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Extubation from Ambient or Expiratory Positive Airway

Pressure in Adults

Stuart F. Quan, M.D.,* Robert T. Falltrick, M.D.,T Richard M. Schlobohm, M.D.%

End-expiratory pressure is often used to improve arterial oxy-
genation and prevent atelectasis in intubated spontaneously
breathing patients. To compare the effect of extubation from low
levels of expiratory positive airway pressure (EPAP) to extubation
from ambient airway pressure, functional residual capacity (FRC)
and arterial blood oxygen tension (Pa,,) were measured in 12
spontaneously breathing patients during three conditions in the
peri-extubation period: 1) intubated at 5 cm H,O EPAP (EPAP 5);
2) intubated at ambient airway pressure (EPAP 0); and 3) within
one hour after extubation. During EPAP 5, mean * SE values
for FRC (1864 = 230 ml) and Pa,, (114 * 8 torr) were the same
as those obtained after extubation (FRC = 1794 + 159 ml,
Pag, = 117 = 5 torr). However, both FRC (1600 + 186 ml) and
Pa,, (106 = 8 torr) were lower during EPAP 0 than after extuba-
tion or EPAP 5 (P < 0.01-0.05). The magnitude of increase in
FRC and Pag, on extubation from EPAP 0 varied inversely with
the patient’s lung thorax compliance (r = —0.84, P < 0.005).
It was concluded that a period of EPAP 0 is not necessary in the
weaning period, and that it may be deleterious in patients with
compromised lung thorax mechanics. (Key words: Airway:
extubation. Lung: functional residual capacity. Ventilation: posi-
tive end-expiratory pressure.)

END-EXPIRATORY POSITIVE PRESSURE may be useful
in preventing hypoxemia in spontaneously breathing
intubated patients who do not require mechanical ven-
tilation.! In addition, it may minimize hypoxemia dur-
ing weaning from mechanical ventilation® and prevent
atelectasis in patients who have been intubated for
protection of their airway.! In infants with pulmonary
disease, it has been observed that intubation without
use of end-expiratory pressure has an adverse effect
on arterial blood oxygenation,®* and that weaning and
extubation are optimally performed at low levels of
end-expiratory pressure.*® In these spontaneously
breathing infants with pulmonary dysfunction, it has
been demonstrated that this is related toa dependence
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on “grunting” produced by glottic closure at end ex-
piration.? This mechanism may not necessarily occur
in adults, and it is not established whether adults
should be extubated from low levels of end-expiratory
pressure.®”8 Therefore, this study compares changes
in lung volume and arterial blood oxygenation after
extubation from ambient airway pressure to those
from low levels of end-expiratory pressure in an adult
population.

Methods

Twelve adult patients in the Medical-Surgical Inten-
sive Care Unit of San Francisco General Hospital who
were intubated and breathing spontaneously were
studied (table 1) according to a protocol approved by
the University of California, San Francisco, Com-
mittee on Human Research. Ten of these patients
were intubated to permit mechanical ventilation, and
.were studied 1-2 hours after successful weaning. The
other two patients were intubated for airway protec-
tion, and were studied just prior to extubation.

Measurements of maximum inspiratory force (MIF)
and vital capacity (VC) were made in all patients upon
initiation of the study. In the mechanically ventilated
patients, total static lung thorax compliance (Cr) was
calculated shortly before cessation of mechanical ven-
tilation from the ratio of changes in expired tidal vol-
ume and airway pressures [end-inspiratory (after zero
flow for one second) minus end-expiratory].?

With the patient in the supine position, functional
residual capacity (FRC), arterial blood oxygen tension
(Pag,), tidal volume (V) and respiratory rate were
measured in each of these three conditions: 1) in-
tubated, with 5 cm H,O expiratory positive airway
pressure (EPAP 5); 2) intubated, at ambient airway
pressure (EPAP 0); and 3) within 1 hour after extuba-
tion (EXT). The first condition, EPAP 0 or EPAP 5
was assigned randomly. At least 15 min-were allowed
for equilibration before measurements were made
while on EPAP 5 or EPAP 0. Although all patients
were breathing an inspired oxygen concentration

which resulted in a clinically acceptable Pag, (mean

F1p, = 0.34, range = 0.21-0.40; mean Pay, = 109,
range = 68—144 torr) each patient had only one
F14, throughout the study.

FRC was determined by the closed circuit helium
dilution method using an apparatus described by
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TasLe 1. Patient Clinical Data

Number of Days
Patient Intubated at
Number | Age [ Sex Diagnosis Study Date
1 27 | M | Epiglottitis 2
2 30 | M | Resection of spinal cord
ependymoma 1
3 49 | M | Multiple traumatic
) abdominal injuries, ARDS 30
4 18 | M | Rib fractures, lungcontusion 5
5 28 M | Rib fractures, chest trauma 1
6 56 M | Post portal caval shunt;
pulmonary edema 5
7 39 [ M | Multiple traumatic
abdominal and chest
injuries 2
8 62 [ M | Postgastric resection,
chronic bronchitis 2
9 38 | M | Perforated gastric ulcer 2
10 63 | F Multiple traumatic
abdominal injuries, ARDS 24
11 26 M | Fhil chest, lung contusion 12
12 38 | M | Multiple traumatic
abdominal and chest
injuries 2

Suter and Schlobohm!® modified for spontaneous
ventilation. On repetitive testing, the apparatus meas-
ured model gas volumes of 1000 and 1500 ml as 1010
= 15 and 1506 = 11 ml, respectively (mean * SE).
IFRC results were compared to predicted normal
values corrected for the supine position, and ex-
pressed both as a volume of gas (BTPS) and as a per
cent of each patient’s predicted value.!™? Vi and res-
piratory rate were measured from the spirometric
tracing on the helium dilution apparatus. Pa,, Pac,,
and pH were determined with a standard blood gas
analyzer.

The data were analyzed using Student’s ¢ test for
paired data with Bonferroni’s correction, and the
method of least squares correlation and regression.!?
Results are given as means = SE.

Results

The results are summarized in table 2. Mean values
for FRC, per cent predicted FRC (per cent PFRQC),
and Pag, at EPAP 0 were lower than at both EPAP 5
and after extubation. The values at EPAP 5, however,
were not different than those after extubation. Vq
after extubation was larger than at either EPAP 5 or
EPAP 0, but the latter values were not different from
each other. Respiratory rate was not different among
the three conditions. The order of application of the
first condition, EPAP 5 or EPAP 0, did not affect the
changes observed in any of the variables after extuba-
tion.

Figure 1 shows the relationship of Cr, measured
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shortly before termination of mechanical ventilation,
to change in per cent PFRC between EPAP 0 and
after extubation. A negative correlation is present (r
= —0.84, P <0.005), indicating that lower values
for C; were associated with larger increases in FRC
after extubation. MIF and VC were not found to be
predictors of change in FRC in response to EPAP or
after extubation.

Discussion

The application of end-expiratory pressure (EEP)
in spontaneously breathing intubated patients often
results in an improvement in arterial blood oxygena-
tion’? presumably by increasing FRC! and thereby
improving ventilation perfusion (V/Q) relationships in
the lung. EEP can be administered as continuous
(CPAP) or expiratory (EPAP) positive airway pressure
in spontaneous breathing patients. We utilized the
simpler EPAP method in this intensive care unit until
recently, when central compressed air and the addi-
tional necessary airway equipment became available.
In this study, the effect on pulmonary function pro-
duced by extubation from a low level of EEP (EPAP 5)
was compared to extubation from ambient airway
pressure (EPAP 0). Our results demonstrate that there
is no change in FRC and Pa, after extubation from
EPAP 5, whereas intubation without low levels of EEP
(EPAP 0) results in a deterioration in FRC and Pag,.
While the observed mean differences were not large,
the largest individual differences in FRC and Pa,
between EPAP 0 and after extubation were 625 ml and
44 torr, respectively. This indicates that a clinically sig-
nificant decline in Pa,, and FRC may occur with EPAP
0 in some patients. This finding is similar to that found
in infants* and adults,? when low levels of EEP are
produced by CPAP. We thus agree that patients
should be extubated from low levels of EEP, avoiding
the possibility of hypoxemia during breathing at
ambient airway pressure. Although there is data sug-

TasLe 2. Pulmonary Function and Arterial Blood Gas Data
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EPAP 5+ EPAP 0 Extubation

FRC (ml) 1864 + 2301 | 1600 = 186 | 1794 = 159+
Per cent predicted

FRC 75.7 * 8.3% 65.8 = 6.9 73.2 + 5.8t
Pay, (torr) 114 + 8% 106 = 8 117 * 5%
Pagyg, (torr) 381 40 £ 1 381
JH 7.45 = 0.01 7.44 £0.01 | 7.45 % 0.01
Respiratory rate 22+ 2 22 + 2 23 £ 2
Vo (ml) 456 = 20 471 £ 15 544 * 33%

* See text definition.

P <0.01 compared with EPAP 0.
$ P < 0.05 compared with EPAP 0.
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gesting that CPAP may be a more efficient technique
of applying EEP in spontaneously breathing pa-
tients,'s the comparative virtues ol EPAP uvs. CPAP in
the peri-extubation period have not been addressed.

In adults, the mechanism by which FRC and oxygen
gas exchange might be greater after extubation in
comparison to EPAP 0 is not clear, but may be related
to the presence of a functioning glottis. First, the
glottis may act to increase expiratory upper airway re-
sistance. This is the presumed function of expiratory
grunting due to glottic narrowing in infants with
hyaline membrane disease.*™® Circumventing glottic
function with an endotracheal tube in these infants
leads to a fall in Pag,** It has not been widely
recognized that glottic narrowing can also occur in
adults. Increased expiratory upper airway resistance
due to glottic narrowing has been demonstrated in
some adults with chronic obstructive pulmonary dis-
ease presumably as a compensatory mechanism to pre-
vent airway closure during expiration.!® Furthermore,
glottic narrowing has been implicated in producing
the increase in subglottic expiratory airway pres-
sure and presumably expiratory upper airway re-
sistance observed after extubation in a group of adult
surgical patients.® An increase in expiratory airway re-
sistance has been shown to increase FRC.!” Therefore,
in adults with acute respiratory insufficiency, the glot-
tis may act to increase expiratory airway resistance,
thus leading to an increase in FRC. Second, elimina-
tion of glottic function with an endotracheal tube may
impair cough production resulting in retention of pul-
monary secretions, atelectasis, and a decrease in FRC,
Coughing during endotracheal intubation in healthy
individuals is associated with decreased maximum ex-
piratory air flows and in some instances with decreased
maximum transpulmonary pressures.’® Although
glottic function may not be essential for cough produc-
tion,'? cough effectiveness has been proposed to be
improved when it is intact.?® Therefore, the increase
in FRC after extubation from EPAP 0 might be a result
of a reduction in atelectasis produced by a more ef-
ficient cough.

In this study, tidal volume was larger after extuba-
tion than during the EPAP 0 or EPAP 5 conditions.
Although the explanation for this finding is not clear,
it may provide an alternative mechanism for the in-
crease in FRC after extubation from EPAP 0. A larger
tidal volume may reduce atelectasis, and thus increase
FRC and Pa,,.

In patients studied in the immediate postoperative
period, FRC and intrapulmonary shunt,’ and Pag,’
have been observed to remain unchanged after ex-
tubation from ambient airway pressuré. However, fac-
tors such as incisional pain and abdominal distension
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I1c. 1. Relationship between compliance (Cr) and change in func-
tional residual capacity (FRC) measured while intubated at ambient
airway pressure (EPAP 0) and after extubation (EXT). Change
(A) in FRC is shown as the difference between each patient’s FRC,
as a per cent of predicted (per cent PFRC), in the two conditions.
As demonstrated by the negative correlation (r = —0.84), low com-
pliance values were associated with the greatest changes in FRC
alter extubation. This relationship is described by the regression
equation: Cp = 59 —~ 1.7 (A per cent PFRC).

act to decrease lung-thorax compliance, and reduce
FRC in the immediate postoperative period.?! There-
fore, these factors may mask the influence of those
mechanisms which would increase FRC after extuba-
tion from ambient airway pressure (EPAP 0).

The degree of existing respiratory impairment may
also be an important factor in determining whether
FRC will increase after extubation from ambient air-
way pressure. In patients with acute respiratory in-
sufficiency the amount of reduction in Cy may be a
reflection of the degree of respiratory impairment.
The greater increase in FRC after extubation from
EPAP 0 in patients with a low Cy suggests that mecha-
nisms which may increase FRC after extubation are
not as important when the Cy is normal.

In conclusion, removal of end-expiratory pressure
prior to extubation is not necessary, and may be asso-
ciated with a clinically significant deterioration in FRC
and arterial oxygenation, especially in patients with
compromised lung thorax mechanics. We suggest that
spontaneously breathing intubated patients recover-
ing from acute respiratory insufficiency should be
maintained on low levels of end-expiratory pressure.
Furthermore, weaning and extubation should be per-
formed with this regimen without a trial of breathing
at ambient airway pressure.

The authors thank Drs. H. Barrie Fairley and Phillip Hopewell
for their critical review of this manuscript.
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