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ABSTRACT

Introduction-aim and scope: This article highlights a rare observation in 2 patients
admitted to the hospital who were evaluated with simultaneous EEG and EKG
monitoring due to having episodic clinical spells suspected as being consistent with
seizure activity. What however was noted were episodes of asystole causing syncope
and brain wave activity persisted for approximately 24 seconds with other clinical
features noted in the case histories including an incipient actual seizure in one case.
We believe that these patients were fortunate to have such diagnosis made as
risks of sudden cardiac death with asystole are high and may be associated with
catastrophic neurologic injury and outcomes, and these patients were able to be
referred for subsequent cardiac electrophysiologic evaluation and further
management'.

Rationale: This report highlights 2 clinical patients with asystole while being
monitored with Video EEG (Electroencephalogram) with EKG (Electrocardiogram)
that have a complete dataset available for study. One patient exhibited clinical
symptoms of syncope and hypoperfusion and one patient after asystole exhibited
subsequent electrographic seizure activity. This article descriptively and
retrospectively reviews these rarely noted cases and the clinicopathologic details.
Methods: In a hospital system with currently a level 4 epilepsy center that is a
member of the US NAEC-National Association of Epilepsy Centers, two patients
with asystole were identified as above. This publication provides a retrospective
descriptive analysis of two cases that had a complete clinical data set.

Results: Asystole is associated with clinical cerebral hypo perfusion in one case,
and in another case, hypo perfusion with the EEG features of hypo perfusion
similar to the first case however such is followed by actual electrographic seizure
activity. We postulate that these findings may be rarely-recorded manifestations
during asystole and deserve further study. Successful clinical management of
these cases along with the EEG manifestations are described in the article.
Electrocerebral rhythms in both cases persist for approximately 24 seconds after
asystole although the exact delineation of the cerebral flow dynamics are not
completely understood in this retrospective observational study.

Conclusions: The cases delineate that the pathophysiology and the concomitant
use of EEG and EKG monitoring with video during asystole deserve further study
as clinical manifestations may not be identified otherwise without such
recordings. Monitoring patients with simultaneous Video EEG and EKG
recordings may be necessary for optimal diagnostic assessment and therapeutic
outcome where clinical decision making by multidisciplinary subspecialty care
teams can ensue in real time as noted in this article.

Keywords: asystole, cardiac arrest, seizures, EEG monitoring, hypo perfusion,
SUDEP (Sudden unexplained death in epilepsy patients)
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Presentation of cases
We admitted a 72 year old patient experiencing

loss of consciousness and falls to our Epilepsy
Video-EEG monitoring unit since referring physicians
strongly suspected on clinical grounds that she had
epilepsy. We recorded an EKG channel, a video of
patient activities, and Electroencephalographic
activity simultaneously using standard 10/20 EEG
electrode placement. Spells in which the patient
experienced asystole up to about 90 seconds or so
were noted. The neurology service referred her to
cardiology for cardiac electrophysiology study and
ultimately she had pacemaker insertion. Spells
resolved and she was doing well in an approximately
10-year follow up period and then was lost to
follow up. This patient’s video EEG record with
EKG monitoring demonstrates the importance of
objectively characterizing definitive episodic spells
that are alleged to be seizures for diagnostic
evaluation and highlight the clinical manifestations
that asystole or hypo perfusion of the brain produces.
Panels and corresponding video accompaniment
illustrate that electroencephalographic activity and
alertness persists for approximately 24 seconds
after asystole. Subsequently, attenuation of the
electroencephalogram and loss of consciousness
and likely loss of muscle tone occurs probably due
to hypo perfusion. Ultimately EEG activity returns
in this case after sustained cardiac rhythm is re-
established. See Panels. In retrospect, detailed
analysis of the patient’s cardiogram showed
multifocal and distinct QRS complexes of varied
morphologies and durations that were likely
indicative of aberrant cardiac conduction patterns..

In the second case, an 81 year old patient with a
history of a chronic subdural hematoma was
admitted with multiple clinical generalized tonic
clonic seizures and clinical status epilepticus. He
was treated with escalating doses of benzodiazepines.
He became unresponsive. The patient was
intubated for airway protection and he was placed
on EEG monitoring to effect a burst suppression
pattern pharmacologically to stop the seizures. He

was infused with fosphenytoin by our institution’s

standard nursing protocol. Within a few hours after
he had received intravenous phenytoin, the patient
experienced asystole. Attenuation of the EEG is
noted which is similar to that of the first case.
Because he was intubated and sedated, the
complete clinical characteristics of what was
exhibited in the first case likely does not occur to
the same extent. Nursing staff however was alerted
due to the event alarm on the EKG monitor and
clinical treatment was begun with cardiopulmonary
resuscitation (CPR). However, during the CPR, the
patient experiences subsequently an electrographic
seizure which terminates on its own. See Panels.
The neurology team, cardiac team, and ICU team
noted these findings in real time. As he had
another seizure despite fosphenytoin, IV loading
bolus of another medication (leviteracetam)
followed by maintenance doses was prescribed to
mitigate against further seizure activity. An
extensive cardiac evaluation including exclusion of
ischemia was done using serologic markers
(troponin |, Echocardiogram, and consideration for
angiography and pacemakers were performed).
Sedation was weaned after several days, and the
patient ultimately recovered and was doing well
with an approximately 5 year follow up period.

Discussion

In a 22-year period, approximately over 2000
Video EEG monitoring studies were estimated to
have been performed within our networked
institutions and 5 cases presented with asystole on
EKG, 2 of which patients have a complete dataset
and are described and reviewed in this case series
review. Therefore, the prevalence of this finding
approximates 0.25 % of such cases studied in the
inpatient hospitalized setting in patients suspected
as having a diagnosis of seizure disorder when the
actual primary diagnosis is asystole or cardiac
syncope when evaluated in this manner as a grossly

conservative estimate.

We believe that these patients were fortunate to
have such diagnosis made as risks of sudden
cardiac death with asystole are high and may be
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catastrophic, and all patients were fortunately
expediently referred for subsequent cardiac
electrophysiologic evaluation and management'™.

Seizure like activity with fainting, incontinence, drop
attacks, loss of consciousness and often with a
vasomotor prodrome have been described in cardiac
arrest or asystole and this article speculates that
potentially these symptoms and even other signs
were construed as evidence of seizures which is why
these patients were presumed to have a seizure
disorder and placed on EEG and cardiac telemetry
primarily to optimize and delineate treatments for

an assumed suspected seizure disorder™°.

Unfortunately, cardiac arrest and asystole may
involve impairment of cardiac output to a
significant extent and in general have a high
morbidity and mortality’?. Hypo perfusion after
approximately five minutes is associated with
cerebral anoxic damage along with neurologic
disability and poor outcomes®®. The survival rate of
patients receiving initial care outside of the
hospital setting or by ambulance for cardiac arrest
is about 2 %, and only about 15 % of such patients
have the return of circulation.”® A review
concerning in hospital survival of cardiac arrest
while in hospital estimates survival to discharge at
about only 14 %, with a range of about 0-28%°.

Symptoms of cardiac arrest or asystole or syncope
may be confused with seizures and there may be
limitations from taking a history especially after
events to distinguish these different entities by
clinical description alone™. Seizure may cause
cardiac arrhythmias leading to cardiac arrest and
hypo perfusion or sudden death, and seizures are
postulated to cause and or contribute to cardiac
arrhythmias and likely account for a significant
proportion of SUDEP cases (Sudden Unexplained
Death in Epilepsy)'". Falls have been reported in
seizure induced asystole and seizures may also
trigger syncope by triggering ictal asystole'".
Seizure induced asystole has been reported
previously'® 8. The second clinical case may exhibit
seizures due to the asystole but effects from prior

subdural cannot be excluded, but it has been

speculated that asystole may cause seizure and is

an exceedingly rare clinical scenario’.

Confounding variables that may be involved in
such cases include medications that may block the
AV Node particularly in elderly or other susceptible
patients that may lead to arrhythmias, such as may
have occurred with phenytoin or actually
fosphenytoin in the second case’. Typically
fosphenytoin has a much lower risk of blocking the
AV note than phenytoin, and also such risks
generally occur largely during the time of the
infusion, which is unlike that occurs in this case
report as the cardiac arrest occurred many hours
post completion of the infusion'. Seizure
medications and other medications therefore may
present a significant cardiovascular risk to certain
patient populations since they may impact cardiac
conduction in an unpredictable fashion causing or
predisposing the patient to cardiac arrhythmias'é.

The clinical effects and the EEG during hypo
perfusion is described and identified in the initial
indicates  that
electrographic seizure activity may be an additional

case. The second «case
sign or result subsequently of similar EEG changes
reflecting hypo perfusion but the delineation as
noted in this article it is likely under reported. It is
also possible that the presence of the prior
subdural  hematoma  contributed to the
pathophysiology of the seizure by inducing cortical
irritability but such factors remain unknown. The
emergence of seizure during asystole may indicate
that somehow the hypoperfusion caused or
exacerbated or was associated with cortical brain
irritability and if such seizure activity were
untreated or if undertreated this article queries and
opines whether such events might contribute to
neuronal changes and further cerebral ischemia
and damage, likely reducing good functional
outcome. We note that generally CPR (Cardio
Pulmonary Resuscitation) occurs without EEG
monitoring so the identification of the noted
electrographic seizure activity that occurs in the
second case is likely a rare manifestation subsequently

of asystole and deserves further study both in its
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inciting pathophysiology and what effects it may
cause. It can be postulated that somehow the hypo
perfusion in the presence of a subdural hematoma
led to its development or that perhaps the asystole
was a direct contributor. It has been noted
previously that approximately 1 in 700 partial
seizures may be associated with an asystole®.

Tachycardia has been reported in up to
approximately 96 % of seizures and its prevalence
is highest in mesial temporal epilepsy and is lowest
in non-lesional cortical temporal epilepsy and may
be due to more left sided insular region
involvement and bradycardia may be seen with
right sided cerebral localization of seizures®™?. Ictal
bradycardia may be seen in frontotemporal
epilepsy predominantly on the left and may be
fatal®’. Various ectopic rhythms and ventricular
tachycardia may occur and might be due to the
limbic cortex and the cingulate gyrus and insular
regions may be involved in other cardiovascular

effects of seizures?®?

. There is additionally an
emerging literature regarding devices such as
vagal nerve stimulation that also monitors heart
rhythms and specifically the presence of tachycardia
that may be related to seizure activity to improve
both detection and treatment of seizure activity in
ambulatory outpatients that may relate to the above

or other unknown neuroanatomical substrates®'-%.

Additionally there is a literature emerging
indicating that chronic epilepsy may be associated
with cardiac conduction and vascular structural
changes and epilepsy seems to be associated with
an approximately increased to 300% risk for SUDEP
— Sudden Unexplained Death in Epilepsy risk
compared with controls in patients with such
effects, and that T wave irregularities might be a
harbinger of arrythmias or seizure activity, predict
generalized seizures, and potentially distinguish
with generalized seizures from those with psychogenic
nonepileptic spells additionally?”*'. How these studies
and what specific substrates and mechanisms
underly the pathophysiological manifestations in

this series remain unknown at this time.

Conclusions:

The cases in this series delineate that the
pathophysiology regarding asystole and video
EEG findings with EKG monitoring deserve further
study as definitive diagnosis and integrating
clinical symptoms and signs and overall
manifestations may not be identified otherwise
without such study and recordings. In our series,
these cases represented approximately 0.25% of
all our monitored cases among video EEG
monitoring candidates, and in these two cases
electrocerebral rhythms persisted for
approximately 24 seconds after asystole although
the exact parameters and overall characterization
or delineation of the cerebral blood flow dynamics
remain unknowns. Monitoring patients with
simultaneous Video EEG and EKG recordings may
be necessary for optimal therapeutic outcome
where clinical decision making by multidisciplinary
subspecialty care teams can ensue rapidly and
accurately in real time as noted in this article
although there is an emerging practice and
literature on how devices that detect heart rhythm
may impact the detection and treatment of
seizures in ambulatory patients and how epilepsy
itself may alter cardiac conduction and contribute

to arrythmias and other cardiac pathologies.
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Representative panels

CASE 1:

EEG sensitivity for all panels is: 7 uV/mm, LFF = 1 0 Hz, HFF = 70 Hz, 60 Hz Notch filter
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CASE 2:

EEG sensitivity for all panelsis : 3 uV/mm, LFF = 1.0 Hz, HFF = 70 Hz, 60 Hz Notch filter
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Note the presence of mixed frequencies on the EEG and a predominantly regular EKG derived from 2 electrodes placed at
shoulders, approximating the Einthoven Il electrode.

© 2024 European Society of Medicine 7



P
R e yemsis L LW Fal, TS M I PSS By
383 | Ol T e S IR Vg YWY PN R P S i B S I s S s S VR S A P ) WL RV LU e SV
CIW3M | U SV U N OO VA R AEVAN P U 0 PRV SO o 7L S S Y Y S S AU G JUUN ) N S
BIQLA LA o] N S R P AR O B o N R O Y I O O e A
by - S L R v
13 P N | b i i Lo Foptimn] Ry PV P
I3-15 | et S Lromal ] S frmrafarnad _— L\/N\_\Amﬁr,‘.,,\.__,_,.,w._ww_ﬂ_’ [ —
i N IS O W o W |t |l ol L]
I;',‘EQF*‘ I wﬁ\‘w R T I e e Pt e e K i femer e ot
Pt g [y foed O L A b AL S [P IO S AV
Capa o || 72 S A S ot | el PN o] RRLIOU I Y W
P4:02. I g N B I S IS S o 5 A Y N S N O O
Fi oo b P DR ARV W Lot IRV VR W SV R I o) TR, o P
FE‘?;IA‘M«-WM R O PO NN JO7 PP Sy RO A I b et | et
T4 et [red e b P ] |t [ SR e e Iro INCY R S N
. O U O SO U0 Y O Y o I -
- U B Y P - U O P ey o L dmmd bt
r‘**m-_“vm/‘«
Note the cardiac arrest. There is persistence of electro cerebral rhythms in the EEG derivations.
ity i i i
E‘E\ﬁ\ [V b e P o i)
93 Y e o T =" s dig LT i R e e S e
3, [0 S A A A N A [ P S 0 W
Fol ot d A s e e s i H W D Al Wy g Tt e caa
FP1iF7 LU
b ] [eme sl O hesed
) S SN Lol ol b b o) e pealrnt s s g
mg"”\w e e Pt e T fo Al O o i e S e
LIV S PN i bt i ot TR S bt
szﬁ« iy R R Y e MW\AM % «J\W“L“-—" e b ] A
FAga Fodon - faed et i S VRV I A
Nﬂj ',L,,A_,\r\/\,f | A AT it S don ™ S el bt GRS BN R R S LY i T e e iy e e R (Ll it P
492 008 D T e S D I ) [ B NN S O 5 e G
v
DR o L ondueg . o 1y ey o A -
RN%MM ot i | ] ! S W {1 T T AT L e
[ARE e 1 bt R bt Tt L - PR s e S
20RO Y N T A 0 e A O O e i A e o O i O | |
2, - ettt A et U0 0
1-%2 iy
Persistence of electro cerebral rhythms on EEG, beginning of movement artifact as patient begins to move likely due to hypo
perfusion.
Py i
Er"‘w PR A | R - | Mww\m LR O P SO P
A i - T DB S W o W M NN WA SN SR ! I U -
c3h RN 2P A U PN ORISR I S L [JERSS TSN R S LS e P et \CRte S N DRIV ISUND I JUET RSN PR S B S PR RSV SR S B
.3 I S (il e cat e Pl SV, SR e T A B el R i b S PR R A NN NN W R F) S
Pl .
e e ) W WMMW e L W S
Lol i s Y O R S g L TR e Mg e \}& byt gt g b Ay
b g el bt b RERNRYRT I SO

:.
4

[

E
i
St

it
it

1
i,
A

=3

AN

®
4

T
X 7]
i
;
;
;
!
RSV
!
s
r
|
l
|
i
f
|
;
é
;
s
|

=
T

!
¢
{
:
!
p
}
74
]
4
|
;
|
]

T AETE]
TR Y
G
(1)
:
I
3
7
L
—
7

Ao v | | o) | -J\W;N

Relative attenuation of the background and presence of movement artifact, occasional irregular QRS complex but no sustained
cardiac output is noted.

© 2024 European Society of Medicine 8



FPiiF3 LA i | bt i |
F303 R VRS Ea WA Gy SIS R qWmeMM 2N S RN i U [P A e P Oy ki) [ I
P3-01 o]

o TR oAy ANTN o
LA, ot ondn i T ] /""“ ] !
(35 e o o o] T i |
il £ I o) /™ R
AR R A e N N A R -
FAGAA | e P Tl - e oMb PN b R S A ) (O
i D W R O -J\ e LA e o oot gt Qo | |
S A A %
Fo-T4 S P G W L Lomsporgd Lo e il O
T4-T6 | ;7 ﬂ 7‘ :?K / ,f 7 wh\
ELLY/PA—L..‘—\--MLWVM w%umwwvvam%mzﬁm%%AmM s i P o N B e B Ol R

CPR is begun, EKG rhythm returns, electro cerebral rhythms return among movement artifact from chest compressions.  These
panels for the first and second cases were similar, however CPR was not performed in the first case and there was no subsequent

seizure activity as in the second case(see below.)

[PV I g [P U Y S O O e SV RS S PR PR gy s LS N N YO AR O W S OS2 S0 R
T e T
%j e A o W - et R Tl
S I e I I il o o

[}
3

!
}
1
!
/
SR !
{
|
i
g
{
:

Pz
2%

/
)
!
3

{
J
;
3
f
;

‘%\/g
[
il
!
|
il
L
{
i
Ly
£
L
L
!
|
LS
-
RIS
e
-

3
L
L F ] ¢ g
Pl
e e N
-
i
{1
;
:
i
1
£ 1
:
I
}
}
4
i
;o

{rs 051

W] tan
. ww’”\.mwf R ot
R e e O C s R e R S, F\,. R e adlh
e e e et ——1 . T et M S SIS U S SRR S SRS, SIS S
g R U B e brd L~ .| Lol enbirn L on_t .y R P P N P Y oty SR
T T T T (e i s e 0 Y e e '
Intermittent chest compression and electro cerebral rhythms and EKG rhythms are noted.
et -~ A A Tt [P gl gl e T s T et A
I N B e frocm T o e N i - T e Ty -4 R Sy et P et P et Tt |~
R AWy et i WY S FRWE tarpns—1 Pt E— ) e P e | et T S R P WA
v oV XZ v \\J NPT LA
- T S A
= He Pt | e M - e
I g o R A I RS OWER R S S NN S N e A Ko ey et gy e LN F ae
o ) L e e el e T e B R (e A i auts s i o B M, SR S SO s W e S
I AT NN AL P R R AL LA
PV el VR R T A Wt e PN W SUNP NP S e [T A o]
T e WS R NP S ™ -1 v A S e R e e A Mo ey e e R P
N e R e VI B U T i A e i B g O e A e madil P By me R ISR o W S WIS IS, WS S, BWES
Mgl bt T e e B LAt (e ot N B [N RSN S S g L0
e T B e e B B Y e A B e T N ey e I s s s S T

A second cardiac arrest/asystole occurs with persistence of electro cerebral rhythms and movement artifacts for about 24 seconds
see next panel- followed by attenuation of the EEG background.
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EKG rhythm returns again, EEG background noted- slowed compared to previously.
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EKG channel(yellow arrow) persists in its irregularities as both more generalized cortical irritability (green arrows) organizes into ictal
continuum with generalized periodic discharges reaching approximately 2 Hz as an additional focal seizure (red arrow) at T3-T5 also

emerges
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Termination of Electrographic seizure, continuation of the irregular but present EKG rhythm is noted.
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