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introduction

Disconnection from the ventilator is of-
ten required in critically ill mechanically
ventilated patients. Since the normal
coughing mechanisms are disrupted, fre-
quent airway suctioning of secretions is
necessary. Endotracheal suctioning pro-
motes arterial oxygen desaturation, which
may produce such adverse effects as
cardiac arrhythmia, cardiovascular col-
lapse, and even sudden death (1). More-
over, in patients ventilated with positive
end-expiratory pressure (PEEP), discon-
nection from the ventilator induces a sud-
den decrease in lung volume that may
worsen the harmful effect of apnea on
gas exchange (2).

Constant-flow ventilation has been
proposed in experimental studies in dogs,
pigs, and cats (3-6) as a means of
eliminating carbon dioxide and supply-
ing oxygen. This ventilation was ad-
ministered through catheters placed in
the main stem bronchi (3) or via a Car-
len’s double-lumen tube (6). In anesthe-
tized human subjects, two endobronchial
catheters terminating in the main bron-
chi were at first used to apply constant-
flow ventilation (5). In the present study,
we postulated that such an insufflation
may be useful in patients with acute re-
spiratory failure to maintain satisfacto-
ry gas exchange during periods of dis-
connection from the ventilator required
for endotracheal suctioning. We pro-
posed applying constant-flow oxygen in-
sufflation (CFI) with a modified en-
dotracheal disposable tube. Small capil-
laries molded by extrusion in the wall of
the tube allowed delivery of high-velocity
microjets near the tracheal end of the
tube, maintaining a constant positive
pressure resulting from the air entrain-
ment mechanism (7). We first examined
the effect of CFI in apneic patients via
such a standard-sized tube normally posi-
tioned in the trachea, and in the second
part, we applied this technique during en-
dotracheal suctioning.

SUMMARY In mechanically ventilated patients, disconnection from the ventilator and endotracheal
suctioning can induce major arterlal oxygen desaturation resuiting from apnea, changes in inspired
oxygen fraction, and decrease in lung volume. The aim of this study was to test the efficacy of
a simple method of delivering oxygen and maintaining lung volume during this process. Our study
was conducted in two parts. In the first part, constant-flow insuffiation of oxygen (CFl) was used
in seven patients ventilated for acute respiratory fallure (Pao,/Fio, = 347 + 33 mm Hg) as a means
of maintalning arterlal oxygenation during apnea and disconnection from the ventilator. CFl was
administered via a modified endotracheal tube in which small capillaries allowed dellvery of a high-
velocity jet flow near the tracheal end of the tube during disconnection from the ventilator. In com-
parison to apnea alone, CFl prevented a fall in arterial oxygen tension (16 + 7 mm Hg during CFl
versus 117 + 27 during apnea, after 90 s of disconnection in the two situations, p < 0.001), whereas
it did not reduce the development of hypercapnia. The efficacy of CFi resulted both from the Injec-
tion of oxygen into the irachea and from the maintenance of positive alveolar pressure induced
by air entrainment (mean 104 x 1.1 cm H.0), preventing a fall In lung volume usually occurring
after disconnection (+338 + 88 ml during CFl versus -344 + 64 ml during apnea, p < 0.01). In
the second part of the study CFl was used to prevent arterial oxygen desaturation Induced by en-
dotracheal suctioning. In seven other patients who were sedated but not paralyzed (Pag,/Flo, =
199 + 34 mm Hg), endotracheal suctioning was performed with or without administration of CFl.
In five of the seven patients oxygen desaturation was fully prevented when CFl was used, but it
was observed in all patients and reached —15.6 + 2.6% during standard suctioning. In the two
remalning patients, desaturation was much lower and recovery time was much shorter when CFl
was used. Measurements of transpulmonary pressure and lung compliance during these perlods
suggested that CFl was able to prevent a decrease In lung volume induced by suctioning. Assess-
ment of lung volume by CT scanning in five patients demonstrated that CFI prevented the 27% fall
in lung volume Induced by endotracheal suctioning. We propose to use this simpie method as a
means to avold or minimize arterial oxygen desaturation during disconnection from the ventilator
or during endotracheal suctioning in severely hypoxemic patients ventilated for acute respiratory
fallure. AM REV RESPIR DIS 1991; 144:395-400

Methods

The protocol was approved by the Research
and Ethics Committee of the Henri Mondor
Hospital (Paris XII University), and informed
consent was obtained from the patients or next
of kin in each case. This study was conduct-
ed in two parts.

Part 1

The first part of this study focused on the
effects of CFI in apneic paralyzed patients.

Patients. Seven mechanically ventilated pa-
tients with stable hemodynamic status were
studied. They had various acute or chronic
lung disorders. Their mean age + SEM was
65 + 6 yr, and their other main characteris-
tics are listed in table 1 (Patients 1 to 7). All
patients were under controlled mechanical
ventilation (CMV) with a Siemens Servo® Ven-
tilator 900C (Solna, Sweden). They were un-
der sedation (flunitrazepam and morphine)

and paralyzed with pancuronium during the
study.

All patients were intubated with a dispos-
able standard-sized endotracheal tube (Pat-
ent Boussignac-Labrune, Synthelabo, Le
Plessir-Robinson, France) with an internal di-
ameter of 8.0 mm allowing delivery of oxygen
by constant-flow insufflation. Five capillaries
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TABLE 1
MAIN CHARACTERISTICS OF THE PATIENTS

Age Pag,/Fip,
Patient (yr) Sex Fig, (mm Hg) Diagnosis
Part 1
1 34 M 040 340 Multiple trauma
2 76 M  0.60 182 Acute pancreatitis, ARDS
3 54 F 0.40 292 Asthma, pneumonia
4 72 M 030 380 Meningitis, encephalitis
5 87 M 045 380 Tuberculosis sequeilae and acute bronchitis
6 63 F 0.30 447 Head injury
7 67 M 035 410 Cardiogenic shock
Part 2
8 65 F 0.50 144 Coma, aspiration pneumonia
9 57 M 050 128 Pneumonia
10 48 M 040 247 Meningitis
1 48 M 050 258 Meningitis, encephalitis
12 65 M 045 182 Cardiac surgery, pneumonia
13 66 M 080 88 Sepsis, ARDS
14 72 M 030 346 Cardiac surgery

Definition of abbreviations: Fig, = fraction of inspired oxygen used for ventilation of the patient;

ARDS = adult respiratory distress syndrome.

(diameter less than 0.7 mm) were extruded
in the wall of the tube without changing the
size of its lumen, thus forming apertures for
the microjets. The inlet of these capillaries
was located at the proximal end of the tube,
and the outlet, 1 cm before the distal end.
A constant 12-L/min flow of humidified ox-
ygen was administered during CFI. Prelimi-
nary experimental studies in a lung model
showed that this flow generates a positive pres-
sure of about 10 cm H,O.

Measurements. The oxygenation status of
the patients was monitored with an ear ox-
imeter (BIOX® II; Ohmeda, Louisville, CO).
A radial arterial line was inserted and blood
gases were measured with an ABL 30 (Radi-
ometer, Copenhagen, Denmark). Changes in
lung volume (Avol) were studied with a
differential linear transformer, composed of
asensor (Schrewittz LN Industries, Gaillard,
France) mounted on a flexible but nonexten-
sible belt and positioned around the patient
at nipple level, as previously described (8).
As the respiratory system of a paralyzed ven-
tilated patient can be considered a system with
a single degree of freedom, changes in lung
volume were computed from a single signal,
the rib cage displacement. Avol was calculat-
ed as the difference between the volume mea-
sured during mechanical ventilation at the end
of expiration and the volume measured at the
end of the disconnection period. The calibra-
tion procedure was conducted during mechan-
ical ventilation by comparing Avol with the
integrated signal obtained from a heated
calibrated Fleisch No. 1 pneumotachygraph
(Lausanne, Switzerland) connected to a
differential pressure transducer (Validyne
MP45 + 2.5 cm H,0; Northridge, CA) and
inserted between the endotracheal tube and
the ventilator tubings.

Tracheal pressure (Ptrach) was monitored
with a multiperforated catheter (ID 1.65 mm)
inserted into the trachea, whose tip was lo-
cated 35 mm below the distal end of the en-
dotracheal tube; at this distance the pressure

plateau generated by the jet is reached and
no direct effect of the jet on the pressure mea-
sired can occur (7). The catheter was con-
nected to a differential pressure transducer
(Validyne MP45 + 50 cm H,0). Esophageal
pressure (Pes) was obtained using the balloon
catheter technique (8) and was measured with
a differential pressure transducer (SENSYM®
LDX 06001 + 70 cm H,O; Sensym, Santa
Clara, CA). Esophageal pressure was used to
estimate pleural pressure.

The compliance of the respiratory sys-
tem (Crs) was computed from the ratio
Vt/(Ppause — PEEPtot), where Vr is the tid-
al volume; Ppause is the Ptrach value obtained
at the end of a 0.3-s end-inspiratory pause;
and PEEPtot is the total Ptrach obtained dur-
ing occlusion of the expiratory line at the end
of exhalation, performed during controtled
mechanical ventilation using a special func-
tion of the Servo 900C ventilator, The value
PEEPtot therefore took into account both the
external positive end-expiratory pressure ap-
plied to the patient and the intrinsic PEEP
due to the mechanical characteristics of the
respiratory system of the patients (9, 10).

Protocol. The following maneuvers were
performed in a random order in all seven
patients once anesthesia and paralysis were
considered sufficient: (/) 10 min of CMV
with a level of 1.0 for Fig, (inspired fraction
of oxygen) followed by disconnection from
the ventilator for 90 s; (2) 10 min of CMV
with an Fio, level of 1.0 followed by discon-
nection from the ventilator and addition of
CFI for 90 s (O, = 12 L/min).

The following additional maneuvers were
randomly performed in five of the seven pa-
tients: 10 min of CMV with an Fig, level of
1.0 followed by disconnection from the ven-
tilator and the provision of a supplementary
bulk supply of O, (at 12 L./min for 90 s) via
a large cannula (CH 16) placed 2 cm down
the external tip of the endotracheal tube, a
maneuver designed to study the effect on gas
exchange of apneic oxygenation; and 10 min

of CMV at the usual Fig, level for patient
ventilation, followed by disconnection from
the ventilator and application of CFI for 90 s
(O: = 12 L/min). Blood gas samples were
obtained at T, before disconnection and 45
and 90 s after disconnection (T4 and Ts,).

Part 2

The second part of this study looked at the
usefulness of CFI to prevent arterial oxy-
gen desaturation induced by endotracheal
suctioning.

Patients. Seven patients ventilated for var-
ious disorders were selected for this study.
Their main characteristics are listed in table
1 (Patients 8 to 14). Four patients had severe
lung injury with a Pag,/Fig, ratio less than
200 mm Hg. They all were intubated with an
8.0-mm endotracheal tube allowing delivery
of oxygen by constant-flow insufflation. Pa-
tients were often sedated but never paralyzed.
At least five of them had spontaneous breath-
ing activity during disconnection.

Measurements. Oxygen saturation (Biox®
II; Ohmeda, Louisville, CO) was continuously
monitored before, during, and after endo-
tracheal suctioning and recorded on a strip-
chart recorder (TA 550; Gould, Cleveland,
OH). It was monitored after reconnection to
the ventilator until saturation returned to its
baseline value. Arterial blood gases were ob-
tained before and after endotracheal suction-
ing. Tracheal and esophageal pressure were
recorded as described, and transpulmonary
pressure was obtained by the electronic differ-
ence of these two pressures. Dynamic lung
compliance was calculated before and after
suctioning as the ratio of tidal volume to the
change in transpulmonary pressure during
mechanical ventilation.

Profocol. Measurements were obtained be-
fore, during, and after two suctioning proce-
dures. One was performed during 60 s, while
the patient was disconnected from the venti-
lator without prior hyperoxygenation (stan-
dard). The suction catheter (CH 16) was in-
serted into the airways until resistance was
met and then pulled back 2 to 3 cm. Negative
suctioning pressure was then started, and the
catheter was rotated and gradually removed.
Negative wall pressure amounted to —80 cm
H,O0. Suction was interrupted when the cath-
eter reached the external outlet of the tube.
The maneuver was repeated until the end of
the 60-s period. The other suctioning proce-
dure was performed in an identical manner
with the addition of CFI of oxygen at 12
L/min. The two periods were selected in a
random order and were separated by at least
30 min.

CT scan study. In six further patients,
changes in lung volume induced by en-
dotracheal suctioning were assessed by com-
puted tomographic (CT) scanning of the
chest. The mean age of these patients was 67
* Syr. They were ventilated for 13 + 2 days,
and the mean Fig, was 37 + 2%, Three CT
scan cuts were performed (apex, carina, and
basis) and repeated four times in a randomized
order: (/) during mechanical ventilation, at
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Fig. 1. Mean values (x SEM) for the
drop in Pao, (APao,, top) and the rise -150
in Paco, (APaco,, bottom) relative to the
baseline value at a Fig, level of 1.0, 45, 20 -
and 90 s after disconnection from the A PaCO2
ventilator, either during apnea or during mm Hg

constant-flow insuffiation (CFI).

end expiration after clamping of the en-
dotracheal tube; (2) after 30 s of disconnec-
tion alone; (3) after 30 s of endotracheal suc-
tioning; (4) after 30 s of endotracheal suc-
tioning and CFI. Between each series of
images, patients were reconnected to the ven-
tilator for at least 10 min. Patients were sedat-
ed and paralyzed for the study. Two
parameters were measured on the CT cuts.
First, the surface area of each cut was com-
puted by planimetry. For each condition, the
lung volume between two cuts was estimated
as the product of the mean surface areas and
the distance between the cuts, Total “estimat-
ed lung volume” (VL) was the sum of the
volumes between each cut. Second, the mean
density of the tomographic cuts was calcu-
lated in each condition.

Results are expressed in terms of mean +
SEM. The Mann-Whitney U test for compar-
ison of two samples was used for statistical
analysis. Comparison of several conditions
was made by analysis of variance (ANOVA),
and two-by-two comparison was made using
Tukey’s test.

50 9

p<0.05 p<0.01
: —3 CAl
D apnea
0 4'5 9'0 seconds
p=0.11
1 p=0.14 apnea
CFI
0 a5 90 seconds
Results
Part 1

Baseline Pao, during controlled mechan-
ical ventilation with an Fio, of 1.0 was
identical before simple disconnection
(360 + 38 mm Hg) and before discon-
nection plus CFI (349 + 34 mm Hg).
When the patients were disconnected
from the ventilator, they exhibited a mean
change in Pag, of —35 + 16 mm Hg
(range —7to —129 mm Hg) at T, with-
out CFI. When CFI was applied, Pao,
decreased only by —6 + 4 mm Hg (range
10to —23 mm Hg) at T,s (p < 0.05). At
Ty, the change in Pag, was much great-
er: —117 = 27 mm Hg (range —42 to
—217 mm Hg) without CFI, but only
—16 + 7 mm Hg (range 13 to —41 mm
Hg) during CFI (p < 0.001) (figure 1).
These highly significant differences be-
tween Pag, in the two periods were not
found for Paco,, which described a simi-

TABLE 2
CHANGES IN LUNG VOLUME DURING DISCONNECTION

Avol (ml)
PEEPext PEEPtot Crs Ptrach (CF1)

Patient (cm H,0) (cm H,0)  (mifcm H,0)  Apnea CFI (em H,0)

1 0 4 37 -240 250 12

2 10 1 42 —-680 -60 10

3 0 8 46 -430 250 125

4 0 3 89 -250 350 7

5 0 2 90 —350 850 10

6 0 2 65 - 160 350 7

7 0 6 53 —-300 580 16

Definition of abbreviations: PEEPext = external positive end-expiratory pressure; PEEPtot = total
positive end-expiratory pressure; Crs = total effective respiratory system compliance; Avol = modifica-
tions of lung volume measured at the end of the disconnection period either during apnea or during
continuous flow insuffiation (CF1); Ptrach (CFi) = value of Ptrach during CFI.
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lar rise in the two situations (10.7 + 0.7
mm Hg during CFI versus 12,7 + 1.1
without CFIL, p = 0.11).

With CFI, Ptrach remained constant
at 10.4 = 1.1 cm H,O during disconnec-
tion from the ventilator, so that the
changes in lung volume during this peri-
od were different with and without CFI.
Without it, all patients displayed a fall
in lung volume (mean 344 + 64 ml) cor-
responding to a mean drop in Pes of —1.9
+ 0.6 cm H,O. Conversely, during CFI,
lung volume was maintained or increased
(mean 338 + 88 ml) corresponding to
a mean increase of 1.8 + 0.4 cm H,0
in Pes. Individual values for Avol dur-
ing disconnection are given in table 2.

In the five patients in whom we com-
pared the respective effects of oxygena-
tion by apneic diffusion (bulk flow) and
CF1, Pap, was lower during bulk flow
than during CFI, as illustrated in figure
2. Ptrach remained at zero throughout
bulk flow oxygenation (as observed in all
seven patients when CFI was absent). Ac-
cordingly, lung volume was not different
during bulk flow oxygenation and with-
out either bulk flow or CFIL.

These five patients were also discon-
nected after being ventilated at their
maintenance Fig, level (0.30 to 0.45), and
CFI was administered during the 90 s of
disconnection (O, = 12 L/min). Before
disconnection (T,), the mean baseline
value of Pag, was 102 + 8 mm Hg. De-
spite the disconnection, Pag, did not
change substantially and even increased
in some patients (figure 3).

Part 2

Individual recordings of the changes in
arterial oxygen saturation induced by en-
dotracheal suctioning are shown in fig-
ure 4. During standard suctioning desat-
uration tended to be more severe in pa-
tients with the lowest compliance (r =
—0.65, p = 0.08). During suctioning with
CFI arterial oxygen desaturation was
never observed in five patients. Desatu-
ration was noted in Patients 9 and 14 dur-
ing CFI but was of smaller magnitude
than during standard suctioning. In ad-
dition, return to baseline value was ob-
tained more rapidly during CFI than dur-
ing standard suctioning for these two pa-
tients (135 and 40 s after CFI versus 430
and 230 s after the beginning of discon-
nection for Patients 9 and 14, respective-
ly, with a mean of 193 + 47 s for the
seven patients during standard suction-
ing). No difference was observed for the
rise in Paco, which increased from 35 +
61040 + 6 cm Hg during standard suc-
tioning and from 36 + 6to 41 £ 6 mm



398

BROCHARD, MION, ISABEY, BERTRAND, MESSADI, MANCEBO, BOUSSIGNAC, VASILE, LEMAIRE, AND HARF

20 —
A PaO2 04 _ 5 CFI
mmHg o] *
Fig. 2. Mean values {(+ SEM) for the
07 o2 drop in Pao, (APao,) observed during
-60°] apnea, during administration of O, (12
-80 1 L/min) at the external end of the tube
-100 1 (O,), and during constant flow insuffla-
120 ] apnea tion (CFl), 45 and 90 s after
disconnection.
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(baseline) Fig. 3. Individual values of Pao, after

disconnection from mechanical ventila-
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0.45) in five patients 45 and 90 s after
disconnection during constant-flow in-
sufflation (CFl).
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Fig. 4. Individual recordings of arterial
oxygen saturation measured with a
pulse oxymeter during standard suction-
ing (feff) or during suctioning with CFl
(right). The seven patients experienced
desaturation during standard suction-
ing, but only two of them experienced
mild desaturation during a shorter peri-
od of time with CFl. Hatched areas =
suctioning.

CF1

TIME (=)

[ 60 120 180 240 13 60

TABLE 3
CT SCAN ASSESSMENT OF CHANGES IN LUNG VOLUME INDUCED BY SUCTIONING*

End-expiration Disconnection Suctioning Suctioning and CFl
Lung volume, ml 1,430 + 88 1,243 =+ 79 1,043 = 86 1,339 + 89
NG p <0.05 NS
Mean density, Hut -748 + 13 -725 £ 12 -691 = 12 -739 = 13
NS p <0.06 NS

* Statistical values are given by comparison with end-expiration.

t Hunsfield unity.

Hg during CFIL. During endotracheal suc-
tioning, changes in transpulmonary pres-
sure (PtP) were the following: Ptp de-
creased from 1.7 + 0.8 to —11.0 + 1.1
cm H,O during standard suctioning (p
< 0.05); during CFI, Ptp initially rose
from2.7 + 0.7to 7.1 + 1.0cm H,O when
CFI was applied immediately before suc-
tioning and fell to only —0.4 + 1.7 cm
H,O during suctioning (p = NS). Final-
ly, compliance significantly fell during
standard suctioning (57.7 + 4.1 versus
49.5 + 3.8 ml/cm H,O, p < 0.05), but
it was unchanged after CFI suctioning

(53.1 + 4.5versus 56.5 = 5.3 ml/cm H,0,
p = NS).

CT scan study. The computations of
lung volume and mean density assessed
by CT scanning before disconnection and
after disconnection alone, disconnection
and suctioning, or disconnection, suc-
tioning, and CFI are given in table 3.
Striking differences appeared concern-
ing lung volume and mean density. Dur-
ing disconnection alone, the fall in lung
volume was small (—12 + 2%), but dur-
ing disconnection and suctioning lung
volume described a major fall (—-27 +

6%) accompanied by a shift in mean den-
sity to higher values and the appearance
of atelectasis. In contrast, CFI during
suctioning prevented any significant
change in lung volume or mean density.

Discussion

The main finding of this study is that in
intubated patients disconnected from the
ventilator, constant-flow insufflation al-
lows adequate arterial oxygenation to be
maintained during disconnection and en-
dotracheal suctioning, as a result of the
combined effects of tracheal O, injection
and constant positive alveolar pressure,
which prevents a fall in lung volume.

Disconnection from the ventilator and
endotracheal suctioning may induce se-
vere arterial oxvgen desaturation. In pa-
tients with major lung disease, hypox-
emia rapidly worsens and may reach life-
threatening levels (1, 12-28). Previous
studies focused on methods of limiting
arterial desaturation during endotracheal
suctioning (12-28). They methods pro-
posed to minimize desaturation include
preoxygenation with an increased level
of Fio,, administration of extra breaths
before and/or after suctioning, limitation
of the duration of suctioning, and on-
ventilator suctioning. Preoxygenation by
means of manual inflation with a self-
inflating bag filled with a continuous
flow of 100% oxygen is a standard meth-
od but requires several maneuvers before
suctioning and also requires additional
equipment (14, 17, 18, 22, 25). Alterna-
tively, delivery of extra breaths by the ven-
tilator before suctioning is inefficient for
minimizing desaturation when used with-
out altering the Fio, (17). Postsuction-
ing hyperoxygenation can be performed
as a means of shortening the recovery
time of arterial oxygen saturation but
does not reduce the maximal desatura-
tion (22).

Since disconnection from the ventila-
tor plays a major role in desaturation,
several authors have proposed the use of
a special adaptor allowing on-ventilator
suctioning (15, 16, 18-20, 22, 23, 28).
These adaptors are designed to permit
the introduction of a suction catheter
during mechanical ventilation without
disconnecting the patient and with min-
imal or no air leaks. A potential risk of
this method is the creation of a large
negative airway pressure in a closed cir-
cuit leading to a decrease in lung volume
if suction flow rates exceed ventilation
minute volume or to rapid autocycling
of the ventilator in an assisted mode (19).
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Therefore, the use of such adaptors is
probably not recommendable with con-
trolled or assisted ventilation set at alow
flow rate (19). Last, oxygen insufflation
during endotracheal suctioning has been
proposed in several studies with interest-
ing but sometimes opposite conclusions
{17, 20, 21, 24). The method of insuffla-
tion required the use of a modified suc-
tion catheter, allowing intermittent or
continuous delivery of oxygen at the tip
of the catheter. In the present study no
comparison was made with methods that
proved earlier to be effective. However,
constant-flow insufflation appeared to
be an acceptable method for routine clin-
ical usage, capable on the one hand of
maintaining adequate arterial oxygena-
tion for 90 s of apnea and avoiding ar-
terial desaturation during endotracheal
suctioning on the other hand.

This study confirms that gas exchange
can occur during continuous flow venti-
lation in humans. Successful constant-
flow ventilation in apneic dogs was ini-
tially described by Meltzer and Auer in
1909 (29). Recently, Lehnert and cowork-
ers studied arterial blood gas tensions in
anesthetized paralyzed dogs in which
constant gas flow was delivered via two
catheters placed in the main stem bron-
chi (3). With this setup, normal blood
gases were obtained with constant flow
rates ranging from 8 to 28 L./min for peri-
ods as long as 2 h. Similar beneficial
results were obtained by other authors
in normal dogs (3, 5) and cats (5) and
in a dog ventilatory failure model (30).
In pigs, however, the efficacy of constant-
flow ventilation in maintaining blood gas
tensions was markedly poor (4), indicat-
ing that interspecies differences exist con-
cerning the efficacy of this mode of ven-
tilation. In five anesthetized human sub-
jects, Perl and coworkers (5) found that
during continuous flow ventilation, the
mean rate of increase in Paco, was sig-
nificantly lower than the rate obtained
during apneic oxygenation. Here, we
found a nonsignificant difference in the
rate of rise in Paco, between apnea and
continuous flow insufflation (8.5 versus
7.1 mm Hg/min). The first explanation
of the poor CO, elimination we observed
might be that the site of O, injection in-
to the lungs, 30 to 40 mm above the cari-
na inside the endotracheal tube, was too
proximal (31, 32). Another explanation
of our poor results for CO; elimination
could be the relatively small O, flow used
in this study since a relationship between
Paco, and flow has been previously de-
scribed (3, 33, 34).

From our data, the mechanisms
responsible for maintaining adequate ar-
terial oxygenation during CFI were both
apneic oxygenation and the positive al-
veolar pressure induced by jets. When gas
is injected into the tube, air entrainment
is combined with a pressure increase that
both greatly depend on (J) the velocity
of the gas injected, (2) the wall friction,
and (3) the angle of injection (7). Posi-
tive end-expiratory pressure increases
functional residual capacity and decreases
intrapulmonary shunt, and the positive
pressure created by constant-flow in-
sufflation probably enhanced arterial
oxygenation by maintaining or increas-
ing functional residual capacity. Indeed,
when oxygen was administered at a low
velocity via a large cannula during ap-
nea and thus without positive pressure,
maintenance of the arterial oxygen level
(which was due only to apneic oxygena-
tion) was not as good as during CFL

To assess the changes in lung volume
induced by endotracheal suctioning, we
performed thoracic cuts obtained by CT
scanning before and after suctioning. We

observed that the alterations in lung vol-

ume were of major magnitude and were
prevented by the application of constant-
flow insufflation with no regional dis-
parities. Although we did not correlate
them at the same time, the parallel
changes in oxygen saturation and in lung
volume strongly suggest that fall in lung
volume is a major determinant to explain
the fall of arterial oxygen saturation.
A possible risk during experiments
with continuous flow ventilation is that
the bronchial epithelium might be
damaged by the direct impingement of
the jets on the airway wall. In fact this
risk is unlikely because the outlet of the
capillaries was situated 1 cm above the
distal end of the tube so that the velocity
of the ejected gas was considerably re-
duced by the time it reached the tracheal
epithelium (7). The pressure generated
during CFI can be easily predicted from
the size of the tube and the flow rate of
injected gas (7), and we thus chose to
generate a relatively low level of positive
pressure to avoid barotrauma. Of con-
cern is the potential risk of hyperinfla-
tion if the oxygen was left on when the
patient was returned to the ventilator. In
this case, the end-expiratory positive
pressure generated would not exceed the
pressure during disconnection, but each
tidal inflation would be increased by an
amount equal to the product of oxygen
flow rate times inspiratory time. Thus,
using relatively low flow rates, as in our
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study, prevents severe hyperinflation.
However, a security system using foam
cuffs should be proposed before the use
of this endotracheal tube can be
recommended.

In summary, the present constant-flow
insufflation method efficiently main-
tained arterial oxygenation during apnea
and, moreover, minimized or fully
prevented desaturation during endotra-
cheal suctioning in patients mechanical-
ly ventilated for acute respiratory failure.
These results were made possible partly
by the use of a new endotracheal tube
that permitted tracheal delivery of oxy-
gen and maintenance of a positive alve-
olar pressure.
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