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=Abstract=A clinical study for the evaluation of the effect of apneic oxygenation by
nasal prong during fiberoptic orotracheal intubation on gas exchange and vital signs
has been done on the patients who received tympanomastoidectomy (ASA classfication
1 and 2, aged from 20 to 40). Among them, 22 patients were selected whose fiberoptic
intubation lasted more than 3 but less than 4 minutes, to observe the changes of PaO»,
PaCO:, HR, and MAP. 11 patients who underwent fiberoptic orotracheal intubation in
apneic state without oxygen administration (Group I) showed similar increases in vital
signs to the other 11 patients who received apneic oxygenation (Group II). PaCO:
increased more in Group [ than in Group I, which was not statistically significant. The
differences of PaO: at 1 and 2 minutes between two groups after removal of oxygen
mask and beginning of fiberoptic intubation, were not statistically significant but Group
Il showed a significantly lesser degree of decrease in PaO: at 3 minutes.

We might say that apneic oxygenation during fiberoptic intubation under general
anesthesia is useful because it could delay the onset of hypoxia, thereby provide extra
time for intubation. Therefore we could attempt intubation up to 3 minutes on the fully
relaxed patient, if we give oxygen via nasal prong.
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every anesthesiologist should know how to per-

INTRODUCTION form this technique and when to use rather

than reserved for patients in whom rigid

Flexible fiberoptic laryngoscopy and sub- techniques have proven to be unsuccessful.
sequent intubation is a useful method for There are multiple reasons why fiberoptic
establishing a safe airway. It is now so import- equipment improves anesthetic care. First,
ant and essential to the administration of high fiberoptic  endoscopy-aided  single  lumen
quality anesthesia and intensive care that endotracheal tube intubation in the awake or
generally anesthetized patient is recognized as
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1992, difficult  airway. Second, fiberoptic bron-
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double lumen tubes and bronchial blockers
and endobronchial location of single lumen
tubes. Third, fiberoptic bronchoscopy is an ex-
tremely important diagnostic tool, both in the
operating room and intensive care unit for such
conditions as obstructed airways and airway
burns. Fourth, fiberoptic bronchoscope permits
precise therapeutic lavage, suctioning and
reinflation of any specific and/or all parts of the
airways.

Fiberoptic laryngoscopy can be performed
with relative ease on a patient having a general
anesthetic, as long as the following cautions
are kept in mind. First, as the patient under a
general anesthetic has lost the ability to main-
tain his own airway, a second pair of hands is
often necessary. Second, patients breathing
spontaneously under a general inhalational
anesthetic still have reactive vocal cords, and
may have laryngospasm as the laryngoscope is
advanced towards the glottic opening, thus ob-
scuring the view. Third, the patient who has
received a full dose of a neuromuscular
blocking drug will not be able to oppose his vo-
cal cords, eliminating laryngospasm as an im-
pedance to intubation.

In general, it has been said that attempts
at intubating a fully relaxed patient should
probably be kept to under 2 minutes (Imai and
Kemmotsu 1989). It has been also known that
the risk of hypoxia is lessened if oxygen is con-
stantly flowing to the apneic patients (Lehnert
et al. 1982, Smith et al. 1984; Babinski et al.
1984; Mackenzie et al. 1985, Babinski et al.
1985). But there has been no study about the
effect of oxygen administration by continuous
flow through nasal prong during fiberoptic
laryngoscopy under general anesthesia. There
is a possibility that apneic oxygenation via
nasal prong during fiberoptic laryngoscopy
would not give any advantage over the method
without oxygen administration, because there is
a remarkable distance from the nose to the in-
let of the trachea and oxygen flow through
nasal prong might be blocked anywhere in the
passage to the lung expecially in anesthetized
patients because of the variable anomalies in

anatomy and the relaxed soft tissues due to
deep anesthesia and muscle refaxation.

This study was undertaken to evaluate the
effect of oxygen administration via nasal prong
during fiberoptic intubation in anesthetized
patients through comparing the changes of ar-
terial oxygen tension (PaQ.), arterial carbon di-
oxide tension (PaCQ:), mean arterial pressure
(MAP) and heart rate (HR), thereby showing
whether apneic oxygenation during fiberoptic
laryngoscopy gives any advantage in improving
oxygenation and CO: elimination.

MATERIALS AND METHODS

We performed fiberoptic laryngoscopy
routinely on every patients who belonged to
ASA classification 1 and 2, aged between 20-40,
who received elective tympanomastoidectomy
due to chronic otitis media at Seoul National
University Hospital. Patients taking antihy-
pertensive medication and those with reflux,
morbid obesity and airway probiems including
significant histories of tobacco use were
excluded. We usually divided the patients into
two groups. The first group (Group ) under-
went fiberoptic orotracheal intubation in apneic
state without O2 administration after removal of
oxygen mask ventilation, while the other group
(Group 1) underwent fiberoptic orothracheal in-
tubation with apneic oxygenation of O2 5 I/min
administration via nasal prong just after re-
moval of oxygen mask ventilation. Among them,
we selected 22 patients whose fiberoptic
intubations lasted more than 3 minutes but less
than 4 minutes(Group I; 11 patients, Group I,
11 patients).

All patients were premedicated one and a
half hours prior to operation with the usual
doses of lorazepam and glycopyrrolate intra-
muscularly. Continuous EKG monitoring was
established after arrival in the operating room.
The radial artery was cannulated with 20G
teflon catheter. The arterial blood pressure was
monitored continuously and the sampling for
arterial blood gas analysis was collected
from it throughout the whole experiment. Pulse



oximetry was applied to the thumb of the
patient to prevent a dangerous drop in arterial
oxygen saturation during apneic fiberoptic intu-
bation. If the SaO: fell below 90%, the exper-
iment was stopped and the patient was
ventilated artificially with 100% oxygen.

Pentothal 4-bmg/kg was given to the
patients intravenously after a testing dose to in-
duce anesthesia. As soon as manual ventilation
with a face mask was considered satisfactory,
vecuronium 0.1mg/kg was given. The controlled
ventilation with 100% Oz and 2-3 vol% iso-
flurane mixture was given for at least 5 minutes
to make the patient relaxed completely for intu-
bation. Fiberoptic intubation was done with the
patient in supine position and the operator
standing just above the head of the patient.
After the endotracheal tube (internal diameter
7.0 for male and 6.5 for female) was mounted
on it, the fiberoptic laryngoscope was ad-
vanced via mouth opening to the tracheal inlet
with the jaw pulled forward by an assistant to
widen the retropharyngeal space. After en-
trance into the trachea, the tip of the fiberoptic
laryngoscope was positioned above the carina
and the endotracheal tube was slowly and
carefully advanced into the trachea. As the
endotracheal tube was properly positioned, the
fiberoptic laryngoscope was removed gently.

At the time just before the removal of the
oxygen mask (control value: Vc), and 1 minute
(Vi), 2 minutes (V2) and 3 minutes (Vi) after
removal of oxygen mask, HR and MAP were
measured by a KM 5000-Patient Monitor
(KOLON) and the sampling of arterial blood
was done. Blood gas analysis was done by
STAT Profile 5 (NOVA Biomedical). The aver-
ages of the measured parameters were ar-
ranged as mean = standard deviation. Differ-
ences between two groups were compared by
paired t-test and p ( 0.05 was considered stat-
istically significant.

RESULTS

There was a similar increasing tendency in
MAP and HR after removal of the oxygen mask

in both groups compared with the value just
before removal of the oxygen mask (Fig. 1, 2).
The greatest increases in MAP and HR ocurred
at 3 minutes after removal of the oxygen mask
(Table 1). PaQ. decreased from 477.4 £ 60.
17mmHg (Vc) to 253 £ 82.7mmHg (Vs) in Group
I, while it decreased from 489.7 + 47.36mmHg
(Vc) to 348.4 = 76 57mmHg (Vi) in Group |l
(Table 1, Fig. 3).

Table 1. Changes of vital signs and gas
exchange during fiberoptic intubation
under general anesthesia

time group MAP HR Pa02 PaCO:
0 I 77.6+140 925+100 477460 348+6.1
|| 830+141 89.7+141 490+47 356+3.4
Tmin I 1039+2111040+137 439+58 442+75
I 962+135 982+188 448+58 416+38
2min 1 1080+1831052+125 348+85 49.2+84
I 1164+1511015+133 400+£65 451+46
3min I 1125+2331081+17.3 253+83 53.4+93

I 12344+139100.4+215 348+77* 477447

Data are mean + SD.

Group 1: without oxygen administration
Group 2: with oxygen administration

* p ¢ 0.05 compared with group 1
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Fig. 1. Mean arterial pressure (MAP) changes
during flexible fiberoptic orotracheal in-
tubation under general anesthesia.
Data are mean = S.D.
@ . without oxygen
[J; with apneic oxygenation (5 1/min)
The differences between two groups
were not significant.
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Fig. 2. Heart rate (HR) changes during flexible
fiberoptic orotracheal intubation under
general anesthesia.

Data are mean + S.D.

@ ; without oxygen

[ ], with apneic oxygenation (5 I/min)
The differences between two groups
were not significant.

PaCO:. increased from 34.8 = 6.06mmHg
(Ve) to 53.4 + 9.32mmHg (Va) in Group | and
increased from 40.6 £ 3.88mmHg (Vc) to 527
+ 471mmHg (Vs) in Group Il. Group Il revealed
a lesser degree of increase of PaCQO: than
group |, even though this was not statistically
significant (Table 1, Fig. 4).
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Fig. 3. Arterial oxygen tension (PaQ:) changes
during flexible orotracheal intubation
under general anesthesia.

Data are mean = S.D.

@ . without oxygen

[ ] with apneic oxygenation (5 {/min)

* ; p ¢ 0. 05 comparing with the group
without oxygenation.
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Fig. 4. Arterial carbon dioxide tension (PaCO:)

changes during flexible fiberoptic
orotracheal intubation under general
anesthesia.

Data are mean + S.D.

@ ; without oxygen

1 with apneic oxygenation (5 I/min)
The differences between two groups
were not significant.

There was no significant difference be-
tween the two groups in MAP, HR, and PaCO..
The differences of Pa0O: at 1 and 2 minutes be-
tween the two groups were not statistically sig-
nificant except only the difference at 3 minutes
after removal of the oxygen mask showed a
statistical signficance (p ¢ 0.05).

DISCUSSION

Some anesthesiologists recommended fi-
beroptic intubation under general anesthesia
for the purpose of preventing the cardiovascu-
lar response by awake intubation to the
patients with increased intracranial pressure or
severe hypertension. In our experiment, there
was a similar increasing tendency in MAP and
HR during fiberoptic intubation uncer general
anesthesia. The degrees of increase were not
less than those of the previous studies which
were done at our department during awake in-
tubation or rigid technique (Lee and Kim 1985;
Oh et al. 1990). We could suggest that
fiberoptic intubation under general anesthesia
would not cause lesser activation of sympath-
etic nervous system activity during intubation.



Therefore we have to pay special attention
when we use this technique as well as with
other techniques.

Several methods have been tried to :m-
prove oxygenation and carbon dioxide elimin-
ation for the procedures in which we couid not
adequately ventilate the patients. Successful
ventilation with a continuous flow of air without
respiratory movement was described in dogs by
Meltzer and Auer in 1909. Draper and White-
head (1944) described the successful use of dif-
fusion respiration in dogs, but there was
alveoloar accumulation of carbon dioxide. In
1946, Comroe and Dripps demonstrated accu-
mulation of carbon dioxide in comatose human
subjects using this technique with an oxygen
flow as high as 11 I/min into the trachea.
Enghoff et al. (1951) were the first to introduce
diffusion respiration in anesthetized patients,
using oxygen at an FlO2 of 1.0 for ten minutes
through a cuffed tracheal tube. An extensive re-
view on the subject of diffusion respiration was
presented by Holmdahl in 1956, who introduced
apneic diffusion oxygenation (ADO). ADO was
used by Frumin et al. (1959) and Payne (1962),
who observed severe respiratory acidosis in the
presence of adequate oxygenation.

Introduction and development of high fre-
quency ventilation (Lunkenheimer et al. 1972
Klain and Smith 1977) has renewed interest in the
mechanism of gas exchange, particularly using
tidal volumes less than dead space. Lehnert et al.
(1982) studied constant flow endobronchial air
ventilation in four apneic dogs. They found nor-
mal blood gases could be obtained for as long
as 2 hours. We could apply this new methods
of gas exchange without respiratory movement
for cardiac surgery, pneumonectomy, tracheal
or bronchial surgery and treatment of acute
respiratory distress syndrome. But because the
placement of a catheter into the tracheal lumen
is needed for this high frequency ventilation, we
could not use it for fiberoptic intubation to im-
prove oxygenation.

In this experiment, we selected the method
administering oxygen via nasal prong which is
the most siinple way we could use anywhere.

This method may not have any advantage over
an apneic state without oxygenation because
the distance from the nostril to each alveoli is
so far and the soft tissue could obstruct the air-
way under general anesthesia at any time due
to relaxation. Also, we used only 5 I/min which
was much less than those of other studies to
evaluate whether the easy and routinely
performed procedure could offer any merits

during fiberoptic intubation under general
anesthesia.
Because alveolar gas tension is pro-

portional to mixed venous blood gas tension in
apneic state, PCO: increases and PQO: de-
creases (Fraioli et al. 1973; Holmdahl 1956). Be-
sides, the general anesthesia usually increases
alveolar dead space and shunt, which might
have made the situation worse in this exper-
iment. The volume of gas which crosses the al-
veolar-capillary membrane is proportional to
the tension of that gas. The increase of the al-
veolar oxygen tension by the constant oxygen
flow into the alveoli during apneic state might
increase the volume of the gas crossing the al-
veolar-capillary membrane and also improve
the elimination of carbon dioxide from capiliary
blood. But carbon dioxide elimination appears
to be related to gas velocity, elimination being
increased  with increasing velocities and
volumes. Therefore we have to give a large vol-
ume of oxygen to the alveoli, if we want to im-
prove CO: elimination.

From the studies of Frumin et al. (1959)
and Eger and Severinghaus (1961), the mean
rate of rise of PaCQO: in apneic anesthetized
man was found to be 3.8 mmHg/min. Group |l
showed a similar increase of carbon dioxide
tension to other studies but Group | revealed
more increase than the expected values which
might also show the advantage of oxygen
administration. Even though it was not statisti-
cally significant, if we use more volume of oxy-
gen, we might observe a lesser degree of in-
crease in carbon dioxide tension under similar
experimental condition.

There was an interesting report by Ma-
ckenzie et al. (1985) who observed no advan-



tage in carbon dioxide removal in pigs com-
pared to apneic oxygenation in dogs, which
may be due to the species anatomic differ-
ences, i. e. pig lungs are lobulated with septa
and are without collateral airways. Their result
suggest that endobronchial insutflation with or
without oxygen supplementation may be an ef-
fective means of oxygenation and carbon diox-
ide removal in humans with COPD but not in
neonates. More studies are needed to clarify
this complicated issue.

The morbidly obese patient showed a more
rapid development of the fall of arterial oxygen
saturation comparing with the normal weight
person, which is due to low FRC in the obese
patient (Jense et al. 1988). Therefore we
excluded the obesity and other conditions that
could have effect on FRC and other respiratory
parameters.

Gambee et al. (1987) observed the increase
in the safety interval until hypoxia occurred dur-
ing intubation when enough denitrogenation
was done with 100% oxygen because the oxy-
gen tension and the degree of denitrogenation
at the beginning of apnea had a serious effect
on the onset time of hypoxia. We used at least
5 minutes of preoxygenation before trying intu-
bation to improve oxygenation in our practice
including this study.

Teller et al. (1988) reported that oxygen in-
sufflation via nasopharyngeal cannula (3 [/min)
provided at least ten minutes of adequate oxy-
genation in unintubated, denitrogenated, ap-
neic patients whose airways are unobstructed.
They suggested that nansopharyngeal oxygen
insufflation may be life-saving by providing ex-
tra time to obtain control of the airway in a
critical situation by significantly delaying the
onset of hypoxia. In our experiment, probably
because we gave the oxygen through nasal
prong which is far from the tracheal introitus
and we could not guarantee the patency of the
airway from the nasal prong to the tracheal lu-
men, we had to give up continuing fiberoptic
intubation which lasted more than 4 minutes
because various kinds of arrythmia frequently
appeared perhaps due to the elevation of ar-

terial carbon dioxide tension. Imai and
Kemmotsu (1989) reported that attempts at
intubating a fully relaxed patient should be kept
under 2 minutes. But we could suggest that
attempts at intubating that patient might be
kept until until 3 minutes because our study
showed relatively tolerable values of PaOx.,
PaCO:, and vital signs.

The results of our study showed that PaO:
decreased from 477.4 + 60.7 torr to 3484 *
76.57 torr in Group ll. The rate of PaO. de-
crease in Group | was steeper than in Group I
as the time went by. The difference of PaO: be-
tween the two groups at 3 minutes was statisti-
cally significant, which was similar to the report
of Teller et al. (1988). We might say that oxygen
administration via nasal prong is helpful in
preventing the rapid fall of oxygen tension dur-
ing fiberoptic intubation in apneic state under
general anesthesia even though it was not ob-
viously helpful in improving the elimination of
carbon dioxide. At the same time, we can ex-
tend intubation time until 3 minutes for attempts
on a fully relaxed patient if we administer oxy-
gen via nasal prong.
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