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The effect of caffeine on dilated cerebral circulation and on
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Abstract

Reduction of cerebral blood flow by caffeine has been shown in multiple studies. However, the effect of this substance on patholog-
ically dilated cerebral vessels is not clearly defined. The aim of this study was to investigate the effect of caffeine on an already dilated
cerebral circulation and specify if these vessels are still able to constrict as a consequence of caffeine stimulation. A second aim of this
study was to compare results of cerebral vasomotor CO2 reactivity testing with and without caffeine ingestion. Seventeen healthy adult
volunteers had vasomotor reactivity tested before and thirty minutes after ingestion of 300 mg of caffeine. Each vasomotor reactivity test
consisted of velocity measurements from both middle cerebral arteries using transcranial Doppler ultrasound during normocapnia,
hypercapnia, and hypocapnia. Hemodynamic data and end-tidal CO2 (etCO2) concentration were also recorded. The vasomotor reac-
tivity (VMR) and CO2 reactivity were calculated from a measured data pool. At a level of etCO2 = 40 mmHg the resting velocity in the
middle cerebral artery (VMCA) dropped from 70.7 ± 22.8 cm/sec to 60.7 ± 15.4 cm/sec 30 minutes after caffeine stimulation (14.1%
decrease, p < 0.001). During hypercapnia of etCO2 = 50 mmHg there was also a significant decline of VMCA from 103.1 ± 25.4 to
91.4 ± 21.8 cm/sec (11.3%, p < 0.001). There was not a statistically significant reduction of VMCA during hypocapnia. Calculated
VMR and CO2 reactivity before and after caffeine intake were not statistically significant. The presented data demonstrate a significant
decrease in cerebral blood flow velocities after caffeine ingestion both in a normal cerebrovascular bed and under conditions of peripheral
cerebrovascular vasodilatation. These findings support the important role of caffeine in regulation of CBF under different pathological
conditions. Despite significant reactive vasodilatation in the brain microcirculation, caffeine is still able to act as a competitive antagonist
of CO2 on cerebral microvessels. The fact that caffeine may decrease CBF despite significant pathological vasodilatation offers the pos-
sibility of therapeutic manipulation in patients with traumatic vasoparalysis. For routine clinical testing of CO2 reactivity it is not nec-
essary to insist on pre-test dietary restrictions.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Methylxanthines are the most widely consumed central
nervous system stimulants by man as components of coffee,
tea, cola drinks or chocolate. Caffeine is the most com-
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monly ingested methylxanthine.1,2 Reduction of cerebral
blood flow (CBF) by caffeine in healthy volunteers has been
shown in multiple studies.3–5 However, the effect of this
substance on pathologically dilated cerebral vessels is not
clearly defined. The aim of this study was to investigate
the effect of caffeine on dilated cerebral circulation and to
determine if these vessels are still able to constrict as a con-
sequence of caffeine stimulation. This information may
show the possible risk of caffeine-containing beverages
for patients with decreased CBF and compensatory
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Table 1
Results

Units of
measure

Baseline After
caffeine

etCO2-normocapnia mmHg 41.2 ± 3.1 38.8 ± 3.1
VMCA cm/s 73.6 ± 24.9 58.9 ± 17.1
VMCA-corrected for

etCO2 = 40 mmHg
cm/s 70.7 ± 22.8 60.7 ± 15.4

etCO2-hypercapnia mmHg 50.9 ± 3.2 50.1 ± 2.7
VMCA-hypercapnia cm/s 104.7 ± 25.6 91.7 ± 23.0
VMCA-corrected for

etCO2 = 50 mmHg
cm/s 103.1 ± 25.4 91.4 ± 21.8

etCO2-hypocapnia mmHg 22.2 ± 2.8 20.9 ± 2.0
VMCA-hypocapnia cm/s 42.8 ± 11.9 38.9 ± 9.4
VMCA-corrected for

etCO2 = 20 mmHg
cm/s 38.2 ± 12.2 37.6 ± 10.5

etCO2, end-tidal CO2; VMCA, velocity in the middle cerebral artery.
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vasodilatation. It could also be an important first step for
pharmacological manipulation of traumatic vasoparalysis.
A second aim of this study was to compare results of cere-
bral vasomotor CO2 reactivity testing with and without
caffeine ingestion. This test is used widely in the clinical set-
ting as a diagnostic tool for different cerebrovascular dis-
eases and the investigation of the effect of pre-test
caffeine ingestion on the final results would be beneficial.

The potent effect of CO2 on the cerebral microcircula-
tion was used for dilatation of the cerebral vessels. The rel-
ative changes in CBF were monitored as changes in middle
cerebral artery flow velocity, measured by transcranial
Doppler ultrasound (TCD).

2. Subjects and methods

The study was approved by the University of Washing-
ton Human Subject Review Committee, and written in-
formed consent was obtained from each volunteer.

2.1. Subjects

Seventeen healthy adult volunteers (7 male and 10 fe-
male) with no history of cerebrovascular diseases, partici-
pated in this study. Their ages were between 25 and 59
years (mean 39.9 ± 8.7). They were advised not to drink
coffee or caffeine-containing beverages for 6 h prior to
the test.

2.2. Hemodynamics measurement

A headband was placed on the subject’s head, allowing a
secure attachment of a left and right 2.0 mHz pulsed wave
Doppler transducer over the temporal bone windows.
Velocities (time averaged maximum or Vmean) from both
middle cerebral arteries were continuously monitored at a
depth providing the best signal (50–55 mm) using TCD
equipment (MultidopX, DWL, Sipplingen, Germany) and
standard vessel identification criteria. Non-invasive blood
pressure and heart rate were recorded with a pneumatic
cuff (CBM-7000, ColinCorp., San Antonio, TX, USA).
End-tidal CO2 concentration was measured with a CO2

analyzer (Datex 223, Puritan-Bennett Corp., MA, USA).

2.3. CO2 challenge

The subjects used a mouthpiece connected to a one-way
non-rebreathing valve. After a resting period in a cardiac
chair, we obtained baseline values while subjects were
breathing room air. Thereafter, a CO2 challenge test was
performed by connecting the breathing system to a reser-
voir bag filled with 6% CO2 and 94% oxygen. The subjects
breathed gas enriched with CO2 for 3 min and then the
above-mentioned data was recorded. The reservoir bag
was disconnected and while subjects were breathing room
air they were asked to hyperventilate for 1 min and a
recording of monitored values was again obtained. The
vasomotor reactivity (VMR) was calculated according to
the following equation:

VMR ¼ ðVmean�hypercapnia � 100=Vmean�normocapniaÞ
� ðVmean�hypocapnia � 100=Vmean�normocapniaÞ

CO2 reactivity (% change in velocity per mmHg CO2) was
calculated as:

CO2 reactivity ¼ VMR=ðCO2 maximum � CO2 minimumÞ
2.4. Testing protocol

The vasomotor reactivity was measured for each subject.
Thereafter, the subject was asked to drink 350 mL of drip
coffee, which contained 300 mg of caffeine. A repeat mea-
surement of vasomotor reactivity was done 30 minutes
after coffee ingestion. The dose of caffeine in drip coffee
was measured by high pressure liquid chromatography
(HPLC).

2.5. Statistical analysis

Data were reported as mean ± standard deviation (SD)
and the changes in velocity in the middle cerebral artery
(VMCA) were calculated as differences from the baseline val-
ues. Data evaluation was carried out by standard tech-
niques (paired t-test) and a value of p < 0.05 was
assumed to be significant.

3. Results

Results are summarized in Table 1. The baseline
VMCA during normocapnic conditions was 73.6 ± 24.9
cm/sec. Thirty minutes after caffeine intake VMCA

dropped to 58.9 ± 17.1 cm/sec, which represents a
20.1% decrease. As CO2 is a powerful CBF regulator,
it was necessary to rule out its influence on data interpre-
tation. The baseline velocities were measured during end-
tidal CO2 (etCO2) at 41.2 ± 3.1 mmHg and again after
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caffeine intake with resting etCO2 at 38.8 ± 3.1 mmHg
(significant difference, p < 0.05). We recalculated data
from every volunteer on a theoretical level of etCO2 = 40
mmHg using the final data from VMR testing minus the
percentage change of VMCA per 1 mmHg of etCO2. Un-
der these conditions, the resting VMCA dropped from
70.7 ± 22.8 cm/sec to 60.7 ± 15.4 cm/sec after caffeine
stimulation. This represents a 14.1% decrease from base-
line values. Both results, with and without CO2 adjust-
ment, showed a statistically significant reduction of
CBF after caffeine intake (p < 0.001). The adjustment
for CO2 influence was also used for data acquired during
hyper-and hypocapnia.

The baseline measurements during hypercapnia resulted
in an etCO2 = 50.9 ± 3.2 mmHg and VMCA of 104.7 ± 25.6
cm/sec, with a reduction of 12.4% after caffeine intake to a
VMCA of 91.7 ± 23.0 cm/sec (etCO2 = 50.1 ± 2.7 mmHg).
Recalculated data at an etCO2 of 50 mmHg showed a de-
cline from 103.1 ± 25.4 to 91.4 ± 21.8 cm/sec (11.3%).
Both results reached statistical significance (p < 0.001). Fi-
nally, the baseline mean velocities during hypocapnia mea-
sured at etCO2 = 22.2 ± 2.8 were 42.8 ± 11.9 cm/sec, and
after caffeine stimulation the average etCO2 dropped to
20.9 ± 2.0 and VMCA was 38.9 ± 9.4 cm/sec. Adjusted data
on etCO2 level of 20 mmHg showed only a minor decrease
from 38.2 ± 12.2 cm/sec to 37.6 ± 10.5 cm/sec. Although
the first dataset showed a statistical significance of
p < 0.05, the recalculated data did not prove a statistically
significant reduction of VMCA during hypocapnia.

The hemodynamic parameters during experiments are
shown in Table 2. Despite the elevation in both systolic
and diastolic pressures; only the increase in systolic pres-
sure is statistically significant (p < 0.05).

Calculated baseline VMR and CO2 reactivity were
86.5 ± 19.1 and 3.03 ± 0.6%/mmHg respectively (Table
3). After caffeine intake they reached 90.6 ± 3.1 and
3.1 ± 0.6%/mmHg. These changes were not statistically
significant (p = 0.197 and p = 0.354, respectively).
Table 2
Results – hemodynamic parameters during experiments

Baseline After caffeine

SBP (mmHg) 113.6 ± 11.7 118.1 ± 9.6
DBP (mmHg) 64.8 ± 7.9 67.2 ± 8.9
HR (beats/min) 70 ± 12.4 65.7 ± 11.3
etCO2 (mmHg) 41.2 ± 3.1 38.8 ± 3.1

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart
rate; etCO2, end-tidal CO2.

Table 3
Results – VMR, CO2 reactivity

Baseline After caffeine

VMR 86.5 ± 19.1 90.6 ± 13.7
CO2 reactivity (mmHg) 3.0 ± 0.6 3.1 ± 0.6

VMR, vasomotor reactivity.
4. Discussion

Adenosine is identified as a potent cerebral vasodilator
and has been proposed as a metabolic regulator of CBF.
Adenosine-induced vasodilatation in cerebral microvessels
involves cGMP and cGMP-dependent protein kinase.6

The receptor subtypes that mediate the dilatation of vessels
have been investigated in the rat brain and showed the A2A

receptor subtype mediates dilatation of cerebral arterioles
to adenosine, and the A2B receptor sybtype is probably also
involved in adenosine-induced dilatation, while there is evi-
dence against the involvement of both A1 and A3 recep-
tors.7 Caffeine, which is the most widely consumed neural
stimulant in the world, with most of the intake coming
from dietary sources such as coffee, tea, chocolate and soft
drinks,1,2 acts as an adenosine receptor antagonist and re-
duces CBF primarily by inhibition of the A2A receptors.8,9

Meno and colleagues showed that caffeine in rats attenu-
ated both resting diameter and CBF responses to both
adenosine and to somatosensory stimulation and they pro-
posed a role of adenosine in the regulation of CBF during
functional neuronal activity.8 Interestingly, hypercapnic
vasodilatation was unaffected by caffeine.8

There are two methodological considerations. The first is
the reliability of TCD to measure relative changes in CBF.
As Serrador et al. and Newell et al. observed, there is no
change in the MCA diameter during different CO2 levels
and during hypotension.10,11 So we can conclude that rela-
tive changes in MCA flow velocities are representative of
changes in CBF. The second issue arises from the simulation
of pathological vasodilatation. Hypercapnia does not simu-
late pathophysiological vasodilatation, therefore the experi-
mental data should be analysed as results of hypercapnic
conditions with possible similarities for other events.

The presented data demonstrated a significant decrease
in CBF after caffeine ingestion both in a normal cerebro-
vascular bed and under conditions of cerebrovascular vaso-
dilation. These findings support the important role of
caffeine in regulation of CBF under different pathological
conditions. Despite significant reactive vasodilatation in
the brain microcirculation, the caffeine is still able to work
as a competitive antagonist of CO2 on cerebral microves-
sels. The presumed mechanism of action is through the
blockage of A2A and A2B receptors.7 Further research into
caffeine effects on cerebral vessels may offer new therapeu-
tic approaches and might bring new methods of CBF
manipulation. Recently, it has been reported that the
administration of caffeinol (caffeine plus ethanol) provides
distinct neuroprotection in an animal model of transient
common carotid/MCA occlusion. Caffeinol reduced corti-
cal infarct volume loss up to 80% and improved motor
coordination.12–14 A pilot study in humans (23 stroke pa-
tients) explored the safety of caffeinol alone or combined
with intravenous tissue plasminogen activators.15 It has
also been demonstrated that early post-traumatic adminis-
tration of caffeinol reduces contusion volume and improves
working memory in rats.16
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The fact that caffeine may decrease CBF despite signifi-
cant pathological vasodilatation offers the possibility of
therapeutic manipulation of traumatic vasoparalysis. We
suggest caffeine may decrease intracranial pressure similar
to hypocapnia. To explore this hypothesis an animal model
study is needed.

The importance of diet prerequisites for diagnostic CO2

reactivity testing is questionable. Despite different values
there was no statistical distinction in results with or without
caffeine. We would advise routine clinical testing avoiding
dietary restrictions. However, in research it would be prefer-
able to have dietary limitations to obtain comparable data.
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