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Little attention has been given to the electrocardiographic abnormalities associated with diseases
of the brain and meninges. Most work on this subject has been directed to cases with subarachnoid
hazmorrhage, whereas only isolated reports dealing with meningitis or intracranial space-occupying
lesions have appeared. . Best known of the abnormalities seen in cases of subarachnoid haemorrhage
are those simulating ischemic heart disease (Shuster, 1960; Cropp and Manning, 1960; Beard,
Robertson, and Robertson, 1959; Levine, 1953).

The purpose of this study is to record and compare the electrocardiographic abnormalities
observed in patients with subarachnoid hemorrhage, meningitis, and intracranial space-occupying
lesions. An attempt has been made to determine whether these changes are specific for each of
these conditions, or whether there is a pattern common to diseases of the brain and meninges.
Furthermore, the level of consciousness has been correlated with the electrocardiographic abnor-
malities.

SUBJECTS AND METHODS

During the years 1958 to 1961, 60 Bantu patients with cerebral diseases were studied at Baragwanath
Hospital. They were divided into three groups.

There were 20 patients with subarachnoid hemorrhage, proven on lumbar puncture. Of these, 12 were
men and 8 were women. Their ages ranged between 16 and 40 years, with a mean age of 29 years. The
site and origin of the subarachnoid he&morrhage could be determined in only 7 of them.

The second group consisted of 20 patients with pyococcal meningitis, of which 10 were meningococcal
and 7 were pneumococcal. In 3 no organisms could be isolated from the cerebrospinal fluid. In this group
there were 17 men and 3 women. Their ages varied between 20 and 36 years, with a mean age of 26 years.

The third group comprised 20 patients with varying types of intracranial space-occupying lesions, of
whom 15 were men and 5 were women. Their ages varied between 20 and 45 years, with a mean age of 31
years. Cerebral tumours were present in 11, subdural hematomata in 3, cerebral abscesses in 3, parasitic
cysts in 2, and a tuberculoma in the remaining one. In this group the parietal lobe was affected in 9 patients,
the frontal lobe in 3, the temporal lobe in 2, and the brain-stem in 2. The remaining patients had lesions
in the pituitary gland, cerebellum, basal ganglia, and the right cerebral hemisphere.

All patients with disease of the cardiovascular system, as determined clinically and at necropsy, were
excluded from this study. Electrocardiographic tracings were obtained within 24 hours of admission from
cases with subarachnoid h@morrhage and meningitis, and at the time of diagnosis in the patients with
intracranial space-occupying lesions. Estimations of the blood urea, CO, combining power, and electro-
lytes were made simultaneously with the electrocardiograms in 54 of the 60 patients. The cerebrospinal
fluid pressure was measured in 15 with subarachnoid h@morrhage, in 15 with meningitis, and in 17 with
intracranial space-occupying lesions.

785



786

COLIN HERSCH

TABLE I
INCIDENCE OF CARDIOGRAPHIC ABNORMALITIES IN VARIOUS CEREBRAL DISEASES AND IN CONTROLS

. Intracranial
Subarachnoid PR + Lobar
Type of change hzmorrhage Me&‘g)'ms spacel;gfggg ying N(olrsrga)als pneumonia
(20) (20) (50)
P waves 2-5 mm. or more in S2 8 (40%7) 6 (30%) 1.(5%2) 4 (2:4%) 2 (4%)
Abnormal P-R interval (sec.) .. — — 0-9 (Wolff-Par- — —_
. kinson-White
syndrome)
. L(5%) . .
Voltage S in VI +R in V5 (mm.)* 9 increased 13 increased 10 increased 79 increased 16 increased
(45 %) average (65%;) average (50"/) average (48%4) average (52%;) average
40 mm. 37 mm. 38 mm. 39 mm.
Q-TC interval in secondst 9i mc eased — — — —
(45%;). Range
0:36-0-52
(normal 0-32-
0-47)
S-T segment depressed 1 mm. or more in stan-
dard or V leads . 5(25%) 1(5%) — — -
S-T segment raised more than 25 mm. in V
leads .. 5(25%;) 6 (30%¢) 3 (15%¢) 5%) 4 (8%,)
Inverted T waves V4-6. . 4 (20%) 3 (l VA) 3(15%) — 4 (8%;)
U waves more than 1 mm. in V leads 8 (40°%;) / ) — 1(0-6%%) 2 (4%)
Inverted U waves .. . — 1(5%) — —
Sinus arrhythmia with:
(a) Fixed pacemaker 1(5%2) 1(5%%) 1(5%) 503%) 24%)
(b) Pacemaker wandering in ' sino-atrial node 1(5%) 3 (15%) 1(5%) — —
(c) Pacemaker wanderlng to atrio-ventricu- .
lar node . .. .. .. — — 1.(5%2) — —
Nodal rthythm .. 1 (5%) 2 (10%5) — — —
Extrasystoles 3(15%; 1(5%) 1(5%%) 3(2%) .12
Miscellaneous Paroxysmal atrial — —_ —_ Sino-atrial block
tachycardia 1 1 case (5%;)
case (575);,
atrio-ventricu-
lar dissociation
1 case (574);
2:1 atrio-ven-
tricular block
1 case (524)

* Increased voltage: SV1+RV5>35 mm. (Sokolow and Lyon, 1949).
Note that 48 per cent of normal Bantu have increased QRS voltage by st
1 Q-TC measured by the method of Ashman and Hull (1941).

dards established for white subj

All the patients were classified into three groups on the basis of their level of consciousness at the time
when their electrocardiograms were recorded. Those in Group A were fully conscious, those in Group B
were confused, drowsy, or stuporous, and all in Group C were in coma.

To obtain the average number of electrocardiographic abnormalities per patient for each group, one
point was recorded for each significant abnormality (as listed in Table I) and the total was then divided by
the number of patients in each group.

There were 2 control groups: 164 healthy Bantu subjects and 50 patients with lobar pneumonia. The
latter group was chosen to exclude the possible electrocardiographic effects of fever, tachycardia, septi-
camia, and tox@mia, in cases with meningitis. The age and sex distribution was approximately equal in
both these groups.

Serial electrocardiograms were performed at variable intervals in 7 patients with subarachnoid hemor-
rhage, 5 with meningitis, and in one with an intracranial space-occupying lesion.

RESULTS

The electrocardiographic findings are summarized in Table 1.

P Waves of 25 mm. or More in Standard Lead 2 (Fig. 1 and 3). These were seen in 8 (40%)
patients with subarachnoid hemorrhage, 6 (309;) with meningitis, 1 (5%,) with an intracranial space-
occupying lesion, 2 (49;) with lobar pneumonia, and in 4 (2-4%) healthy controls. The difference
was only statistically significant when comparing the patients with subarachnoid h&emorrhage with
those with intracranial space-occupying lesions and controls (p <0-05).

ORS Voltage. The number of patients with increased QRS voltage was similar in the 3 groups
studied and in the controls.
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FI1G. 1.—P waves of 6 to 7 mm. in height . . .
in lead II. FiG. 2.—On 23/1/60 lead AVF shows an atrial ectopic beat with

aberrant ventricular conduction, followed by a ventricular ectopic
beat, nodal escape and another similar auricular ectopic beat.
Inverted T waves are seen in V3 and abnormal U waves in leads
AVF and V3 (serum K 3-0 mEq/l.). In the tracing three days
later, the arrhythmia has disappeared, the T waves in V3 are
inverted, but the heart rate is too fast to assess U waves (serum
K 4-0 mEq/l.).

Increased Q-TC Interval. This was present in 9 (45%;) patients with subarachnoid hemorrhage,
but was not found in the remaining 2 groups or in the controls. This finding was statistically
significant (p <0-05).

Depression of the S-T Segment of 1 mm. or more in Standard or Precordial Leads. This was
found in 5 (25%) patients with subarachnoid h@morrhage and in 1 (5%() with meningitis, but not
in those with intracranial space-occupying lesions or the controls. The difference was statistically
significant only when comparing subarachnoid hzmorrhage with intracranial space-occupying
lesions and the controls (p<0:05). Of the 20 patients with subarachnoid h@morrhage, 9 (45%)
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FiG. 3.—Lead II on 19/7/61 shows tall P waves. On 25/7/61 the pacemaker is wandering in the
sino-atrial node. In the two remaining tracings, the P waves are different in form. Prominent

U waves are seen in V1 on 24/7/61 and 25/7/61, and in V2 on 1/8/61. Raised S-T segments are
seen in all leads of the follow-up electrocardiograms.
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died, whereas there were 4 (80%() deaths amongst
the 5 patients with subarachnoid h@morrhage
showing S-T segment depression.

S-T Segments Raised more than 2-5 mm. in
Precordial Leads (Fig. 3 and 4). These were noted
in 5 (25%,) patients with subarachnoid hamor-
rhage, 6 (309/) with meningitis, 3 (15%() with intra-
cranial space-occupying lesions, 4 (8%;) with lobar
pneumonia, and 5 (3%,) normal controls. The
groups with subarachnoid hemorrhage and menin-
gitis differed significantly from the controls
(p<0-05), but the groups with cerebral disease
did not differ significantly from each other.

Inverted T Waves in V4 to V6 (Fig. 4). The
number of patients with this abnormality in the
groups with subarachnoid hemorrhage, meningitis,
and intracranial space-occupying lesions were
4 (20%), 3 (15%), and 3 (15%;) respectively as
compared to none in the normal controls and 4
(8%) in the group with lobar pneumonia. These
findings were not statistically significant.

U Waves of 1 mm. or more in Precordial
Leads (Fig. 2 and 3). These were found in 8 (40%;)
patients with subarachnoid hamorrhage and 8
(40%,) with meningitis as compared to none with
intracranial space-occupying lesions, 2 (4%;) with
pneumonia, and 1 (0-6%;) of the healthy controls.
This abnormality was therefore significant when
patients with subarachnoid ha@morrhage and

meningitis were compared with the remaining

F1G. 4.—On 15/12/59 the T waves are of low voltage in .
the standard and unipolar limb leads and inverted 5 0 P° (p;O'OS). N usi d be d
in all leads; the S-T segments are raised over left Arrhythmias. 0 conclusion cou ¢ drawn

as to the relative incidences of arrhythmias in
this study as too few cases were recorded (Fig. 2
and 3).

. Serial Electrocardiograms. Table 11 shows the
duration of the electrocardiographic abnormalities in 13 patients where serial tracings were
made. These varied from 1 to 27 days.

Electrocardiographic Abnormalities at Various Levels of Consciousness. The average number
of electrocardiographic abnormalities per patient was 1-1 in group A, 1-6 in group B, and 2-3 in
group C.

Serum Electrolyte Disturbances. These were commonly found in all 3 groups. The commonest
abnormalities in decreasing order of frequency were respiratory alkalosis, hyponatr@mia, hypo-
chloremia, hypokalemia, and hyperchloremia. Only hypokalemia could be correlated with the
electrocardiographic findings.

Hypokal@®mia was observed in 10 patients with subarachnoid hemorrhage, 3 with intracranial
space-occupying lesions but not in those with meningitis. Electrocardiographic appearances
typical of hypokalemia are S-T segment depression, abnormal U waves, Q-TC interval prolonga-
tion, and arrhythmias. In this study the finding of two or more of these changes was taken to
indicate electrocardiographic evidence of hypokalemia. Of the 10 patients in whom subarachnoid
hzmorrhage was associated with hypokalemia, 5 had two or more of these electrocardiographic

ventricular surface leads. On 27/12/59 the T waves
are tending towards normal but the S-T segments
remained raised. Except for slight S-T segment
elevation, the tracing on 11/1/60 is normal.
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TABLE 11
DURATION OF ELECTROCARDIOGRAPHIC ABNORMALITIES

Subarachnoid Meningitis Intracranial space-
hzmorrhage occupying lesions
Type of change No. of |Abnormal| No. of |[Abnormal| No. of | Abnormal
patients E.C.G. patients E.C.G. patients E.C.G.
pattern pattern pattern
(days) (days) (days)
P waves 2-5 mm. or more in S2 1 4 2 10-14
Q-TC interval in seconds .. 1 10
S-T segment depressed 1 mm. or more in
standard or V leads .. 2 4-5
S-T segment raised more than 2- 5 mm. in
Vieads .. .. .. 1 27 1 14
Inverted T waves V4-6 2 6-27
U waves more than 1 mm. in V leads 1 3 2 1-7
Sinus arrhythmia with pacemaker wandermg
in sino-atrial node . — — 1 7 1 2
Nodal rhythm .. .. .. .. — — 1 2

Note that one patient with subarachnoid h&emorrhage and two with meningitis showed more than one abnormality.

features, whereas the 3 with intracranial space-occupying lesions associated with hypokalemia
had normal electrocardiograms. The remaining cases of subarachnoid hemorrhage with normal
serum potassiums and those with meningitis and iatracranial space-occupying lesions, all had less
than two of these changes. In the patients with subarachnoid ha&morrhage, hypokalemia was
present in 5 of 9 with increased Q-TC intervals, 4 of 5 with depressed S-T segments, 4 of 8 with
abnormally tall U waves, and in all 4 patients with arrhythmias.

Cerebrospinal Fluid Pressure. Papilleedema or pressures of 300 mm. of water were found in 6
of 15 patients with subarachnoid heemorrhage, 5 of 15 with meningitis, and in 10 of 17 with intra-
cranial space-occupying lesions.

DIscusSION

Tall P and U waves were commonly noted in patients with subarachnoid hezmorrhage and
meningitis in this series. P waves of increased amplitude have not previously been observed in
patients with subarachnoid hemorrhage, meningitis, or space-occupying lesions, but abnormal U
waves have frequently been noted in subarachnoid h&morrhage (Burch, Meyers, and Abildskov,
1954; Marks, 1956; Shuster, 1960; Cropp and Manning, 1960) and occasionally in intracranial
space-occupying lesions (Hegglin and Holzmann, 1937).

Whereas raised S-T segments occurred more commonly with subarachnoid hemorrhage and
meningitis than with intracranial space-occupying lesions, T-wave inversion was common to all
groups with intracerebral pathology. Shuster (1960), Cropp and Manning (1960), and Levine
(1953) have all stressed displacement of S-T segments and T-wave inversion, suggestive of recent
myocardial injury, as the most significant finding in cases with subarachnoid haemorrhage of
particular interest is the patient described by Beard ez al. (1959), who presented with chest pain but
no clinical signs and symptoms of subarachnoid hemorrhage. An erroneous diagnosis of myo-
cardial infarction was made because of typical electrocardiograms. At necropsy there was a rup-
tured aneurysm arising from the internal carotid artery and subarachnoid haemorrhage; the coron-
ary arteries and myocardium were healthy. Elevation of the S-T segment and inversion of the T
wave have previously been noted in meningitis (Tobin, 1956), but not in intracranial space-occupying
lesions.

Depression of S-T segments has been reported in subarachnoid hzmorrhage (Cropp and
Manning, 1960; Shuster, 1960), meningitis (Lepeschkin, 1951), cerebral tumours (Paulian, Tudor,
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and Constantinesco, 1939; Aschenbrenner and Bodechtel, 1938), and during manipulation of the
circle of Willis under hypothermia and light anasthesia (Pool, 1957). In this series, S-T segment
depression was of poor prognostic significance in cases of subarachnoid h&emorrhage, as 80 per cent
of such patients died. The one with meningitis, showing S-T segment depression, recovered.

In the present study, prolongation of the Q-TC interval was confined to cases with subarachnoid
hemorrhage, but occasional instances of this abnormality have been reported in meningitis (Tobin,
1956). Cropp and Manning (1960) reported an increased Q-TC interval in two-thirds of 29 cases
with subarachnoid hemorrhage, which is a somewhat higher incidence than that reported here.
Shuster (1960) on the other hand, found 12 patients with subarachnoid he&morrhage who had
short Q-TC intervals. The finding of a prolonged Q-TC interval in subarachnoid h&morrhage
accords with previous observations in head injuries (Hersch, 1961), in which the Q-TC interval was
increased in 15 per cent, the common factor possibly being the subarachnoid h&morrhage, but
unfortunately lumbar punctures were not performed. Burch et al. (1954) questioned the pro-
longed Q-T interval occurring in cerebral and subarachnoid hemorrhage, as possibly being a Q-U
interval. The difficulties of measuring the Q-T interval are well known, but Lepeschkin (1955) has
described a method of differentiating a Q-T from a Q-U interval.

There were only a few examples of arrhythmia. Sinus arrhythmia with fixed and wandering
pacemakers and extrasystoles were noted in all 3 groups, but nodal rhythm only occurred in associa-
tion with subarachnoid hemorrhage and meningitis. 2:1 atrio-ventricular block, atrio-ventricular
dissociation, and paroxysmal atrial tachycardia were confined to single instances with subarach-
noid hemorrhage. Extrasystoles (Marks, 1956; Tobin, 1956; Aschenbrenner and Bodechtel, 1938)
and wandering of the pacemaker (Cropp and Manning, 1960; Tobin, 1956; Aschenbrenner and
Bodechtel, 1938) have been reported in all 3 groups, whereas atrio-ventricular dissociation (Schu-
bart, Marriott, and Gorten, 1958), nodal rhythm (Cropp and Manning, 1960), and atrial fibrilla-
tion (Marks, 1956; Shuster, 1960) have only been described in cases with subarachnoid h&@morrhage.

The average number of electrocardiographic abnormalities per patient, in the present study,
increased as the level of consciousness deteriorated. There was, however, no correlation between
the type of electrocardiographic change and the level of consciousness.

Mechanism of Production of Electrocardiographic Changes

Autonomic Stimulation in the Brain. Intracranial stimulation of the sympathetic nervous
system may occur in the cortex, particularly in the motor and premotor regions, in the posterior
hypothalamus, midbrain, pons, medulla, and in the connexion between these areas. The main
cortical representation of the parasympathetic nervous system is in area 13, which lies on the
orbital surface of the frontal lobes and has a relay station in the anterior hypothalamus, with
connexions in the mid-brain, pons, and medulla. Vessels of the circle of Willis have an autonomic
innervation from the glossopharyngeal and vagus nerves and from a continuation of the cervical
sympathetic nerves. Pool (1957) believes that stimuli applied to the circle of Willis are more
likely to cause electrocardiographic abnormalities than when applied to cortical vessels and cranial
nerves other than IX and X.

Barger, Liebowitz, and Herd (1961) showed that electrocardiographic abnormalities could be
produced by infusions of epinephrine and norepinephrine into a coronary artery of an unanzs-
thetized dog in the absence of a rise in lactic dehydrogenase. This suggested that adrenergic reflexes
could produce electrocardiographic changes without myocardial damage.

Tall P waves, extrasystoles, and prolongation of the Q-TC interval have been associated with
sympathetic stimulation, whereas sinus arrhythmia with a fixed or wandering pacemaker and nodal
rhythm have been attributed to vagal stimulation.

Tall P waves are known to be caused by sympathetic stimulation as they result from exercise
(Rosnowski, 1937), anxiety (Sensenbach, 1946), hypoxia (Borgard, 1936), and following the ad-
ministration of adrenaline (Lepeschkin, 1951). They have also been noted in head injuries and in
trauma not involving the head or chest (Hersch, 1961). Tall P waves were found in some subjects
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with normal heart rates in the present study; therefore factors other than sympathetic stimulation
must have played a part. Sympathetic stimulation may have been concerned in producing the
prolonged Q-TC intervals in certain instances, but of the 9 patients in whom this was found, only
3 had heart rates over 90 a minute. Injection of epinephrine in man results in a prolongation of
the Q-TC interval (Hecht and Anderson, 1947). Shuster (1960) attributed the S-T depression in
his cases with subarachnoid h@morrhage to vagal stimulation, as intravenous atropine in one case
caused the S-T segment to become more isoelectric, in the absence of a change in heart rate. Extra-
systoles have been produced experimentally by stimulating the posterior hypothalamus in anes-
thetized cats (Beattie, Brow, and Long, 1930). Storm van Leeuwen (1945) observed nodal rhythm,
shift of the sino-atrial pacemaker, and multifocal extrasystoles, on stimulating the brains of cats
between the posterior corpora quadrigemina and the posterior portions of the cerebellum.

In only 7 patients with subarachnoid hzmorrhage in the present study was an aneurysm or

" intracerebral hemorrhage localized on angiography or at necropsy. It was therefore impossible
to correlate the electrocardiographic abnormalities with the anatomical lesions. Stimulation of
autonomic nerves supplying the circle of Willis, brain damage due to blood, and isch&mia from
spasm of deep perforating vessels, may have contributed to the abnormal electrocardiograms in
patients with subarachnoid he@morrhage. Vasocardiac reflexes arising in the circle of Willis and
diffuse cerebral dysfunction were possible factors which caused the electrocardiographic changes
in patients with meningitis. In the group with intracranial space-occupying lesions, autonomic
stimulation could have occurred over a wide area. It is therefore surprising that such a low inci-
dence of electrocardiographic abnormalities was recorded here. The reason for this may have
been related to the length of the illness, during which time adaptation to the lesions may have taken

lace.

P Increased Intracranial Pressure. The electrocardiographic changes were clearly not related to
the cerebrospinal fluid pressure, as pressures over 300 mm. of water or papilledema were noted in
about two-thirds of cases with intracranial space-occupying lesions, in which group the lowest
number of abnormal tracings were found. Increased Q-TC intervals might have been expected
in the group with the highest cerebrospinal fluid pressures, as it has been noted that increased intra-
cranial pressure may cause an increased Q-TC interval (Hegglin and Holzmann, 1937). This
abnormality, however, was confined to cases with subarachnoid hamorrhage.

Electrolyte Disturbances. Hyperchloremia, hypernatramia (Allott, 1939), hypochlorzmia,
hyponatremia (Welt et al., 1952), and respiratory alkalosis have all been described in brain injury,
but reference to associated hypokalemia could not be found. The cause for the low serum potas-
siums in these cases was not apparent. There was no correlation between the electrocardiographic
changes and hyperchlor@mia, hypochloremia, hyponatremia, and respiratory alkalosis in this study.
In dogs, metabolic alkalosis and hypernatremia produced electrocardiographic changes similar to
those seen with hypokalemia, but respiratory alkalosis had no effect on the tracings (Magida and
Roberts, 1953).

In patients with subarachnoid hemorrhage associated with hypokalemia, 50 per cent showed
two or more features suggestive of hypokalemia on their electrocardiograms. In contrast, were
the remaining patients with subarachnoid h&morrhage with normal serum potassiums, all of whom
had less than two of these features. Hypokal@mia therefore seemed to be important in the causa-
tion of abnormal electrocardiograms when these occurred in subarachnoid h&morrhage.

Stimulation of the Myocardium by Aldosterone. A direct digitalis-like action on the myocardium
by aldosterone has been postulated by Ballard and Sayers (1957). The secretion of this hormone is

probably controlled by higher nervous centres, the exact site of which has not been located (Farrell,
1960).

CONCLUSIONS

It seems likely that the abnormal electrocardiograms seen particularly in cases with subarach-
noid hemorrhage and meningitis result from a combination of factors. These are hypokalemia
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and stimulation of the autonomic nervous system in the circle of Willis, in brain centres, relay
stations, and connexions, and via the media of pain, fear, and anxiety. The latter is suggested as
limb trauma alone may be responsible for electrocardiographic abnormalities similar to some of
those noted in this series (Hersch, 1961).

SUMMARY

Three groups of Bantu subjects, each comprising 20 cases, with subarachnoid hzmorrhage,
meningitis, and intracranial space-occupying lesions, were studied with reference to their electro-
cardiograms. There were two control groups: 164 normal Bantu subjects and 50 Bantu patients
with lobar pneumonia. The latter served as controls for the group with meningitis, in order to
exclude the possible electrocardiographic effects of infection.

An increased Q-TC interval occurred only in patients with subarachnoid h@morrhage and was
recorded in 45 per cent of these. Depression of S-T segments was virtually confined to the same

group.

A high incidence of tall P and U waves and raised S-T segments was seen in the groups with sub-
arachnoid h&morrhage and meningitis, whereas T-wave inversion was commonly seen with sub-
arachnoid hemorrhage, meningitis, and intracranial space-occupying lesions.

The incidence of electrocardiographic changes in the group with intracranial space-occupying
lesions was not statistically significant when compared with normal controls.

Causes for the electrocardiographic abnormalities are discussed.

The number of electrocardiographic abnormalities increased with deterioration in the level of
consciousness.

I would like to thank Dr. M. H. Shnier and Dr. H. C. Seftel for their help with the manuscript, Professor J. E.
Kerrich for the statistical analyses, Mr. A. M. Shevitz for the photographs, and Dr. I. Frack for permission to publish.
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