
Cardiopulmonary Responses to
the Tracheobronchial

Suction with a Fiberoptic Bronchoscope
during and after Anesthesia

Toshiyuki ARAI, Yoshio HATANO, Masayuki IMAMURA*
and Kenjiro MORI

The cardiopulmonary responses to endobronchial suction with a fiberoptic
bronchoscope (FOB suction) during and after anesthesia were compared in 12
patients underwent elective surgeries. FOB suction for 1 min was performed dur
ing enfiurane anesthesia (1.5% enfiurane in oxygen) with muscle relaxant (anes
thetized stage) and after anesthesia during spontaneously breathing of oxygen
(awake stage). FOB suction lowered Pao2 to a greater extent in the awake than
in the anesthetized stage. Mean Pao2 decreased from 414 to 111 torr in the awake
and from 447 to 333 in the anesthetized stage. During suction, Paco2 slightly
increased in both stages. In response to FOB suction, heart rate increased sig
nificantly in the awake stage (P <0.001), while mean blood pressure increased
significantly in the anesthetized stage (P <0.01). These findings indicate that the
cardiopulmonary responses to FOB suction for 1 min during and after anesthesia
differed. The procedure might be less dangerous during anesthesia. (Key words:
Tracheobronchial suction, fiberoptic bronchoscope, cardiopulmonary response)

(Arai T, Hatano Y, Imamura Met al.: Cardiopulmonary responses to the tra
cheobronchial suction with a fiberoptic bronchoscope during and after anesthesia.
J Anesth 3: 183-187, 1989)

It is essential to rid airway of secretions
prior to extubation for preventing atelecta
sis and postoperative pulmonary complica
tions, but the removal of secretions from
the peripheral airway is occasionaly difficult
with a blindly inserted suction catheter, even
with a curved tip catheter". The fiberop
tic bronchoscope (FOB), which is recently
used more often in a wide variety of clini
cal stuations, can overcome this problem by
direct vision. There have been a few stud
ies on the" effects of fiberoptic bronchoscopy
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lasting for more than 30 min on the cardio
plumonary system in patients breathing air
under topical anesthesla-:", indicating that
hypoxemia, hypertension, and tachycardia
were the most prominant during the suction
ing procedures''. However, no information
concerning the cardiopulmonary changes in
duced by the suctioning with an FOB (FOB
suction) during general anesthesia is avail
able. In anesthetized, preoxygenated, and
paralyzed patients, the cardiopulmonary re
sponses to FOB suction may differ from
those in awake patients. The present study
was thus undertaken to elucidate the car
diopulmonary responses to FOB suction for
1 min in anesthetized and paralyzed pa
tients. The responses to the suction was
also studied after anesthesia, when the pa-
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Table 1. Cardiopulmonary changes by 1 min suction with a fiberoptic bronchoscope

Just 1 min 3 min 5 min
Control after after after after

suction suction suction suction

Anesthetized 447 ± 106 333 ± 83 428 ± 111 440 ± 106 442 ± 105

Pac 2
stage *

(torr) Awake 414 ± 101 111 ± 28 341 ± 83 403 ± 84 420 ± 92
stage ***

Anesthetized 31 ±7 38 ± 6 31 ± 8 29 ± 7 30 ± 7

Paco2
stage *

(torr) Awake 40 ± 7 43 ± 7 43 ± 9 43 ± 9 41 ± 9
stage

Anesthetized 85 ± 17 109 ± 16 99 ± 16 92 ± 13 86 ± 12
mean BP stage **
(mmHg) Awake 95 ± 14 104 ± 19 102 ± 13 98 ± 14 97 ± 15

stage

Anesthetized 81 ± 20 96 ± 21 93 ± 23 83 ± 16 79 ± 16
HR stage

(beat/min) Awake 81 ± 15 124 ± 28 105 ± 24 84 ± 20 82 ± 18
stage *** *

Data are shown as mean ± SD. * **, and *** show P < 0.05, 0.01, and 0.001, respectively,,
compared to control.

tient gained consciousness and spontaneous
breathing, to compare the responses to FOB
suction in patients anesthetized and those
awake.

Subjects and Methods

The subjects consisted of 8 male and
4 female adult patients undergoing elective
surgeries, i.e., 10 upper abdominal and 2
thoracic surgeries. The patients were 34.2 ±
16.1 (mean ± SD) years old, weighed 59.3
± 7.5 kg and were 166.3 ± 11.0 cm tall.
Preoperative examinations revealed that all
of these patients had normal respiratory and
cardiac functions. The informed consent of
each patient was obtained before this study.

Following the administration of 5 mg/kg
thiopental and 0.1 mg/kg pancuronium, the
patients were intubated and manually ven
tilated with 1.5% enflurane in oxygen. The
radial artery was cannulated for continu
ous blood pressure (BP) monitoring and
blood sampling. After the patients' BP and
heart rate (HR) had stabilized, the tracheo
bronchial suction with an FOB (BF type

4B2, OD 4.8 mm, Olympus, Tokyo, Japan)
was performed with the endotracheal tube
open to room air (anesthetized stage). The
suction time was rigidly limited to 1 min,
and the amount of gas removed by suction
was measured using a flow sensor (Mag
trak, Ferraris Development & Engineering
Co., London, UK). After the 1 min suction
ing, the patients were immediately ventilated
manually with the same gas as used before
suctioning. The sampling of arterial blood
for gas analysis and the measurements of
mean BP and HR were performed before, at
the end of, 1, 3 and 5 min after the suction.
Throughout the procedure, ECG (Lead II)
was continuously monitored.

FOB suction was performed in the im
mediate postoperative period after conscious
ness and muscle tone had been restored.
After the patients breathed 100% oxygen
spontaneously for more than 10 min, FOB
suction for 1 min was carried out just as
in their anesthetized stage. Then, the pa
tient was allowed to breath 100% oxygen
spontaneously. The procedures of the blood
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Fig. 1. Comparison of suction
induced Pao2 changes in the anes
thetized and awake stages. Data are
shown as the mean ± SD.

*P < 0.05, **P < 0.01, com
pared to the values of the anes
thetized stages.

sampling, and the measurements of suction
volume were the same as in the anesthetized
stage.

Data were expressed as the mean ± SD,
and were analyzed statistically by the paired
t-test for the comparison of suction volume,
and the two way analysis of variance followed
by the Newman-Keuls multiple comparison
for the other parameters.

Results

Table 1 shows the respiratory and cir
culatory responses to FOB suction. FOB
suction for 1 min caused a marked and sig
nificant decrease in Pao2 in the awake stage
(P < 0.001, the lowest Pao2 value was 65
torr), and slight but significant decrease in
Pao2 in the anesthetized stage (P < 0.05,
the lowest value was 210 torr); the differ
ence between the two stages being significant
at the end of the suction and 1 min after
the cessation of the suction (P < 0.01 and
P < 0.05, respectively, fig. 1). Pao2 in the
awake stage returned to the pre-suction level
apparently 1 min and completely 3 to 5 min
after cessation of the suction. Paco2 signif
icantly increased during the 1 min suction
in the anesthetized stage (P < 0.05) while
there was no significant change in Paco2 in
the awake stage. Suction volume during the
1 min suctioning in the anesthetized and
awake stages were 16.4 ± 2.0 Ilmin and 16.5

± 1.8 Ilmin, respectively, not showing any
significant difference.

Mean BP and HR increased in response
to FOB suction with a maximum at the end
of suction (table 1) j there was a significant
increase in mean BP in the anesthetized
stage (P < 0.01) and a significant increase in
HR in the awake stage (P < 0.001).

A "bucking" was noticed in all patients
during suction in the awake stage. There was
no ECG evidence of arrhythmia nor other
complications during the procedure in either
stage.

Discussion

Endotracheal suctioning with a conven
tional suction catheter is commonly per
formed at the end of general anesthesia. In
this period, the removal of secretion by a
blindly entered catheter can be facilitated by
coughing which causes mobilization of secre
tions from peripheral airway", Although the
duration of the suction should be limited 15
sec in order to minimize the cardiopulmonaly
changes", the procedure is often repeated
to obtain complete removal, which causes
tracheobronchial damage", and discomfort in
the patient awake. The direct vision with
an FOB allows the selective and complete
removal of secretions without mobilization of
secretions by coughing. This suggests that
FOB suction can be effectively performed in
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Fig. 2. Comparison of suction
induced heart rate (HR) changes in the
anesthetized and awake stages. Data
are shown as the mean ± SD.

**P < 0.01, compared to the values
of the anesthetized stage.

anesthetized and paralyzed patients.
During a 1 min suction in the anes

thetized stage, Paco, increased slightly but
significantly because of the absence of venti
lation; the mean Paco, increased from 31 to
38 torr. Eger and Severinghaus have demon
strated that, apnea for 1 min elevated the
alveolar CO2 tension (P ACO,) an average of
13.4 torr in moderately hyperventilated pa
tients under general anesthesia7 • Therefore,
hypercapnea can be avoided by limiting the
duration of FOB suction to 1 min. The
small change in the Paco 2 during the awake
stage with spontaneous breathing indicate
that adequate ventilation was maintainted
even during insertion of an FOB, although
an FOB with a large diameter relative to
that of endotracheal tube can cause CO 2

retention",
In our patients breathing oxygen, Pao,

dereased significantly during suction in both
stages. The derease in Pao. can be explained
by the replacement of oxygen-enriched gas
with ambient air", small-airway and alve
olar collapse 10

, local ventilation/perfusion
mismatching!", or to a lesser extent, bron
choconstriction caused by the airway stim
ulation. In the present study, Pao, during
FOB suction for 1 min decreased to a greater
extent in the awake stage than in the anes
thetized stage, while the changes in suction
volume in both stages did not significantly
differ. These results are indicating that a

different degree of reduction in alveolar oxy
gen tension (P AO,) existed between the two
stages. In the awake stage, the entrained air
was inhaled and thus reached the alveolar
level, thereby causing a marked reduction of
PAO,. The non-significant rise in Paco, in
dicates the persistence of alveolar ventilation
in this stage. By contrast, in the anesthetized
stage, the entrained air reached the level of
the airways but did not penetrate completely
to the gas exchanging zone, allowing P AO,

to be maintained at a higher level than the
awake stage.•

Increases in HR and elevation of mean
BP were observed in response to FOB suc
tion for 1 min. The mechanical stimulation
of the airway by a foreign body such as
tracheal intubation is known to induce an in
crease in sympathetic dischargel ". Although
hypoxemia or hypercapnea can also cause
sympathetic discharge!", these may be ex
cluded by the observation that Pao, and
Paco2 remained within tolerable ranges even
at the end of the suction.

There was a significant increase in mean
BP above the pre-suction level in the anes
thetized stage (table 1). This results indicate
that the anesthesia with 1.5% enflurane in
oxygen was too light to attenuate the BP
response to the repeated stimulation of the
airway by an FOB, since deep inhalation
anesthesia attenuates the BP response'". On
the other hand, there was a marked increase
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in HR (53%) in the awake stage, compared
to that in the anesthetized stage (19%) (fig.
2). The greater response of HR to the suc
tion in the awake stage may have been
rather due to the emotional stimulation of
the procedure and the "bucking" observed
during the suction. The forceful coughing of
itself can induce intense tachycardia without
stimulation of the airway15 .

In summary, FOB suction for 1 min in
duced a decrease in Pao. and an in
crease m HR to a greater extent in
the awake stage than in the anesthetized
stage. These cardiopulmonary changes in
duced by FOB suction should be more haz
ardous in patients with impaired cardiopul
monary functions. Severe complications such
as hypotension!", hypoxemia!", myocardial
ischemia", and even death!" have been re
ported in association with fiberoptic bron
choscopy performed under topical anesthesia.
Thus, when FOB suction is required in pa
tients undergoing surgery, the procedure, if
the duration is limited to within 1 min,
might be more harmless before the patients
gain consciousness and muscle tone.

(Received Jan. 6, 1989, accepted for publica
tion Feb. 27, 1989)
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