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ABSTRACT

Objective: To correlate amplitude electroencephalography (aEEG) (in first 24 h after birth) in perinatal asphyxiated neonates
with clinical outcome. Materials and Methods: This prospective cohort study was conducted in Jay Kay Lon Mother and Child
Hospital, Government Medical College, Kota. All term asphyxiated neonates born with Apgar score of <7 at 5 min, admitted within
24 h of birth were included in this study. In each case, aEEG was recorded, and neurological examination was done at the time of
admission and discharge. Results: Out of 72 cases, 39 neonates of hypoxic-ischemic encephalopathy (HIE) I had normal aEEG.
Out of 24 neonates of HIE II, aEEG was normal in 7 and moderately abnormal in 17 neonates. All 9 neonates with HIE III had
abnormal aEEG. Sensitivity of aEEG to identify seizures was 76.67%, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were 92.86%, 88.46%, and 84.78%, respectively. There were 41 neonates, who were neurologically normal
at the time of discharge had normal aEEG. Out of 22 neonates, who were neurologically abnormal at discharge, aEEG was normal
in 5 neonates and moderately abnormal in rest 17 neonates. Out of 9 neonates whose death occurred during treatment, aEEG was
moderately abnormal in 2 neonates and severely abnormal in 7 neonates. Sensitivity of aEEG (normal pattern) for good outcome
was 100% and specificity, PPV, and NPV were 83.87%, 89.13%, and 100%, respectively. Sensitivity of aEEG (abnormal pattern)
for poor outcome was 83.87% and specificity, PPV, and NPV were 100%, 100%, and 89.13%, respectively. Conclusion: It is
concluded that if aEEG is done within 24 h of birth in asphyxiated neonates, we can predict outcome of the baby. If early aEEG is
normal then outcome tends to be favorable. On the other hand, if early aEEG is abnormal, then outcome tends to be unfavorable.
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almost 29% of neonatal deaths [1]. The WHO has defined

perinatal asphyxia as a “failure to initiate and sustain
breathing at birth” [2]. The National Neonatal Perinatal Database,
2000 used a similar definition for perinatal asphyxia. Incidence of
birth asphyxia was estimated as 4.6% of all births in community-
based studies in India. Birth asphyxia is the cause of 20% of
neonatal deaths in India [3]. In term infants with asphyxia renal,
central nervous system, cardiac, and lung dysfunction occur in
50%, 28%, 25%, and 25% cases, respectively [4]. Apgar scores
and measurements of fetal blood gases are widely used methods
to determine outcome after birth asphyxia, but they are poor
predictors of outcome of birth asphyxia [5-9]. Clinical assessment
of the degree of hypoxic-ischemic encephalopathy (HIE) is a
better predictor of outcome but may not become obvious until
12-36 h after birth [5,10,11]. Cranial tomographies, magnetic
resonance spectroscopy are useful for prognosis but not until
24 h or more after birth [12,13]. Abnormal cerebral blood flow
velocity measured with the Doppler technique has a high positive
predictive value (PPV) when performed after 1-2 days of life but
has not been evaluated during the first postnatal hours [14].

Perinatal asphyxia and birth injuries together contribute to

During the first few hours after birth, continuous amplitude-
integrated electroencephalography (aEEG) recorded with a cerebral
function monitor (CFM) is one of the most accurate bedside
method to establish the neurologic prognosis in term asphyxiated
infants [15,16]. Early detection of moderately or severely affected
asphyxiated newborn (abnormal EEG) is essential to decide
neuroprotective strategies such as head cooling, which should be
started before 6 h of age. CFM or aEEG is a device for monitoring
the background neurological activity. It uses a single, biparietal, or
bitemporal leads (three wires) to obtain an EEG signal. This signal is
filtered, semi-logarithmically compressed, and rectified. The output
is displayed at a very slow chart speed 1 mm/min. As a result of this
processing, the output is not a regular EEG signal but a representation
of the overall electrocortical background activity of the brain.

This study was conducted to correlate early aEEG (1 channel)
done within 24 h after birth with clinical outcome (HIE staging
according to Sarnat and Sarnat) in perinatal asphyxiated neonates
to mainly emphasize on the early prediction of outcome and also
on the therapeutic aspects which may be of a particular benefit
for asphyxiated newborns at high risk for developing hypoxic-
ischemic encephalopathy.
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MATERIALS AND METHODS

This prospective cohort study was conducted in the Department of
Pediatrics, Jay Kay Lon Mother and Child Hospital, Government
Medical College, Kota during the period of December 2014 to
November 2015 after the approval of the Institutional Ethical
Committee of Government Medical College. Sample size of 72
n= M’# Where
n=required sample size, t=confidence level at 95% (standard
value of 1.96), p=prevalence of birth asphyxia, m=margin of error
at 5%. Written consent was obtained from the parents or legal
guardians.

All term (37-42 weeks) asphyxiated neonates (as per the
WHO definition) born with Apgar score of <7 at 5 min, admitted
within 24 h of birth in Department of Pediatrics were included in
the study. Only those out born babies included in this study whose
referral card had mentioned Apgar score. Neonates with major
congenital malformation, chromosomal anomalies, or neonates
under the influence of sedatives and antiepileptic drugs were
excluded from the study.

Details were recorded for sociodemographic variables (age,
sex), mode of delivery, and birth weight. After the stabilization
and initial management, aEEG recording (CFM) was started. The
aEEG was recorded by a single channel EEG from two central
electrodes (C3 on left and C4 on right side) between 01 and
24 h of life. aEEG was recorded for minimum of 12-24 h. The
filtered signal containing the main EEG frequencies is rectified
and smoothened. Then, amplitude integrated before it is written
out on slow speed paper (6 cm/h). Analysis of aEEG tracing done
according to bandwidth limits [17]:

*  Normal - Lower limit >5 pV and upper limit >10 pV

*  Moderately abnormal - Lower limit <5 uV and upper limit
>10 pVv

e Severely abnormal - Lower limit <5 pV and upper limit
<10 pV (Fig. 1).

Sarnat and Sarnat staging was done for each enrolled case.
One channel (C3 and C4) aEEG tracing was correlated with
clinical outcome (according to HIE staging) of the babies. The
clinical outcome was concluded by neurological examination
at the time of first examination (admission) and at discharge, in
neonatal intensive care unit. In our study, we considered neonates
who were successfully discharged and neurologically normal as
good outcome, while those who were neurologically abnormal at
discharge or dead, as poor outcome (Fig. 2).

Data obtained were analyzed using the Stata 13 (Texas, USA)
software. Spearman correlation coefficient was used to find the
significance of study parameters on categorical scale between
two groups (p<0.05 was considered significant). Sensitivity,
specificity, and predictive values of the tests were calculated.

was calculated by following formula:

RESULTS

There were total 12030 deliveries in our hospital, and total
110 newborns (inborn and outborn) were enrolled in our study.

Out of 110 neonates, 72 cases included in this study based upon
inclusion and exclusion criteria (Fig. 1) in which aEEG were done
within 24 h of birth using CFM. Mean age at the time of aEEG
recording was 10 h. In this study, 48 neonates (66.6%) were male
and 24 (33.3%) were female. 58 (80.6%) were born by vaginal
delivery and 14 (19.4%) neonates were born with cesarean
section. Of these 72 neonates, 39 neonates were in HIE I, 24
neonates were in HIE II, and 9 neonates were in HIE III. Out of
58 neonates born by vaginal delivery, 29 were in HIE I, 21 were
in HIE 11, and 8 were in HIE III. In remaining 14 neonates (born
by cesarean section), 10 were in HIE I and 3 were in HIE Il and |
was in HIE III (Table 1).

Seizures were present in 30 neonates (41.67%), and out of
these 30 neonates, aEEG was abnormal in 23 (31.94%) neonates.
Among the 42 neonates without seizures, aEEG was normal in
39(54.16%)and itwas abnormal in 03 (4.16%) neonates. Sensitivity
of aEEG to identify correctly those who had seizures was 76.67%
and specificity, PPV and negative predictive value (NPV) were
92.86%, 88.46%, and 84.78%, respectively. Table 2 summarizes
aEEG changes in neonates with different HIE staging (statistically
significant, spearman’s coefficient=0.8617, p=0.0000). Table

Figure 1: Analysis of amplitude electroencephalography tracings

Table 1: Baseline characteristics of the study

Characteristics HIEI (%) HIEII (%)  HIE III (%)
Total number of 39 (54.16) 24 (33.33) 9(12.5)
neonates
Mode of delivery
Vaginal delivery 29 (50) 21(36.20) 8 (13.79)
Cesarean section 10 (71.42) 3(21.42) 1(7.14)
Amniotic fluid
Clear 29 (48.33) 22 (36.66) 9 (15)
Meconium stained 10 (83.33) 2 (16.66) 0
Birth weight
<2.5kg 20 (50) 13 (32.5) 7(17.5)
2.5-3.0kg 15 (55.55) 10 (37.03) 2 (7.40)
>3 kg 4 (80) 1 (20) 0

HIE: Hypoxic-ischemic encephalopathy

Table 2: Classification of aEEG according to severity of HIE

aEEG HIE staging

HIEI(%) HIEII (%) HIE III (%)
Normal 39 (54.16) 7(9.72) 0
Moderately abnormal 0 17 (23.61) 2(2.77)
Severely abnormal 0 0 7(9.72)

HIE: Hypoxic-ischemic encephalopathy, aEEG: Amplitude electroencephalography
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Table 3: Relation of aEEG changes with clinical outcome

aEEG Outcome
Successful (%) Discharged with Death (%)
neurological
abnormality (%)
Normal 41 (56.94) 5(6.94) 0
Moderately 0 17 (23.61) 2(2.77)
abnormal
Severely 0 0 7(9.72)
abnormal

aEEG: Amplitude electroencephalography

3 provides relationship of clinical outcome with aEEG findings

(statistically significant, spearman’s coefficient=0.85, p=0.0000).

In current study, aEEG was normal in 46 neonates, of which
good outcome was seen in41 (89.13%) neonates and poor outcome
was seen in 5 (10.87%) neonates. All 26 neonates with abnormal

aEEG had poor outcome. Sensitivity of aEEG (normal pattern)

for good outcome was 100% and specificity, PPV, and NPV were
83.87%, 89.13%, and 100%, respectively. Sensitivity of aEEG

(abnormal pattern) for poor outcome was 83.87% and specificity,
PPV and NPV were 100%, 100%, and 89.13%, respectively.

Table 4: Comparison of various studies for abnormal pattern in aEEG and poor outcome

Study Number of neonates aEEG timing Sensitivity Specificity PPV NPV
Present study 72 Within 24 hours 83.9 100 100 89.1
Thornberg and Ekstrom-Jodal [21] 38 Upon arrival in ICU 100 100 100 100
Hellstrom-Westas et al. [22] 82 First 6 h 94.7 89.3 85.7 96.1
Eken et al. [15] 31 Within 6 h 94.1 78.6 84.2 91.7
Toet et al. [16] 73 3 and 6 h old 87.5 73.3 77.8 84.6
Al Nageeb et al. [17] 70 Median age 18 h 75 100 100 90.5
Shalak et al. [23] 50 Within 12 h 88.9 91.9 72.8 97.1
ter Horst et al. [24] 39 Median age 4 h 35 min 73.3 100 100 69.2
van Rooij et al. [25] 160 Within 6 h 95.2 85.3 87.8 94.1

PPV: Positive predictive value, NPV: Negative predictive value, aEEG: Amplitude electroencephalography, ICU: Intensive care unit

[ Total cases enrolled(n=110) ]
Excluded(n= 38)
Excluded on the basis of exclusion criteria
Not giving consent
l Randomization(n=72) ]

Neurologiocal examination done on admission
with Sarnat and sarnat staging

|

[ Amplitude EEG done J

!

Follow up wiith neurological examination at the time of discharge

U

Figure 2: Study flow chart
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DISCUSSION

Severe perinatal asphyxia may cause irreversible brain damage
leading to death or serious neurological sequelae. The current
study establishes that the aEEG pattern and its changes during
the first 24 h after asphyxia provide fairly stringent prognostic
information. In agreement with earlier studies of aEEG, the
background activity seen in CFM contains the most important
information [18,19]. We were able to show that aEEG has a good
predictive value within 24 h of birth following perinatal asphyxia.

In current study, sensitivity of aEEG to identify correctly
those who had seizures was 76.67%. Schettler reported sensitivity
of aEEG for seizures was 78% through electrode position C3/
C4120]. We were able to show that background pattern of aEEG in
first 24 h has good correlation with clinical staging of HIE. aEEG
was abnormal in all neonates with HIE III, while normal in all
neonates with HIE I. However, in HIE II, aEEG was abnormal in
70.84% cases. Similar results were obtained in a previous study
done by Toet et al. [16]. In current study, we observed a positive
correlation of aEEG (abnormal pattern) (83.87% sensitivity and
100% specificity) with poor outcome. NPV of aEEG (abnormal
pattern) for poor outcome was 89.13%, implying that if aEEG is
not abnormal in first 24 h in a neonate with birth asphyxia, there
is 89% probability that the neonate will be subsequently normal.
Similar conclusions were also derived in previous studies (Table 4).

Possible reasons for the false negative results are only basal
ganglia lesions or smaller one-sided brain damage. False positive
readings may be seen due to the use of muscle relaxants. In our
study, we did not get false positive results as muscle relaxants were
not used in babies. Postnatal evaluation after perinatal asphyxia
using aEEG can reliably predict neurodevelopmental outcome.
Early aEEG might be useful for those neonates who require early
intervention and treatment following perinatal asphyxia and also
avoids unnecessary risks related to treatment in those neonates
who do not require interventions. Limitation of our study was lack
of long-term follow-up of these asphyxiated newborns in terms
of outcome and neurological abnormality. Small sample size and
exclusion of preterm asphyxiated neonates were other limitations.

CONCLUSION

Itis concluded that ifaEEG is done within 24 h of birth in asphyxiated
neonates, we can determine the outcome of the baby. If early aEEG
is normal then outcome tends to be favorable and accordingly, if
early aEEG is abnormal then outcome tends to be unfavorable.

REFERENCES

1. Costello A, Francis V, Byrne A, Puddephatt C. State of the World’s New
Borns. Maharashtra: Kinetik Communications; 2001.

2. World Health Organization. Perinatal Mortality: A Listing of Available
Information (FRH/MSM.96.7). Geneva: WHO; 1996.

3. Agarwal R, Jain A, Deorari AK, Paul VK. Post-resuscitation management of
asphyxiated neonates. Indian J Pediatr. 2008;75(2):175-80.

4.  Perlman JM, Tack ED, Martin T, Shackelford G, Amon E. Acute
systemic organ injury in term infants after asphyxia. Am J Dis Child.
1989;143(5):617-20.

5. Nelson KB, Ellenberg JH. Apgar scores as predictors of chronic neurologic
disability. Pediatrics. 1981;68(1):36-44.

6.  Levene MI, Sands C, Grindulis H, Moore JR. Comparison of two methods
of predicting outcome in perinatal asphyxia. Lancet. 1986;1(8472):67-9.

7. Freeman JM, Nelson KB. Intrapartum asphyxia and cerebral palsy.
Pediatrics. 1988;82(2):240-9.

8. Finer NN, Robertson CM, Peters KL, Coward JH. Factors affecting outcome
in hypoxic-ischemic encephalopathy in term infants. Am J Dis Child.
1983;137(1):21-5.

9. Ruth VJ, Raivio KO. Perinatal brain damage: Predictive value of metabolic
acidosis and the Apgar score. BMJ. 1988;297(6640):24-7.

10. Sarnat HB, Sarnat MS Neonatal encephalopathy following fetal
distress. A clinical and electro encephalographic study. Arch Neurol.
1976;33(10):696-705.

11. Robertson C, Finer N Term infants with hypoxic-ischemic encephalopathy:
Outcome at 3.5 years. Dev Med Child Neurol. 1985;27(4):473-84.

12.  Azzopardi D, Wyatt JS, Cady EB, Delpy DT, Baudin J, Stewart AL, et al.
Prognosis of new born infants with hypoxic-ischemic brain injury assessed by
phosphorus magnetic resonance spectroscopy. Pediatr Res. 1989;25(5):445-51.

13.  Fitzhardinge PM, Flodmark O, Fitz CR, Ashby S. The prognostic value of
computed tomography as an adjunct to assessment of the term infant with
postasphyxial encephalopathy. J Pediatr. 1981;99(5):777-81.

14. Levene MI, Fenton AC, Evans DH, Archer LN, Shortland DB, Gibson NA.
Severe birth asphyxia and abnormal cerebral blood-flow velocity. Dev Med
Child Neurol. 1989;31(4):427-34.

15. Eken P, Toet MC, Groenendaal F, de Vries LS. Predictive value of early
neuroimaging pulsed Doppler and neurophysiology in full term infants
with hypoxic-ischemic encephalopathy. Arch Dis Child Fetal Neonatal Ed.
1995;73(2):F75-80.

16. Toet MC, Hellstrom-Westas L, Groenendaal F, Eken P, de Vries LS.
Amplitude integrated EEG 3 and 6 hours after birth in full term neonates
with hypoxic-ischemic encephalopathy. Arch Dis Child Fetal Neonatal Ed.
1999;81(1):F19-23.

17. Al Nageeb N, Edwards AD, Cowan FM, Azzopardi D. Assessment of
neonatal encephalopathy by amplitude-integrated electro encephalography.
Pediatrics. 1999;103:1263-71.

18. Holmes G, Rowe J, Hafford J, Schmidt R, Testa M, Zimmerman A.
Prognostic value of the electro encephalogram in neonatal asphyxia.
Electroencephalogr Clin Neurophysiol. 1982;53(1):60-72.

19. Coen RW, McCutchen CB, Wermer D, Snyder J, Gluck FE. Continuous
monitoring of the electro encephalogram following perinatal asphyxia.
J Pediatr. 1982;100(4):628-30.

20. Schettler KF. The aEEG Booklet. 1* ed. Munich: Nihon Kohden; 2011. p. 55.

21. Thornberg E, Ekstrom-Jodal B. Cerebral function monitoring: A method of
predicting outcome in term neonates after severe perinatal asphyxia. Acta
Paediatr. 1994;83(3):596-601.

22. Hellstrom-Westas L, Rosén I, Svenningsen NW. Predictive value of early
continuous amplitude integrated EEG recordings on outcome after severe
birth asphyxia in full term infants. Arch Dis Child Fetal Neonatal Ed.
1995;72(1):F34-8.

23. Shalak LF, Laptook AR, Velaphi SC, Perlman JM. Amplitude-integrated
electro encephalography coupled with an early neurologic examination
enhances prediction of term infants at risk for persistent encephalopathy.
Pediatrics. 2003;111(2):351-7.

24. ter Horst HJ, Sommer C, Bergman KA, Fock JM, van Weerden TW,
Bos AF. Prognostic significance of amplitude-integrated EEG during the
first 72 hours after birth in severely asphyxiated neonates. Pediatr Res.
2004;55(6):1026-33.

25. van Rooij LG, Toet MC, Osredkar D, van Huffelen AC, Groenendaal F,
de Vries LS. Recovery of amplitude integrated electro encephalographic
background patterns within 24 hours of perinatal asphyxia. Arch Dis Child
Fetal Neonatal Ed. 2005;90(3):F245-51.

Funding: None, Conflict of Interest: None Stated.

How to cite this article: Goyal H, Sharma G, Gulati RK. Correlation
of amplitude electroencephalography in first 24 h after birth in perinatal
asphyxiated neonates with short-term clinical outcome. Indian J Child Health.
2017; 4(4):591-594.

Vol 4 | Issue 4 | Oct - Dec 2017

Indian J Child Health 594





