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Use of Non-Invasive Ventilation in Reducing Partial Pressure of Carbon Dioxide
Level (PaCO,) in Neonates with Respiratory Distress Syndrome
RidaAli, Shahid Mahmud

ABSTRACT:

Objective: It has been observed that non-invasive ventilation used in premature with Respiratory distress syndrome and
notably decrease level of partial pressure of carbon-dioxide (PaCO,) level in blood. The primary goal of this study was to
assess the effect of non-invasive ventilation in decreasing the level of partial pressure of carbon dioxide (PaCO,) level and
supplementary oxygen need in premature neonates with RDS.

Study Design and Settings: Thisrandomized controlled trial was donein Jan 2021 till August 2021 at PNS SHIFA Karachi.

M ethodology: Neonates with gestational age (GA <34 wk) with RDS at birth were randomly assigned to nasal intermittent
positive pressure ventilation (NIPPV) and nasal high frequency oscillatory ventilation (NHFOV) for respiratory support
after giving surfactant . Twenty three preterm babies were included in each group .Level of partia pressure of carbon dioxide
at 2hrs and 24hrs of non-invasive ventilation and supplementary oxygen need was eval uated.

Results: Non-invasive ventilation was found to reduce the PaCO, level (p=.01), NIPPV (43.06+13.74) vs. (33.63+19.99)
in NHFQV at 2hrs and 24hrs NIPPV (19.89+7.18) vs. NHFOV (14.04+8.39).Va ue of pH was also significant in two groups
with optimal mean airway pressure. Supplementary oxygen period were also reduced in NHFOV than NIPPV group (35.7%
vs. 64.3%).

Conclusion: NHFOV was a beneficial mode in maintaining level of pH, PaCO, level and reducing need of supplementary
oxygen in preterm babies with RDS.
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INTRODUCTION: volutrauma, chronic lung disease, pneumothorax and
bronchopulmunary dysplasia and other morbidity in
birth leads to respiratory distressin 7% of preterm babies! ~ Prémature neonates. This has been shown many times, that
There are many causes of respiratory distress, surfactant _chror_uc Iung_lnj_ury can be decreased b_y reo_lu0| ng t|_ me of
deficiency is one of the commonest cause of Respiratory invasive ventil ati on. New mode of non-invasive respi ratpry
distress syndrome among preterm neonates. Theimmaturity modes nasal High Fre_quency QSCI [latory Vent|_lat|_0n
of lungs causes respiratory failure, that leadsto decreasein ~ (NHFOV), Nasal Intermittent Positive Pressure Ventilation
the partial pressure of oxygen (PaO,) with incrementinthe ~ (NIPPV), nasal continuous positive airway pressure
partial pressure of carbon-dioxide (PaCO,).2 The in-  (NCPAP), are undergoing at present in China to see the
sufficiency of lungs cause various morbidities as well as  trends of respiratory wppprt.3A survey has been conducted
mortality in premature neonates. Mechanical ventilationis 1" European countries which showed that 17% use of nasal
thenovel respiratory strategy in providing respiratory support. POV incontrast to NCPAR inless than 1500 gms premature
Prolonged use of invasive mechanical ventilation isassociated ~ Neonates when nasal CPAP was failed, but it needs time to
with various ventilator induced complications like  &cceptthisnew strategy.’

Nasal High Frequency Oscillatory Ventilation (NHFOV) is
superior to other non-invasive ventilation technique in
preventing respiratory failure in premature in previous two
retrospective studies.® Nasal intermittent positive pressure
ventilation enhances continuous positive airway pressure
along with additional lung inflation at preset peek pressure
(15-22 cmH20), that improvestidal and minute volume with
reduced inspiration capacity ,to maintain thoracic wall
movement in newborns for better lung compliance.®

In neonates transition of pulmonary mechanism just after
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Nasal High Frequency Oscillatory Ventilation does not need
synchronization and increases rate of carbon-dioxide
clearance. There are two justifications for nasal high
frequency oscillatory ventilation (NHFOV) in clearance of
carbon-dioxide level. The combined features of invasive
high frequency oscillations with add-on nasal CPAP is
effective in improving lung ventilation by low air trapping
inlungs ,even at high pressure and adequate glottis expansion
through continuous oscillation, that cause increase CO;
removal from the lungs.” In addition ,laryngeal constriction
and distention in abdomen islimited that assistsin aeration
of lung.® On the other end, nasal CPAP is not effective in
reducing CO2 successfully due to ineffective oscillation.®

Few studies have been done using nasal HFOV and NIPPV
mode as a primary respiratory mode. Thisisthe first study
to our knowledge that is donein Pekistan using thisrespiratory
support as primarily in neonates . The main objective of this
study was to assess the efficacy of non-invasive ventilation
asaprimary respiratory support, in decreasing the level of
partial pressure of carbon-dioxide level (PaCO.) and need
of supplementary oxygen ,in premature neonates with
respiratory distress syndrome. Our hypothesis was nasal
high frequency ventilation will be effective in reducing level
of PaCO:; level and decreasing the need of supplementary
oxygen.

METHODOLOGY:

A randomized controlled trial was done from March 2021
to Aug 2021 at neonatal unit PNS SHIFA Hospital Karachi.
According to Helsinki Declaration, Consent from Ethical
review committee was taken (ERC/2021/PED/52), informed
consent and permission for publication was taken from
parents. Neonates with GA less than 34 wk with clinical
signs of respiratory distress syndrome as tachypnea, grunting
and nasal flaring were enrolled. Neonates with any pulmonary
leak, congenital pneumonia, congenital cardiac defect,
cardiopulmonary resuscitation, congenital diaphragmatic
hernia, intraventricular bleed, and pulmonary hemorrhage
were not enrolled. Open Epi Version 3 software was used
for sample size, at 95% confidence interval with 5% margin
error. By taking reference study,'® sample size was taken 23
in each group (NHFOV vs. NIPPV) with total of 46.Neonates
with clinical signs of respiratory distress syndrome at birth
were randomly given NHFOV and NIPPV with sealed
opague envelopes. Nasal high frequency oscillation (MEDIN
Germany) given by nasal mask as per size of nares, settings
were frequency 8 (range 8-10) and amplitude 7 (7-10) MAP
6cmH:0 (6-10),non-invasive positive pressure ventilation
(CNO-MEDIN Germany) PEEP 6,PIP 15, Rate 45 (40-
50),IT 0.40 sec, FiO, was maintained to keep SpO, 90-94%
>30wk and 89-93% <30wk.™ Neonates were given injection
Curocef with dose of 2.5 ml per kg with INSURE method
followed by second dose of 1.5ml per kg if FiO, >40% to
keep SpO, 90-94% in >30 wk and 89-93% in <30 wk before
allocation of respiratory support. Patients were weaned off

from respiratory support once fiO, < 0.25%, MAP < 6 and
no sign of respiratory distress. Injection Caffeine 20 mg/ kg
loading followed by 10 mg/kg once a day, was given for
preterm babies with apnea. Neonates were immediately kept
on mechanical ventilator, if hypoxiawith severe respiratory
distress develop, respiratory acidosis PaCO, >65 and pH
<7.2, apneawith bradycardia and need of cardiopulmonary
resuscitation*,

Patient’s general characteristics were recorded in astructured
Performa by researcher that included, birth weight, gestational
age, gender, mode of delivery, antenatal corticosteroid,
premature rupture of membrane, signs of RDS.

Primary outcome were decreased level of PaCO, after 2 hrs
and at 24 hrswere checked by (taking capillary blood sample)
arterial blood gas machine portable at incubator side. Period
of non-invasive ventilation and need of supplementary
oxygen in two group’s nasal HFOV and NIPPV in preterm
with RDS during the admission stay of hospital.

Data analysis was done by SPSS version 19 .Student’s t-
test was applied for continuous data. Chi-sgquared test was
applied for comparison of proportions, student’s t-test for
continuous data and Fisher’s exact test for categorical data.
P< 0.05 was considered as statistically significant.

RESULTS:

46 neonates (23 in each group) were enrolled in March 2021
to August 2021 and randomly divided to nasal HFOV and
NIPPV group. There was no difference found in the genera
characteristics of neonates in two groups .The mean
Gestational age in weeks (nasal HFOV 29.96+2.38vs
NIPPV 43.58+61.03),weight in grams (nasal HFOV
1347+458 vs. NIPPV 1672+534) , male / female ratio (
NHFOV 13/11 vs. NIPPV 16 /8), delivered via LSCS
nasal HFOV (42.1%) and NIPPV (57.9%) and antenatal
corticosteroids were given to (NHFOV 51.1%
vs.NIPPV48.9%).Value of pH was stablein NHFOV group
(p=-04) at 2 hours and (p=.02) at 24 hours.PaCO, and HCOs
was decreased significantly in nasal HFOV than NIPPV
group as shown in Table 1.Whereas need of supplementary
oxygen in NHFOV was (p=.01) as shown in Fig 1.No
difference was found in period of non-invasive ventilation
. Mean airway pressure (nasal HFOV 5.72+ 0.17 & NIPPV
5.71+0.26 p=0.44).

Table 1: Outcome Variables

Variables NHFOV(n=23) | NIPPV(n=23) | p-value
At 2hours

PaCO; 33.63£19.99 43.06+13.74 .063
HCO3 15.41+8.02 19.82+4.04 .020
At 24 hours

PaCO, 14.04+8.39 19.89+7.18 .013
HCO3 14.04+8.39 19.89+7.18 .013
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Figure 1: Period of Oxygen Supplimentation
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DISCUSSION:

Nasal high frequency ventilation was found to be effective
in reducing need of invasive mechanical ventilation.* Nasal
high frequency ventilation was a new respiratory strategy
in eliminating CO2.In a retrospective study by Mukerji,
showed that nasal HFOV used as an extubation mode in
contrast to nasal CPAPin eliminating carbon-dioxide level,
decrease apnea episodes, bradycardia and desaturation.™
Where as, in arandomized crossover trial by Riegger et a,
carbon-dioxide level was not maintained besides premature
neonates were given nasal HFOV at 4 hours after giving
surfactant.™®

We applied nasal high frequency oscillatory ventilation as
aprimary respiratory support, vianasal mask as interface.
Our study showed, significant decline in PaCO- level in
nasal HFOV (33.63£19.99) vs. NIPPV (43.06+13.74) after
two hours and at 24 hours (14.04+8.39) vs. NIPPV
(19.89+7.18), (p =.01) in neonates with GA 27 wk - 34 wk
with respiratory distress syndrome. This pattern of lowering
CO2 ( 46.6 = 7.5 mmHg ) on non-invasive high frequency
ventilation was a so noted in 206 neonates with GA <37wk
with RDS after extubation at 6 hours and reduced need of
re-intubation ,in arandomized controlled trial by Chen L in
2019. Similar to our study ,Bottino R et al in randomized
controlled trial 2018 ,studied that neonates with GA 26.4 £
1.8 wk and birth weight 921 + 177 gms, there was decreased
partial pressure of carbon-dioxide (PaCO,) in nasal HFOV
(49.6 £ 8.7 vs. 56.9 + 9.9) than nasal CPAP*®

In contrast to our study,Colaizy*also found reduced level
of carbon-dioxide to 45 torr from 50 torr (p=.01) after 2
hours of nasal HFOV in relative similar gestational age of
26-30 wk neonates .Value of pH was also increased 7.40
after two hours of nasal HFOV. In another randomized
controlled trial by Wu HL was conducted in 2021 in which
infant with cardiac defects at birth ,had low threshold for
post extubation respiratory failure post operatively ,as nasal
HFOV was contrast reduced PaCO: in next 12 hours (43.6
+ 7.3 mmHg, p = 0.05)%, a similar pattern as in our study
.In comparison to our study, Dania did not find any difference
in elimination of carbon-dioxide level at 4 hours of nasal
high frequency oscillatory ventilation than NCPAPin 27 £2
wk premature neonates,”* whereas we have found decreased
PaCO; level in nasal HFOV (33.63+19.99) vs. NIPPV

(43.06+13.74) after two hours.

Mean airway pressure was remain constant in ( nasal HFOV
5.72+0.17 vs. 5.71£0.26 NIPPV ) in two groups of our
study, in contrast (10.9 + 2.06) to other previous studies.Our
study did not show any major difference in the duration of
non-invasive ventilation among preterm neonates, however
oxygen supplementation was significantly low in nasal
HFOV 35.7% than NIPPV 64.3% ,(p=.019).In contrast to
NCPAP ,Malakianet al ,was shown contrast difference in
duration of non-invasive ventilation in nasal HFOV (p=0.01)
among 28 wk till 34 wk GA neonates,® whereas no difference
in need of mechanical ventilation .Li Y et a stated that nasal
HFOV was seen effective in decreasing non-invasive
ventilation period, in preterm with GA <34 wk as an
extubation respiratory support.2* Zhu et al also studied the
same GA 28WK-34wk as we did in our study ,for nasal
HFOV and NCPAP as an initial respiratory support
,mechanical ventilation need was( p<0.01),hence period of
non-invasive ventilation was not elicted.’® It was seen in
our study that oxygen supplementation was significantly
decreased in nasal HFOV 35.7% than NIPPV 64.3%.
Whereasa comparative study by Dursan 2019, using NIPPV
vs. nasal CPAP ,didn’t show any changein period of oxygen
supplements but difference in endotracheal intubation
need (p<0.05) in 24wk-32wk neonates.”

Nasal HFOV has been used as primordial non invasive
respiratory support that was found to reduce the invasive
mechanical ventilation need in premature neonate .1t has
been noted that nasal high frequency ventilation was used
as an extubation mode in previous retrospective studies.
Whereas in our study nasal high frequency oscillatory
ventilation was used as a primary respiratory support in
preterm neonates, very few studiesin the past use this nasa
HFQOV as primary respiratory mode. Hence nasal high
frequency ventilation was found to be effective respiratory
derive in elimination PaCO,, decreasing need of prolong
ventilation add on shortening of supplementary oxygen
support, besides period of non-invasive ventilation was not
found significant in two groups of our study. A beneficial
effect of decrease need of oxygen supplementsin our study
35.7% as compared to NIPPV 64.3%, that prevent
development of bronchopulmunary dysplasiain GA 27-
34wk. High frequency ventilation has many aspectsthat are
under observation. In this study we used nasal mask as an
interface to deliver nasal HFOV which had been studied in
past, but in our study it was effective in reducing PaCO-
and supplementary oxygen requirement.

CONCLUSION:

Nasdal high frequency oscillatory ventilation was significantly
effectivein reducing PaCO; level and supplementary oxygen
demand among preterm with respiratory distress syndrome,
that prevents an untoward effects of prolong mechanical
ventilation.
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