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Abstract. End tidal Carbon dioxide monitoring was undertaken prospectively in all Ventilated 
neonates in our NICU admitted from March 1995 to August 1995 irrespective of the birth 
weight, gestational age and indication of ventilation. The aim was to determine the correlation 
between ETCO 2 and PaCO 2 in various clinical situations. The arterial blood gases were obtained 
in all ventilated babies with simultaneous and continuous ETCO 2 monitoring and were analysed 
by AVL 995 Hb blood gas analyser. ETCO 2 was analysed by side stream technique by Datex 
Cardiocap II monitor. A total of 152 samples from in-dwelling radial artery catheters were 
analysed from babies with birth weight frorri 900 g to 3400 g, gestation age from 28 to 42 
wks and were ventilated for various indications like Severe Birth Asphyxia (SBA), Meconium 
Aspiration Syndrome (MAS), Recurrent Apnoea and Hyaline Membrane Disease (HMD). 
Statistical analysis was done in 10 groups to see if the ETCO 2 correlated with its corresponding 
PaCO 2 value. The study groups comprised three groups based on birth weight being 
< 1.5 - 2.5 kg and > 2.5 kg three groups as per the gestational age being 28-31 § wks, 
32-36 § wks and 37-41+6 wks and four groups as per the need for ventilation being Severe 
Birth Asphyxia, Meconium Aspiration Syndrome, Apnoea of Prematurity and Hyaline Membrane 
Disease. Results of the correlation analysis revealed that the correlation coefficient in the 
study group ranged from 0.55 to 0.96 and was statistically significant in babies > 2.5 kg 
and 1.5 - 2.5 kg, in term and preterms 32-36 wks, and in babies with MAS, SBA and Recurrent 
Apnoea. The correlation coefficient was lowest in babies with HMD, being 0.55. The study 
showed that ETCO 2 correlates closely with PaCO 2 in most clinical situations in neonates and 
we recommend its use in all level Ill NICUs in ventilated babies. 
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Mechanical ventilation is an invasive life 
support undertaken to correct abnormalities 
in oxygenation (PaO2), alveolar ventilation 
(PaCO2) or respiratory effort (Poor, nit or 
difficult) with mul t ip le  effects on the 
cardiopulmonary system. 1 To assess or 
ensure adequate gag exchange, blood gases 
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need to be monitored. Arterial blood gases 
are the gold standard for assessing the 
adequacy of oxygen delivery, ventilation 
and pH and all non-invasive monitoring 
me thods  shou ld  be corre la ted  with  
ABGs.1, 2 

Blood samples for arterial blood gas 
estimation are usually obtained from in- 
dwel l ing  ar ter ia l  ca the ters  and less 
f requent ly  by painful  and technically 
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difficult percutaneous arterial punctures. In- 
dwelling catheters pose a serious risk of 
infect ion i nc lud ing  fungal  infect ions  
whereas  p e r c u t a n e o u s  punc tu res  can 
compromise blood flow to the extremity if 
the vessel goes into spasm and also the 
arterial punctures are highly stressful and 
painful and cause variable drops in PO 2 
especially in acutely ill neonates with little 
pulmonary reserve? 3, ~4 

One of the problems with blood 
samples is that every sample is only a 
snapshot view of the sampling moment and 
in order to ensure that this snapshot view 
is representat ive of the pat ient 's  true 
condition, continuous monitoring before, 
during and after sampling is necessary. 
Con t inuous  non- invas ive  mon i to r ing  
reduces the number  of blood samples 
needed and increases the value of the 
required samples. TM Iatrogenic anaemia is 
another big hazard leading to frequent 
blood transfusions which in the third world 
def in i te ly  pose serious r isk of b lood 
transmissible infections like Hepatitis B, 
AIDS, CMV etc. 

Arterial blood gas analysis is expensive 
as the cost of analysis of one sample in our 
country is Rs. 400/- i.e. about 8 pounds 
per sample amounting to about 16 to 50 
pounds per day. Hence it is not a cost 
effective means of monitoring neonates in 
the NICU. Non invasive monitoring is 
technologically simple and cost effective for 
monitoring the neonates2 s 

The present study was undertaken to 
monitor ETCO 2 in ventilated neonates to 
assess the reliability of ETCO~ as a function 
of PaCO 2 and also to correlate ETCO 2 with 
PaCO 2 in different clinical situations and 
var ious  ges ta t ions .  ETCO 2 is the 
measurement of CO 2 in the expired air and 

is assessed by mass spec t romet ry  or 
infrared analyses. Capnometry measures 
the partial pressure of CO 2 in the patients 
airway and is displayed as a numerical 
value in mmHg whereas capnography is 
the continuous graphic display of CO2 
concentration versus time in a waveform 
with CO 2 concentration on the y-axis and 
time on the x-axis. The CO 2 at the end of 
an exhalation i.e. end of a tidal breath 
represents alveoler CO 2 and should in 
general be a good reflection of arterial CO 2.3 

MATERIALS AND METHODS 

The study was conducted during March- 
August 1995, on all neonates ventilated 
during this period irrespective of the 
indication of ventilation, the gestation or 
the birth weight of the baby. 

Each ventilated baby's HR,RR S p O  2 and 
ETCO 2 was continuously monitored. NIBP 
was measured every 60 minutes and arterial 
blood gases at least twice a day or more 
if the baby's condition demanded. Rest of 
the monitoring was done as per our NICU 
protocols for various clinical situations. 

The sampling for arterial blood gas was 
done after a baby had been stabilized after 
putting on the ventilator and the arterial 
line had been inserted. At the time of 
drawing a blood gas sample, the value of 
End Tidal Carbon dioxide as shown by the 
LED d i sp lay  was noted .  The ABG 
measurement was done on AVL 995 Hb 
inhouse blood gas analyser and the printout 
was stored. The ETCO 2 was continously 
monitored on Datex Cardiocap II. Table 1 
shows the technical specifications of Datex 
Cardiocap II. 

The methodology involves switiching on 
the monitor and allowing it to perform a 
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self check, keeping the patient end of the 
sampling line open for it to draw room air 
and calibrate the flow. After the "flow 
calibration done", message appears on the 
screen the sampling line is connected to the 
patients' endotracheal tube adapter keeping 
the sampling tube positioned upwards. The 
sampling line was checked for any kink, 
collection of fluid or particulate matter in 
which case it was discarded. The patient's 
endotracheal tube position was confirmed 
radiologically or clinically by ensuring 
bilateral equal air entry and chest expansion 
and care was taken to rule out  any 
displacement or blockage of tube. Pediatric 
ekrdotracheal tube adapter ,  special ly 
provided with the equipment was used 
with standard disposable Datex Sampling 
line to reduce the dead space to the greatest 
possible extent. Before each measurement 
the instrument was calibrated and only a 
stable LED display was treated as valid and 
noted down. 

TABLE 1: The T e c h n i c a l  S p e c i f i c a t i o n s  of D a t e x  
Card io  Cap  II. 

1. Type of ana lyse r  - Side s t ream 
2. Technique - Infra red absorp t ion  Tech. 
3. C% m e a s u r e m e n t  - 0-10% or 0-76 m m  Hg. 

r ange  
4. M e a s u r e m e n t  rise - < 270 ms. 

t ime 
5. Accuracy  of - < 1.5 m m  H g  or < 0.2 

m e a s u r e m e n t  Vol % 
6. Gas s a m p l i n g  f low - 1 5 0 m l / m i n  

rate 

RESULTS 

Simultaneous PaCO 2 and ETCO 2 values 
were recorded for neonates of 28-42 wks, 
900-3400 gins, and who required ventilation 
for various indications like Meconium 

Aspiration Syndrome (MAS), Severe Birth 
Asphyxia  (SBA), Hya l ine  Membrane  
Disease (HMD) and recurrent apnoea. 
Babies were grouped into three groups 
based on their birth weights (< 1500 gins, 
1500-2500 gins and >2500 gms), another 
three groups based on gestation in weeks 
[< 32 wks, 32-36 +6 wks and 37-41 +6 wks] 
and four groups based on their indication 
of vent i la t ion (SBA, MAS, HMD and 
apnoea). 

TABLE 2: P a C O :  a n d  ETCO,  v a l u e s  a l o n g  w i t h  
c o r r e l a t i o n  coef f ic ien t  (r) and  p va lue ,  
Ges ta t ion  wise.  

Ges ta t ion  Term Pre te rm Preterm 
Wks  37_41 + 6 32 - 36 +~' < 32 

n 8O 60 12 
PaCO,  36.2 _+ 11.9 35.2 +_ 11.2 37.6 _+ 25.4 
ETCO- 2 31.9 _+ 8.9 28.9 _+ 7.8 24,6 _+ 9.9 
r 0.81 0.61 0.73 
p < 0.001 <0.001 <0.01 

The data of simultaneously recorded end 
tidal carbon dioxide value and PaCO 2 value 
was analysed statistically using correlation 
analysis and a correlation coefficient(r) was 
calculated using microstat. The correlation 
coefficient was then used along with the 

-degree of f r eedom to compu te  the 
probabi l i ty  (p value)  by us ing the 
correlation coefficient table. The PaCO 2 and 
the ETCO 2 values along with the correlation 
coefficient(r) and p value are shown in 
Tables 2, 3 and 4. 

Table 2 reveals that the correlation 
coefficient was high and the p value was 
statistically highly significant for term and 
preterms babies between 32-36 +6 wks of 
gestation. The p value was also significant 
for babies < 32 wks gestation but  the 
significance was low. 
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TABLE 3: PaCO 2 and ETCO 2 Values Along With 
Correlation Coefficient (r) and p value, 
Birth Weight Wise. 

Birth Wt > 2 .5kg  1.5-2.5kg <l.5kg 

n 78 56 18 
PaCO 2 36.2 _+ 11.6 33.7 ___ 9.6 43.6 _+ 25.2 
ETCO 2 31.9 -+ 8.7 29.3 _+ 7.9 23.5 -+ 8.5 
r 0.81 0.92 0.62 
p <0.001 <0.001 <0.01 

Table 3 d e p i c t s  a h i g h  d e g r e e  of  
correlation be tween ETCO 2 and PaCO 2 in 
bab ie s  w e i g h i n g  >2.5 kg  and  t h o s e  
weighing between 1.5 - 2.5 kg. The p value 
was statistically highly significant for the 
a b o v e  w e i g h t  c a t e g o r i e s  w h e r e a s  the 
correlation coefficient was low for babies 
weighing <1.5 kg even though there was 
statistical significance. 

TABLE 4: PaCO 2 and ETCO 2 Values Along With 
Correlation Coefficient (r) and p Value, 
Indication of Ventilation Wise. 

Conditio~ MAS SBA Recurrent HMD 
Apnoea 

n 34 6I 24 33 
PaCO2 35.5 + 36.5 _+ 32.0 + 37.9 -+ 

9.8 12.2 9.5 18.7 
ETCO2 32'.6 +_ 31.7 _+ 28.2 +- 26.2 + 

8.4 8.9 8.3 8.2 
r 0.94 0.76 0.96 0.55 
p <0.001 <0.001 <0.001 <.01- 

.001 

Table 4 revea ls  that  the cor re la t ion  
coefficient was high and the p value was 
statistically h igh ly  significant for babies 
with Severe Birth Asphyxia ,  M e c o n i u m  
Aspirat ion S y n d r o m e  and for Recurrent  
apnoea. The correlation coefficient was the 
lowest for babies with HMD, being 0.55. 

D I S C U S S I O N  

The capnograph  can be regarded as the 
most useful moni tor  in intensive care and 
is an excel lent  ea r ly  w a r n i n g  sys tem.  
C a p n o g r a p h y  has wide  applicat ion in a 
variety of circumstances and its full clinical 
v a l u e  and  p o t e n t i a l  are l a t e ly  b e i n g  
recognised.6 

Treating respiratory problems is a critical 
part  of neonatal  intensive care. Cont inuous  
m o n i t o r i n g  of bo th  oxygen  as well  as 
carbon dioxide is important  because the 
c o n d i t i o n  of  the  n e o n a t e  can c h a n g e  
suddenly.  It is vital to ensure sufficient 
delivery of oxygen and equally impor tant  
to e n s u r e  a d e q u a t e  c a r b o n  d i o x i d e  
elimination from the body. 5 

D e t e r m i n i n g  the part ial  p ressu re  of 
carbondioxide (PCOx) is crucial in critical 
care of neonate  because PCO 2 has a major 
inf luence  on cerebra l ,  p u l m o n a r y  and  
peripheral circulation. Non-invasive PCO 2 
monitoring is useful to follow trends when 
unexpected changes in baseline PCO 2 may  
occur. Such clinical situations include rapid 
w e a n i n g  in RDS, h y p e r v e n t i l a t i o n  for 
PPHN, decompensat ion in established BPD, 
transition to high frequency ventilation and 
p o s s i b l y  in i n f a n t s  at h i g h  r i sk  of  
penumothorax.~5 

The continuous nature of non-invasive 
m o n i t o r i n g  ha s  m a d e  e v i d e n t ,  the 
inaccuracies of samples obtained by skin 
p u n c t u r e .  C o n t i n u o u s  n o n - i n v a s i v e  
monitoring can be done with little risk to 
the pa t ien t  and  also helps  in m in ima l  
handl ing of the sick neonate. 8 

Luft, in 1943 developed the principle of 
capnography  from the knowledge that CO 2 
is one of the gases that absorbs Infrared 
r a d i a t i o n  of a p a r t i c u l a r  w a v e l e n g t h .  
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Collier, in 1955 establ ished the accuracy of 
Rapid Infrared CO 2 analysis in determining 
a lveolar  CO 2 and  Ramwel l  in 1959 was  the 
one to es tabl i sh  the va lue  of end  t idal  
s a m p l e  b u t  it w a s  o n l y  in 1981 tha t  
Smalhou t  and Kalenda  f rom Nether lands  
in t roduced  c a p n o g r a p h y  in routine clinical 
practice.3 

Carbon  dioxide is p roduced  by  all the 
ceils of all the tissues in our  b o d y  as a by  
p r o d u c t  of  m e t a b o l i s m  a n d  is t h e n  
t ranspor ted  via the venous  circulation to 
the right side of the heart .  The heart  p u m p s  
it out into the p u l m o n a r y  circulation where  
it perfuses the alveoli and  gaseous exchange 
occurs. The CO 2 is cont inously  exhaled out 
as means  to get the b o d y  rid of CO 2 and 
a lso  to m a i n t a i n  the  g r a d i e n t  of  C O  2 
be tween  the b lood and the alveolus.  Thus 
ETCO 2 not only moni tors  the ventilation but  
also serves to moni to r  the circulation and 
me tabo l i sm in a g iven subject. ~ 

N o r m a l l y  the  E T C O  2 v a l u e  c lo se ly  
follows the PaCO 2 value  but  the two are 
not  identical. ETCO 2 value  is 3-4 m m  Hg  
lower  than the arterial  CO 2 value and this 
can be taken as a quan t i t a t ive  index of 
a lveolar  dead  space. 

A fa l l  in E T C O  2 v a l u e  in a w e l l  
vent i la ted stable neonate  can be either a 
step wise fall or a g radua l  one. A step wise 
fall m a y  indicate migra t ion  of ET tube into 
one  m a i n  b r o n c h u s  or s u d d e n  p a r t i a l  
obstruction of the a i rway whereas  a gradual  
fa l l  c a n  be  d u e  to i n c r e a s e d  m i n u t e  
v e n t i l a t i o n  e i t h e r  d u e  to i n c r e a s e d  
r e s p i r a t o r y  r a t e  or  i n c r e a s e d  p e a k  
inspi ra tory  pressure.  The fall can also be 
due  to a falling cardiac ou tpu t  or due to 
dec reas ing  p u l m o n a r y  pe r fus ion  due  to 
above  causes  or local p u l m o n a r y  causes 
leading to dead  space venti lat ion.  6. 8, 9 

In a well vent i la ted stable baby  wi th  a 
s teady  ETCO 2 value there can be a sudden  
r i se  in E T C O  2 v a l u e  a s s o c i a t e d  w i t h  
infus ion  of b ica rbona te  or on the other  
h a n d ,  a g r a d u a l  r ise  m a y  ind i ca t e  an 
increased metabolic  rate eg. in fever or it 
m a y  also herald onset  of hypovent i la t ion .  
In case of o e s o p h a g e a l  i n tuba t i on ,  the 
capnograph ic  trace will be  hor izonta l  and 
c a p n o m e t r y  will no t  de tec t  any  ca rbon  
dioxide.8. ~o, u 

In the p resen t  s tudy,  the cor re la t ion  
coefficient (r) ranged f rom 0.55 to 0.96 being 
the lowest  in babies with HMD.  The ETCO 2 
correlated well  with PaCO 2 in term babies  
and  pre te rms  be tween  32 to 36 +6 wks,  in 
babies  weighing >2.5 kg and  be tween  1.5- 
2.5 kg and in babies wi th  SBA, MAS and 
recurrent  apnoea.  The p va lue  in all these 
s i t u a t i o n s  w a s  <.001 b e i n g  h i g h l y  
significant. 

In p r e t e r m s  <32 w k s  a n d  in bab ie s  
weighing  <1.5 kg, the p va lue  was <0.01 
though there was statistical significance but  
the m a g n i t u d e  was  low as the sma l l e r  
babies  have  lower tidal vo lumes ,  smaller  
lung vo lumes  and d i spropor t iona te ly  high 
anatomic  dead space. 12 

Bab ie s  w i t h  H M D  h a d  the  l o w e s t  
correlat ion coefficient (0.55) because these 
babies have  wide spread  atelectasis, with 
c o n s e q u e n t  r i g h t  to l e f t  s h u n t i n g ,  
p u l m o n a r y  o e d e m a  a n d  t h u s  p o o r  
compliance leading to short  t ime constants.  
A combination of these factors leads to dead 
space ventilation an d a low or s lowly risin~ 
ETCO 2 in the face of a h igh  or r ap id ly  
increasing PaCO2 .2 

G e v e n  et al a n a l y s e d  12 b a b i e s :  9 
p re te rms  be tween  28-33 wks  with severe 
RDS, 2 te rm babies wi th  SBA and 1 t e rm 
baby  with MAS and revealed that there was 
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a large variation in PaCOR, ETCO 2 values 
and also that ETCO 2 increased slowly with 
an increasing PaCO 2. Their findings can be 
attributed to a very small sample size which 
p r e d o m i n a n t l y  c o n s i s t e d  of  p r e t e r m s  
between 28-33 wks with severe RDS (75% 
of the babies), thus catering to the smallest 
of the bab ies  wi th  P a r e n c h y m a l  L u n g  
disease hav ing  short time constants. 

We found that end tidal carbon dioxide 
corre la tes  c lose ly  with P a C O  2 in mos t  
clinical s i tua t ions  in neona te s  and  the 
c o r r e l a t i o n  w a s  h i g h  in s e v e r e  b i r th  
asphyxia, m e c o n i u m  aspiration syndrome  
and apnoea  bu t  was  lowest  in hya l ine  
m e m b r a n e  d i s e a s e .  The c o r r e l a t i o n  
gestation wise was highest in term infants 
followed by those in the 32-36 wks gestation 
group and least in babies with gestation 
less t h a n  32 w e e k s  i.e. an i n v e r s e  
relationship was found with gestation. End 
tidal carbon dioxide is a good modal i ty  for 
monitoring arterial carbondioxide levels in 
babies non invasively and should be used 
in all level III NICUs in ventilated babies. 
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