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Prevailing agreement  on EP effectiveness in the 
early prognosis of post-traumatic coma

Different patient selection, test timing,  methods 
for EP recording and grading criteria 

Contradictions, discrepancies and conflicting results

EPs IN SEVERE HEAD INJURY:
Literature



Strong evid ence of progno stic v alue can be drawn from 
man y pap ers

Some authors believ e that EPs can b e useful on ly in 
sed ated p atient s (e.g., Lindsay K et al. Neurosurgery 1990; 2
6:278-285).

Others  den y an y ABR effectiveness (e.g.,Anderson et al. 
Arch.Neurol. 1984; 41:369-374)

EPs IN NEUROCRITICAL PATIENTS:
Literature

Prognostic power of SEPs in post-
traumatic coma

From Robinson et al. Crit. Care Med. 2003;31:960-7)

CI in brakets



Prognostic power of SEPs in postanoxic
coma

From Robinson et al. Crit. Care Med. 2003;31:960-7)

!!!

ABR & SEP nel coma postanossico



Prognostic power of SEPs in coma

From Robinson et al. Crit. Care Med. 2003;31:960-7)

Operator-Dependent Factors
Affecting EPs Reliability

Methods of recording
Reference, Number of channels, freque ncy of 
stimulation

Grading of EPs abnormalities
Capability of detec ting the “point-of-no-return”

Single Vs. Multimodality
Looking for the best modality or combi ned anal ysis

Test timing
False negativ e True positiv e and vice versa



Main ABR  grading in severe HI
GREENBERG ET AL.1977 Neurosurg. 47:163- 177

• 1 = NORMAL
• 2 = VI  ABSENT O CCT  = 4.6 ±0.1 m sec
• 3 = ONLY I  and  V PRESENT, WITH LATENCIES OF
• 1.5 and 6.0 ±0.1 m sec, RESPECT IVELY
• 4 = ONLY WAVE I IS  PRESENT    

SEALES ET AL.1979  J. Trauma 19:347- 353   
• 1 = NORMAL
• 2 = CCT>M+2DS OF CONTROLS, CCT>4.40 msec
• AR V/I  < 1  or LOW VOLTAGE V WAVE

KARNAZE ET AL. 1982  Neurology 32:299-302   
• 1 = NORMAL
• 2 = CCT = 4.5-4.9 msec and/or AR V/I = 0.4-0.5 
• 3 = CCT = 4.9-5.3 msec and/or AR V/I = 0.25-0.4
• 4 = CCT>5.3 msec and/or AR V/I < 0.25)
• 5 = ABSENT  V o III-V

MJØEN ET AL.1983  Acta Otolaryngol. (Stockh)  95:131-138
• 1 = NORMAL
• 2 = INCREASED CCT 
• 3 = ABSENT  V

ANDERSON ET AL. 1984  Arch. Neurol. 41:369-374
• 1 = NORMAL
• 2 = INCREASED CCT
• 3 = DECREASED V  OR III-V AMPL ITUDE, AR V/I < 0.8 
• 4 = ONLY I PRESENT

FACCO ET AL.1985 Electroenceph. Clin. Neurophysiol. 62:332-
337; 

• 1 = NORMAL
• 2 = CCT>4.50 msec, A/R V/I < 0.5 or  ABSENT V

CANT ET AL. 1986 Electroenceph. Clin. Neurophysiol. 65:188-
195

• 1 = NORMAL
• 2 = PRESENT V wi th INCREASED CCT or ABSENT  I-III
• 3 = ABSENT V

FISCHER ET AL.1988 Agressologie 29:359-363
• 1 = NORMAL
• 2 = INCREASED CCT 
• 3 = INVERSION OF AR V/I 
• 4 = DESYNCHRONIZED PEAKS OF IV AND V
• 5 = ABSENT IV AND V
• 6 = ONLY I PRESENT
• 7 = ABSENT ABR

GOODWIN  ET. AL. 1991 Crit. Care Med. 19:518-524
• 1 = NORMAL
• 2 = ABNORMAL
• 3 = ABSENT

FIRSCH ING ET AL. 1998 J. Neurosurg. 89:707-712
• 1 = BILATERAL  REPRODUCIBLE POTENTIALS
• 2 = Uni la te ral  REPRODUCIBLE POTENTIALS
• 3 = BILATERAL  LOSS OF EPs

KANE ET AL. 1998 Electroenceph. Clin. Neurophysiol. 106:244-
250

• SHORTEST CCT

Main SEP grading in severe HI
GREE NB ERG ET A L. 1977  Neu rosur g. 47:163-177
1 = NORM AL, B UT AB SE NT COM PON BE NTS FOL LOWING 
100 msec
2 = AB SE NC E OF W AVE S FOLLOWI NG 40 msec

3 =         "            "           "                  "           30 msec
4 =         "            ” "                   "          P15
LIND SA Y ET AL. 1981 J. Neurol. Neu rosurg. Psychiat ry
44:796-802
= GREE NB ERG ET A L. 1977

RUM PL ET AL.        1983  Elec troence ph. Clin. 
Neuro physiol. 56:583-596
GO = NORMAL C CT 
MD = C CT=7.0±1.1 msec (M± DS) mono o r bilaterally
SD = CCT=7.5 ±0.2     "             "           "      ” ”

D = C CT=8.0±1.5      "            ” "     ” ”
AN DE RSO N ET AL. 1984 A rch. Neurol. 41 :369-374
1 = NORM AL
2 = DEL AY ED CC T; P RE SE NT N20 AN D AB SE NT P24
3 = MONOLAT ER AL AB SE NC E OF N20
4 = BILA TE RAL A BSE N CE OF N20
CA NT E T AL. 1986 Electroe nceph. Clin. Neu rophysi ol. 
65:188-195
1 = NORM AL
2 = DEL AY ED CC T 
3 = MONO- OR BI LAT ER AL AB SE NC E OF N20 
FISC HE R ET AL. 1988 Agressol ogie 29:359-363
1 = NORM AL
2 = BILA TE RAL   AB SE NC E OF N20
3 = MONOLAT ER AL    "           "       "  
4 = ONLY E R B POIN T POTE NTI AL
5 = AB SE NT S EP 

NA U ET AL.* 1988 Neu rochir urgia 31 Suppl. 1:170-174
1 = NORM AL
2 = SLIGHTL Y A B NORM AL, D ELA YE D L ATE NCI ES
3 = SEV ER ELY AB NORM AL, DEL AY ED L AT EN CIE S
4 = AB SE NT R ES PONS E
FAC CO ET AL. 1990 Elec troence ph. Cli n. Neu rophysiol. 
Suppl 41. Elsevie r, Ams terdam, pp. 330-341
1 = NORM AL
2 = N13-N20 >8 msec BIL AT ER ALL Y
3 = AB SE NT N20 BIL ATE R ALLY
HUT C HIN SON ET AL. 1991 Electroe nceph. Clin. 
Neuro physiol. 78:228-233
1 = NORM AL C CT
2 = ONE OR BOTH C CTs A BNO RMA L
3 = ONE OR BOTH N20 AB SE NT 
GOODWIN E T. AL. 1991 Crit. Care Me d. 19:518-524
1 = NORM AL
2 = AB NORM AL
3 = AB SE NT
FIRS CHI NG ET AL. 1998 J. Neuros urg. 89:707 -712
1 = BILA TE RAL RE PRO DU CIB LE POT EN TIAL S
2 = Unilateral RE PRO DU CI BLE POT EN TIAL S
3 = BILA TE RAL LOSS OF EPs
GÜTLING ET AL. 1993 Electr oenceph. Clin. Ne urop hysiol. 
88:369-376
1= NORM AL C CT ( N14- N20 A N D N14- P20/22)
2 = AB N. F RONT AL & PA RIE TAL C CT (>ME A N+2.5 S D)
3 = NORM AL N30 -P20/22 P EA K-TO- PE AK AMP LITU DE
4 = AB NORM AL N30-P20/22 PE AK- TO-PE A K AM PLITU DE 
BROW N E T AL. 1998 Neur osurge ry 42:1057-1064
NORM AL OR DE CR EA SE D SE P AM PLIT UD E 



DISTRIBU OF IPL V-I IN SURVIVORS
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Gaussian distribution
Mean =4.15 msec
SD = 0.30 msec
95% of survivors in the  

range:
3.70<IPL V-I<4,75 

msec (mean ± 2SD).

DISTRIBUTION OF IPL V-I IN 
SURVIVORS

ABRs IN SEVERE HEA D INJURY
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DISTRIBUTION OF AR V-I IN 
SURVIVORS

DISTRIBUTION OF AR V/I IN SURVIVORS
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RELATIONSHIP BETWEEN IPL V-I E  AR  V/I 
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DISTRIBUTION OF N13-N20 IN 
SURVIVORS

DIST RIBUTION OF N13-N20 IN SURVIVORS 
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Gaussian distribution
Mean = 6.31
SD = 1.09
95% of survivors in 

the range:
4.13<N13-N20<8,49 

msec (mean ± 
2SD).

RELATIONSHIP BETWEEN BETTER  N13-N20  
AND  OUTCOME

N13-N20 MIGLIORE ed OUTCOME
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GRA DING OF EVOKED POTENTIALS
IN SEVERE HEA D INJURY

IPL V-I≤4.75 msec

IPL V-I>4.75 msec

IPL V-I = 4.76-5.05 msec

AR V/I ≥0.5   msec

AR V/I < 0.5  msec

ABSENT WAVE V

NORMAL SEPs

N13-N20>8.49 msec

ABSENT N20

ABRs

SEPs

ABRs AND OUTCOME IN SEVERE HEAD 
INJURY
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RELATIONSHIP BETWEEN 
SEPs AND OUTCOME
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SERIAL ABRs – IPL V-I
GOOD OUTCOME
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RELATIONSHIP BETWEEN 
GCS, EPs AND OUTCOME

28 (100.0)
15   (53.7)
6    (21.4)
3    (10.7)
4    (14.2)

Abnormal

64  (100.0)
8    (12.5)
5      (7.8)
9    (14.1)

42    (65.6)
N.        (%)

EP Normal
5-8

AbnormalEP Normal

TN = 51
TP = 69
FN = 13
FP = 12
Errors = 25
X2 =58.624
P < 0.001
Se = 84%
Sp = 80%
PP = 85%
RR = 22.5

N.      (%)

40(100.0)13  (100.0)TOTALE
33  (82.5)7    (53.8)D
6   (15.0)2    (15.4)PVS
1     (2.5)-SD

-4    (30.8)GR+MD

3-4
GCSOUT

COME

75.1

79.7 24.9

20.3

30.8

ABRs in cerebral hemorrhage

MEAN SD
CONTROLS                       4.03 0.17 F = 30.56

P < 0.001 
SURVIVORS                     4.27 0.24 t = 3.739*

P < 0.001 
PVS + DEATHS                   4.73 0.45 t =4.411**

P < 0.001

* = Controls vs. Survivors; ** = Survivors vs. PVS+Death



Prognostic power of SEPs and ABRs in 
coma due to cerebral hemorrhage.

PATIENTS SEPs SEPs SEPs or ABRs 
Better side Worse side abnormal

TRUE NEG. 20 14 19
FALSE POS. 1 7 2
TRUE POS. 36 41 47
FALSE NEG. 13 8 2
P< 0.001 0.001 0.001
REL. RISK 55 10 223
SENSITIVITY 73 83 96
SPECIFICITY 95 67 90
P.P 97 85 96

Prognostic Power of GCS 
in Cerebral Hemorrhage

GO PO
No. of Cases (%)   No. of Cases (%)

GCS = 5-8 19 (48.7) 20 (51.3) P<0.001 
RR = 14
Se = 59

GCS = 3-4 2 (6.5) 29 (93.5) Sp = 93
PP = 93



Relationship between SEPs and 
quality of survival

NORMAL        UNILATERAL        UNILATERAL          BILATERAL
SEPs INCRERASE ABSENCE             ABSENC E

OF N13-N20 OF N20 OF N20          
No.  (% ) No. (% ) No. (% ) No. (% )

GR 9     (100) 0 - 0         - 0       -
MD           4       (57.1)       0 - 2     (28.6) 1    (14.3)
SD            1 (20) 1 (20) 3     (60) 0 -

* tested for GR + MD vs. SD and normal SEPs
vs. unilaterally + bilaterally abnormal SEPs.

Exact Fisher’s Test
P*=0.024

ABR & Head InjuryABR & Head ABR & Head InjuryInjury



ABR & Head InjuryABR & Head Injury

SEP  IN SEVERE HEAD INJURY



I PE sono significativamente correlati alla prognosi
Una corretta classificazione dei PE consente di 
ridurre la percentual edi errore
La combinazione di GCS e PE è in grado di 
migliorare il giudizio prognostico rispetto all’uso di 
un solo parametro
Il monitoraggio seriato dei PE durante la fase acuta 
del decorso clinico aum enta riduce il numero di 
errori

CONCLUSIONI

I valori utili per la classificazione dei PE nel coma post-
traumatico e vascolare sembrano: 

IPL V-I > 4,75  msec
IPL V-I =4.75-5.05 msec
RA V/I < 0,5 
IPL V-I > 5.05 msec o assenza onda V
N13-N20 > 8,49 msec
assenza N20.

Questi valori non sono immutabili, ma possono 
variare in seguito all’evoluzione del trattamento  di 
queste condizioni morbose.



POTENZIALI EVOCATI
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Subjective and Semantic Factors
Affecting EPs in NICU 

Meaning of EP abnormalities in terms of prognosis
Meaning of  the term “prognosis” in the earlystage

Increased risk of poor outcome
Certainty of poor outcome 

Optimistic or pessimistic disposition of both
neurophysiologist and Intensivist

Increased therapeutic efforts
Treatme nt wi thdrawal

NEED FOR  CONSENSUS ON THE MEANING OF THE TERMS USED



Subj ectiv e
Factors

Subjective and Semantic Factors Affecting EPs
in NICU 

ABNORMAL EPs
IN THE EARLY STAGE

INCREASED 
THERAPUTIC 

EFFORTS

WITHDRAWAL 
OF 

THERAPY

INCREASED RISK 
OF POOR OUTCOME


