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Background: The aim of this study was to investigate the use of transcranial Doppler (TCD) for diagnosis of brain death in
patients with severe cerebral injury.

Material/Methods: This retrospective study enrolled 42 patients based on inclusion and exclusion criteria. All patients were divid-
ed into either the brain death group or the survival group according to prognosis. Blood flow of the brain was
examined by TCD and analyzed for spectrum changes. The average blood flow velocity (Vm), pulse index (PI),
and diastolic blood flow in reverse (RDF) were recorded and compared.

Results: The data demonstrated that the average speed of bilateral middle cerebral artery blood flow in the brain death
group was significantly reduced (P<0.05). However, the Pl of the brain death group increased significantly.
Moreover, RDF spectrum and nail-like sharp peak spectrum of the brain death group was higher than in the
survival group.
Conclusions: Due to its simplicity, high repeatability, and specificity, TCD combined with other methods is highly valuable
for diagnosis of brain death in patients with severe brain injury.
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Background

In clinical practice “brain death” refers mainly to the irreversible
loss of all functions of the brain, including those of the brain-
stem [1]. Due to the unique characteristics of brain death, strict
clinical criteria must be applied before a final conclusion can
be made [1,2]. Generally, unexplained deep coma, absence of
brainstem reflexes, and the end of independent respiration have
been considered as the 3 major principles for diagnosing brain
death [3,4]. A patient can only be considered as brain dead af-
ter meeting all 3 criteria. To date, more than 80 countries have
defined the standard criteria for the diagnosis of brain death
by legislative process. In China, the “Brain Death Assessment
Criteria”, which was originally established in 2003 by the Ministry
of Health, was further revised by the Health and Family Planning
Commission in March 2013, indicating an improvement in the
standardization of brain death diagnosis in China.

Assessment of brain death is a complex process with additional
ethical concerns. A misdiagnosis of brain death not only harms
patients but also affects their family members [4,5]. The pre-
requisites for brain death include coma with a clear cause and
elimination of any possibility of reversible coma prior to a clin-
ical diagnosis [6]. Generally, assessment of coma is based on
the following 3 basic criteria: deep coma, absence of brainstem
reflexes, and the end of independent respiration [7]. In recent
years, several new methods for the clinical staging of brain
death have emerged, including the atropine test [7]. Atropine
accelerates the heart rate mainly via the excitation of the me-
dulla oblongata and inhibition of vagal activity in the heart. It
can be inferred that the brainstem is completely dead if the
injection of atropine fails to alter the heart rate, indicating the
death of the medulla oblongata [7-9]. Many countries have
adopted the atropine test as part of the diagnostic criteria for
brain death, including in China, due to its simplicity and con-
venience. However, since the primary effect of atropine is the
production of an increase in heart rate, an assessment of the
patient is required prior to using this method, especially for
patients with heart disease, myocardial injuries, and those
who have been administered cardiovascular medications [10].

It has been shown that cerebral circulatory arrest (CCA) dem-
onstrated by angiography or radionuclear cerebral flow studies
can be used to support the diagnosis of brain death because
CCA will lead to brain death [11,12]. However, angiography is
an invasive technique and contrast may cause vascular ob-
struction that is harmful to any remaining brain function [11].
Therefore, as a non-invasive and inexpensive technique, tran-
scranial Doppler ultrasonography (TCD) could be a promising
method to determine brain death because CCA can be visual-
ized by TCD as well [11]. However, since many studies and re-
ports suggested the value of TCD in confirming the CCA[11,13],
some researchers still do not recommend this technique for
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confirming brain death [13-15]. In the present study, we in-
vestigated the significance of transcranial Doppler ultrasound
(TCD) in the diagnosis of brain death, based on variations ob-
served in TCD data.

Material and Methods

Ethics statement

This study was reviewed and approved by the Research Ethics
Board of the Affiliated Hospital of Jining Medical College. This
was a retrospective study. All legal guardians of participat-
ing patients were formally informed for the purpose of using
patient data and a letter of consent was signed by the legal
guardian of every subject involved.

Patients, inclusion criteria, and exclusion criteria

Clinical data were collected from 57 patients with severe
brain injury admitted to the Neurosurgical Department of the
Affiliated Hospital of Jining Medical College between January
2010 and December 2014.

Inclusion criteria for patients were: 1) patients age 18-70 years;
2) admitted to the hospital for treatment within 24 h after
the onset of symptoms; 3) initial Glasgow Coma Scale (GCS)
of the patients less than or equal to, 8 without serious com-
plications, injury, or shock; 4) no history of cardiovascular or
cerebrovascular disease, including congenital vascular malfor-
mations; 5) temporal window sufficient to obtain a clear spec-
trum signal showing the flow of blood during the first TCD ex-
amination; and 6) no history of taking CNS antidepressants or
neuromuscular-blocking agents.

Based on these criteria, 13 ineligible patients were excluded.
The remaining 42 patients included in the study consisted of
27 males and 15 females, with an average age of 35 years.
Twenty-nine patients suffered brain injuries due to traffic ac-
cidents, 10 patients had fall-related brain injuries, and the re-
maining 3 patients suffered brain injuries as a result of some
other cause. Seven patients had GCS scores ranging from 3 to
5, while 35 patients had scores ranging from 5 to 8.

Research Methods

A total of 42 patients were divided into a clinical brain death
group (15 patients) and a survival group (27 patients) based
on final outcomes. Data were measured and recorded using
transcranial Doppler ultrasound (EME, Germany). Anterior ce-
rebral circulation was measured via the bilateral middle cere-
bral artery (MCA). A 2-MHz pulsed-wave Doppler ultrasound
probe was inserted at a depth of 40-65 mm in the opposite
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Table 1. Comparison of differences in MAC-V,and Pl values between brain death and survival groups.

Group Number of patients
Survival group 27
Brain death group 15

MCA-Vm (xis; cm/s) Pl (xts)

56.81+16.84 1.24+1.03
"""""""" 2002:1396 4024349
""""""""" t=718  t=5413

Number of patients

Number of patients with oscillation
and sharp peak spectra

Frequency (%)

x=28.71

direction of systolic blood flow over the temporal window.
Measurements were taken at least once per day and increased
to once every 6 h upon observation of oscillations or sharp
peak waveforms. Each measurement was taken twice, with a
30-min interval. Average velocity of blood flow (Vm), pulsatil-
ity index (PI), and the frequency of oscillation and sharp peak
waveforms were also recorded.

Statistical methods

The collected data (sex, age, date of admission, mean blood
flow velocity, pulsatility index, and frequency of unusual wave-
forms) were compiled and sorted using the Excel program. Data
were analyzed using SPSS519.0 statistical software, with the
count data expressed as a percentage (%). The chi-square test
was used to compare the frequency of oscillations/sharp peak
waveforms between the brain death and survival groups. The t
test was used to analyze differences in mean blood flow velocity
(Vm) and pulsatility index (Pl) observed between the 2 groups.
Results are expressed as means + standard deviations (xs).

Results

Overall results

Between January 1, 2010 and December 30, 2014, a total of 57
patients with severe brain injury (various causes) were admit-
ted to our Neurosurgery Department. We excluded 2 pediat-
ric patients, 3 patients with an initial GCS »8, 5 patients with
severe injuries to other organs due to traffic accidents and/or
serious shock upon admission, and 3 patients with a history
of heart disease. The included patients were then divided into
the brain death group (n=15) and the survival group (n=27). It
has been suggested that during the diagnosis of brain death

by TCD, the specific intracranial flow patterns can be used as
the indicator of cerebral circulatory arrest (CCA), such as os-
cillating waveform and sharp spikes or peaks waveforms [11].
In our study, oscillating waveforms were observed in 13 pa-
tients in the brain death group, while sharp peaks were ob-
served for the remaining 2 patients. Based on real-time detec-
tion of changes in blood flow, we observed that characteristic
changes in blood flow in patients with brain death preceded
clinical diagnosis by 6-40 h.

However, it is notable that there were still 4 patients in the
survival group who demonstrated the oscillation waveform.
After carefully reviewing all medical records for these 4 pa-
tients, we noticed that the duration of oscillation waveform
was less than 12 h. Moreover, after appearance of oscillation
in these patients, emerging medical interventions, such as de-
bridement of open intracranial injury, removal of hematoma, or
reducing intracranial pressure by mannitol dehydration, were
conducted, which may be a factor contributing to the surviv-
al of patients. However, based on our follow-up data, progno-
sis for these 4 surviving patients was poor. There were 2 pa-
tients who progressed into a vegetative state in first year of
follow-up, suggesting brain function damage.

Results of statistical analysis

Hemodynamic differences between the brain death group and
survival group are summarized in Table 1. The results present-
ed in Table 1 indicate that MCA-Vm values in the brain death
group were significantly lower than those of the survival group
(p<0.05). Pl values were significantly higher in the brain death
group than in the survival group (p<0.05).

A comparison of the frequency of oscillation and sharp peak
spectra between the brain death group and the survival group
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Figure 1. (A) Oscillation. (B) Sharp peaks. (C) Normal spectrum.

is presented in Table 2, which shows that the frequency of os-
cillation and sharp peak spectra in the brain death group was
93.33%, while the frequency of retrograde diastolic flow (RDF)
in the survival group was 14.81%. Hence, the brain death group
had a significantly higher frequency of RDF than the surviv-
al group (p<0.05).

Figures 1 and 2 show the spectra of oscillation and sharp peaks
in the brain death group and the survival group compared with
the normal control spectrum.
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Discussion

Severe brain injury with GCS <8 is the most serious type of
traumatic brain injury, accounting for about 13-21% of trau-
matic brain injury, with a mortality rate of 30-50% [16]. The
main causes of death are brain edema, cerebral contusion, and
primary or secondary injury to the brainstem [5,13]. Severe
brain injury is generally accompanied by numerous compli-
cations such as intracranial hypertension and is the leading
cause of brain death [6].

In 2013, the updated diagnostic criteria and technical speci-
fication of brain death in China clearly defined the diagnostic
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Figure 2. Displays a series of TCD changes in a patient with severe brain injury, from coma to vegetative state, and finally to brain
death. (A) The spasticity of L-MCA during coma on the first day of admission. (B) Low perfusion in L-MCA during the
vegetative state on the 20" day of admission. (C) Oscillation of L-MCA on the 25" day of admission. (D) Sharp peaks on the
26 day of admission.
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criteria for brain death and includes well-defined prerequi-
sites for clinical diagnosis, as well as auxiliary tests for confir-
mation. The auxiliary diagnostic tests for the confirmation of
brain death include median nerve short-latency somatosen-
sory evoked potentials (SLSEP), electroencephalogram (EEG),
and transcranial Doppler ultrasound (TCD) [17].

According to these updated diagnostic criteria, TCD is the only
method used to assess cerebral blood flow. TCD examination
has advantage over EEG for patients treated with sedative
drugs because TCD is not affected by them. Moreover, TCD
is relatively resistant to environmental factor compared with
SLSEP examination. When using TCD for the diagnosis of brain
death, the occurrence of RDF, early sharp systolic peaks of for-
ward flow (sharp peaks), and disappearance of blood flow may
suggest an onset of brain death in the patient.

In this study, we examined a total of 15 patients with pro-
posed brain death, including 13 patients with oscillating spec-
tra and 2 patients with sharp peaks prior to clinical diagnosis
of brain death. Hence, it is reasonable to believe that clinical
treatment is useless after the appearance of oscillation and
sharp peak waveforms. Therefore, our data suggest that phy-
sicians should consider use of TCD, EEG, and brainstem au-
ditory evoked potentials to confirm the occurrence of brain
death prior to making a final diagnosis, which may facilitate
organ donation and transplantation. Moreover, it is surprising
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for us that there were still 4 patients in survival group who
demonstrated the oscillation waveform. Based on the records
for these patients, the duration of oscillation waveform was
less than 12 h, and these patients received medical interven-
tions. This suggests that to determine the brain death via TCD,
long-term observation is needed to reach a final conclusion.

It is still unclear if disappearance of the oscillation waveform
was due to medical interventions or self-recovery of patients.
Moreover, even after these patients recovered from brain death,
the poor prognosis suggested functional damage to the brain.
However, it is interesting that our data suggest there was still
a chance for the patient to recover, even with the appearance
of oscillation waveform, which needs further investigation.

Conclusions

Transcranial Doppler ultrasound (TCD) is highly valuable for
diagnosis of brain death in patients with severe brain inju-
ry due to its simplicity, high repeatability, and high specifici-
ty. Therefore, it can be used in combination with other meth-
ods to confirm brain death in patient with severe brain injury.
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