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ABSTRACT

AIM: It remains unknown whether orbital Doppler-ultrasound (ODUS) could be an alternative to other established ancillary tests for the
diagnosis of brain death. We investigated the effectiveness of ODUS in the diagnosis of brain death and compared data obtained from ODUS
with transcranial Doppler-ultrasound (TDUS) and carotid Doppler-ultrasound (CDUS) findings.

MATERIAL and METHODS: ODUS, CDUS and TDUS examinations were performed on 22 consecutive patients who had clinical examination
and confirmatory test findings consistent with brain death. The compatibility of resistive indices (RI) from ODUS, TDUS and CDUS examinations
were analyzed.

RESULTS: In ODUS examinations, the Rl values were equal to or greater than one in 15 patients (68%). In the remaining 7 patients, the Rl values
were >0.75. Rl values were > 1 in 16 (72%) and 18 (82%) patients in CDUS and TDUS examinations, respectively. Rl values of CDUS and TDUS
were >0.76 in the remaining patients.

CONCLUSION: ODUS is an easily applicable technique that is safer, cheaper and faster when compared with the other confirmatory tests. False
results could be prevented by evaluating patients with an ODUS Rl value of <1 together with the TDUS and/or CDUS results.

KEYWORDS: Brain death, Cerebral blood flow, Transcranial Doppler sonography, Orbital Doppler-ultrasound

06z

AMAC: Orbital Doppler-ultrasonografi (ODUS)'un; beyin 6lim tanisinda, diger dogrulayici testlere alternatif bir ydontem olup olamayacagi
heniiz bilinmemektedir. Calismanin amaci beyin 6limi tanisinda ODUS'un etkinligini arastirmak ve transkraniyal Doppler-ultrasonografi
(TDUS) ve karotid Doppler-ultrasonografi (CDUS) bulgulariyla karsilastirmaktir.

YONTEM ve GEREGLER: Klinik muayene ve dogrulayici testler ile beyin 6limdi tanisi alan ardisik 22 hastaya ODUS, CDUS ve TDUS uygulandi.
ODUS, CDUS ve TDUS rezistif indeks (RI) degerlerinin beyin 8limdi tanisi ile uyumlulugu analiz edildi.

BULGULAR: Calismadaki hastalardan on besinin (%68) ODUS incelemesinde; Rl degeri 1'den buyik ya da esit, geriye kalan 7 hastada ise 0,75
veya Ustlydi. CDUS ve TDUS degerlendirmelerinde Rl degerleri; CDUS incelemelerinde 16 hastada (%72) Rl degeri 1'den biyUk veya esit iken
TDUS incelemelerin de ise 18 hastada (%82) Rl 1'den biyiik ya da esitti. Geriye kalan hastalarin timiiniin CDUS ve TDUS incelemelerinde RI
degeri 0,75'ten blyuktu.

SONUC: ODUS; anjiyografi gibi diger dogrulayici testler ile karsilastirildiginda kolay uygulanabilinen, zararsiz, glivenli ve hizl bir tekniktir. ODUS
incelemede Rl degeri 1 ve Ustii ise beyin 6limu tanisi glivenle konulabilir. ODUS'ta RI<1 ise TDUS ve/veya CDUS ile taninin kesinlestirilmesi
gerekmektedir. Hatali sonuglar, ODUS, TDUS ve/veya CDUS sonuglarinin birlikte degerlendirilmesi ile engellenebilir.

ANAHTAR SOZCUKLER: Beyin 6liim{, Beyin kan akimi, Transkraniyal Doppler-ultrasonografi, Orbital Doppler- ultrasonografi

INTRODUCTION an essential role in the decision making of organ donation
for transplantation or withdrawal of life-support (11).
Although guidelines and/or standards vary from country to

country, diagnostic criteria are usually determined by various

The simplest definition of brain death is failure to provide
effective cerebral circulation (12). This irreversible condition

leads to complete termination or impairment of brain
function, including the brainstem, whereas the blood
continues to circulate in other parts of the body (1, 6). Correct
and quick diagnosis of brain death is very important and plays
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committees in each country (1, 11).

The diagnosis of brain death is often made by a multidisci-
plinary team consisting of neurosurgeons, neurologists and
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intensivists who frequently care for patients devastated by
neurological disorders. Neurological examination is quite im-
portant for the determination of brain death, and, is usually
performed by a neurologist or a neurosurgeon. The patients
are in a deeply comatose state and brain stem reflexes are
absent (6). Nevertheless, in many countries, the diagnosis of
brain death necessitates confirmatory tests (11). Four vessel
digital subtraction angiography (DSA), radionuclide cerebral
angiography (RCA), computed tomographic cerebral angiog-
raphy (CTA), transcranial Doppler ultrasonography (TDUS),
carotid Doppler ultrasonography (CDUS), serial electroen-
cephalograms (EEG), and brainstem auditory evoked poten-
tials (BAEP) are among these tests (1). The last two tests can be
used to detect loss of electrical activity of the brain (electro-
cerebral silence) and the others are used to evaluate cerebral
blood flow (6, 11). These confirmatory tests, however, have
many limitations and disadvantages.

Orbital Doppler ultrasound (ODUS) is a relatively new
technique that can be used in evaluating changes in cerebral
blood flow (11). The primary aim of the present study was to
investigate the effectiveness of ODUS in the diagnosis of brain
death in patients in whom brain death had been diagnosed
based on clinical findings and other confirmatory tests. The
second aim of this study was to compare data obtained from
ODUS with TDUS and CDUS, and to detect the most effective
Doppler ultrasound technique in patients with possible brain
death. To the best of our knowledge, there is no original study
in the literature that compares the efficiency of ODUS data
obtained from central retinal or ophthalmic artery (OA) with
other Doppler ultrasound methods.

MATERIAL and METHODS

Between January 2010 and May 2012, ODUS, CDUS and
TDUS examinations were performed on 22 consecutive
patients (14 men and 8 women) who had clinical examination
findings consistent with brain death (Glasgow coma scale <
7). Patients ranged in age from 34 to 79 years (mean age 58
years). Written informed consent was obtained from each
subject’s family. The internal review board of our institution
approved the methodology of this study.

Patients with drug intoxication, hypothermia or hypotension
(systolic pressure < 100 mm Hg), patients who were followed
due to endocrine-metabolic induced coma and pediatric
patients were excluded. In addition, 9 patients who did not
have at least one confirmatory test, e.g., CTA; DSA, or the
apnea test, were excluded. As a result, 22 patients with the
precise diagnosis of brain death confirmed by the Brain Death
Committee of our hospital were studied and TDUS, ODUS and
CDUS were performed on all patients. Patients’ demographic
data and the causes of brain death are presented in Table I.

Arterial blood pressure and pulse velocity were measured
during the Doppler ultrasound (DUS) examinations. All
patients were under mechanical ventilation. A cardiopressor
agent, i.e., dobutamine, was administered intravenously if the
arterial systolic pressure decreased to below 100 mmHg.
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All DUS examinations were performed with a Siemens,
Sonoline G-40 device (Siemens Medical solutions, Erlangen,
Germany). ODUS and CDUS were done with a 9-MHz linear
probe. TDUS was performed with 2 MHz convex-array probe.
In all patients, Doppler settings of the ultrasound machine
were calibrated to low-flow determination (11) and the
smallest available Doppler gate was used for all ODUS and
TDUS exams.

For ODUS examinations, sterile coupling gel was applied
on closed eyelids. During the ODUS examination, we were
cautious to avoid excessive pressure on the globe. Central
retinal and ophthalmic arteries were found in the retrobulbar
area. Doppler parameters including peak-systolic velocities
(PSVs), end-diastolic velocities (EDVs), systole/diastole (S/D)
ratios, and resistive indices (Rls) were obtained. Following
these measurements, average values of all parameters were
calculated for both arteries. In cases where the central retinal
artery could not be demonstrated, 2 measurements were
obtained from the OA and the average of these values was
accepted as the final value.

For TDUS examinations, a convex probe was placed on the
central part of the line connecting the lateral palpebral fissure
to the meatus acusticus externus, and 1 ¢cm superior to the

Table I: Age, Gender, and Causes of Brain Death (BD)

mmm

N
o

58 | Aneurysmal SAH
79 | Operated intracranial tumor
54 | TBI

1

2 M 75 | TBI

3 M 64 | TBI

4 F 74 | Aneurysmal SAH

5 M 46 | Aneurysmal SAH

6 M 68 | Cerebrovascular accident

7 M 59 | Aneurysmal SAH

8 M 37 | TBI

9 M 52 Operated intracranial tumor
10 M 71 TBI
11 F 51 Operated intracranial tumor
12 F 48 | Aneurysmal SAH
13 F 34 | TBI
14 M 70 | Aneurysmal SAH
15 F 68 | ICA occlusion
16 M 41 Operated intracranial tumor
17 M 77 TBI
18 F 46 | Aneurysmal SAH
19 M 67 | TBI

M
F

N
_

22

SAH: subarachnoid hemorrhage; TBI: traumatic brain injury; ICA: internal
carotid artery.

-n
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zygomatic arc. Doppler parameters were obtained from the
middle cerebral artery (MCA). For CDUS examination, a linear
probe was placed over the internal carotid artery (ICA). The
PSV, EDV, S/D ratio and Rl values were obtained from each ICA
and MCA, similar to ODUS examinations. Two measurements
were obtained from ICA and MCA and their average was
calculated. The average value was accepted as the final value.

All ODUS, TDUS and CDUS examinations were performed
bilaterally except for patientsin whom bilateral measurements
could not be done due to an open sore, dressing or
postoperative changes. Doppler images obtained from
all patients were recorded in real time on the sonography
device. All DUS examinations were performed by the same
experienced radiologist. The average DUS examination
duration for each patient was approximately 20 minutes.

The same procedure was applied to the seven volunteers (4
men and 3 women, mean age: 34, range 26-49) before the
Doppler examinations of the study patients. The purpose of
these examinations was to improve the DUS experience of
the radiologist.

Statistical Analysis

Following dataacquisition, all DUS results were analyzed. Mean
bilateral measurements were calculated. In cases that could
not be evaluated bilaterally, the average of 2 measurements
from only one side were obtained and recorded directly to the
study table. Similar to previous Doppler studies, brain death
was confirmed in cases withan Rl > 1 (1, 6, 12).

RESULTS

An apnea test was performed on 20 (91%) patients, EEG
was applied to 9 (41%) patients, DSA was done on 12 (55%)
patients, and CTA was performed on 8 (36%) patients. The
overall results of these tests were compatible with brain death
(Figure 1A-D). During DUS examinations, the mean systolic/
diastolic arterial pressure and mean pulse rate of patients
were 126/78 mm Hg (range: 100-178/54-120) and 112/min
(range: 80-145) respectively.

In ODUS examinations, Rl values were > 1 in 15 patients
(68%). Rl values were greater or equal than 0.75 in the other 7
patients (Table ll, Figure 2A-D).Rls were > 1in 16 (72%) and 18
(82%) patients in CDUS and TDUS examinations, respectively.
Rl values of CDUS and TDUS were greater than 0.76 in the
remaining patients (Table I, Figure 3A-F). The PSV, S/D, and
EDV values from ODUS, CDUS, and TDUS exams from patient
and control groups are summarized in Table Ill.

DISCUSSION

Quick and effective diagnosis of brain death is of critical
importance in terms of social, legal, medical, and financial
aspects (5). In recent years, with the expansion of organ
transplantation, rapid and accurate diagnosis of brain death
has gained more importance. Neurological examination
and apnea test are the most important tools for diagnosis
(11). However, it is mandatory in many countries to perform
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at least one confirmatory test (10). These confirmatory tests
include EEG and BAEP, which evaluate neuronal activity, and
other tests, e.g., DSA, CTA or RCA that show the absence of
cerebral blood flow (11). Each of these confirmatory tests,

Table II: Resistive Indexes (RIs) of the Patient Group

m-zm- RI-CDUS | _RI-TDUS

1 0.88
2 1 >1 >1
3 0.83 0.89 1
4 0.78 >1 >1
5 0.75 >1 0.84
6 1 >1 1
7 1 >1 0.96
8 0.95 >1 0.92
9 1 >1 >1
10 >1 >1 >1
11 >1 >1 1
12 >1 >1 >1
13 1 >1 1
14 0.75 0.84 >1
15 >1 >1 >1
16 >1 >1 >1
17 1 0.81 >1
18 >1 0.82 0.92
19 1 1 1
20 1 1 1
21 0.83 0.76 >1
22 0.8 >1 >1

ODUS: orbital Doppler ultrasound; CDUS: carotid Doppler ultrasound;
TDUS: transcranial Doppler ultrasound.

Table lli: The PSV, S/D, and EDV Values from ODUS, CDUS, and
TDUS Exams from the Patient and Control Groups

Patients Controls
Mean (range) Mean (range)

PSV-ODUS 45 (7-90) cm/s 63 (34-97) cm/s
S/D-ODUS 10 (3-30) 4 (1-4)
EDV-ODUS 9(0.3-26) cm/s 16 (4.5-26) cm/s
PSV-CDUS 70 (33-107) cm/s 42 (27-84) cm/s
S/D-CDUS 10 (2-18) 3(2-4)
EDV-CDUS 11 (1-18) cm/s 26 (14-36) cm/s
PSV-TDUS 26 (9-43) cm/s 67 (28-121) cm/s
S/D-TDUS 18 (2-42) 2 (1.8-2.5)
EDV-TDUS 6 (0-8.3) cm/s 32(13-49) cm/s

ODUS: orbital Doppler ultrasound; CDUS: carotid Doppler ultrasound;
TDUS: transcranial Doppler ultrasound; PSV: peak-systolic velocity; S/D:
systole/diastole; EDV: end-diastolic velocity.
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however, has certain limitations and disadvantages (6). DSA is
atime-consuming and highly invasive procedure that requires
experience. CTA and DSA require application of a nephrotoxic
contrast media that can cause damage to the donor’s kidneys
(4, 10). In addition, it has been reported that iodinated
contrast media may increase pre-existing brain edema (1).
CTA, DSA and RCA require transportation of the patients to
another unit, which may cause problems for intensive care
unit patients, e.g., cardiac arrest in hemodynamically unstable
patients (7, 10). In addition, the medical devices required to
perform CTA, DSA and RCA are not always readily available.
The apnea test cannot be applied in patients with progressive
hypotension, hypoxemia, or drug intoxication (11). EEG and
BAEP are time consuming tests that cannot be performed

Turk Neurosurg 2015, Vol: 25, No: 2, 256-262

Figure 1: Cerebral angiography of

a 41-year old male with brain death
(Glasgow Coma Scale Score: 3;
patient no: 16). A) Bilateral common
carotid arteries and vertebral arteries
are patent on arcus aortography.

B) On anterior-posterior images
obtained after left vertebral artery
catheterization, the basilar artery is
not filled. C) Anterior-posterior images
obtained after contrast administration
from left and D) right carotid bulbs
show the thin caliber of both internal
carotid arteries, the absence of
cerebral circulation and the transition
of most of the contrast material to
the external carotid system. Note:
Carotid angiograms are obtained by
administration of contrast material
from the carotid bulb in order to
prevent internal carotid artery spasm.

easily, and also require experience. Furthermore, all of these
tests may have false results (10).

Doppler ultrasound is a non-invasive technique that has no
known side effect (1). TDUS has been used as a bedside test
in the diagnosis of brain death to overcome the limitations
mentioned above (4). Detection of reverberating-oscillating
(reverse) flow or the absence of diastolic flow while there is
systolic flow (systolic spikes, diastolic stopping-leakage) on
TDUS examination is meaningful in terms of brain death (7,
12). The Doppler patterns mentioned above (RI=1) represent
a stop in cerebral perfusion that develops secondary to
the very high distal brain resistance that is often seen in
individuals with brain death (2, 4, 7, 10).
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However, due to certain limitations, TCD examinations cannot
take place in daily routine practice (7). The most important
limitation is failure to perform an appropriate TDUS exam
due to an inadequate temporal window. Ultrasound waves
cannot penetrate the skull of adults, thus the Doppler signal
cannot be received and TDUS cannot be performed (1,
3). The transorbital approach may increase the efficacy of
TDUS (8). TDUS also requires dedicated Doppler probes and
experienced practitioners. Another limitation of TDUS is that
it cannot be performed in patients who have a large wound or
major fracture at the temporal area, which was the case in 3 of
our patients that were not included in the study.

CDUS is also reported to be useful in the diagnosis of brain
death (9). Similar to TDUS, an Rl value of greater than 1 in
CDUS is reported to be a reliable finding for brain death (6,
9). However, CDUS measurements of intracranial circulation
can be misleading. Hadani et al showed that extra-cranial ICA
flow was maintained in 9 patients with brain death (4). Direct
shunting from ICA branches to the external carotid system
is said to be responsible for this condition (1, 4). Therefore,
presence of pseudoperfusion limits the reliability of CDUS
and necessitates other confirmatory tests (such as TDUS)
when cerebral perfusion is detected by CDUS in brain death
patients (4).

ODUS is a relatively new method that has been used to
evaluate orbital flow changes in various diseases (6). OA is
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Figure 2: Doppler
ultrasound (DUS)
images of a 68-year old
female patient with
right ICA occlusion
(patient no: 15).

A) DUS examinations
performed from the
central retinal,

B) left internal carotid,
C) ophthalmic, and

D) middle cerebral
arteries revealed high
Rl values (RI=1) which
were compatible with
brain death. Cessation
of the flow (RI=1)
during systole in the
ophthalmic artery and
presence of reverse
flow (RI>1) in other
arteries are observed.

the first intracranial branch of the ICA, and arises from within
the subarachnoid space after the ICA has emerged from the
cavernous sinus. Once the OA crosses over the optic nerve,
it branches, and the first branch is usually the central retinal
artery (CRA). DUS parameters obtained from CRA and OA can
be useful for the evaluation of intracranial blood flow changes
(6). The most important advantages of ODUS include no need
for a special probe, the possibility of bedside application,
its ease of use and non-invasiveness. ODUS could be used
either alone or in conjunction with other Doppler methods
in patients in whom TDUS or CDUS would be inappropriate
due to poor acoustic window, presence of a short neck, severe
ICA calcification, surgical wounds, cervical large hematomas,
or vascular catheters (6).

To the best of our knowledge, there is only one study in
the literature in which ODUS examination was used for the
diagnosis of brain death (6). In this study with 8 patients,
Rl values were equal to or greater than 1 on Doppler
measurements of OA and CRA in all patients with brain death.
Nevertheless the ODUS parameters were not compared with
TDUS or CDUS in this study.

In our study, ODUS examinations of 22 patients with a
diagnosis of brain death revealed an Rl value equal or greater
than 1 in 15 patients (68%). Rl values were equal or greater
than 0.75 in the remaining 7 patients. In these 7 patients, RI
values of TDUS or CDUS were >1. These results suggest that

Turk Neurosurg 2015, Vol: 25, No: 2, 256-262
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Figure 3: The control Doppler ultrasound (DUS) images of a 49-year old male volunteer and DUS images of the patient in figure 1
who had postoperative brain death following tumor surgery. The A) orbital, C) transcranial, and E) internal carotid DUS examinations
of the control patient show arterial flow with low resistance (Rl values: 0.06, 0.46, 0.34; respectively). In the patient with a diagnosis of
brain death, B) cessation of flow (RI°PYS=1) during diastole on orbital DUS examination, and D) presence of reverse flow on transcranial
and F) internal carotid DUS examinations are shown (RI™YS and RI°YS=1). The flow pattern in Figure 3B, Figure 3D, and Figure 3F are

compatible with brain death (RI=1).

ODUS may be sufficient in the majority of patients for the
diagnosis of brain death. In patients with an Rl value of <1 on
ODUS examination, brain death may be diagnosed by adding
TDUS and/or CDUS examinations to ODUS.

In 3 patients, Rl values of CDUS examinations were 0.88, 0.81,
and 0.82 (patients no: 1, 17, and 18) as Rl values were >1 in
ODUS examinations. Similarly Rl values of ODUS examinations
were >1 in two patients in whom the Rl values of TDUS were
0.96 and 0.92 (patient no: 7 and 18). Therefore ODUS can be
used in the diagnosis of brain death whenever TDUS and
CDUS are inadequate.

The first limitation of our study was the small number of cases.
Secondly, the intra-observer and inter-observer variability
were not evaluated for DUS examinations. Assessment of

Turk Neurosurg 2015, Vol: 25, No: 2, 256-262

these variations will be necessary in further studies. Finally,
we were unable to determine whether patients enrolled in
the study had significant anatomical variations in their OA
and/or CRA.

CONCLUSION

ODUS is an easily applicable technique that is safer, cheaper
and faster when compared with other confirmatory tests
used in the assessment of brain death. Frequently, ODUS
alone is sufficient to confirm the diagnosis in patients who
have a prediagnosis of brain death based on clinical findings.
However, false results may be prevented by evaluating those
patients with an Rl value of <1 in ODUS, with additional TDUS
and/or CDUS examinations.
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