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$EVWUDFW
Introduction:  Cerebral function monitoring (CFM) is 

a simplified EEG device that is used to monitor cerebral 
function at the cot-side. Various studies have shown its value in 
detecting neonatal encephalopathy and electrographic seizures, 
prognostication of neonatal cerebral insults, assessment 
of response to anticonvulsant therapy and in selecting 
HQFHSKDORSDWKLF� LQIDQWV� IRU� WKHUDSHXWLF� K\SRWKHUPLD��7KLV�
paper describes our preliminary experience with this monitoring 
device at Mater Dei Hospital, and a draft of a protocol for its 
clinical application.  

Methods: Fourteen recordings were performed on 
QHXURORJLFDOO\� QRUPDO� DQG� DEQRUPDO� WHUP�QHRQDWHV�� 7KH�
quality of the records and their correlation with other imaging 
DQG�VWDQGDUG�((*�¿QGLQJV�ZDV�DVVHVVHG��$�GDWDVHW�LQFOXGLQJ�
technical and clinical particulars of these cases was then 
compiled, analyzed and discussed. 

Results: Amplitude aEEG traces were recorded from a 
total of 14 patients, 4 of whom were normal term or near term 
infants, and 10 were infants with a neurological abnormality. 

All records were of satisfactory quality, and all showed very 
high impedance levels. Five out of 11 neurologically-abnormal 
patients had signs of seizure activity on CFM. A technical fault 
FDXVHG�KLJK�LPSHGDQFH�OHYHO�LQ�WKH�¿UVW���WUDFHV��$QQRWDWLRQV�
were generally lacking. Five out of 10 infants with CNS problems 
had clinical seizures of which 4 had electrographic seizures on 
CFM, 4 had electrographic seizures on formal EEG, and 3 had 
DEQRUPDO�05,�¿QGLQJV��

Conclusion:  Our local experience has confirmed the 
usefulness of CFM monitoring in the setting of a neonatal 
intensive care unit. Despite some initial problems with high 
impedance levels and electrode attachment, the tracings 
obtained were reproducible and of good quality. Almost half of 
the neurologically-abnormal neonates showed signs of seizure 
activity on CFM with good correlation with clinical and standard 
((*��7KH� WLPHO\�GLDJQRVLV� HQDEOHG� WKH� FOLQLFLDQV� WR� FRQ¿UP�
seizure activity, initiate anticonvulsant therapy and monitor the 
response. Staff training is vital in order to improve utilisation 
of CFM in neonatal practice. 

Background

Neonatal Encephalopathy (NE) is a clinically defined 
syndrome of disturbed neurological function in the earliest days 
RI�OLIH�LQ�WHUP�LQIDQWV��PDQLIHVWHG�E\�GLI¿FXOW\�ZLWK�LQLWLDWLQJ�
DQG�PDLQWDLQLQJ�UHVSLUDWLRQ��GHSUHVVLRQ�RI�WRQH�DQG�UHÀH[HV��
subnormal level of consciousness and often seizures. Although 
hypoxic-ischaemic insults remain a distinct and important 
cause, NE can be a result of various other causes and continues 
to be a major problem in neonatal practice. 

Clinical assessment using Sarnat staging remains the 
method of choice for the clinical assessment of degree and 
prognosis of NE.1�7KLV� FDQ�KRZHYHU�EH�GLI¿FXOW� WR� FDUU\�RXW�
reliably due to certain factors like muscle paralysis and the 
effects of anticonvulsant drugs. 

Standard electroencephalography (EEG), continuous 
two-channel EEG and cerebral function monitoring (CFM) 
have all been studied, and are used to assess the functional 
integrity of the neonatal brain. Khan et al 2008 assessed the 
predictive value of sequential EEG in neonates with seizures 
and its relation to neurological outcome. Results showed that 
as compared to single EEGs, sequential EEG in neonates with 
seizures had greater predictive value for outcome of NE in 
terms of neurodevelopmental delay, epilepsy, and postnatal 
GHDWK��,Q�DGGLWLRQ��DEQRUPDO�EDFNJURXQG�DFWLYLW\��GH¿QHG�DV�
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the prevailing cortical electrical activity) on a single EEG record 
KDG�D�JUHDWHU�SURJQRVWLF�SRZHU�WKDQ�RWKHU�DEQRUPDO�¿QGLQJV�
like epileptic activity or abnormalities in the organisation of 
VOHHS� VWDWH��7KLV�¿QGLQJ� LQVSLUHG� WKH�GHYHORSPHQW�RI�D�&)0�
as a real-time monitoring device using amplitude-integrated 
EEG (aEEG).2 

$LPV
7KLV� VWXG\� KDG� WZR�PDLQ� DLPV��:H�ZHUH� LQWHUHVWHG� LQ�

describing our practical experience and the problems we 
HQFRXQWHUHG�ZKLOH�UHFRUGLQJ�DQG�LQWHUSUHWLQJ�RXU�¿UVW�IHZ�D((*�
traces. We than used these observations to draft a protocol for 
the local use of CFM at NPICU.  

0HWKRGV
A small number of neonates were selected from NICU 

admissions at Mater Dei Hospital in 2009: (a) term or near-term 
neonates without any CNS problems, and (b) term neonates 
with neurological problems mainly HIE, seizures and other 
QHXURORJLFDO�SUREOHPV��7KHVH�ZHUH� VHOHFWHG� UDQGRPO\�E\�36�
or SA with parental consent and CFM leads were attached by 
SA who also closely supervised these recordings. Verbal and 
practical instructions were given to all nurses caring for these 
infants. 

Single-channel CFM recordings were performed using the 
NicoletOne�PRQLWRU��9LDV\V�+HDOWKFDUH���7KUHH���[���FP�DUHDV�
RI�VFDOS�ZHUH�¿UVW�FOHDQHG�ZLWK�DOFRKRO�ZLSHV�DQG�/HPRQ3UHS70 
to maximize electrical conduction. Gold-plated re-usable 
electrodes were placed over the right and left parietal areas (P3 
– P4) or frontal areas (F3 – F4) according to the 10 – 20 system. 
7ZR�RWKHU�HOHFWURGHV�FRUUHVSRQGLQJ�WR�WKH�UHIHUHQFH�DQG�QHXWUDO�
electrodes were placed over one or other frontal area. Standard 
conductive gel (Electro-Gel70) was used to minimise electrical 
impedance and the electrodes were secured using standard skin 

tape and head caps as appropriate. No electrodes were placed 
over any fontanelle (Figure 1). No needle electrodes were used 
as it was not deemed suitable to use invasive electrodes for 
WKH�SXUSRVHV�RI� WKLV�VWXG\��7KH� OHDGV�ZHUH�FRQQHFWHG�WR�D����
FKDQQHO�1LFROHW2QH�SUH�DPSOL¿HU��&�����������LVVXH�����WKDW�
was connected to NicoletOne monitor. Readings of impedance 
were taken prior to starting any recording aiming for impedance 
���Pƻ��7KH�WUDFH�ZDV�UHFRUGHG�DW�DQ�RSWLPDO�VSHHG�RI���FP����
min, but being a digital system this could be reviewed at different 
‘paper-speed’  and adjusted at all times.  Clinical events, seizures 
and procedures requiring change of head position or disturbance 
of scalp electrodes were annotated using an event button or via 
the monitor touch-screen. Electrode placement, impedance, 
SUHVHQFH�RI�DUWHIDFWV�DQG�VLJQL¿FDQW�&)0�VLJQV�ZHUH�FKHFNHG�
regularly as appropriate.  

CNS-normal neonates were monitored for 3 to 24 hours, 
while neurologically-abnormal neonates were recorded for up 
WR���GD\V��GHSHQGLQJ�RQ�WKH�FOLQLFDO�VLWXDWLRQ��7KH�WUDFHV�ZHUH�
displayed in the form of standard single-channel CFM traces 
showing a semi-logarithmic amplitude and impedance bar 
together with the corresponding raw EEG signal. Records of 
all infants with CNS problems were reviewed daily and print-
outs of representative samples of all CFM traces were inserted 
LQ� WKH�SDWLHQWV¶�¿OHV��$�GDWDVHW� FRPSULVLQJ�GHWDLOV�RI�KLVWRU\�
and diagnosis,  CFM traces, standard EEG and neuro-imaging 
¿QGLQJV��FUDQLDO�XOWUDVRXQG�DQG�RU�EUDLQ�05,��ZDV�FRPSLOHG��

5HVXOWV
Fourteen infants were selected from all the NPICU 

DGPLVVLRQV�GXULQJ�WKH�\HDU�������7KH\�ZHUH�DOO�WHUP�QHRQDWHV�
except for one 34 week gestation preterm infant. Four had 
non-CNS related conditions, while 10 had CNS abnormalities. 

Details of the 4 neonates with non-CNS related conditions 
are shown in 7DEOH����7ZR�KDG�PLOG�WR�PRGHUDWH�UHVSLUDWRU\�

Table 1: Details and CFM results of the four infants without CNS disorders

Patient No. Diagnosis Findings

1 7HUP�LQIDQW�ZLWK�WUDQVLHQW�WDFK\SQRHD�RI�WKH�
newborn; Infant of diabetic mother

16 hour recording on day 2
Satisfactory quality; High impedance
Normal amplitude aEEG
Artefacts detected

2 34 week gestation premature infant. Breastfeeding. 3 hour recording on day 1
Satisfactory quality, high impedance
Normal amplitude aEEG
Muscle artefacts detected

3 7HUP�QHRQDWH�ZLWK�PLOG�UHVSLUDWRU\�GLVWUHVV�
syndrome on nasal CPAP. Hungry and active. 

12 hour recording on day 2 
Satisfactory quality, normal impedance
Normal amplitude; sleep / wake cycles seen
Artefacts during nursing detected

4 7HUP�QHRQDWH�ZLWK�FRQJHQLWDO�OREDU�HPSK\VHPD 4 hour recording on day 3
Satisfactory quality; normal impedance
Normal amplitude aEEG
Artefacts during nursing detected
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Table 2: Data relating to the infants with CNS abnormalities

Patient 
No.

Diagnostic information Cerebral 
ultrasound 
/ MRI results

EEG results &)0�¿QGLQJV

5 7HUP�QHRQDWH�ZLWK�+,(�JUDGH�
II secondary to tight cord round 
neck. Apgars 4, 8, 9. Cord gas not 
available. Multi-focal seizures at 
30 hours without desaturation. 
Discharged on day 9. On review 
at 4 months of age, the infant 
was seizure-free and was making 
normal developmental progress. 

US on day 2 
-Normal 
MRI brain at 6 
weeks – thin corpus 
callosum only

Day 2. Normal 
background 
activity. Left 
fronto-central 
electrographic 
discharges. 

20 hour recording on day 2. 
Satisfactory quality.  
Normal aEEG amplitude. 
Normal impedance.
Appropriate annotations.
Seizure activity detected, 
correlating with clinical clonic 
seizures of upper and lower 
limbs and facial twitching. 

6 7HUP�QHRQDWH�ZLWK�SUHFLSLWDWH�
delivery and foetal bradycardia.  
HIE grade I. Apgars 3, 7. Bag mask 
valve ventilation for a few minutes.  
Cord pH 6.99, BE -16. Opisthotonic 
LQ�¿UVW�IHZ�KRXUV��6KRUW�HSLVRGHV�RI�
opisthotonic posturing and oxygen 
desaturation to 60%. Discharged  
on day 3. On review at 6 months 
of age, there was normal 
developmental progress. 

US brain on day 
3 and at 6 weeks - 
normal

Not done (rapid 
improvement)

3 hour recording on day 1. 
Satisfactory quality.  
Normal aEEG amplitude. 
Normal impedance. 
Poorly annotated. 
No signs of seizure activity.  

7 7HUP�LQIDQW�ZLWK�FRQJHQLWDO�
hydrocephalus requiring external 
ventricular shunting. No clinical 
VHL]XUHV��7KH�FKLOG�GLHG�IURP�
septicaemia.

Obstructive 
hydrocephalus.

Normal 4 hour recording on day 2. 
Satisfactory quality.  
Normal aEEG amplitude. 
Normal impedance.
Appropriate annotations. 
Normal amplitude. 
No signs of seizure activity.  

8 7HUP�QHRQDWH�ZLWK�+,(�JUDGH�
III secondary to cephalo-pelvic 
disproportion. Needed CPR on 
delivery. Developed repeated 
VHL]XUHV�DQG�LQ�WKH�¿UVW���GD\V�
of life requiring mechanical 
ventilation. On review at 6 months 
of age, the infant was seizure-free, 
but there were signs of global 
developmental delay and early signs 
of a motor disorder. 

US brain – normal.
MRI brain – 
Bilateral internal 
capsule infarcts

Focal 
electrographic 
seizures over 
the right central 
and temporal 
area

3 hour recording on day 1.
Satisfactory quality. 
Normal aEEG amplitude. 
Normal impedance. 
Lacking annotations. 
Electrographic seizure activity 
seen.

9 7HUP�QHRQDWH�ERUQ�E\�HPHUJHQF\�
section for severe foetal distress. 
Perinatal asphyxia without clinical 
signs of encephalopathy. Cord gas – 
pH 7.03, BE -13. Apgars 6, 7, 9. 

Normal US brain 
day 1.

Normal on 
day 3

6 hour recording on day 1. 
Satisfactory quality. 
Normal aEEG amplitude. 
Normal impedance. Lacking 
annotations. 
No seizures seen. 

11 7HUP�QHRQDWH�ZLWK�+,(�JUDGH�,,�
secondary to shoulder dystocia. 
Cord gas – pH 7.21, BE -8.3. Apgars 
3, 3, 7. No seizures. Mild left arm 
neurapraxia with good recovery. 

Normal on day 2 Normal on 
day 4

22 hour recording on day 1 – 2. 
Normal aEEG amplitude. 
Normal impedance. 
Lacking annotation. 
No seizure activity. 
ECG artefacts were seen.

 .../
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Patient 
No.

Diagnostic information Cerebral 
ultrasound / 
MRI results

EEG results &)0�¿QGLQJV

12 Right congenital middle cerebral 
territory infarct presenting with 
neonatal seizures

US brain: Abnormal 
echogenic area right 
side.
MRI brain: extensive 
old right sided infarct 
involving right basal 
ganglia and a recent 
extensive left sided 
infarct involving left 
basal ganglia

Attenuated 
background 
activity over 
the right 
hemisphere; 
Electrographic 
focal discharges 
over the left 
fronto-central 
area 

12 hour recording on day 2. 
Normal aEEG amplitude. 
Normal impedance. 
Appropriate annotations. 
Occasional electrographic 
seizures seen. 

13 Precipitate delivery with HIE 
grade I. Apgars 7, 9. pH 7.3. 
BE -4.5. Improved rapidly. No 
seizures. 

Normal on day 1 Normal on day 3 4 hour recording on day 2. 
Normal aEEG amplitude; 
Normal impedance. 
Appropriate annotations.
No seizures seen

14 7HUP�QHRQDWH�ZLWK�IRHWDO�
bradycardia and HIE grade I. 
Cord gas pH 6.98, BE -23. Apgars 
4, 8. Rapid recovery. 

Normal on day 1 Not done 6 hour recording on day 1. 
Normal aEEG amplitude; 
Normal impedance
Lacking annotations
No seizures seen

15 HIE grade III. Cord pH 6.8. 
Ventilated. Renal impairment and 
heart failure. 

Normal brain 
ultrasound, 
Brain MRI not done

Left fronto-
central 
discharges

8 hour recording. 
Normal aEEG voltage. Normal 
impedance
Lacking annotations
Frequent electrographic 
seizures. 

Figure 1: Figure showing lead set-up for single channel 

CFM on the head (montage). A typical recording with 

1LFROHW2QH�PDFKLQH�UHTXLUHV���OHDGV�±�RQH�UHIHUHQFH��
one neutral and 2 parietal or frontal leads. Bi-parietal 

electrodes have the advantage of recording of the 

watershed area which are prone to ischaemic injury as 

well as being practically unobtrusive. No leads should be 

placed over fontanelles

distress, one was a normal 34 week gestation infant and 1 had 
FRQJHQLWDO� OREDU�HPSK\VHPD��7KH\�DOO�KDG� VDWLVIDFWRU\�&)0�
recordings for 3-16 hours showing normal aEEG amplitude. 
One showed clear sleep/wake cycles (Figure 2���7KH�¿UVW�WZR�
records showed very high impedance that turned out to be due 
WR�D�IDXOW�LQ�WKH�QHXWUDO�LQSXW�RI�WKH�SUH�DPSOL¿HU��$IWHU�UHSODFLQJ�
WKH�SUH�DPSOL¿HU��WKLV�SUREOHP�GLG�QRW�UHFXU��

7KH� JURXS�RI� ���QHRQDWHV�ZLWK�&16�SUREOHPV�ZHUH� WKH�
following (7DEOH��): 8 infants had NE secondary to perinatal 
asphyxia, 1 had congenital hydrocephalus: 1 presented with 
perinatal ischaemic stroke.  Although annotations were again 
generally lacking, we could still manage to correlate most of the 
major clinical and CFM events.  Of these 10 infants with CNS 
problems, 5 had clinical seizures on CFM recording, 4 of these 5 
infants had signs of electrographic seizure activity (Figure 3). On 
formal EEG, 4 infants had focal electrographic seizure activity 
DQG���KDG�QRUPDO�((*�¿QGLQJV��((*�ZDV�QRW�SHUIRUPHG�LQ���
patients, because of rapid clinical improvement. MRI brain was 
SHUIRUPHG�LQ���RI�WKHVH���LQIDQWV����VKRZHG�DEQRUPDO�¿QGLQJV�
in keeping with HIE (2 infants) and Perinatal Ischaemic Stroke 
���LQIDQW���7KH��th patient had a normal MRI. 
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Table 3: 'DWD�VKRZLQJ�KRZ�D((*�WUDFHV�DW����KRXUV�FDQ�UH¿QH�WKH�SURJQRVWLF�SUHGLFWLRQ�RI�RXWFRPH�LQ�K\SR[LF�LVFKDHPLF�
encephalopathy (adapted from Allen WC, 2002).�� 

Mild
(Sarnat 1)

Moderate
(Sarnat 2)

Moderate 
to severe

Severe
(Sarnat 3)

Mental Status Hyperalert Lethargic Lethargic Comatose

Need for Ventilator No No Yes Yes

Feeding Problems Mild Moderate Moderate Severe

7RQH Jittery High High Flaccid

Seizures No Yes Yes Yes (early)

Empirical probability of severe 
handicap or death based solely on 
clinical grading *

< 1% 25%

Odds of 1:3

50%

Odds of 50:50

75%

Odds of 3:1

Probability of severe handicap or 
death if aEEG IS severely abnormal †

73%

Odds of 2.7:1

89%

Odds of 8:1

96%

Odds of 24:1

† From Allan WC (2002) compiled from pooled data analyses of infants (n=411) in multiple studies of EEG and showing predicted outcome and odds ratios for EEG 
or aEEG performed at ~48 hours postnatal. Severely abnormal EEG in these studies referred to low voltage, electrocerebral inactivity, or burst suppression patterns.

�IURP�/HYHQH�0,��HW�DO���������XVLQJ�6DUQDW�	�6DUQDW�FODVVL¿FDWLRQ�RI�+,(�

'LVFXVVLRQ
Single-channel aEEG is acquired from two active bi-parietal 

RU�EL�IURQWDO�HOHFWURGHV�LQ�UHODWLRQ�WR�RQH�UHIHUHQFH�OHDG��7KH�
VLJQDO�LV�DPSOL¿HG�DQG�SDVVHG�WKURXJK�DQ�DV\PPHWULFDO�EDQG�
SDVV�¿OWHU�WKDW�VWURQJO\�DWWHQXDWHV�DFWLYLW\�EHORZ��+]�DQG�DERYH�
15Hz in order to minimise artefacts while enhancing clinically 
UHOHYDQW� ORZ� DPSOLWXGH� DFWLYLWLHV� ��ǋ9�� 6HPL�ORJDULWKPLF�
DPSOLWXGH� FRPSUHVVLRQ�� UHFWL¿FDWLRQ�� DQG� WLPH�FRPSUHVVLRQ�
are then carried out through additional processing. aEEG 
amplitude is than plotted on a semi-logarithmic scale on the Y 
axis against time on the X axis at slow speed (6cm/h) at the cot 
side. Many commercially available CFM monitors also show raw 
EEG signal in real-time. 

5DWLRQDOH�IRU�WKH�XVH�RI�&)0�LQ�1,&8
It has been established that in conjunction with neurological 

examination, CFM is a powerful tool for the assessment, 
management and prediction of prognostic category of infants 
with neonatal encephalopathy. It has been shown that CFM 
SDWWHUQV� LQ� WKH�¿UVW� IHZ�GD\V�RI� OLIH� FRUUHODWH�ZHOO�ZLWK� ODWHU�
QHXURGHYHORSPHQWDO�RXWFRPH��9HU\�DEQRUPDO�WUDFHV�LQ�WKH�¿UVW�
��KRXUV�DIWHU�ELUWK�GH¿QH�D�JURXS�RI�LQIDQWV�DW�KLJKHVW�ULVN�IRU�
death or survival with disability. Conversely, infants who show 
continuous normal voltage or discontinuous normal voltage 
SDWWHUQV� �ZLWKRXW� VHL]XUHV�� LQ� WKH�¿UVW���KRXUV� DUH� OLNHO\� WR�
survive without sequelae.3

8VH�RI�&)0�PRQLWRULQJ�WR�UH¿QH�
prediction of prognosis in HIE

&)0�LV�D�XVHIXO�WRRO�ZKHQ�FRQIURQWHG�ZLWK�GLI¿FXOW�GHFLVLRQV�
regarding continuation or withdrawal of intensive care. A normal 
or normalising aEEG is very reassuring, and in the context of 
an infant with respiratory failure with a history of episodes of 
hypoxic ischaemia, would suggest that neurological recovery 
may still be possible, and therefore continuation of intensive 
care is worthwhile.4 

In infants with moderately severe HIE clinically, a 
severely abnormal EEG suggests a poor prognosis. However, 
spontaneous recovery of aEEG patterns that were severely 
DEQRUPDO�LQ�WKH�¿UVW�IHZ�KRXUV�RI�OLIH�LV�QRW�XQFRPPRQ5, and 
VXFK�DQ�HDUO\�D((*�PD\�UHÀHFW�WUDQVLHQW�G\VIXQFWLRQ�ZLWKRXW�
permanent brain injury. In one study, 6 out of 65 with a severely 
abnormal aEEG tracing done at <6 hours of birth, achieved 
recovery to a continuous normal background pattern within the 
¿UVW����KRXUV��6L[W\�SHUFHQW�RI�WKHVH�VXUYLYHG�ZLWK�RU�ZLWKRXW�
only mild disability.6 

7DEOH���VKRZV�KRZ�WKH�¿QGLQJ�RI�WKH�SUHVHQFH�RU�DEVHQFH�
of a severely abnormal aEEG tracing alone at around 48 hours 
IURP�ELUWK�KHOSV�WR�UH¿QH�WKH�SUHGLFWLRQ�RI�SURJQRVLV�IRU�LQIDQWV�
with HIE as compared with relying only on the clinical features 
of HIE. 
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Figure 2a:�7KLV�¿JXUH�VKRZV�D�W\SLFDO�QRUPDO�&)0�WUDFH�ZLWK�DQ�XSSHU�ERUGHU�YROWDJH�RI�!���9�DQG�D�ORZHU�ERUGHU�
YROWDJH�!��9��7KHUH�DUH�QR�VOHHS�ZDNH�F\FOHV�LQ�WKLV�WUDFH��7KH�EODFN�KRUL]RQWDO�EDU�VKRZV�KLJK�LPSHGDQFH�OHYHO��$�IHZ�
spiky changes are seen that are due to movements or nursing care, hence the importance of proper annotation

Figure 2b:�7KLV�¿JXUH�VKRZV�D�QRUPDO�&)0�WUDFH��$Q�XQGXODWLQJ�EDVHOLQH�LQGLFDWHV�WKH�SUHVHQFH�RI�VOHHS�ZDNH�
cycles (physiological feature). A typical annonation is also shown

Figure 2c.�7KLV�¿JXUH�VKRZV�D�QRUPDO�&)0�WUDFH�DVVRFLDWHG�ZLWK�LQWHUPLWWHQW�(&*�DUWLIDFW��7KH�ORZHU�¿JXUH�VKRZV�WKH�
UDZ�((*�SHUWDLQLQJ�WR�WKH�SRUWLRQ�RI�D((*�GHQRWHG�E\�WKH�YHUWLFDO�EDU�LQ�WKH�XSSHU�¿JXUH�DW��������5HYLHZLQJ�&)0�ZLWK�
raw EEG is a useful feature of NicoletOne monitor. This can for example help differentiate between artifacts and genuine 

abnormalities

Role of aEEG in therapeutic hypothermia
CFM has an established role in the identification of 

candidates for therapeutic hypothermia.7 It is worth noting that 
although it is known that severe hypothermia can depress aEEG, 
temperatures above 33.5ºC do not interfere with the normal 
upper and lower margins of aEEG readings.8 Hypothermia does 
however delay the onset of physiological sleep wake cycling as 
a sign of delay in recovery of aEEG to recover9, and this should 
therefore be interpreted in the context. 

aEEG – some advantages over standard EEG 
¿QGLQJV

Advantages of CFM compared with standard EEG are 
that CFM monitoring is more easily applicable and available, 
especially during out of hours, and is especially suitable for 
continuous monitoring. CFM is a reliable tool for monitoring 
both background patterns (especially normal and severely 
abnormal) and ictal activity, and aEEG recordings correlate well 
ZLWK�IXOO�((*�¿QGLQJV�10 However, foal, low amplitude and very 
short periods of seizure discharges (less than 30 seconds) can 
EH�PLVVHG�RQ�&)0��7KXV��QRWZLWKVWDQGLQJ�WKH�XWLOLW\�RI�&)0�
on NICU, CFM should never replace a formal EEG where the 
latter is indicated.  
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Figure 3b

Figures 3a & 3b:�VKRZ�W\SLFDO�DSSHDUDQFHV�RI�QHRQDWDO�VHL]XUHV�WKDW�ZHUH�UHFRUGHG�IURP�SDWLHQW�QR����7KH�UDZ�((*�
WUDFHV�LQ�WKH�ORZHU�SDUWV�RI�ERWK�¿JXUHV�VKRZV�W\SLFDO�HSLOHSWLIRUP�GLVFKDUJHV�FRUUHVSRQGLQJ�WR�WKH�SDUWV�RI�WKH�&)0�
WUDFHV�LQGLFDWHG�E\�WKH�YHUWLFDO�JUH\�EDU��1RWH�KRZ�GXULQJ�D�VHL]XUH�&)0�DPSOLWXGH�QDUURZV�DQG�ULVHV��

Figure 3a.

2YHUYLHZ�RI�ORFDO�SUHOLPLQDU\�
H[SHULHQFH�ZLWK�&)0

7KH� DERYH� GHVFULEHG� ��� UHFRUGLQJV� GHPRQVWUDWH� D� IHZ�
SUREOHPV�WKDW�QHHG�WR�EH�UHFWL¿HG�EHIRUH�&)0�FDQ�EH�VXFFHVVIXOO\�
implemented into local neonatal practice:

1. Staff training
 Although an attempt was made to instruct neonatal nurses 

involved with these infants about CFM recording, the lack 
RI�IRUPDO�WUDLQLQJ�LQ�&)0�ZDV�D�VLJQL¿FDQW�GUDZEDFN��,W�
is now clear that all staff needs to be adequately trained 
particularly with respect to proper placement of the leads, 
DQQRWDWLRQV�DQG�LQWHUSUHWDWLRQ��7KLV�FDQ�EH�SHUIRUPHG�
by adopting a ‘train the trainer’ approach followed by 
organising local workshops.11 

2. CFM machines
 NicoletOne, the CFM machine currently available at MDH, 

is a complex EEG monitoring device, and is therefore not 
the most suitable clinical monitor for routine neonatal 
practice. It has complex protocols, and needs four 
HOHFWURGHV�LQVWHDG�RI�WKUHH�IRU�VLQJOH�FKDQQHO�D((*��7KH�
absence of a fast print-out facility on the monitor makes 
LW�FXPEHUVRPH�WR�XVH�LQ�URXWLQH�SUDFWLFH��7KHVH�WHFKQLFDO�
problems can be resolved by staff training in the use of 
NicoletOne and the use of a small portable printer in the 
¿UVW�LQVWDQFH��
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Figure 4: Brief guide to single channel CFM interpretation as described by al Naqueeb et al, 1999 .../

Normal trace. 8SSHU�PDUJLQ�LV�!���ǋ9�	�ORZHU�PDUJLQ�LV�!��ǋ9��7KH�ZLGHQLQJ�DQG�QDUURZLQJ�RI�WKH�WUDFH�
im plies periods of wakening and sleep (Sleep Wake Cycling).

Moderately abnormal trace��8SSHU�PDUJLQ�LV�!���ǋ9�	�ORZHU�PDUJLQ�LV����ǋ9�WKURXJKRXW�WKH�WUDFH��
No sleep wake cycles

Severely abnormal trace. 8SSHU�PDUJLQ�LV�����ǋ9�	�ORZHU�PDUJLQ�LV����ǋ9�WKURXJKRXW�WKH�WUDFH��
There is evidence of SWS. Periodic bursts of electrical activity

+LJKOLJKWV�RI�D�SURWRFRO�IRU�&)0�
UHFRUGLQJ�DW�1,&8
Indications for CFM monitoring
D��7HUP�RU�QHDU�WHUP�LQIDQWV��&)0�VKRXOG�URXWLQHO\�EH�XVHG�

for all infants of gestational age >35 weeks who have one or 
more of the following:

i)  Evidence of encephalopathy.
ii)  Evidence of perinatal distress suggestive of possible 

hypoxic-ischaemic encephalopathy (HIE) and 

who required admission to NICU. Monitor infants 
who have any of the following features of perinatal 
compromise: 
�� IRHWDO�QHRQDWDO�DFLGDHPLD�ZLWK�FRUG�S+�RU�DUWHULDO�

pH within 1 hour of birth showing pH<7.0 or base 
GH¿FLW�RI�!�����DQG�RU�

�� $3*$5�VFRUH�RI����DW���PLQXWHV�
LLL��6HL]XUHV��GH¿QLWH�RU�SRVVLEOH�
iv) Muscle relaxed infants where there are concerns over 

potential HIE or seizures.
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Moderately abnormal trace with multiple seizures. 8SSHU�PDUJLQ�LV�!���ǋ9�	�ORZHU�PDUJLQ�LV����ǋ9�
throughout the trace. No sleep wake cycles. Frequent and prolonged periods of elevation in both the lower and upper 

PDUJLQV�FRLQFLGLQJ�ZLWK�UHSHWLWLYH�UK\WKPLF�SDWWHUQ�RQ�WKH�((*��7KLV�LV�FKDUDFWHULVWLF�RI�VHL]XUH�DFWLYLW\

Seizures. Rising and narrowing pattern in the CFM tracing. In the gaps of the rising and narrowing (lower margin 

becomes suddenly raised for several minutes), the EEG tracing show a distinct repetitive pattern

b) CFM may also provide useful information in meningitis 
(requiring intensive care), and cases of extensive structural 
brain injury or serious congenital brain anomalies (e.g. 
cerebral infarction, congenital brain haemorrhage/ tumour, 
hydrocephalus).

c) Preterm infants
� 7KH�&)0�PD\�EH�OHVV�HDV\�WR�LQWHUSUHW�LQ�SUHWHUP�LQIDQWV��

Nevertheless it can provide very useful information and so 
may be considered in some infants of <35 weeks’ gestation, 
in cases of:
�� &OLQLFDO�RU�VXVSHFWHG�VHL]XUHV
�� (QFHSKDORSDWK\
�� *UDGH���RU���LQWUDYHQWULFXODU�KDHPRUUKDJH��&)0�

monitoring of preterm infants should be at the 
discretion of the attending consultant. 

When should CFM be commenced?

�� $SSO\�DV�VRRQ�DV�SRVVLEOH�IROORZLQJ�DGPLVVLRQ�WR�WKH�
NICU of any infant with suspected hypoxic-ischaemic 
HQFHSKDORSDWK\�ZLWKLQ�WKH�¿UVW�KRXU�

�� $SSO\�WKH�&)0�DV�VRRQ�DV�SRVVLEOH�WR�DW�ULVN�LQIDQWV�LQ�
whom there are any neurological concerns.

Who should attach CFM?

�� 7KH�&)0�VKRXOG�EH�DWWDFKHG�RQO\�E\�SHUVRQQHO�ZKR�KDYH�
been trained in its application to infants.

�� ,W�LV�LPSRUWDQW�WKDW�DSSURSULDWH�DQQRWDWLRQV�UHJDUGLQJ�
events that occur during the period of monitoring are done 
(suctioning, X-ray, re-intubation, and episodes of overt/ 
SRVVLEOH�VHL]XUHV���7KLV�ZLOO�IDFLOLWDWH�SURSHU�UHWURVSHFWLYH�
interpretation of the traces and help distinguish artefact.

Figure 4 Continued
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Attachment of the CFM
Either standard EEG electrodes or gel electrode sets or 

disposable sub-dermal needle electrodes (in conjunction with 
needle adapter set) should be used to attach the CFM to the 
infant. Lead attachment requires time, patience, and careful 
skin preparation and is a skill that is acquired with practice. Care 
must be taken when using sub-dermal needle electrodes in order 
to avoid local scalp infection, needle stick injury for staff and risk 
of the needle electrode puncturing cooling wraps/mattresses in 
infants undergoing therapeutic hypothermia. Needle electrodes 
should be avoided if there is evidence of clotting abnormalities 
or active bleeding.

Interpretation of the CFM traces
It is recommended to follow the 3 basic categories of aEEG 

patterns described by al Naqueeb et al12 (Figure 4). 

'RFXPHQWDWLRQ�RI�WKH�¿QGLQJV
7KH�FOLQLFLDQ�DWWHQGLQJ�WKH�LQIDQW�DQG�UHYLHZLQJ�WKH�D((*�

tracing should make a written entry into the infant’s case notes 
regarding their impression of the tracing. It is recommended 
the tracings are reviewed at each ward round. At the end of the 
recording period the aEEG trace should be formally reported by 
a clinician experienced in the interpretation of aEEG.

For how long should CFM monitoring be continued?
CFM should generally be continued until the patient has 

stabilised with no risk of further cerebral insult, and at least 
until:
�� WKH�D((*�SDWWHUQ�KDV�EHFRPH�VWDEOH�IRU����KRXUV�
�� WKHUH�KDYH�EHHQ�QR�VHL]XUHV�IRU���±���KRXUV�

7KLV�ZLOO�RIWHQ�QHFHVVLWDWH�FRQWLQXRXV�PRQLWRULQJ� IRU� WKH�
¿UVW� �� GD\V� RI� FOLQLFDO� HQFHSKDORSDWK\��$� IXUWKHU� ����KRXU�
recording on day 7 done in conjunction with a documented 
clinical neurological examination is recommended.

All infants having cerebral function monitoring should have 
a formal EEG performed. In the case of the encephalopathic 
baby undergoing therapeutic hypothermia, this should be done 
on day 1. Ideally the EEG should be repeated on day 4 (after 
re-warming) and again on day 7-10 if previously abnormal. In 
other infants, timing and frequency of EEG examination is left 
to the discretion of the attending neonatal consultant.

&RQFOXVLRQ
CFM is a useful tool in the assessment of NE, seizures 

and selection of encephalopathic neonates for therapeutic 
hypothermia. Out first few recordings show that with 
appropriate staff training and attention to technical detail, CFM 
can be used effectively in NPICU at Mater Dei Hospital. A local 
protocol based on the local resources needs to be drawn up. 
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