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Fvaluation of Pulsed Doppler Common Carotid Blood Flow

as a Noninvasive Method for Brain Death Diagnosts:
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Among the main causes for the relatively small number of organ
donors, the delay in the diagnosis of brain death plays a major role.
This prospective study was designed to evaluate whether pulsed
Doppler mean and phasic common carotid blood flow (CCBF) com-
bined with arterial and jugular venous blood gases could rapidly
and specifically establish a diagnosis of brain death. CCBF was mea-
sured by an 8 MHz pulsed Doppler flowmeter, allowing measurement
of the vessel diameter via a double transducer probe, which fixed
the ultrasonic incidence angle. From an initial series of patients (n
= 28) with an established diagnosis [brain death n = 14; severe coma
with a Glasgow Coma Scale (GCS) less than 7, n = 14], the results
of the logistic regression analysis process yielded the most discrim-
inating parameters for brain death diagnosis: end-diastolic velocity
(Vea — L4 vs, 12.7 cm/s; t = 7.67, P = 0.001) and blood flow (Qea
~ 13.6 vs. 121.4 ml/min). These parameters were then tested in a
blind fashion on a second series of 28 comatose patients (GCS = 7).
They resulted in correct diagnosis (brain death n = 14 or severe
coma n = 14) for all patients. Brain death diagnosis was confirmed
by clinical signs, EEG, and/or angiography. From the analysis of
the overall population (n = 56), a value of Qed of less than 31.4 ml/
mn indicates brain death. The authors conclude, that pulsed Doppler
measurements of CCBF represent an early, low cost and noninvasive
technique, the results of which may prompt legally accepted pro-
cedures, which in turn would reduce the delay required before brain
death is diagnosed. Moreover, this technique could help in deciding
on discontinuation of active therapy in severely injured patients.
(Key words: Artery, common carotid: blood flow. Brain: coma eval-
uation; death. Measurement technique: pulsed Doppler flowmetry.)

AN INCREASED NUMBER of successful organ transplan-
tations requires more donor organs, which in turn re-
quires shorter delays before brain death is diagnosed. This
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delay is often extended because of ethical problems' or
difficulties in interpreting the data during hypothermia
and/or barbiturate infusion.?*

Although the concept of brain death is controversial,*
it is generally considered as the equivalent of cessation of
cerebral blood flow,** which can be assessed by radio-
nuclide imaging or cerebral arteriography.** However,
these techniques require the transport of patients whose
vital signs are unstable and whose lungs are being me-
chanically ventilated and furthermore cannot be per-
formed in all medical centers. The ideal method to di-
agnose brain death and the absence of cerebral blood
flow should be noninvasive, easy to perform by an inten-
sivist, inexpensive, quantitative, sensitive, and specific and
be able to be performed at the bedside. This has led to
an attempt to use Doppler velocity measurements of
extracranial®’ or intracranial® vessels, or both.? Because
none of these studies has evaluated the Doppler sensitivity
and specificity, the present study was designed to test
pulsed Doppler common carotid blood flow (CCBF) mea-
surement as an index of mean hemispheric perfusion'®
for brain death diagnosis. This technique has been ex-
tensively used to measure arterial diameter, sectional
blood velocity, and blood flow in superficial vessels.'®-'*

Two questions were considered: 1) Are the common
carotid flow patterns different in brain death and severe
coma patients? 2) Are these patterns specific and sensitive
enough to confirm the diagnosis of brain death?

Materials and Methods

PATIENTS

From December 1982 to November 1986, 56 patients
suffering from neurologic or neurosurgical disorders and
divided in two series were studied.

Study 1. Twenty-eight patients (36 *+ 4 yr) with an es-
tablished diagnosis (brain death or severe coma) were
studied. Patients with hypothermia (core temperature be-
low 32.2° C), drug intoxication, and severe metabolic dis-
orders were excluded in this first phase. In all cases com-
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puted tomographic (CT) scan and/or angiography were
performed as a diagnostic procedure. All therapeutic
procedures were attempted before the study. According
to the recommendations of the current literature,®'%18
the criteria of brain death were as follows: 1) absence of
cerebral functions: deep coma with lack of cerebral re-
ceptivity and responsiveness; 2) absence of brain stem
functions: apnea, dilated pupils, absence of cephalic re-
flexes, i.e., corneal, gag, cough and sucking reflexes; and
3) electrocerebral silence on two successive EEG.

A diagnosis of brain death was established before in-
stituting the protocol for 14 patients of the 28, defining
group 1.

Group 2 consisted of the 14 remaining patients in se-
vere coma assessed by a Glasgow Coma Scale (GCS)'” < 7
but who did not manifest the criteria of brain death.

The discriminant pulsed Doppler parameters deter-
mined from the first step of the study were tested in a
prospective diagnostic manner in a second population of
patients (study 2).

Study 2. Based on the previously obtained Doppler pa-
rameters (series 1), 28 patients (37 = 4 yr) suffering from
severe coma (GCS < 7) were classified according to pres-
ence or absence of brain death. For all patients confir-
mation of brain death was made by repeated EEG and/
or angiography criteria. For patients with severe metabolic
disorders, drug intoxication, or hypothermia, EEG was
not used as a confirmatory test. In these cases (n = 6)
classification of brain death was assessed only by clinical
signs and angiography.

In both series Doppler measurements were performed
when systolic arterial blood pressure (radial artery catheter
or noninvasive method) was >80 mmHg.

COMMON CAROTID BLOOD FLOW MEASUREMENT

In the first eight patients in series 1 carotid blood flow
measurements were performed on both vessels. Because
results for a given patient did not differ more than 6%,
additional measurements were made only on one side.

Carotid blood flow was obtained with a bidimensional
pulsed Doppler system, operating at a frequency of 8 MHz
as previously described, with a recurrent frequency of
64.8 kHz."'* Because the velocity during diastole was
low, it should be noted that the resolution of this apparatus
was 0.1 kHz (1.9 cm/s). In addition to the pulsed emission,
two fundamental features allowed measurement of di-
ameter and blood velocity of the common carotid artery:
a bidimensional recording of the Doppler signals and a
range-gated time system of reception. The former was
obtained with a probe containing two transducers, with
an angle of 120 degrees between them so that when
Doppler signals recorded by each transducer were equal
in absolute value, the incidence angle of each ultrasonic
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beam with the vessel axis was 60 degrees.'®!'* With the
latter it was possible to select the time delay from the
emission and the duration of the reception and to convert
these times echographically into the depth and the width
of the Doppler sample volume.'*!* Using a pedal incor-
porated with the apparatus, it was possible to automatically
vary the depth and the width of the sample volume by
incremental or decremental steps of 0.4 mm. To deter-
mine the arterial diameter, the width of the measurement
volume was reduced to the smallest convenient value with
sufficient reflected energy (about 0.4 mm); its depth from
the transducer was progressively increased step by step.
This was continued across the lumen of the artery, which
permitted recording of velocities of the different stream
lines involved in the arterial low. Thus, the first and the
last Doppler signals recorded when crossing the vessel
corresponded to the proximal and distal arterial walls,
respectively. The difference in depth between these two
signals represented the systolic internal arterial diameter.
To take into account the ultrasonic incidence angle, a
correction was made by multiplying this difference by sine
60 degrees (60 degrees being the incidence angle between
the ultrasonic beam and the vessel axis). Common carotid
diameter was expressed in centimeters with an error of
less than 8% and a reproducibility of 5 + 3%.'%!4

Once the arterial diameter was determined, the velocity
of the entire arterial blood column was measured (V).
The width of the measurement volume was thus increased
to the value of arterial diameter; its depth from the trans-
ducer was adjusted to be equal to the distance between
the proximal arterial wall and the skin. Common carotid
blood velocities were expressed in centimeters per second
and arterial flows were calculated as the product between
blood velocities (V) and arterial section (S) calculated
from the diameter (S = 11 D*/4).

Application to common carotid artery. The pathway of the
common carotid artery was determined by palpation of
the neck. An ultrasonic gel was used as a coupling medium
between the probe and the skin. The Doppler signal was
monitored by a loudspeaker and continuously recorded
at 50 mm/s paper speed on a multichannel recorder, once
the probe position was correct. Mean time for measure-
ments was 5 = 2 min. For one operator repetitive mea-
surements were reproducible with an error of £4%. Four
investigators (C.L., D.P., A.P., 5.B.) performed measure-
ments, and interobserver variations averaged 6 + 1% (SD).

From beat-by-beat cross-sectional blood flow velocity
curves, the peak systolic (V) and the end-diastolic (V)
velocities were manually measured. To minimize the in-
fluence of mechanical ventilation, each value represented
the mean of ten successive cardiac cycles.18 Then, using
V.q end-diastolic blood flow (Q.q) was computed as ex-
plained because it correlated well with hemispheric blood
flow.'? In each tracing the presence or absence of an end-
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FIG. 1. Typical velocity curves obtained in a case of brain death (A)
with end-systolic reverse flow and in one case of severe coma (B). Brain
death is characterized by an abolished end-diastolic blood velocity.

systolic reverse flow (RF) was determined (fig. 1). When
present, the peak negative flow was measured by reference
to the zero line.

Arterial blood gases were obtained by direct puncture
of radial artery or sampled from a radial catheter. Jugular
venous blood gases were sampled by direct puncture of
the jugular bulb or by retrograde catheterization of the
internal jugular vein under fluoroscopic control. Arterial
and jugular blcod oxygen contents were determined con-
ventionally allowing computing of arteriovenous differ-
ence in Oy (a-v Do, in ml Oy/100 ml).

STATISTICAL ANALYSIS

Comparison of the mean values for group 1 and group
2 of the two series was performed using Student’s ¢ test
(for continuous criteria) and chi-square test (for categor-
ical criteria). To obtain the discriminant parameters for
the brain death diagnosis, we used logistic regression
analysis.”® The process of logistic regression analysis was
carried out stepwise so that at each step in the process,
the most discriminating variable was identified and in-
cluded in the model. The process stopped when the re-
maining factors did not increase the discriminating power.
The relative importance of each independent factor was
indicated by its coefficient and the corresponding likeli-
hood ratio test (chi-square test with 1 degree of freedom).

The results of this logistic discriminant process obtained
from the first series yielded a discriminant function that
was applied to the second series, allowing us to estimate
the probability of misclassification. A cutoff point was thus
deducted from the corresponding logistic equation and
applied to the second series.2’

Results

STUuDY 1

Clinical characteristics are summarized in table 1. The
mean age did not differ between the two groups of pa-
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tients. The mean GCS value was significantly higher in
group 2 (4.4 + 0.3; range, 3-6) than in group 1 (3 for all
patients) (P < 0.001). The mean arterial blood pressure
was not different between the two groups (82.7 + 4.8 vs.
85.5 + 3.3 mmHg).

Table 2 shows the pulsed Doppler and metabolic pa-
rameters and their ranges for each group. The presence
and the extent of RF velocity were not statistically differ-
ent between the two groups. A trend toward a decrease
in common carotid diameter was noted in brain dead pa-
tients, but it did not reach statistical significance. Except
for these two parameters, all the variables differed sig-
nificantly between the two groups. The highest significant
levels were observed for V.4 and Q.q, which are the two
variables with no overlapping values between groups I
and 2. Moreover, considering each variable separately as
an independent variable in a logistic regression showed
that these two variables had the highest discriminant
power: the 1 degree of freedom chi-square likelihood ratio
statistic was 38.8 (P < 0.001). The discriminant power of
each of these two variables was not significantly improved
by adding any other variable to the model.

The cutoff points obtained for the brain death diagnosis
were as follows: 2.89 cm /s (95% confidence interval from
0.91 to 4.86) for V4, and 26.09 ml/min (95% confidence
interval from 23.4 to 75.58) for Q.q. Then the clinical
decision-making rule was to diagnose a subject as brain
dead if his Veq or Qcq values were lower than the cutoff
points.

STUDY 2

Applying the decision rule described in study 1, we
prospectively classified the 28 patients of study 2 as brain
dead (group 1; 36 £ 5 yr) or not (group 2; 39 £ 4 yr).
Their clinical characteristics are shown in table 3 and did
not differ from those observed in study 1 with regard to
mean arterial blood pressure and GCS values.

TABLE 1. Characteristics of the 28 Patients in Study 1

Group 1 Group 2
(brain death) {severe coma)
No. of patients 14 14
Age (yr) 352+ 4 36.9 £ 4.2
Sex (M/F) 10/4 7/7
Cerebral disease
Subdural hematoma 1 2
Epidural hematoma 0 2
Brain contusion 3 6
Gunshot head injury 3 0
Subarachnoid hemorrhage 4 1
Cerebral ischemia 3 3
Mean GCS value 3 4403
Survial (no.)/(%) 0/(0) 5/(35)

Values are mean £ SEM.
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TABLE 2. Results of CCBF Measurements and Metabolic Parameters from Study 1

Group | Group 2
(brain death) (severe coma)

(n=14) (n = 14)
D (cm) 0.410 £ 0.025 (0.277-0.620) 0.460 = 0.017 (0.381-0.589)
Vo (cm/s) 9.05 +0.93 (3-16.5) 22.1 £ 1.7* (12-37)
CCBF (ml/min) 72 £ 10.7 (32.1-153) 217.7 £ 17.6* (102.6-308.9)
a-v DOy (ml O5 /100 ml) 2.4+0.4 (0.5-5.9) 4.5 = 0.5¢ (1.8-7.5)
V, (cm/s) 38.6 £ 2.3 (22-51) 49.8 £ 4% (34.8-87.3)
RF (cm/s) -8.6+28 (—31-0) —4.7+2 (—20.9-0)
Vs (cm/s) -14+0.8 (—6.3-2.1) 12.7 £ 1.7* (3.7-26.7)
Qea (ml/min) -13.6+73 (—69.8-12) 121.4 £ 12.9* (42.6-182.4)

Values are mean + SEM; ranges are given in parentheses. TP <0.01.

*P <0.001.

None of the patients of this series was misclassified;
EEG and angiography were used in 21 cases and in 6
cases, respectively, as a confirmatory test. In one case clin-
ical evaluation was sufficient to eliminate brain death di-
agnosis.

Thereafter parameters were compared in the same
manner as in study 1. The results, summarized in table
4, were similar to those obtained in study 1 except for
peak systolic velocity, common carotid diameter, and ca-
rotid oxygen consumption. The presence and the ampli-
tude (P < 0.01) of the RF velocity were significantly higher
in the brain death group than in the severe coma group.

In study 2 there was no significant difference in peak
systolic velocity between the two groups, and common
carotid diameter was less in brain dead patients.

Finally, we considered the overall population to define
the cutoff points, specificity and sensitivity more precisely
(Table 5). Vg and Q.q were absolutely discriminating be-
tween brain death and severe coma groups and therefore
had a sensitivity and specificity of 100% for the diagnosis
of brain death (figs. 2 and 3). The cutoff points obtained
for the diagnosis were as follows: 2.87 (confidence interval

TABLE 3. Characteristics of the 28 Patients in Study 2

Group | Group 2
(brain death) (severe coma)
No. of patients 14 14
Age (yr) 36.2 £ 5.3 38.9 £ 3.6
Sex (M/F) 11/3 9/5
Cerebral disease
Subdural hematoma 4 3
Epidural hematoma 1 1
Brain contusion 3 3
Gunshot head injury 2 0
Brain abscess 1 0
Subarachnoid hemorrhage 1 4
Hydrocephalus 1 1
Cerebral ischemia 1 2
Mean GCS value 3 4.6 £ 0.4
Survial (no.)/(%) 0/(0) 7/(50)

Values are mean * SEM.

from 1.25 to 4.49) for V.4 and 31.4 (confidence interval
from 1.47 to 61.32) for Qeq-

Figure 1 shows typical velocity tracings obtained from
a severe coma and a brain dead patient.

Because of the key point of brain death diagnosis for
patients with a GCS of 3, for whom brain stem function
is difficult to evaluate, we focused on the analysis of the
Doppler data for this particular group. In the overall pop-
ulation we found 32 patients with a GCS of 3: 28 of them™
were diagnosed as brain dead by EEG alone (n = 26) or
by combination of EEG and angiography (n = 2). The
four remaining patients were classified in severe coma
group by EEG (n = 3) or angiography (n = 1). Table 6
summarizes the comparison between Doppler and ref-
erence diagnostic methods.

Discussion

This study demonstrates that CCBF measured by
pulsed Doppler technique is an appropriate index of ce-
rebral perfusion, allowing rapid and accurate assessment
of brain circulatory arrest and subsequently brain death.
Among the measured parameters, the end-diastolic blood
flow is the most discriminating parameter, with a sensi-
tivity and specificity of 100% for brain death diagnosis.
This bedside technique could provide a noninvasive di-
agnosis of cerebral circulatory arrest, which might shorten
the delay required for diagnosis of brain death and sub-
sequent organ removal and/or for discontinuing active
life support.

The pulsed Doppler blood flowmeter technique has
been previously widely validated'®"'* and used in clinical
practice, especially for common carotid blood flow
measurements'*'®2"#2 and measurement of other re-
gional blood flows.??

Because low blood velocity measurements during dias-
tole are crucial for brain death diagnosis, the resolution
and the Doppler shift analysis system are extremely im-
portant. The resolution of our apparatus (1.9 cm/s) was
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TABLE 4. Results of CCBF Measurements and Metabolic Parameters from Study 2
Group 1 Group 2
(brain death) (severc coma)

(n=14) (n=14)
D (cm) 0.448 = 0.021 (0.346-0.660) 0.514 = 0.018* (0.416-0.690)
Vo (cm/s) 8+1.2 (2-18) 21.5 + 2.2% (12-38)
CCBF (ml/min) 71.9+9.8 (19.1-164.1) 260 + 20.6F (133-412)
a-v DO; (il Oy /100 ml) 2+03 (0.12-4.1) 4.3 + 0.5F (2.2-7.7)
V, (cm/s) 439+ 4.3 (24-73.3) 45.8 + 2.6 (30.5-64.1)
RF (cm/s) -13.2 £ 3.1 (—38.1-0) -5+ 2.7% (—30-0)
Veq (cm/s) -0.3+0.5 (-7-1) 16.2 = 1.9% (6-30.7)
Qeq (ml/min) —4.2+59 (—77.6-9.5) 191.9 + 16.9} (90.5-338.7)

Values are mean + SEM; ranges are given in parentheses. TP <0.001.

*P <0.01.

appropriate for this study, and the lowest diastolic value
in severe coma was 9.65 cm/s.?? Doppler frequency shift
was determined by a zero crossing detector, which has
physical limitations because of electrical noise, which can
result in false-positive velocity.?* This problem was over-
come by using an offset trigger level and a set/reset sys-
tem. The advantages of this configuration can be sum-
marized as follows: with signal plus noise the Doppler out-
put is proportional to the signal frequency; with noise
alone the output is zero; the output is constant over a
range of Doppler input amplitude.?* An error for end-
diastolic velocity could be only an overestimation. How-
ever, although brain death seems to be diagnosed when
end-diastolic velocity is lower than 2.87 cm/s, this suggests
that these theoretical problems have no implications for
this study.

The pulsed Doppler apparatus used with a double
transducer probe permits an accurate internal arterial di-
ameter measurement because of the precise knowledge
of the ultrasonic incidence angle.'*!*?! The accuracy is
also improved by the absence of spatial ambiguity ensuring
the measurement of flow for only the chosen vessel. The
validation of puised Doppler diameter measurements has
been carried out previously by Levenson et al. using the
same apparatus.'? The comparison between actual di-

ameters and ultrasonic diameters of calibrated latex tubes
showed an overestimation by the Doppler of approxi-
mately 0.35 mm. The smallest diameter measured in our
study was 2.8 mm, resulting in a maximum error of 12.5%
and a minimum error of 5%. In summary, the technique
used in this study permits accurate vessel diameter, cross-
sectional blood velocity, and blood flow measurements,
due to a precise knowledge of the incidence angle, an
electronic limitation of noise impact, and the absence of
spacial ambiguity.

We have previously demonstrated that CCBF is related
to hemispheric perfusion (r = 0.73, n = 21, P < 0.001),"°
the significantly lower CCBF values observed in patients
with brain death compared with those with severe coma
is not surprising. However, CCBF in brain death groups
differed from zero because CCBF also concerns external
carotid blood flow.5

In the case of brain death, it was demonstrated that
the common carotid velocity patterns were strictly similar
to those measured on the external carotid artery.® The
average of mean CCBF in brain dead patients in this study
was similar to external carotid blood flow value in humans.
It can be concluded that almost all of the blood from the
common carotid artery flowed into the external carotid
in brain dead patients.®’

TABLE 5. Results of CCBF Measurements and Mctabolic Parameters from Overall Population

Group 1 Group 2
(brain death) (severe coma)

(n = 14) (n= 14)
D (cm) 0.43 * 0.02 (0.28-0.66) 0.49 + 0.01* (0.38-0.69)
Vm (cm/s) 8.5+ 0.7 (2-18) 21.8 = 1.3+ (12-38)
CCBF (ml/min) 71.8+ 7.1 (19.1-164.1) 238.9 = 13.9F (102.5-412)
a-v DO, (ml O, /100 ml) 22:+03 (0.12-5.9) 4.4 *+ 0.3} (1.8-7.7)
V, (cm/s) 41,2+ 25 (22-73.3) 47.8 +24 (30.5-87.3)
RF (cm/s) —10.9 + 2.1 (—38.1-0) -26 + 1.1} (—20.9-0)
Ve (cm/s) -09=x05 (—7-2.1) 14.5 + 1.3% 3.7-30.7)
Qed (ml/min) —-8.9+4.7 (—77.5-12) 156.6 = 12.4% - (42.6-338.7)

Values are mean + SEM; ranges are given in parentheses. + P <0.001.

* P <0.01.
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F1G. 2. Individual and mean * SEM values of end-diastolic velocity
values for the overall population. Dotted line corresponds to the cutoff
point for brain death diagnosis. **P < 0.001.

Few studies on common carotid blood flow velocity
and not on flow in brain dead patients have been pub-
lished.®® All of them contained only information about
the aspect of the velocity tracings, without any quantitative
data. However, despite the methodologic limitations,
these previous reports emphasized the possible usefulness
of Doppler technique for brain death diagnosis. Based on
the shape of the velocity tracings, Yoneda et al. concluded
that brain death was characterized by ‘“‘a single systolic
peak and a marked reverse flow component.”® The spec-
ificity of these patterns was questioned by Lewis et al.,?
who reported a case of a patient having the criteria put
forth by Yoneda et al.® but was discharged with no evident
mental alteration. Kreutzer et al.” compared velocity pat-
terns of brain dead patients with those from normal sub-
jects, patients with arteriosclerotic internal carotid occlu-
sion, and comatose patients. Using a multidimensional
discriminant analysis, they found “pathognomonic” of
brain death, the presence on common carotid velocity
tracings of sharp systolic and diastolic peaks, and negligible
end-diastolic velocity. However, the authors reported a
false-positive diagnosis of brain death, which invalidated
the use of the proposed criteria.”

Although the common carotid artery is an extracranial
vessel, its velocity wave forms might differ from those of
the intracranial vessels, especially in brain death. Recently,
McMenamin and Volpe® reported velocity patterns of
common carotid and middle cerebral arteries during brain
death in newborns. They showed similar blood velocity
modifications in both arteries, such as a loss of diastolic
flow and an appearance of retrograde flow during diastole.
The aspects of cross-sectional velocity tracings in our study
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flow in the overall population. Dotted line corresponds to the cutoff
point value for brain death diagnosis. **P < 0.001.

were comparable to those obtained by McMenamin and
Volpe.?

Because of the technical advantages of our system and
the limitation of the previous reports to qualitative cri-
teria, we attempted to provide quantitative values and to
define a threshold below which brain death diagnosis
would be certain. Before the discussion of the results, we
should note that carotid measurements were performed
on only one side. This was decided after the first eight
measurements performed in both carotids. The mean dif-
ference between both sides was less than 10%, a value
that included the small inequality between carotid arteries
and errors due to the machine and the investigators.
Moreover, it was shown that in head-injured comatose
patients focal changes in cerebral blood flow were of
smaller magnitude than the global perfusion and the dif-
ference between the two hemispheres was small.?® This
practice could be incorrect in the presence of carotid ar-
tery lesions, such as stenosis or thrombosis. However, it
was demonstrated that velocity patterns were completely
different in patients with atherosclerotic carotid lesions
and in brain death.”!! Furthermore, organ procurement

TABLE 6. Pulsed Doppler Versus Conventional Methods
for the Diagnosis of Brain Death in 32 Patients
(studies 1 and 2) with a GCS of 3

EEG Angiography Doppler
Severe coma (n = 4) 3 1 4
Brain death (n = 28) 28 2 28

Note that two patients with brain death diagnosis received both
EEG and angiography.
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essentially concerns young people (younger than 35 yr),
which considerably reduces the potential impact of ath-
erosclerosis. This problem would probably be reconsid-
ered in the future as age criteria for organ removal
change.

The first part of this prospective study allowed us to
define discriminant parameters for brain death diagnosis.
This study covered a population of patients with an es-
tablished diagnosis based on clinical and electroenceph-
alographic or angiographic examination. The use of lo-
gistic regression analysis showed that end-diastolic velocity
(Vea) and blood flow (Q.q) classified 100% of the brain
dead patients without any false-positive diagnosis in the
severe coma group. The second part of the study blind
tested the validity of these diagnostic parameters on a
second study of patients with severe coma (GCS < 7). The
Doppler classification was then compared with the results
of the conventional methods used for brain death diag-
nosis. Once again, no misclassification was noted between
severe coma and brain dead patients. Because V¢4 and
Q.q are dependent variables, they have the same discrim-
inant power using the likelihood ratio test, i.e., 38.7.
However, using Student’s ¢ test, Q.4 can be considered
the most powerful variable and can be used alone for
classification (table 5). For the clinician this result permits
avoiding jugular blood gas analysis, offering a strictly
noninvasive assessment of brain death. Data from both
studies were pooled to define a cutoff value for brain death
diagnosis on a larger population. The Q.4 value confirm-
ing a diagnosis was 31.4 ml/min. For an individual patient
the clinical diagnostic rule indicates a diagnosis of brain
death if Qq is less than 31.4 ml/min and an absence of
brain death if Q.q is above this value. Because Q.q depends
on carotid diameter and end-diastolic blood velocity, these
data should be discussed.

Although end-systolic back flow has previously been
proposed as a brain death criterion, it appeared in our
study to be nonspecific, as suggested by Lewis et al.?> Even
though it was more frequently observed in brain dead
patients, it was also present in patients with severe coma.
In addition, quantitative measurements of negative peak
velocity of the back flow were not significantly different
between the two groups. This retrograde movement of
the blood results from the increased downstream resis-
tance associated with carotid systolic blood loading.?”

An arteriojugular difference in oxygen less than 2 ml
O2/100 ml has also been proposed for brain death di-
agnosis.* Although a-v Do, was statistically less in patients
with brain death, the discriminant power was low. The
large overlapping of the values between the two groups
and the power of Q.4 renders measurement of a-v Dg, of
little interest with respect to diagnosing brain death.

In conclusion, although these results need to be con-
firmed for a larger population, this study demonstrates
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that pulsed Doppler for CCBF measurements in combi-
nation with accepted clinical criteria provide a rapid, ac-
curate, and noninvasive assessment of cerebral circulatory
arrest in young brain dead patients that can be performed
at the patient’s bedside. However, before legal acceptance
of these criteria, this inexpensive method could be helpful,
especially in small institutions, to prompt performance of
legally accepted diagnostic procedures. A beneficial im-
pact on reducing the delay for organ removal and on
improving availability of organs for transplants could be
expected.

The authors wish to thank Dr. James L. Robotham ( Johns Hopkins
University) for his helpful criticism and to Catherine Gautier for pre-
paring the manuscript.

References

1. Parks WE, Barber R, Painvin GA: Ethical issues in transplantation.
Surg Clin North Am 66:633-639, 1986

2. Kaufman HH, Lynn J: Brain death. Neurosurgery 19:850-856,
1984

3. Angstwurm H, Einhaypl K: Organ donors and brain death diag-
nosis: Experiences in the diagnosis and documentation of brain
death. Transplant Proc 16:95-97, 1984

4. Black PM: Brain death (first of two parts). N Engl | Med 299:
338-344, 1978

5. Goodman JM, Heck LL, Moore BD: Confirmation of brain death
with portable isotope angiography: A review of 204 consecutive
cases. Neurosurgery 16:492-497, 1985

6. Yoneda S, Nishimoto A, Nukada T, Kuriyama Y, Katsurada K,
Abe H: To-and-fro movement and external escape of carotid
arterial blood in brain death cases: A Doppler ultrasonic study.
Stroke 5:707-712, 1975

7. Kreutzer AW, Rutherford RB, Lehman RAW: Diagnosis of brain
death by common carotid artery velocity waveform analysis.
Arch Neurol 39:136-139, 1982

8. Hopper AH, Rehne SM, Wechsler L: Transcranial Doppler in
brain death. Neurology 37:1733-1735, 1987

9. McMenamin ]JB, Volpe |J: Doppler ultrasonography in the deter-
mination of neonatal brain death. Ann Neurol 14:302-307,
1983

10. Payen DM, Levy BI, Menegalli DJ, Lajat YE, Levenson JA, Nich-
olas FM: Evaluation of human hemispheric blood flow based
on non invasive carotid blood flow measurements using the
range gated Doppler technique. Stroke 13:392-398, 1982

11. Fitzgerald DE, O’Shaughnessy AM, Keaveny VT: Pulsed Doppler:
Determination of blood velocity and volume flow in normal and
diseased common carotid arteries in man. Cardiovasc Res 16:
220-224, 1982

12. Levenson JA, Peronneau PP, Simon AC, Safar ME: Pulsed Dopp-
ler: Determination of diameter, blood-flow velocity and volume
flow of brachial artery in man. Cardiovasc Res 15:164-170,
1981

13. Asmar RG, Dannier B, Santoni JP, Laurent S, London GM, Levy
BI, Safar ME: Reversion of cardiac hypertrophy and reduced
arterial compliance after converting enzyme inhibition in es-
sential hypertension. Circulation 78:941-950, 1988

14. Safar ME, Peronneau PP, Levenson JA, Totomoukono JD, Simon
AC: Pulsed Doppler: Diameter blood flow velocity and volumic
flow of the brachial artery in sustained essential hypertension.
Circulation 63:393-400, 1981

¥20Z YoIe €} uo 3sanb Aq 4pd'z0000-00020066 L -27S0000/5855€9/222/2/2 LIpd-ajonie/ABojoisauisaue/wioo ieyoIan|is zese//:dpy woly papeojumoq



Anesthesiology

V 72, No 2, Feb 1990

15.

16.

17.

20.
21.

Guidelines for the determination of death: Report of the medical
consultants on the diagnosis of death to the President’s. Com-
mission for the Study of Ethical Problems in Medicine and
Biomedical and Behavioral Research. JAMA 246:2184-2186,
1981

An appraisal of the criteria of cerebral death: A summary state-
ment. A collaborative study. JAMA 237:982-986, 1977

Teasdale G, Jennett B: Assessment of coma and impaired con-
sciousness: A practical scale. Lancet 2:81-83, 1974

. Payen D, Levy B, Pinaud M: Effects of PEEP in human phasic

carotid hemodynamics. ] Gereb Blood Flow Metab 2(suppl 1):
634-635, 1983

. Risberg ], Smith P: Prediction of hemispheric blood flow from

carotid velocity measurements. Stroke 11:399-402, 1980
Colton T: The Statistics in Medicine. Boston, Little, Brown, 1974
Payen D, Pinaud M, Lampron N, De Kersaint-Gilly N, Nicholas

FM: Common carotid haemodynamic and metabolic effects of

acutely administered nifedipine in human subarachnoid haem-

orrhage. Cardiovasc Res 18:626-631, 1984

PULSED DOPPLER COMMON CAROTID BLOOD FLOW

22.

23.

24,

25.

26.

27.

229

Payen D, Ecoffey C, Carli P, Dubousset AM: Pulsed Doppler as-
cending aortic, carotid, brachial and femoral artery blood flows
during caudal anesthesia in infants. ANESTHESIOLOGY 67:681-
685, 1987

Payen D, Bousseau D, Laborde F, Beloucif S, Menu P, Compos
A, Echter E, Piwnica A: Comparison of perioperative and post-
operative phasic blood flow in aortocoronary venous bypass
grafts by means of pulsed Doppler echocardiography with im-
plantable microprobes. Circulation 74(suppl 3):61-67, 1986

Lunt M]J: Accuracy and limitations of the uitrasonic Doppler blood
velocimeter and zero crossing detector. Ultrasound Med Biol
2:1-10, 1975

Lewis RR, Beasley MG, Gosling RG: Investigation of brain death
with Doppler-shift ultrasound. ] R Soc Med 76:308-310, 1983

Obrist W, Langfitt T, Jaggi J, Cruz ], Gennarelli T: Cerebral
blood flow and metabolism in comatose patients with acute head
injury: Relationship to intracranial hypertension. ] Neurosurg
61:241-253, 1984

McDonald DA: Arterial impedance, Blood Flow in Arteries. Edited
by McDonald PA. Southampton, Camelot, 1974, pp 351-388

¥20Z YoIe €} uo 3sanb Aq 4pd'z0000-00020066 L -27S0000/5855€9/222/2/2 LIpd-ajonie/ABojoisauisaue/wioo ieyoIan|is zese//:dpy woly papeojumoq



