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Although fever is known to be associated with
definite alterations in the circulation and metabo-
lism of the body as a whole and of certain indi-
vidual organs, there have been few observations
on the changes occurring in the brain during fever.
An increase in the cerebral arteriovenous oxygen
difference was found in 15 patients with dementia
paralytica during fever produced by typhoid vac-
cine and inductotherm (1). It was suggested
that the brain in these patients either responded
to fever with a rise in metabolism greater than
other parts of the body or else the cerebral blood
flow is slower during fever, thus accounting for
a larger arteriovenous difference. Looney and
Borkovic (2), however, found a slight decrease in
the cerebral oxygen arteriovenous difference in
12 patients with dementia paralytica undergoing
diathermic fever treatment, but they did not be-
lieve that these changes were significant. The
oxygen consumption of brain tissue in vitro has
been found to increase with temperature at levels
lower than normal (3). At temperatures greater
than normal, however, conflicting results have
been obtained by different investigators (3, 4).

The present report presents studies on the ef-
fects of induced fever on the cerebral circulation
and oxygen consumption in 27 patients with
neurosyphilis.

METHODS

The control subjects and some of the patients with
neurosyphilis in the present investigation were among
those considered in a previous report in which the cerebral
blood flow and oxygen consumption were determined be-
fore and after treatment for neurosyphilis (5). Four-
teen of the patients in the present study had dementia
paralytica and 13 had asymptomatic neurosyphilis. Fever
was induced by the intravenous injection of typhoid bac-
terial pyrogen in all of the patients except two with de-
mentia paralytica, who were inoculated with malarial
parasites. The typhoid pyrogen employed was a sus-
pension of heat-killed E. #yphosa, containing approxi-
mately one billion organisms per cubic centimeter. The

amount injected intravenously was 0.1 cc. This usually
produced a chill followed by a rise in temperature to
101° F.—104° F. Temperature measurements were
made with a continuously-indicating rectal thermometer.
Comparative cerebral blood flow determinations were
made in each patient during normal temperature and
during the flush phase of fever. These studies were car-
ried out on the same day in seven patients and on dif-
ferent days in the remaining cases. The determinations
were made at the height of the fever, usually four hours
after the injection of the pyrogen. Care was taken to
avoid making studies during or shortly after the chill
phase. The interval between the administration of py-
rogen and the cerebral blood flow studies was approxi-
mately the same in both groups of patients. In the two
patients with malarial paroxysms the temperature began

-to rise three to four hours before the studies were made.

The mean elevation of temperature in the patients with
dementia paralytica was the same as in those with
asymptomatic neurosyphilis and measured 3.9° F. In
most of the patients the cerebral blood flow studies were
performed before the administration of either penicillin
or fever therapy for neurosyphilis.

The clinical manifestations, spinal fluid findings and
duration of neurosyphilis in the patients were generally
the same as those of the patients considered in the pre-
ceding report (5). The patients with dementia paralytica
had a mean age of 41 years, and those with asymptomatic
neurosyphilis, 37 years.

The nitrous oxide method of Kety and Schmidt (6),
with the slight modifications previously described (5),
was used for the determination of cerebral blood flow
(CBF). Cerebral oxygen consumption’ (CMRO:) was
obtained from this value and the cerebral arteriovenous
oxygen difference. The analyses of blood for nitrous
oxide were done by the method of Orcutt and Waters (7),
as modified by Kety and Schmidt, and analyses for car-
bon dioxide and oxygen were carried out separately by the
manometric techniques given by Peters and Van Slyke
(8). Mean arterial blood pressure was measured with
a damped mercury manometer. Cerebral vascular re-
sistance (CVR) was calculated by dividing the mean
arterial pressure by the cerebral blood flow. The pe-
riod of inhalation of nitrous oxide was increased to 14

- minutes in most of the patients during fever in order

to detect increased extracerebral contribution to the in-
ternal jugular blood. The fall in CBF between 10 and
14 minutes was not of such magnitude as to indicate
excessive amounts of blood from extracerebral sources.
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TABLE 1
Mean values and standard deviations in control subjects and in patients with neurosyphilis with normal temperatures
and during fever
Control subjects Asymptomatic neurosyphilis Dementia paralytica
Afebrile Afebrile During fever | Change Afebrile During fever | Change
Mean °c Mean . Mean 4 Mean | Mean ¢ Mean . Mean
Cerebral blood flow 58 £7 s7 +11 | 58 +13 | 2.3% | 39 +10 | 51 +9 | 30%
cc./100 Gm./min.
Cerebral Os consumption 3.1 +4 | 30 |4 |31 +.6 |33%]| 21 | £7 |26 +.6 | 249
cc./100 Gm./min.
Cerebral vasc. resist. 1.8 +4 | 21 |6 |16 +.5 [24% | 26 | £9 |17 +.3 | 35%
mm. Hg/cc./100 Gm./min.
A-V oxygen difference 5.5 +9 | 55 |9 |53 +.8 |4% 54 | 1 |S5.0 +3 | 7%
Volumes %
Respiratory quotient 1.06 | £2 | 09 | £.15[1.0 +.05 1.1 | =3 | 1.0 +.2
Mean arterial blood 105 | £23 | 110 | 15 | 85 +17 | 23% | 93 +11 | 84 +13 | 10%
Pressure mm. Hg
Hematocrit 38 +4 40 +5 |39 +5 |1% 40 +3 |36 +5 | 1%
Temperature °F. 929 +.6 |1029| +.8 98.7| £.6 | 1026 | x1.4
Significance of difference between afebrile and febrile means:
Values of P:
Asymptomatic neurosyphilis—CBF > .7 CMRO; > 6 CVR > .02
< .05
Dementia paralytica— CBF < .02 CVR < .01

RESULTS

The mean cerebral blood flow (CBF) in the
patients with asymptomatic neurosyphilis when
afebrile was 57 cc./100 Gm. brain/min., a value
almost identical with that of the control subjects
(Table I). During fever the mean CBF in the
patients with asymptomatic neurosyphilis re-
mained practically unchanged (Figure 1). In
contrast, the patients with dementia paralytica
had the low CBF value of 39 cc./100 Gm./min.
before fever; this value increased in the febrile
period and reached an average figure of 51 cc.
(p < .02).

In general, the paretic patients with the greatest
degree of mental deterioration showed the lowest
blood flow values in the afebrile period and had
the greatest increase with fever. Three patients
with asymptomatic neurosyphilis of more than
10 years duration also had low CBF values which
increased during fever. This correlation between
the level of the CBF in the afebrile period and
the magnitude and direction of change with fever
is shown in Figure 2. The patients with dementia
paralytica had the lowest blood flow values and
showed a rise with fever. The patients with
asymptomatic neurosyphilis who had the highest
values tended to show a fall with fever.

CMRO; > .05
<.

No correlation was found between the change in
CBF and the degree of temperature elevation
within the range of 101° F. to 104° F. observed
in our patients. No information was obtained
as to the effect of fever of long duration, since the
studies were performed approximately four hours
after injection of the pyrogen.

The mean arterial blood pressure fell in every
patient during the period of fever. The average
decrease was 23% in the patients with asympto-
matic neurosyphilis and 10% in those with de-
mentia paralytica. In the individual patients the
change in blood flow from its afebrile value corre-
lated poorly with the change in mean arterial pres-
sure. In fact, a number of patients showed a rise
in cerebral blood flow despite a fall in arterial
pressure during fever.

Cerebral oxygen consumption. The mean cere-
bral oxygen consumption in the patients with
asymptomatic neurosyphilis was normal in the
afebrile state and showed almost no change dur-
ing fever (Figure 3). The patients with de-
mentia paralytica, however, had the subnormal
mean CMRO, value of 2.1 ¢c./100 Gm./min.
when afebrile. This value increased to 2.6 cc.
during fever, a rise of 24% (.1 > p > .05). This
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F16. 1. VaLues ror CEREBRAL Broop FLow OBTAINED IN THE INDIVIDUAL
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The arrows indicate the mean value in each group. The broken line
indicates the mean value in control subjects with normal temperature.
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F16. 2. CorreLATION BETWEEN THE CEREBRAL BLoOD FLOW IN THE AFEBRILE
STATE AND THE CHANGE IN FLow DuriNGg FEVER
The solid dots represent patients with dementia paralytica; the circles, pa-
tients with asymptomatic neurosyphilis.
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represents an average rise of 6% per degree
Fahrenheit.

Unlike the cerebral blood flow, the change in
oxygen consumption in the individual patient dur-
ing fever showed very poor correlation with the
CMRO, in the afebrile state. This was true in
both groups of patients. There was, however,
some tendency, particularly in the patients with
dementia paralytica, for the change in oxygen
consumption with fever to correlate with both the
direction and magnitude of the change in blood
flow.

The relationships between the values of the
cerebral blood flow and oxygen consumption
showed interesting differences in the two groups
of patients (Figure 4). In the asymptomatic pa-
tients the correlation at normal body temperature
was poor (r = .48). During fever, however, a
good correlation (r = .84) was found between
these functions. This re-alignment was brought
about by changes in both flow and oxygen con-
sumption in nearly every patient. The patients
with dementia paralytica showed a fairly good cor-
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relation (r = .72) between the CBF and CMRO,
in the afebrile state, but a somewhat poorer cor-
relation during fever (r = .58).

Cerebral wascular resistance. The cerebral
vascular resistance fell almost invariably in both
groups of patients during fever. In asymptomatic
neurosyphilis the mean CVR decreased by 24%
(.05 > p > .02), while in dementia paralytica
there was a greater reduction, which amounted to
35% (p < .01). There was a tendency for pa-
tients with higher CVR values to show the greater
reductions with fever. No correlation was found
in either group between the magnitude of the tem-
perature rise and the fall in CVR.

DISCUSSION

The changes in the cerebral blood flow and oxy-
gen consumption observed in our patients may
represent responses either to the temperature ele-
vation or to the pyrogen itself. Recent studies
(9, 10) have shown that the administration of
pyrogenic substances concomitantly with anti-
pyretic drugs produces considerable increases in
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DEMENTIA PARALYTICA

Findings at normal body temperature and during fever are shown.

cardiac output, and in renal and hepatic blood flow.
These changes occur even in the absence of fever.
The relative importance, therefore, of temperature
elevation versus pyrogenic material as factors
producing the changes observed in our patients,
cannot be assessed at present.

The question also arises whether the changes
observed in the patients with asymptomatic neuro-
syphilis during fever are comparable to those of
normal individuals. Five of the 13 patients with
asymptomatic neurosyphilis were under 33 years
of age and were known to have had syphilis for
less than six years. These patients, furthermore,
showed no evidence of hypertension or of vascu-
lar disease. In view of these facts and the pro-
longed period required for the development of
the neurosyphilitic process, it seems likely that in
these five patients the blood vessels and paren-
chyma of the brain were either normal or were in-
volved only to a minimal degree. The observa-
tions on this group lead us to the tentative con-

clusion that in normal individuals the cerebral
blood flow and oxygen consumption change very
little in pyrogen-induced fever.

The cardiac output is known to increase during
fever produced by typhoid bacterial pyrogen (11)
and it is probable that this also occurred in our
patients. Since the mean CBF in the patients
with asymptomatic neurosyphilis during fever did
not change significantly, it is obvious that the
brain in these patients did not obtain a share of
the increase in cardiac output. There was, never-
theless, evidence that readjustments in the cere-
bral vessels did take place during fever. Dilata-
tion of these vessels apparently occurred, since
the cerebral blood flow remained unchanged de-
spite a 23% fall in mean arterial pressure in these
patients. ’

It seems likely that the increase in cerebral
blood flow in the patients with dementia paralytica
during fever was likewise the result of cerebral
vascular dilatation. In these patients the vascu-
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lar changes were probably greater than those in
the asymptomatic group, as suggested by the
greater reduction in cerebral vascular resistance.
It is apparent, therefore, that despite the struc-
tural alterations in the cerebral vessels in de-
mentia paralytica, considerable changes in vascu-
lar caliber are still possible.

The mean oxygen consumption of the brain in
the patients with asymptomatic neurosyphilis did
not increase during fever, even though the me-
tabolism of the body as a whole is known to in-
crease by approximately 7 to 9% per degree
Fahrenheit temperature elevation (12, 13). It is
possible that the need of the brain for oxygen
is not consistently increased during fever. This
might account for the failure of the cerebral blood
flow to increase. On the other hand, it is possible
that the cerebral blood flow is the factor which
limits the oxygen consumption. Since the CBF
remained unchanged during fever, cerebral oxy-
gen consumption could be increased only by a
greater extraction of oxygen per unit volume of
blood, with a consequent fall in oxygen tension.

The correlation during fever between CBF and
CMRO, in patients with dementia paralytica was
not as good as that in asymptomatic neurosyphilis.
This suggests that the presence of cerebral vas-
cular disease alters the circulatory adjustments in
fever. In spite of the damage produced by de-
mentia paralytica the brain was still capable of
increasing its metabolic processes during fever.
Even the patients with the greatest reduction in
CMRO, and, therefore, presumably with the most
marked cerebral damage, were capable of in-
creasing their cerebral oxygen consumption.

The increased cerebral blood flow in dementia
paralytica during fever may be a factor in the
production of the beneficial effects of fever therapy
in these individuals. Patients with asymptomatic
neurosyphilis, however, show improvement in
spinal fluid findings following fever therapy, de-
spite the fact that their mean CBF is not increased.
It is therefore probable that the therapeutic effects
of fever in neurosyphilis are not brought about
solely by changes in cerebral blood flow.

SUMMARY

1. Fever was induced by typhoid bacterial pyro-
gen or malaria in 13 patients with asymptomatic
neurosyphilis and 14 patients with dementia para-
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lytica. The effects on the cerebral blood flow
(CBF) and cerebral oxygen consumption (CM
RO,) were determined.

2. Patients with asymptomatic neurosyphilis had
a normal CBF and CMRO, in the afebrile state,
and showed only minimal changes during fever.
Patients with dementia paralytica, however,
showed CBF and CMRO, values which were
abnormally low in the afebrile state, but which in-
creased on the average by 30% and 24%, respec-
tively, during fever.

3. It is apparent that the brain in asymptomatic
neurosyphilis does not share in the increases in
cardiac output and total body metabolism which
are known to occur during fever. The tentative
assumption is made that the normal brain has a
response to fever similar to that of patients with
asymptomatic neurosyphilis.

4. The possibility that the beneficial effects of
fever therapy in dementia paralytica are in part
related to the increase in cerebral blood flow is
considered.
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