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A Correlational Study between Auditory Evoked Potential and Subdural
Hematoma for the Development of a Noninvasive ICP Monitoring System

Jae Joong Im - C. &. Lessard*

Development of a noninvasive intensive care system calls for the use of evoked potentials (EPs) as a
means of diagnosing traumatic head-injured patients. The experiment entails surgically placing two
subarachnoid bolts and a subdural balloon through the skull to simulate a subdural hematoma. Using
various levels of intracranial pressure (ICP) and/or different sizes of balloons, auditory evoked
potentials (AEPs) were recorded from a rabbit. Six positive peak latencies (P1-Ps) and five negative
peak latencies (N1-Ns) were extracted from an averaged AEP waveform. Multiple regression analyses
were performed for determining a relationship between the ICP and AEP peak latencies. The results
indicate that a major correlation of changes on AEP peak latencies is due to mechanical forces of a
mass (inflated balloon simulating a hematoma) in the distortion of the brain matter rather than

increased ICP itself.
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Fig. 1. The placement of three holes for animal study ; two
subarachnoid bolts and a subdural balloon
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Table 1. Mean differences on AEP parameters in twelve experimental conditions for experimental group
AEP

L e 02ml ‘ ‘ L ‘ 10.6ml

‘ paran?eter : ‘15mmHg 20mmHg 2SmmHg 30mmHg 15mmHg 20mmHg 25mmHg 30mmHg l‘5mmHg 20mmHg 2B5mmHg 30mmHg
Pl 1.1084 1.0986 1.1035 1.1133 11133 1.1182  1.1182  1.1230 11035 1.1230  1.1133 1.1182
P2 1.6064 1.6162 16211 1.6064 1.6406  1.6553  1.6504  1.6504 1.6406  1.6454  1.6553  1.6650
P3 20605 2.0703 20752  2.0850 2.0947 21240 21338 2.1387 2.1533 21631 22021  2.2607
P4 26709  2.6855 2.6855  2.6904 27100 27100  2.7441  2.7295 27734 28076 2.8955  2.9150
P5 3.0860 3.0957 3.1250 3.1348 31689 31885 3.2031  3.2031 3.2617  3.2861  3.3643  3.3789
P6 3.8232 38184 3.8281 3,872 3.8428 38579 3.8623  3.8916 39844 40186 4.0624° 4.0801
N1 1.3574 13721 1.3721 1.3818 1.3867 1.3965  1.4160  1.4307 1.4111  1.4160 14209 1.4209
N2 1.7236  1.7627 1.7480  1.7480 1.7822  1.7871  1.7871  1.8066 1.8115  1.8066  1.8115 1.8213
N3 2.3877 23828 2.3828  2.3877 24072 24511 24902  2.5146 2.5098  2.5439 25000  2.6025
N4 28760 29004 29053 29102 29346 29346 29541  2.9492 3.0469 29883 3.0713  3.0859
N5 3.3887  3.3936  3.4082 34131 3.4473 34668  3.4521  3.4668 3.5254  3.5449 3.6182  3.6426

29HA - Agbs) TA-E 0.2mi= A7) A4 AEP
F %381, ICPE 15, 20, 25, 30 mmHg= ¥
3AA ZbEA 7183} AEP7L 30mmHgS)
ICP| A 7] &5 4] Fol= LRSS F2 HF
3 Aersl FAE 5 (deflate) A7} &AL
ICP7EL 2 S0z} Abef ol A] AEPE wl 58 7+3
2 2 3087} 7] 23k}

s gs Al T4 3)E 0.4miE 8 A s}
2HA 9} U uhy 0.2 gl

AR A FAY 278 0.6miE 173
25| 9} F U by 2.2 i)

cilolet X2l U &4

dlo]ele] 74 A oA SR = FF AEP 73 9]
Bd-& 50059 A7t AFe "ﬂ’ﬂ' Hagkelvh. HAd
AEP m}3o] XA w3, o] ZHE AEP #4355 A AksHA
b o] EE AL 609 ok HFA Xzhgh(positive
peak latency, .Pr— Pe)3} 5702 82 H5-% A]71gk (nega-
tive peak latency, Ni—Ns)2 E3hsta ¢lc} =&k CCT
(Central Conduction Time)-2- }e}ll7] $13F 352|742
A)Z¥7A (Interpeak latency, Pi—Py, Pi—Ps, Pi—Ps)% A
A = ik

nt3 e} 93} pgo] AEP W

Goll mAE FFE Lo}

7] 98t sk AEPERE ozl z} wigo) g
FAEA dAEr W8 Rk F 9 7R (Null
Hypothesis, Ho:mi=mi—ro=0)}2 A|7}Fe] 0 2] AEP

Heg 7)E ()22t A7k BE(QA17De dehA
:r"ﬁﬂﬂ 12709] A}l AEP ®S=(mi) Abo]9) Fbo)7} 0
olgtz & AFEr] A% Aold e, dAIME (Alter-
nate Hypothesis, Ha:ma=mi—no)0)2 Hxle]7} v}
Ack= Aol

v}z-3] H -4 (multiple regression analysis)}& oj&]4-5
2] ICP% 3)¥ 5= (AEP latency)E Ako]9] "J’%l'%l‘ﬁl
AAs7) 5ted AeEdom wale] HAL
Ahel detel AR} dFIAARAE %a& %ara
A A= S5 A AFAFA ste] o
2= @ Abe] 9] Aol & vehll & AFA (residua) & =
Agte 2 3" dlelele] FE AL odol Ry} 3}

= Zolvh EJ, HRe] S Ale]o] AaPAN) &

g 2 g FAA @R, collinearity)?) 715
A2 HFEE ) BE WP EE T3] A 8
HEAo] o 2 AYPzAdA Al-g5 o)A ‘2“;‘1“574
2L G statisticd AHg-3be] Fajzon, ohEs A8y
9 HF FE = AYPRIDE A4 Ao grE e 22
< vehl7] A R gE el B8 ek A
o] dr}.
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Fig. 3. The AEP waveforms at baseline ICP and at four
increased levels of ICP with 0.6 ml of subdural balloon
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Fig. 4. Changes on AEP positive peak latencies under differ-
ent sizes of the balloon while holding the ICP level constant at
the baseline
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Table 2. Summary of variable selection and multiple regression results for each experimental conditions

48 = A Cp W49 4 Prob)F R?
Vanation of ICP without balloon inflation 5.025 5 0.1079 0.225
Variation of ICP with 0.2/ of balloon 5.350 5 0.0148 0.329
Variation of ICP with 0.4m! of balloon 5.077 5 0.0038 0.389
Variation of ICP with 0.6 m/ of balloon 6.171 6 0.0001 0.608
Variation of balloon size at baseline ICP 4.058 4 0.0028 0.440
Variation of balloon size at 15mmHg 1.944 2 0.0255 0.224
Variation of balloon size at 20 mmHg 1.910 2 0.0027 0.336
Variation of balloon size at 25mmHg 1.691 2 0.0255 0.224
Variation of balloon size at 30mmHg 2.063 2 0.0173 0.224
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Fig. 5. Changes on AEP positive peak latencies under differ-
ent levels of the ICP while holding the balloon deflated
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