI, baseline SpO,, SpO, before sedation, the proce-
dure time, propofol dose, patient satisfaction and bron-
choscopist satisfaction. The x* test was used to analyse
sex, ASA physical status, Mallampati class, co-morbid-
ities, procedures and adverse events. P values of < 0.05
were considered statistically significant. Analysis was
performed using SPSS version 13.0 (SPSS, Chicago,
IL, USA).

Results

Between 1 June and 1 November 2019, 280 patients who
underwent flexible bronchoscopy were allocated ran-
domly to one of two groups (the SJOV group or the
NCO group). Three patients in the SJOV group and five
patients in the NCO group were excluded from analysis
in the study because of an inability to follow up due to
incorrect phone numbers (Fig. 1). There was no serious
morbidity, such as barotrauma (e.g. abnormal gastric
distension or pneumothorax) or death.

Eur J Anaesthesiol 2021; 38:294 -301
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Fig. 3 CONSORT flow diagram
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NCO group, nasal cannula supplement oxygen group; SJOV group, supraglottic jet oxygenation and ventilation group.

There were no significant differences between the NCO
and SJOV groups in terms of age, sex, body mass index,
American Society of Anesthesiologists’ physical status
grading, Mallampati class, baseline SpO,, SpO, before
sedation, co-morbidities and type of procedure (Table 1).

The procedure time was shorter in the SJOV group than
in the NCO group (12.74+6.2 vs. 159489 min,

Eur J Anaesthesiol 2021; 38:294—-301

P =0.001). The bronchoscopists were more satisfied with
the sedation procedure in the SJOV group than in the
NCO group (9.4 £0.8 vs. 9.0+ 1.2, P=0.001). However,
there were no significant differences in patient satisfac-
tion and propofol dose between groups (Table 2).

The incidence of desaturation in the SJOV group was
lower than in the NCO group (37% vs. 13.1%, P < 0.001).
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Table 3 Incidence of hypoxaemia and need for airway assistance

NCO group SJOV group

Table 1 Patient characteristics
NCO group SJOV group

Characteristic (n =135) (n=137)
Age, years 53.4+13.6 51.7+13.8
Male sex 104 (77.0) 106 (77.3)
Height, cm 165.8+ 7.0 165.7+7.6
Weight, kg 57.9+95 58.3+10.3
BMI, kg m~2 21.0+28 21.1+3.1
ASA physical status, 1/2/3 29/84/22 34/89/14
Mallampati class, 1/2/3/4 86/41/6/2 80/42/10/5
Baseline SpO,, % 96.0+1.9 96.5+1.6
SpO, before sedation, % 99.9+0.30 99.94+0.25
Comorbidities

Hypertension 41 (30.3) 46 (33.6)

Ischaemic heart disease 27 (20.0) 30 (21.9)

COPD 31 (23.0) 27 (19.7)

Asthma 2 (1.5) 2 (1.5)

Lung malignancy 36 (26.7) 39 (28.5)
Two or more comorbidities 28 (20.7) 27 (19.7)
Procedures

Inspection only 59 (43.7) 61 (44.5)

Inspection + BAL 18 (13.3) 15 (10.9)

Inspection + BW 11 (8.1) 15 (10.9)

Inspection + BB 47 (34.8) 46 (33.6)

Values are mean + SD or number (%). ASA, American Society of Anesthesiol-
ogists; BAL, broncho-alveolar lavage; BB, bronchial biopsy; BMI, body mass
index; BW, bronchial washing; COPD, chronic obstructive pulmonary disease;
NCO group, nasal cannula supplemental oxygen group; SJOV group, supraglot-
tic jet oxygenation and ventilation group; SpO,, peripheral oxygen saturation.

The incidences of subclinical respiratory depression,
oxygen desaturation and severe oxygen desaturation
were significantly lower in the SJOV group than in the
NCO group (P<0.01). There were no cases of severe
oxygen desaturation in the SJOV group, and five in the
NCO group (P=0.023).

In the SJOV group, two patients (1.5%) required an
increase in the driving pressure and eight patients
(5.8%) required jaw thrust to correct desaturation, which
was significantly less than the 14 patients (10.4%) and 19
patients (14.1%), respectively, in the NCO group. Two
patients (1.5%) required mask ventilation to correct
hypoxaemia in the NCO group, but none in the SJOV
group. There was no difference between the two groups
in terms of stimulation requirement (Table 3).

In all, 24 (17.8%) patients had minimal risk and 11 (8.1%)
patients had minor risk in the NCO group compared with
similar numbers of 23 (16.8%) and 12 (8.8%),

Table 2 Procedure data, propofol dosage and satisfaction

NCO group SJOV group
Characteristic (n=135) (n=137) P value
Procedure time, min 15.9+8.9 12.7+6.2 0.001
Propofol dose, mg 79.7+235 75.8+22.3 0.135
Patient satisfaction score 8.0+0.8 8.0+0.8 0.097
Bronchoscopist 9.0+1.2 9.4+0.8 0.000

satisfaction score

Characteristic (n=135) (n=137) P value

Hypoxaemia 50 (37.0) 18 (138.1) 0.001
Subclinical respiratory depression 32 (23.7) 15 (10.9) 0.005
Hypoxaemia 13 (9.6) 3(2.2) 0.009
Severe hypoxaemia 5 (3.7) 0 (0) 0.023

Need for airway assistance 50 (37.0) 18 (13.1) 0.000
Stimulation 15 (11.1) 8 (5.8) 0.118
Increasing oxygen delivery 14 (10.4) 0.002
Increasing driving pressure 2 (1.5)
Jaw thrust 19 (14.1) 8 (5.8) 0.023
Mask ventilation 2 (1.5) 0 (0) 0.156

Values are number of patients (% of group total). NCO group, nasal cannula
supplement oxygen group; SJOV group, supraglottic jet oxygenation and ventila-
tion group.

respectively, in the SJOV group. No patient had sentinel
risk in either group (Table 4).

One minute after waking up, 18 (13.1%) patients in the
SJOV group had a dry mouth, which was significantly
higher than the two (1.5%) in the NCO group. There
were no significant differences in sore throat or nasal
bleeding between the groups. No patients had severe
barotrauma such as subcutaneous emphysema in
either group.

Thirty minutes after waking up, dry mouth was signifi-
cantly lower in the SJOV group than at 1 min and there
was none in the NCO group. Nasal bleeding stopped
naturally, without the need for medical or surgical treat-
ment. However, the number of patients with sore throat
had increased in both groups but there was no difference
between the groups.

At 24 h after the procedure, dry mouth had disappeared
in the SJOV group, without any medical interventions.

Table 4 Other adverse events related to the sedation

NCO group  SJOV group

Adverse event (n=135) (n=137)

Minimal risk 24 (17.8) 23 (16.8) 0.829
Nausea/retching 10 (7.4) 8 (5.8) 0.603
Muscle rigidity, myoclonus 0 (0) 0 (0) -
Hypersalivation 13 (9.6) 14 (10.2) 0.871
Paradoxical response 1(0.7) 0 (0) 0.313
Agitation during recovery 0 (0) 1 (0.7) 0.320
Prolonged recovery 0 (0) 0 (0) -

Minor risk 11 (8.1) 12 (8.8) 0.856
Airway obstruction 0 (0) 0 (0) -
Failed sedation 0 (0) 0 (0) -
Allergic reaction without 0 (0) 0 (0) -

anaphylaxis
Bradycardia 0 (0) 1(0.7) 0.320
Tachycardia 6 (4.4) 4 (2.9) 0.504
Hypotension 3 (2.2) 5 (3.6) 0.486
Hypertension 2 (1.5) 2 (1.5) 0.988
Seizure 0 (0) (0) -

Sentinel risk 0 (0) 0 (0) -
Cardiovascular collapse/shock 0 (0) (0) —
Cardiac arrest/absent pulse 0 (0) (0) —

Values are mean = SD. NCO group, nasal cannula supplement oxygen group;
SJOV group, supraglottic jet oxygenation and ventilation group.

Values are number (% of group total). NCO group, nasal cannula supplement
oxygen group; SJOV group, supraglottic jet oxygenation and ventilation group.

Eur J Anaesthesiol 2021; 38:294 -301
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Table 5 Adverse events related to oxygen delivery system

NCO group

SJOV group

Adverse event (n=135) (n=137)

1 min after procedure 24 (17.8) 40 (29.2) 0.026
sore throat 3(2.2) 6 (4.4) 0.320
subcutaneous emphysema 0 (0) 0 (0) -
nasal bleeding 19 (14.1) 16 (11.7) 0.555
dry mouth 2 (1.5) 18 (13.1) 0.001

30min after procedure 12 (8.9) 20 (14.6) 0.132
sore throat 12 (8.9) 18 (13.1) 0.246
subcutaneous emphysema 0 (0) 0 (0) -
nasal bleeding 0 (0) 0 (0) -
dry mouth 0 (0) 2 (1.5) 0.159

24 h after procedure 1(0.7) 2 (1.5) 0.570
sore throat 1(0.7) 2 (1.5) 0.570
dry mouth 0 (0) 0 (0) -

Values are number (% of group total). NCO group, nasal cannula supplement
oxygen group; SJOV group, supraglottic jet oxygenation and ventilation group.

Sore throat was also relieved, although not completely
(‘T'able 5).

Discussion

Our study shows that the SJOV is a novel and efficient
method to decrease the incidence of desaturation in
patients receiving flexible bronchoscopy under moderate
to deep sedation in comparison with the commonly used
oxygen supply via a regular nasal cannula. There were
some minor and tolerable adverse events related to SJOV
but no severe complications such as barotrauma in
any patient.

Studies have shown that OSA is associated with a high
risk of traffic accidents and cardiovascular disease.”’ %
The STOP-BANG questionnaire is a concise and conve-
nient screening tool for pre-operative OSA and has a high
sensitivity in detecting OSA.** Chung ez a/. reported that
patients with a STOP-BANG score of 0 to 2 can be
classified as low risk for moderate to severe OSA.*
Consequently, OSA patients (STOP-BANG > 3) were
excluded in this study for the safety of patients. The
present study indicates that SJOV is feasible and effec-
tive in reducing the incidence of hypoxaemia during
flexible bronchoscopy under moderate to deep sedation.
The incidence of hypoxaemia was 37% when nasal can-
nula supplemental oxygen was used, which was reduced
to 13% with SJOV. The procedure was seldom inter-
rupted in the SJOV group. Previous studies have sug-
gested that SJOV was effective in maintaining
oxygenation/ventilation in obese patients under sedation
or general anaesthesia in various types of difficult airway
management.'®'? In the process of flexible bronchos-
copy, jet pulses can be injected into the trachea and lung
around the flexible bronchoscope, even after it passes the
vocal cords, thus maintaining adequate oxygenation and
ventilation. However, nasal cannula supplemental oxy-
gen has a much lower efficiency in maintaining oxygen-
ation and ventilation in patients with severe respiratory
depression or apnoea under heavy sedation, especially

Eur J Anaesthesiol 2021; 38:294—-301

when a flexible bronchoscope is already in the airway, due
to the lack of forward injecting power.

Capnography should be used in all patients undergoing
procedural sedation by facilitating early detection of
ventilation problems,*** which may give earlier indica-
tions of respiratory suppression or apnoea than pulse
oximetry. The end-tidal partial pressure of carbon diox-
ide (Pr1CO,) monitoring catheter built inside the wall of
the WNJ is extremely important, and opens inside the
inner lumen of the WN]J at the middle position. The
intermittent powerful jet pulses are able to reduce CO,
washout and CO, dilution® from the jet flow, and provide
acute measurement of PpCO,, as demonstrated by
previous studies.”****®  Respiratory depression or
apnoea can be detected effectively, while simultancously
monitoring the effectiveness of SJOV during moderate-
to-deep sedation. Additional airway assistance may be
provided to prevent the occurrence of hypoxaemia and
accumulation of CO, during SJOV.

The adverse events related to SJOV were considered
when beginning the study. Barotrauma is a severe
adverse event in the process of jet ventilation. Duggan
et al¥’ reported that during transtracheal jet ventilation
(T'T'JV), there was a high incidence of barotrauma, up to
30%. Barotrauma can occur when jet ventilation is used in
a closed tissue cavity.”® Significantly different from
T"T'JV, which has the jet pulse initiated below the vocal
cords, SJOV has jet pulses generated above the vocal
cords, securing a patent upper airway because of nose and
mouth opening and minimising the risks of barotrauma.

The incidence of dry mouth was higher after SJOV
because oxygenation without humidification was used
in the manual jet ventilator. Studies indicate that breath-
ing dry air for a long time interrupts the tracheal secretion
of mucus and may result in acute damage and inflamma-
tion."” However, the presence of a dry mouth was tran-
sient. The presence of sore throat increased after 30 min
in both groups, possibly because of the termination of the
analgesic effects of lidocaine and remifentanil. This
indicates that the sore throat was due mainly to the
stimulation of the throat caused by flexible bronchoscopy
rather than jet ventilation.

Another potential risk of inserting the WN]J or flexible
bronchoscope into a nostril is that of nasal bleeding,.*"*%*"
Nasal bleeding occurred in both groups, but there was no
significant difference between groups at the end of the
procedure. All nasal bleeding stopped after 30 min.

The study had the following limitations. First, the study
is a single-blinded protocol; the investigator was not
blinded, which might produce bias in this study. Second,
the depth of sedation using the OAA/S was a subjective
estimation, and any additional boluses of propofol might
add deviation. Bispectral index score (BIS) monitoring
could potentially eliminate this deviation. Studies***!



EJA

SJOV reduces oxygen desaturation during bronchoscopy 301

have indicated that moderate sedation during flexible
fibreoptic bronchoscopy using BIS monitoring can be
used safely by non-anaesthesiologists with propofol but
have not reduced hypoxaemic events.

In summary, during moderate to deep sedation with
propofol and remifentanil for flexible bronchoscopy,
SJOV via the WN]J can reduce the incidence of desatura-
tion and can increase bronchoscopist satisfaction, com-
pared with the commonly used supplemental oxygen via
a nasal cannula. Transient and mild adverse events
related to the SJOV are dry mouth and sore throat, but
without serious complications such as barotrauma.
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