
INTRODUCTION

Intracranial pressure is increased by acute
hypercapnia in human subjects［1］and
experimental animals［2］. Recent advances
in ventilatory support techniques, such as
permissive hypercapnia［3］, have facilitated
the study of hypercapnia-induced intracra-
nial pressure elevation. A previous report
［4］has suggested that elevated intracranial
pressure is sustained in patients with chronic
hypercapnia. However, this speculation has
not been proved. In this study rats were
chronically exposed to moderate hypercap-
nia for 22 weeks and their ability to regulate
intracranial pressure monitored by reducing
the inhaled CO2 concentration.

MATERIALS AND METHODS

Five Wistar rats were placed in a normox-
ic hypercapnic (O2 19%, CO2 10%, N2 71%)

environment for 22 weeks. This study was
approved by the Institutional Animal Care
and Use Committee of Tokai University
School of Medicine. After 19 weeks of pro-
longed CO2 exposure, a heparinized catheter
(PE50) was implanted in the caudal artery
during halothane anesthesia. Two hours
after recovery from anesthesia, arterial blood
gases were analyzed while the rats were
awake and breathing normoxic hypercapnic
gas, after which the arterial catheter was
removed. After completion of the prolonged
period CO2 exposure, the rats were anes-
thetized with intraperitoneal pentobarbital
(0.5 mg/g) and a catheter (PE50) was
implanted in the right femoral artery. The
rats were then placed in a stereotaxic frame
in the prone position and a small incision
was made in the head posteriorly. An
intracranial catheter (PE50) was inserted
through this incision and implanted in the
cisterna magna. All the surgical procedures
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Study objectives: In this animal study we investigated whether CO2-induced intracranial
hypertension was sustained in chronic hypercapnia.
Design: We kept five rats in a 10% CO2-air mixture (PaCO2 73.4±6.2 Torr， mean±1SD)
for 22 weeks, and then measured the rats’intracranial pressure while breathing the 10% CO2-
air mixture or the room air.
Results: The intracranial pressures recorded during chronic hypercapnia in systole and dias-
tole were 7.0±1.9 and 5.4±1.6 mm Hg, respectively. When the rats were acutely exposed to
the room air (PaCO2, 51.9±10.2 Torr), the intracranial pressures in systole and diastole
were 6.1±1.4 and 5.0±0.8 mm Hg, respectively, were not significantly different from those
during hypercapnia (P＞0.05, paired t-test).
Conclusions: The intracranial pressure in rats with chronic moderate hypercapnia was not
significantly different from normocapnic rats, and this change was associated with a blunting
of intracranial pressure autoregulation.
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were performed during continuous exposure
to high-flow 10% CO2-air mixture with a
face mask.

The rats were evaluated while in the nor-
moxic hypercapnic environment for 1 hour,
followed by the room air for 1 hour. Arterial
blood pressure and intracranial pressure
were measured continuously. Arterial blood
gases were analyzed while breathing either
normoxic hypercapnic gas or room air. The
intracranial pressure while breathing the
room air was measured in four of five rats.
All the data were expressed as mean±1 SD.
Statistical significance was assessed by the
paired t-test and a P < 0.05 was considered
significant.

RESULTS

Arterial blood gases, in an awake condi-
tion, measured at 19 weeks of prolonged
10% CO2 exposure, were pH 7.31±0.05,
PCO2 73.4±5.4 Torr and PO2 125.2±4.8
Torr. During anesthesia, arterial blood gases
measured after 22 weeks of breathing the
CO2-air mixture were pH 7.26±0.40, PCO2

85.8±11.7 Torr, and PO2 123.4±19.5 Torr,
while after breathing the room air they were

pH 7.42±0.06, PCO2 51.9±10.2 Torr, and
PO2 103.8±15.7 Torr. The arterial pH
increased significantly and the PaCO2

decreased significantly with the change from
10% CO2 to the room air.

The systolic and diastolic arterial pres-
sures while breathing the 10% CO2-air mix-
ture were 139.2±30.8 and 85.8±18.7 mm
Hg, and while breathing the room air were
123.6±34.8 and 72.0±18.9 mm Hg. These
differences were not significant. The
intracranial pressure fluctuated in parallel
with the changes in systolic and diastolic
arterial pressures. The intracranial pressure
while breathing the 10% CO2-air mixture
was 7.0±1.9 and 5.4±1.6 mm Hg in systole
and diastole, and while breathing the room
air 6.1±1.4 and 5.0±0.8 mm Hg. The dif-
ferences between these readings were not sta-
tistically significant (Figure 1).

DISCUSSION

It has been reported that acute hypercap-
nia caused rapid doubling or trebling of
intracranial pressure up to 60 cm H2O,
whether in human subjects［1, 3, 5］or
experimental animals［2］. The increase in
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Fig. 1 Intracranial pressure (ICP) recorded while breathing 10% CO2-air mixture (CO2) or room air
(RmAir). Open circles: intracranial pressure during diastole; Closed circles: intracranial pres-
sure during systole.



intracranial pressure during acute hypercap-
nia is attributed to an increase in cerebral
blood flow［6］. Whether the elevated
intracranial pressure of acute hypercapnia is
sustained during chronic hypercapnia has
not yet been shown. We found that the
intracranial pressure in chronic hypercapnic
rats was in the normal range［9］and was
not significantly different from normocap-
nic rats. This finding suggests that the
intracranial pressure in rats may normalize
during the course of chronic moderate
hypercapnia. An exposure period of 19
weeks may be sufficient for ventilatory
acclimatization to CO2 in human subjects
［7］and in dogs［8］. The slight elevation of
PaCO2, during measurement of intracranial
pressure, was probably due to the general
anesthesia and hypoventilation. However,
since CO2 accumulation generally increases
intracranial pressure, the elevated PaCO2

does not negate our conclusion.
We assessed the autoregulation of

intracranial pressure by reducing the
inhaled CO2 concentration in chronic hyper-
capnic rats. We did not apply CO2 levels
higher than 10% because hypercapnia is
known to be dangerous while respiratory
acidosis［10］. Instead, we reduced the CO2

concentration in an attempt to reduce cere-
bral blood volume［11］and thereby reduce
intracranial pressure［12］. The intracranial
pressure did not decline significantly when
the PaCO2 of the rat was reduced by breath-
ing the room air. Therefore, normalization
of intracranial pressure after chronic moder-
ate hypercapnia was associated with a blunt-
ing intracranial pressure regulation to
PaCO2.

In conclusion, the intracranial pressure in
chronic moderate hypercapnic rats did not
significantly differ from normocapnic rats.
This normalization of intracranial pressure

may be caused by blunting intracranial pres-
sure regulation to PaCO2.
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