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Sixey newborn infants who had been mechanically ventilated through 3.0-
or 3.5-mm endotracheal tubes were studied to examine the necessity of a
preextubation trial of continuous positive airway pressure (CPAP). Thirty
randomly assigned study infants were directly extubated from intermittent
mandatory ventilation rates of six pet minuce; 30 randomly assigned control
infants were extubated after a six-hour trial of continuous positive airway
pressure of 3 cm H,O. Changes in respiratory rate, in PCO,, and in PO,/Fi0,
were similar. All 30 study infants tolerated direct extubation without signif-
icant apnea or respiratory acidosis. Two study and eight control infants de-
veloped apnea during six hours after intermittent mandatory ventiiation was
discontinued {x* = 4.3, P < .05). Five control and no study infants had
aptieic episodes 20.5 per hour (x? = 5.5, P < .02). The results of this study
suggest that newborn infants may tolerate direct extubation from low inter-
mittent mandatory ventilation rates without a preextubation trial of CPAP,
A preextubation trial of CPAP appears to be unnecessary and may cause
more frequent apnea in newborn infants if used for more than several
hours.

Since 1976, when Berman et al demonstrated that newborn infants
maintained more functional residual capacity while on continuous
positive airway pressure (CPAP) of 2 to 3 cm H,0 than on zero end
expiratory pressute,® it has become a common practice to use CPAP
for periods of up to 24 hours before attempting extubation in new-
born infants after mechanical ventilation.?* A preextubation trial of
CPAP is recommended to insure that infants will not become ex-
hausted without mechanical ventilation,”¢ but no data support this
recommendation. A few studies have demonstrated that airway re-
sistance was increased through endotracheal tubes in newborn in-
fants.” The author and a co-wotker recently demonstrated that in
very low birthweight infants a trial of CPAP through 2.5-mm in-
ternal diameter endotracheal tubes was associated with more apnea
and mild CO, retention than was direct extubation from a low in-
termittent mandatory ventilation (IMV) rate.© It is the author's
hypothesis that the preextubation trial of CPAP is unnecessary in
newborn infants intubated with 3.0- or 3.5-mm endotracheal
tubes. Therefore, this study was designed to compare the number of
apneic episodes, ventilation, and oxygenation in newborns with and
without a preextubation trial of CPAP.

Patients and Methods

All newborn infants who were intubated with orotracheal tubes of
3.0- or 3.5-mm internal diameter for >12 hours of mechanical
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ventilation were eligible for this prospective study. They
were ventilated by Baby Bird (Bird Corporation, Palm
Springs, Calif) or Sechrist (Sechrist Industries, Inc., An-
aheim, Calif) time-cycled, pressure-limited ventilators
in a conventional manner, monitored with solid-state
electronic monitots. Following chest x-ray examipation
to confirm the position of the endotracheal tube,® the
tubes were cut so that no more than 5 cm of the tube
remained proximal to the lips. Infants with neuromus-
cular disorder, those who had apnea or bradycardia
during the 24-hour period prior to the study, and those
who were receiving CNS depressants were excluded from
this study. In order to minimize the impact of apnea of
prematurity on the resule of this study, all infants whose
corrected gestational age was <37 weeks at the time of
the study were receiving theophylline either orally or in-
travenously to maintain serumn concentration berween 8
and 12 phg/mL. 4!

Infants were weaned from mechanical ventilators
using usual clinical criteria until they reached the fol-
lowing preextubation settings; flow rate <7 L/min; peak
inspiratory pressure <17 cm H,; inspiratory time <0.5
seconds, positive end expiratory pressure 3 cm H,O; and
IMV rate, 6 cycles/min.

When infants were stable for at least two hours on
these preextubation settings, and therefore ready for ex-
tubation as determined by the attending neonatologist,
investigators assigned each infant to either the study or
the control group by opening a sequentially numbered
and sealed envelope containing a randomly assigned
card. To assure even distribution of infants intubated
with the same endotracheal tube, a separate stracum of
envelopes was used for each size of the tube.

Study infants were extubated directly from the
preextubation settings. Control infants received a preex-
tubation trial of CPAP of 3 cm H,0 through endotra-
cheal tubes for six hours.3410 All subjects were studied
for the first six hours following discontinuation of me-
chanical ventilation (ie, six hours after extubation in the
study group and six hours of CPAP through endotra-
cheal tubes in the control group, respectively). During
the six-hour observation period, a nurse was assigned at
all times to each infant to monitor apnea, bradycardia,
and alterations in oxygen requirement as determined by
transcutaneous PO, monitoring to maintain PaO,
within the range of 50 to 70 mmHg. Both respiration
and heart rate were monitored by ECG-respiration mon-
itor (Air-Shields AS-100, Air-Shields, Hacboro, Pa).
Blood for gas analysis was drawn either by warmed heel
stick or from a indwelling arterial catherer, but not
both, at one-half, one, three, and six hours during the
observation period. A chest film was taken two hours
after extubation.

Apnea was defined as a cessation of spontaneous
breathing for =20 seconds by chest wall impedence.

Bradycardia was defined as a heart rate of <100 beats
per minute as measured by an R-R interval ECG mon-
itor. All bradycardia was assumed to be associated with
apnea.

The following criteria were used to initiate resump-
tion of IMV: (1) two or more episodes of severe apnea/
bradycardia requiring vigorous stimulation within 30
minutes; (2) any apnea/bradycardia that would respond
only to intermitcent positive pressure ventilation; or (3)
respiratory acidosis with a pH of <7.30.

Infants who failed excubation in one arm of the study
were reventilated at levels of support that provided
normal blood gas values. They were again weaned slowly
to the preextubation settings. Patients were then as-
signed to the alternative treatment arm.

This study protocol was approved by the Research
and Human Subjects Review Committee of Santa Clara
Valley Medical Center. Informed consent was obtained
from the parents of the infants for this study. Apnea
rates (0.5 per hour) and success of extubated infants
were compared between the two groups using chi-square
analysis. In each group, the number of infants who de-
veloped apnea during the first three hours was also com-
pared with the number during the second three hours
using chi-square analysis. The changes in respiratory
rate, PCO,, and PO,/F10, during the observation period
were analyzed using Student’s / est.

Results

A rtotal of 60 patients were enrolled in this study: 20
intubated with 3.0-mm endotracheal tubes and ten with
3.5-mm endotracheal tubes in each study and control
group. Birthweight, gestational age, postnatal age,
weight, PCO,, and PO,/Fi0, at the time of the study
were similar between the two groups (Table 1). All 30
study infants were extubated successfully. In the control
group, 28 of 30 infants tolerated CPAP for six hours;
the other two had to be reventilated because of signifi-
cant apnea while on CPAP. Thus, the rate of success
extubation was similar (30/30 vs. 28/30). The two in-
fants who did not tolerate CPAP were later extubated
successfuly directly from a low IMV rate. No infants
from either group required reintubation for respiratory
failure before discharge from the nursery.

During the observation period, apnea occurred in
two study and eight control infants (x* = 4.3, P <
.05). Five control infants and no study infants had ap-
neic episodes =0.5 hour (x2 = 5.5, P <.02). This is
illustrated in Figure 1. Two control infants developed
apnea during the first three hours, and eight during the
secand three hours of CPAP, a significant difference (x>
= 4.3, P <.05)

There were six and four full-term infants (by cor-
rected gestational age) in the study and control groups,
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Table 1
PATIENT CHARACTERISTICS

ET Tubes*
Characteristics (mm) Control Study
No. of infants 3.0 20 20
3.5 10 10
Total 30 30
Birthweight (g); 3.0 1460 + 480 1638 =+ 515
mean = SD 3.5 2666 *+ 842 2742 + 734

Total 1862 + 601 2006 + 588

Trial weighe (g); 3.0 1514 * 368 1636 * 448
mean =+ 5D 3.5 2652 + 763 2741 * 459
Total 1893 + 499 2004 = 452

Gestational age (wk); 3.0 30,6 £ 2.7 317 *32
mean * SD 3.5 36.3 £ 3.0 357 £ 3.7
Total 325 £28 330 %34

Postnatal age (d); 3.0 14.8 £ 20.8 12.3 + 18§
mean = SD 3.5 83 +84 146 =% 27.1
Total 12.6 = 16.7 13.1 £ 21.4

Pretrial PCO, (mmHg); 3.0 384 £ 6.6 38.5 % 6.2
mean * SD 3.5 389 £ 7.2 375 * 83
Total 387 %69 391 %78

Pretrial PO,/Fi0, 3.0 26 11 3.1%15
(mmHg/%); mean + SD 3.5 3008 2705
Total 2,7+ 1.0 3.0 £ 1.3

* ET, endotracheal,

respectively, at the time of the trial. None of the full-
term infants developed apnea during the observation pe-
riod. After all of the full-term infants were excluded
from comparison, differences between the two groups in
the number of infants with apnea and in the number of
those with 0.5 apneic episodes per hour remained un-
changed (2/24 vs. 8/26, 2 = 3.9, P < .05 and 0/24
vs. 5/26, x* = 5.1, P < 025, respectively).

No significant changes were noted in postextubation
chest films, tespiratory rate, or PCO, and PO,/Fio,
drawn either by warmed heel stick or through in-
dwelling arterial catheters in any group during this
study (Table 2). Coincidentally, each group had 16 in-
fants with indwelling arterial catheters: ten control and
11 study infants intubated with 3.0-mm endotracheal
tubes, and six control and five study infants with 3. 5-
mm endotracheal tubes. Blood gas analysis drawn
through the indwelling catheters confirmed the lack of
difference in PCO, and PO,/F10,between the two groups
before and during the test.

Discussion

It ha§ been recommended and has become a common
practice to use CPAP of 2 to 3 cm H,O for up to 24

VENTILATORY ASSISTANCE IN THE NEONATE

hours before attempting extubation in newborn infants
after mechanical ventilation. 3¢ A preexcubation crial of
CPAP is used to insute that infants would not be criti-
cally exhausted without mechanical ventilation.” The
author and a co-worker have recently demonscrated chac,
in very low birthweight infants intubated with 2.9-mm
endotracheal tubes, a preextubacion trial of CPADP is as-
sociated with more apnea and CQ, retention when com-
pared with direct extubation from low IMV rate. " We
speculated that increased airway resistance through the
2.5-mm endotracheal tubes caused more frequent apnea
and mild CO, retention during CPAP.

No data support a preexcubacion trial of CPAP over
direct extubation in newborn infants after mechanical
ventilation even through endotracheal cubes larger chan
2.5 mm. LeSouef et al demonstrated that total respira-
tory resistance was increased when patients were intu-
bated with 3.0- or 3.5-mm endotracheal tubes.” The
results of this study demonserated that a preextubation
trial of CPAP through 3.0- or 3.5-mm endocracheal
tubes was associated with more frequent apnea than di-
rect extubation from low IMV races.

The cause of apnea during CPAP chrough 3.0- or
3.5-mm endotracheal tubes is not known. It is specu-
lated that increased work of breathing caused respiratory
muscle fatigue which, in turn, resulted in apnea. Waork
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Figure 1—Frequency of apneic episodes during six
hours of observation period. O, newborns intubated with
3.5-mm endotrachea| tubes; ®, newborns intubated with
3.0-mm endotracheal tubes, Refer to the text for compar-
ison between the two groups.
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Table 2
CHANGES IN PCU, AND [’()_,/1’/()2 AFTER DISCONTINUATION OF MECHANICAL VENTILATION*

Control Study
PCO, tmmlig) PO, /F1o, (mmHg/7); PO, (mmHg); PO,/F10, (mmHg/9%);
Time (hr) N mean £ 8D mean & 8D N mean £ SD mean * SD
Buoth 4.0 aned 3% BT tubwes?
Pre i M7 w0 27 % 1.0 30 39+ 78 30 % 1.3
Yy 29 9.6 = H 2R % 1.1 22 40.8 £ 10 2.8 + 1.8
i i W9 K0 24 % LY 26 38.7 £ 8.3 29 £ 1.8
i M 5 70 2.2+ 0.6 20 389 + 8.8 3.2 £ 1.6
0 My RS o T2 24 % 08 27 il ® 7 27 £ 1.1
4. 0enun BT tubwes anly
Pre 20 KA A 2.6 % 1.1 20 38.5 % 6.2 3.0 £ 1.3
Y J ALY KT 1A E L0 15 39.5 £ 9.8 3.1 + 1.5
1 ¥ A4 KO 24 ® 10 1Y 39.1 £ 8.6 29 £ 1.5
4 17 b1 T B | 24 % 0.6 17 38.8 + 9.2 3.2 = 1.8
f 17 379+ 70 24 £ 09 18 3.8 = 9.2 29 £ 1.3
3. 5-mm BT tubes only
Pre 10 ARy e 2 3.0 % 08 1) 37.5 * 8.3 2.7 £ 0.5
Yy b A0+ 4.7 23 % 0.7 7 43.4 + 10.8 2.3 £0.8
| 6 s o 67 LT a7 7 31,7 = 8.1 2.6 £ 0.9
] b A4+ 9 2.2 % 0.8 3 39.7 = 8.0 305
f Y 414 73 24 & 0.6 D) 44.6 + 5.7 2.4 + 0.7

t BT, endotracheal

& Phere was o diflerens e s values Setween contol and study groups in any given time, ve beeween precrial and crial values, This was confirmed by blood
s measurements drawn theough indwelliag astenal Jioes in 16 nfanes of each group.

of breathing was not measured in this study, but Le-
Souef et al showed that 25% of the infants developed
fatigue-related apnea during CPAP through endocra-
cheal tubes.? As expected, no full-term infants devel-
oped apnea during the observation period in either
group, However, the number of full-term infants was
very small, and therefore no conclusion could be reached
in this study.

Qur previous study demonstrated thae CPAP
through 2.5-mm endutracheal tubes caused mild CO,
recention in very low birth weight infants, further sup-
porting previous hypotheses that CPAP through a small
endotracheal tube might increase airway resistance.”™
This study did not show CQ, retention in larger infanes
intubaced with 3.0- or 3.5-mm ¢ndotracheal tubes. Iois
speculated that larger newborn intants were able to
maintain normal PCO, during the six hours of the ob-
servation period by increasing thewe work of breathing to
compensate for mildly elevated airoay resistance. In this
study, more neonates developed apnea during the second
three hours than the first three hours of CPAP through
endotracheal tubes. One may speculate that it the preex-

tubation trial of CPAP through an endotracheal tube
had been applied for 12 to 24 hours as recommended,’
even more neonates might have developed apnea and/or
CO, retention as a result of respiratory muscle fatigue.

In summary, a six-hour preextubation trial of CPAP
was associated with more apneic episodes than direct ex-
tubation in premacure infants. A prolonged preextuba-
tion trial of CPAP (ie, more than three hours) may be
unnecessary and may cause mote frequent apnea in pre-
term newborns.
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