
Patients in a persistent vegetative state (PVS) are awake but
are apparently unaware of themselves or their environment.1 The
diagnosis of PVS has been made more difficult by recognition of
the minimally conscious state as a transitional phase in the
partial recovery of self-awareness or environmental awareness
as a patient emerges from PVS, leading to a relative high
proportion of diagnostic errors.2-10

Functional neuroimaging has provided new insights for
assessing cerebral function in these patients. Compared to
controls, positron emission tomography and single photon
emission tomography have shown a substantial reduction of
global brain cerebral glucose metabolism and perfusion in
PVS.11-15

On the other hand, transcranial Doppler ultrasonography
(TCD) assesses local blood flow velocity and direction in the
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RÉSUMÉ: Déclin de la vélocité diastolique à l’échographie Doppler et accroissement de l’index de pulsatilité chez les patients en état végétatif
persistant. Contexte : La neuroimagerie fonctionnelle a fourni de nouvelles avenues pour l’évaluation de la fonction cérébrale chez les patients en état
végétatif persistant (EVP). La tomographie par émission de positons et la tomographie par émission d’un seul photon ont démontré une diminution
substantielle du métabolisme et de la perfusion cérébrale du glucose dans tout le cerveau chez les patients en EVP par rapport aux sujets témoins.
L’échographie Doppler (ED) évalue la vélocité du flux sanguin local et sa direction dans les portions proximales des grosses artères intracrâniennes.
C’est une technique non effractive et elle peut être effectuée au chevet du patient. Cependant peu d’études ont utilisé l’ED pour étudier l’EVP.
Méthodologie : Nous avons évalué la circulation intracrânienne par ED chez 5 patients en EVP. Une encéphalopathie hypoxique était la cause du
dommage cérébral chez 4 patients et l’autre avait subi un infarctus cérébral par embolie à la bifurcation du tronc cérébral (top of the basilar artery
syndrome). Le volume de l’échantillon était fixé à 12 mm et le réglage de la puissance de sortie et du gain étaient maximisés au besoin. La fenêtre
acoustique de l’os temporal n’était pas propice à l’échographie des vaisseaux intracrâniens chez tous nos patients. Le siphon de la carotide interne a été
évalué par échographie orbitaire entre 55-70 mm chez ces patients. Résultats : La vélocité systolique était dans l’écart normal, entre 44 et 62 cm par
seconde, chez tous les patients. Cependant, l’amplitude diastolique était réduite de même que la vélocité en fin de diastole et l’indice de pulsatilité (IP)
était diminué chez tous les patients. Conclusions : Nous concluons que la diminution de la vélocité diastolique à l’ED et l’augmentation de l’IP chez
nos patients pourraient être reliées à un découplage du flux sanguin cérébral et du taux de métabolisme cérébral suite à une consommation réduite de
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ORIGINALARTICLE

proximal portions of large intracranial arteries. Moreover, it is a
noninvasive technique, that can be carried out at the bedside, and
it is a cost effective method.16-19 Nonetheless, few studies have
applied TCD to study intracranial circulation in PVS. Shan et al
used this technique and concluded that this technique is a

https://doi.org/10.1017/S0317167100051520 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100051520


valuable tool in distinguishing PVS, locked-in syndrome and
brain death patients according to the differences in velocities and
patterns of anterior and posterior cerebral arteries.20 Shiogai et al
evaluated cerebrovascular reserve capacity in relation to cerebral
cognitive impairments between PVS and vascular dementia,
assessing TCD acetazolamide vasoreactivy.21

Hence, taking in to consideration those reports about
substantial reduction of global brain cerebral glucose
metabolism and perfusion,11-15 and vasoreactivity decrement in
PVS,21 we postulate that TCD should be a useful tool for
detecting changes of cerebral circulation in this condition.

MATERIALS AND METHODS
The clinical and demographic features of the patients are

summarized in Table 1. We evaluated five PVS patients, four
men and one woman, aged 12 to 31 years. The cause of brain
insult was hypoxic encephalopathy in four cases (three patients
experienced near-drowning; one had cardio-respiratory arrest
during surgery); the last patient had an embolic cerebral infarct
causing a top of the basilar artery syndrome. We also studied 20
normal subjects, ten males and ten females, aged 10 to 35 years
old, for setting our TCD normative data.
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Patients OC JM RH AG YC

Age/Sex 12/M 18/M 18/M 31/M 21/F

Etiology Near drown Near drown Near drown Anesthetic 
accident

Top basilar 
infarct

Evolution 6 years 8 years 4 years 6 years 1 year

JFK Scale 6 4 3 4 4

Table 1: Patients’ clinical and demographic data

Figure 1: CT angiography, MRI and TCD of patient JM. (A) CT angiography of patient JM
demonstrates normal arterial anatomy and preserved intracranial circulation. B) MRI (Flair) shows
severe atrophy with ventriculomegaly. C) TCD of right internal carotid artery siphon reveals a
decreased diastolic flow.

Patient’s clinical and demographic features are summarized. M=Male, F=Female, JFK=
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The patients were in PVS for a long time (average: 5 years,
range: 1-8 years). They showed no evidence of gestural or verbal
communication, no ability to follow commands, and no visual
pursuit, or purposeful motor behavior, fulfilling PVS diagnostic
criteria.2-10 Auditory, visual, motor, oromotor, communication,
and arousal processes were assessed in all cases by the JFK
scale,22 ranging from 3 and 6 points.

Patients were studied by non-contrast computed tomography
(CT) and magnetic resonance imaging (MRI). In order to
measure the temporal bone thickness, CT window settings were
adjusted for bone evaluation (window width was 1000
Hounsfield Units, and window level was 200 Hounsfield Units).

Transcranial doppler studies were performed by two
experienced operators. An Embo-Dop, DWLTCD machine, with
a 2-MHz pulse-wave Doppler transducer, was used for all
studies.

The temporal bone acoustic window was not suitable for
intracranial vessel insonation in all patients, possibly due to an
augmentation of temporal bone thickness (the skull diploid
thickness in the area of the temporal window was above 3.4 mm
in all cases). As an alternative, the internal carotid artery siphon
was assessed by orbital insonation between 55-70 mm. For
transorbital examination the transducer unit power output was
reduced to less than 17 mw/cm2. The extracranial internal carotid

was studied with a 2-MHz pulse-continuous Doppler transducer
through a submandibular window. For each artery, peak-systolic,
end-diastolic velocities, and resistive indices were recorded.

This research was approved by the ethical committees of the
Institute of Neurology and Neurosurgery, and Hermanos
Ameijeiras Hospital, in Havana, Cuba. The research protocol
was explained to patients’ relatives who signed an informed
consent form.

RESULTS
In Figure 1, CT angiography of patient JM demonstrates

normal arterial anatomy and preserved intracranial circulation,
MRI-Flair shows severe white matter and cerebral cortex
atrophy with ventriculomegaly, and TCD of the right internal
carotid artery siphon reveals decreased diastolic flow.
Transcranial doppler of the right internal carotid artery siphon
and basilar artery of patient RH reveal a decreased diastolic flow,
preserving relative normal TCD waveform, with the presence of
the first systolic peak, Windkessel effect, and the diastolic
notch.23 (Figure 2).

Transcranial doppler results of the right internal carotid artery
siphon are shown in Table 2. Peak-systolic, end-diastolic, mean
velocities and resistive indexes are presented. Systolic velocity
was within a normal range, between 44 and 62 cm/second in all
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Figure 2: TCD of right internal carotid artery siphon and basilar artery of patient RH. TCD
waveforms of right internal carotid artery siphon (A) and basilar artery (B) reveal a decreased
diastolic flow with preservation of the first systolic peak (1), Windkessel effect (2), and the diastolic
notch (3).
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cases. However, the end diastolic velocity was significantly
reduced. The pulsatility index was significantly increased in all
patients, with values over 2 points (normal values: 0.5-1.4). The
resistive index was 0.9 in four patients and 0.8 in one (normal
values: 0.4-0.75).

DISCUSSION
Transcranial doppler of intracranial arteries shows rounded

waveforms with low pulsatility index (PI), due to the relative low
vascular resistance of intracranial vessels.24-26 The first systolic
peak is predominantly related to myocardial contractility, and the
second one (Windkessel effect) is associated with the
distensibility (compliance) of the arterial wall and subsequent
volume displacement effect.23

The diastolic perfusion pressure drops when intracranial
pressure (ICP) increases, and the diastolic TCD wave gradually
disappears. As the ICP rises the Windkessel effect disappears and
the systolic peak sharpens and narrows, because elasticity of the
intracranial vessels becomes dysfunctional (vasoparalysis) and
extramural pressure rises because of cerebral swelling. Both of
these effects limit expansion of the intracranial arteries when the
aortic valve opens in the cardiac cycle.23,27-30 When ICP rises to
values higher than the diastolic blood pressure, the result is an
oscillating flow with systolic spikes, and patterns that
characterize cerebral circulatory arrest.16,19,24,31-34 Other
conditions that increase cerebrovascular resistance, especially
small vessel disease, could lower diastolic velocity and increase
PI.35-37

In spite of the diastolic flow decay, the TCD waveforms in
our patients retained relatively normal configuration, showing
both systolic peaks, and the dicrotic notch. Neuroimaging of our
patients gave no evidence of increased vascular resistance but
decreased metabolic demand might have roused high vascular
resistance to cerebral blood flow (CBF) in intracranial arteries.

Neuroimaging of our patients gave no evidence of an

increased vascular resistance due to an ICP rise. Hence, the TCD
findings in our cases, characterized by a diastolic velocity decay
and PI augmentation, were not related to an increased
intracranial vascular resistance.

Cerebral blood flow and cerebral metabolic rate are normally
coupled in that increased metabolic demand leads to an increase
in CBF.38-40 Studies conducted in normal humans have
demonstrated a quite consistent coupling between brain
metabolism and CBF. Glucose consumption and oxygen brain
uptake seem to be tightly coupled to neurotransmitter recycling
and restoration of neuronal membrane potentials through
conversion of glucose to lactate in astrocytes, and shuttling of
lactate to neurons for oxidation.39,41

On the other hand, several authors have reported that the
overall cortical metabolism of patients in PVS is 40–50% of
normal11,14,42-45 Hence, we conclude that TCD diastolic velocity
decrement and PI augmentation in our cases might be related to
uncoupling of CBF and cerebral metabolic rate, arising from
reduced cerebral glucose consumption and oxygen uptake, after
extensive brain injury.

A limitation of the present study is that intracranial arteries
were not assessed through a temporal window. An unexpected
TCD finding was an absence of the temporal insonation window
in our five patients. The absence of TCD temporal window has
been related to advancing age, female gender, and temporal bone
thickness.46 A cutoff point of temporal bone thickness in the area
of the temporal window of 2.7 mm has been proposed as limit
for a TCD successful insonation.47 Our five cases showed
temporal bone thickness above this value. It might be due to the
nutritional shortage or cerebral metabolic disorder.48-50 Further
research is needed on this subject.

Another drawback of this paper is the small sample of
patients, but due to the importance of our findings, and the
relative rarity of patients in this condition, we decided to reports
these results.
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TCD results of the right carotid artery siphon comparing patients with normal subjects. Systolic velocity was within a
normal range in all patients, while the end diastolic velocity was significantly reduced. Pulsatility Index was significantly
increased in all patients, as well as the resistive index. SD=standard deviation

PVS Controls
Mean SD Range Mean SD Range

p

Systolic 
velocity

51.2 6.9 44-62 59.9 17.2 33-93 0.303

End diastolic 
velocity 

4.8 1.3 4-7 27.3 11.1 11-48 0.001

Mean velocity 19.3 2.2 16-22 39.4 15.1 19.3-69 0.012

Pulsatility 

Index

2.4 0.24 2-2.6 0.88 0.29 0.53-1.5 0.000

Resistive 
Index

0.88 0.04 0.8-0.9 0.55 0.11 0.39-0.75 0.000

Table 2: Carotid artery siphon TCD results
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CONCLUSION
In conclusion, TCD may be helpful in assessing the

intracranial circulation in PVS at bedside, at patient’s home or at
institutions. Hence, this technique may be useful in follow-up
studies during neurorehabilitation programs, providing an
indirect index of cerebral metabolic rate and perfusion.
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