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ABSTRACT

0z

Introduction: The possibility of brain death (BD) among
patients with a Glasgow Coma scale <7 must be considered by
physicians who work in intensive care units. Deceased organ
transplantation can be lifesaving so every BD patient should be
seen as a potential donor. The aim of this study was to describe
the causes of BD, rate of organ donation and to investigate the
effect of diagnosis time on donation rates in our hospital over
a 9-year period.

Methods: After obtaining Institutional Ethics Committee
approval, we conducted a retrospective review of patients who
had sustained BD in our hospital between January 1, 2004 and
January 1, 2013. Patients’ age, methods used to diagnose BD,
duration of survival after diagnosis, whether patients’ family
members gave consent to organ donation, and organ donation
rates were reviewed.

Results: Sixty patients were declared BD, of whom 21 (35%)
were female and 39 (65%) were male. Their mean age was 28
years. Only 6 (10%) patients’ families gave consent for donation.
The most common cause of BD was traumatic brain injury
(n=37, 62%). Internal carotid artery doppler ultrasonography
was performed in 36 (60%) patients; cerebral angiography was
performed in 14 (23%) patients; and electroencephalography
was performed in two patients. The mean time from hospital
admission to diagnosis of BD was 5.16+3.06 days overall;
5.5£0.4 days among non-donors; and 2.0+0.4 days among
donors. The mean time from diagnosis of BD to death in
non-donors was 2.4%0.3 days. In donors, the mean time from
diagnosis of BD to harvesting of the patient’s organs was
1.08+0.2 days.

Conclusion: In our hospital, the rate of organ donation after
BD is low. It is found that the time to confirm the diagnosis
of BD was significantly shorter in donors than non-donors.
It is believed that early diagnosis of BD is associated with an
increased rate of family approval for organ donation.

Keywords: Brain death, organ donation, deceased organ
donation, transplantation

Amag: Yogun bakimda takip edilen Glasgow Koma skoru
7'nin altindaki hastalarda beyin olimi gelisme ihtimaline
karsi uyanik olunmalidir. Kadavradan organ nakli; nakil sirasi
bekleyen hasta sayisini distireceginden hayat kurtaricidir. Bu
nedenle her beyin 6limi tanisi konan hastaya potansiyel donor
goziiyle bakilmalidir. Calismamizin amaci hastanemizde dokuz
yillik siirecte tani alan beyin 6lim olgularini inceleyerek beyin
olimi nedenlerini arastirmak, tani alma siirecindeki testleri ve
kadavradan organ nakil oranini incelemektir. ikincil amacimiz
beyin 6limi tani konma siiresinin bagis oranina etkisini
arastirmaktir.

Yontemler: Etik Kurul onayi alinarak 1 Ocak 2004 ve 1 Ocak
2013 tarihleri arasinda hastanemiz yogun bakim unitesinde
beyin olumi tanisi alan hastalar retrospektif olarak incelendi.
Hastalarin yasi, beyin 6limu tanisinda uygulanan testler,
hastaneye gelisten beyin olimu tanisi alana kadar gecen siire,
tani sonrasi hastalarin sagkalim siiresi, ailelerin organ bagisina
onay verip vermemeleri ve organ nakil oranlari incelendi.

Bulgular: Altmis hasta beyin oltimdi tanisi aldi, 21'i (%35) kadin,
39'u (%65) erkekti. Ortalama yas 28'di. Sadece 6 (%10) aile organ
bagisi icin onay verdi. Beyin 6liimuniin en sik nedeni travmatik
beyin hasari (37; %65) olarak bulundu. Beyin 6liimu klinik testlerin
yani sira 36 (%60) hastaya internal karotis dopler, 14 (%23) hastaya
serebral anjiyografi, 2 hastaya da elektroensefalografi yapilarak
tani konuldu. Hastaneye gelis ile tani konmasina dek gecen siire
ortalama 5,16+3,06 giin; dondr grubunda 2,0+0,4 giin, donor
olmayan grupta 5,5+0,4 giin olarak bulundu. Tanidan kardiyak
olime dek gecen siire donor olmayan grupta 2,4+0,3 giin olarak
bulundu. Tani konduktan sonra donor grubunda organ nakline
kadar gegen stire 1,08£0,2 giind(i.

Sonug: Hastanemizde beyin 6limi sonrasi organ bagis orani
oldukca distk bulundu. Potansiyel donorlerin erken fark
edilmesi ile organ bagis orani artisi arasinda istatistiksel anlami
fark tespit edildi. Beyin 6lima tanisinin erken konulmasi organ
bagis oranini yikselterek nakil sirasi bekleyen hastalar icin
umut 15181 olacaktir.

Anahtar Kelimeler: Beyin oliimi, organ nakli, kadavradan
organ nakli, transplantasyon
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Introduction

Brain death (BD) occurs as intracranial pressure increases due to
the edema of brain tissue within the rigid borders of the skull. Once
intracranial pressure equals or exceeds the systemic arterial pressure,
the nutritional blood supply to brain tissue stops. This is followed by
a rapid decrease in the intracranial pressure gradient and results as
intracranial circulatory arrest. While death is traditionally characterized
as cardiac arrest and loss of vital functions, advances in technology have
made it possible to prevent somatic death despite an irreversible loss
of brain function in the intensive care unit (ICU) setting. In these cases,
providing prolonged life support can mislead family members about
the severity of the patient’s condition and give them false hope that
the patient will recover. Also, the practice of providing life support after
BD can cause spiritual distress among family members and long-term
hospitalization increases the cost of ICU treatment (1).

Worldwide, hundreds of people on waiting lists for organ transplantation
die of organ failure. There are currently insufficient organs donated by
living donors to meet all of the demand for organ transplants. According
to Turkish Ministry of Health figures, 779 people in Turkey died while
awaiting organ transplants in 2018. In Turkey, there are currently 26,524
patients registered in organ and tissue information systems on waiting
lists for organ transplants. Of these patients, 22,868 patients are on the
waiting list for kidney transplant, 1,116 patients are on the list of heart
transplant, 2,250 patients are on the list of liver transplant, 82 patients
are on the list of lung transplant, 5 patients are on the list of bowel
transplant and 289 patients are on the list of pancreas transplant (2).

The primary objective of this study was to analyze the causes of BD, the
criteria used for determination of BD, ancillary tests for diagnosing BD,
the duration of hospitalization before diagnosis, and the duration of
survival after diagnosis. Secondary objective was to determine the rates
of family consent for organ donation, and the effect of diagnosis time
of BD in donation rates.

Methods

After obtaining Institutional Ethics Committee approval by istanbul
University Clinical Research Ethics Council (decision no: 2013/1748),
we conducted a retrospective review of 60 patients diagnosed as brain
dead in istanbul Medical Faculty Hospital between January 1, 2004 and
January 1, 2013. The hospital’s Organ Transplant Coordinator provided
data on all patients who had been diagnosed as brain dead while in the
ICUs of the Departments of Anesthesiology, Neurosurgery, or Emergency
Surgery.

Patients with metabolic endocrine disorders and affected by depressant
drugs or neuromuscular block were excluded. Brainstem reflex tests were
performed by ICU doctors to all patients who had Glasgow Coma scale
<7 (Table 1). After declaration of BD, patients’ families were informed
about the option of deceased organ donation.

We reviewed patients’ age at death, main diagnosis, length of stay in ICU,
ancillary tests such as internal carotid artery doppler ultrasonography
(ICAUSG), cerebral angiography (CA), electroencephalography (EEG), their
religion and family consent for organ donation.
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Statistical Analysis

Data were analyzed using Statistical Package for the Social Sciences (SPSS
software for Windows, version 22.0 Corp., Amonk, NY, USA). The mean,
standard deviation and percentage values were calculated as descriptive
statistics. Categorical data were compared using the independent
sample t-test. P<0.05 were regarded as statistically significant.

Results

During the study period, 60 patients were declared as BD, of whom
21 (35%) were female and 39 (65%) were male. Their mean age was
28 years. The most common cause of BD was traumatic brain injury
(n=37, 62%). ICAUSG was performed in 36 (60%) patients; CA was
performed in 14 (23%) patients; both ICAUSG and CA were performed
in 12 (20%) patients and EEG was performed in 2 (3.33%) patients. Only
6 (10%) patients’ families gave consent to donation. Other patient
characteristics are shown in Table 2. The mean time from hospital
admission to diagnosis of BD was 5.16+3.06 days overall; 5.5+0.4 days
among non-donor group; and 2.0+0.4 days among donor group. It is
found that the time to confirm the diagnosis of BD was significantly
shorter in donors than in non-donors (p=0.000). The mean time from
diagnosis of brain dead to death in non-donor group was 2.4+0.3 days.
In donor group, the mean time from diagnosis of BD to harvesting of the
patient’s organs was 1.08+0.2 days. Total hospitalization time in donor
group was 3+0.6 and in 7.6£0.4 in non-donor group. As it is predicted,
statically significant difference was found in total hospitalization time.
It is related to immediate transplantation after consent in donor group
(p=0.000) (Table 3) (Figure 1).

Discussion

The most common causes of BD among the patients in our study were
traumatic intracranial hemorrhage (62%) and ischemic strokes (20%).
These findings are similar to those of other studies. In a study conducted
in Portugal, Eira et al. (3) found that the most common causes of BD were
hemorrhagic strokes (55.3%) and ischemic strokes (17.4%). In Turkey,
in a study by Karasu et al. (4), they found that 73% of patients who
experienced BD in the ICU had been admitted for bleeding-obstructive

Table 1. Brain death confirmatory tests

. Brain stem reflexes

. Pupillary reflex

c Corneal reflex

. Gag reflex

. Occulovestibulary reflex

. Cough reflex

. Occulovestibulary reflex (caloric test)

Breath effort

Apnea test

Ancillary tests
ICAUSG/CA/EEG

ICAUSG: internal carotid artery doppler ultrasonography, CA: cerebral angiography,
EEG: electroencephalography



Table 2. Demographic characteristics of the patients

Variables n
Gender

Male 39
Female 21
Diagnosis

Traumatic brain injury 37
Intracranial hemorrhages 12
Toxic gas inhalation* 4
Post CPR** 3
Intracranial tumor 2
Meningitis 1
Intracranial aneurism 1
Ancillary tests

ICAUSG 36
CA 14
EEG 2
ICAUSG+CA 12
Donation

Yes 6
No 54

(%)

65
35

61.67
20
6.67

3.33
1.67
1.67

60
23
3.33
20

10%
90%

ICAUSG: Internal carotid artery doppler ultrasonography, CA: cerebral angiography, EEG:

electroencephalography, *carbon monoxide
**cardiopulmonary resuscitation

8 7.6667

6 5.5185

3 2.463

2

1.0833
1
0

Diagnose time after
hospitalization

Total hospitalization time Duration of survival after
diagnosis

W non donor donor

Figure 1. Hospitalization time and diagnosis

Table 3. Hospitalization time and diagnosis
Groups

Diagnose time after hospitalization (days)
Non-donor

Donor

Total hospitalization time (days)
Non-donor

Donor

Duration of survival after diagnosis (days)
Non-donor

Donor

54

54

54

Mean

5.5185
2.0000

7.6667
3.0000

2.4630

1.0833
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cerebrovascular disease, and in a study by Battal et al. (5), the most
common cause of BD (58%) was reported to be intracranial hemorrhage.

The use of ancillary tests for diagnosing BD varies according to the
experience of the clinicians and the settings. In our study, 83.3% of the
patients had the diagnosis of BD confirmed by radiological examinations
of cerebral blood flow, and 16.3% had BD diagnosed on clinical grounds
alone. In the study by Karasu et al. (4), only 30.4% of the patients had BD
confirmed by ancillary tests (13% ICAUSG and 13% CA); while in a study
by Mutlu et al. (6), 76.2% of patients had BD confirmed using ancillary
tests (22.3% CA, 13.8% ICAUSG, and 20% ICA and ICAUSG combined).

In our study, only 6 (10.0%) of the families gave consent for organ
donation. This rate is quite low compared to other countries. Organ
donation rates are measured as an organ donation per million
population (ppm). Turkey has one of the lowest rates of deceased
organ donation of all the countries in Europe with a rate of 2.2 ppm,
compared to 15-20 ppm in other European countries (7). The rates differ
among the hospitals in Turkey. In a 7-year study from Izmir, the families
of 34.2% of patients diagnosed with BD consented to deceased organ
donation (8). A study by Ozmert et al. (9) in a tertiary pediatric ICU of
Ankara Child Health and Diseases Hematology Oncology Training and
Research Hospital, they found a donation rate of 17% among children in
a pediatric ICU. Another study found an organ donation rate of 23.8% in
Ankara Numune Training and Research Hospital (6).

In Europe, a whole 80% of all organ donations are from deceased donors.
Conversely, in Turkey, 75% of organ donations are from living donors,
and only 25% are from deceased donors. Turkey had among the highest
rates of organ donation by live donors of any country in the world in
2018, with a rate of 52 ppm (7). Nevertheless, waiting lists for organ
transplants are long, and the demand far exceeds supply. The number
of deceased organ donors would have to increase in order to meet the
demand. In individuals with end-stage organ failure which requires
supportive treatments such as hemodialysis, organ transplantation
reduces the cost to the healthcare system and provides a better quality
of life for the patient.

There are many reasons for low rates of deceased organ donation. One
survey found that barriers included a limited understanding of the
patient’s prognosis and limited emotional readiness to donation on
the part of family members, but staff also identified several facilitators

Standard deviation Standard error mean p
3.01406 0.41016

0.000
1.09545 0.44721
3.59244 0.48887

0.000
1.67332 0.68313
2.91038 0.39605

0.074
0.49160 0.20069
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of organ donation (10). Members of the general population do not
understand that BD is irreversible and expect that individuals who are
BD will recover completely because cardiac death has not occurred.
Concerns about killing the patient to enable the patient’s organs to be
donated may be the reason for family veto.

Secondly, a delay in the diagnosis of BD may be as much of a contributor
as family refusals. The interval between clinical suspicion of BD and
confirmation of the diagnosis has varied widely across studies. In our
study, it took a mean of 5.1 days to confirm the diagnosis of BD. This is
a relatively short period compared to some other studies. A two-center
study found that the interval between suspicion of BD and diagnosis
was 6.7 days at the one center and 1.7 days at the other center (11).
Tsai et al. (12) reported that this period was 6.6 days. Two other studies
reported that the time taken from suspicion of BD to diagnosis was 5.9
days and 8.2 days, respectively (6,9).

The interval between confirmation of diagnosis of BD and terminating
respiratory and circulatory support, known as somatic survival, has
also varied across studies. In our study, the mean somatic survival
was 2.5 days. In one study, somatic survival has been reported to be
approximately 4 days (13) Ozmert et al. (9) found that somatic survival
was 6.9 days among non-donors and another study found that somatic
survival was 6.8 days in patients <18 years, and 2.5 days in patients >18
years (4).

According to the world standards, at least one case of BD needs to be
reported for each ventilatory ICU bed per year. Although there are >2,500
ventilatory ICU beds in Turkey, there are an average of only 500 BDs per
year (14). The diagnosis of BD may be delayed if routine neurological
examination is delayed while patients are being treated for other
systemic disorders, and by a lack of communication with transplant
coordinators (15). A review of cases of BD that occurred in emergency
departments found that up to 84% of cases were not diagnosed due to
failure of the diagnostic process (16).

In Turkey, organs of deceased patients cannot be used for transplantation
without the consent of relatives, even if the deceased patient has an organ
transplant volunteer card or has expressed a willingness to be an organ and
tissue donor while healthy, or in a written will. Legal reforms are needed
to prevent relatives from vetoing organ donation to which deceased
patients have consented. In countries such as Belgium, Spain, and France,
where an “opting out” or “presumed consent” model is used, there are a
high number of cadaveric donors. According to this model, organs can be
used for transplantation after death unless the individual has expressed
an objection (17). Several studies have reported an association between
assumed consent and high organ donation rates (18,19).

Although there have been many studies on organ donation after BD,
the relationship between the time taken to confirm BD and the organ
donation rate has not been studied. Our study differs from other studies
in this regard. It was found that the time to confirm the diagnosis of BD
was significantly shorter in donors than in non-donors. Early diagnosis
of BD was associated with an increased rate of family approval for
organ donation. Long hospitalization may lead relatives to veto organ
donation because a longer stay provides greater hope of recovery and
because of a lack of understanding of the situation by family members.
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This study has some limitations. Firstly, we had no qualitative data
to provide insight into the reasons for family members’ reluctance to
consent to organ donation by brain-dead patients. Similarly, we had
insufficient information on the reasons why family members provided
consent to organ donation among the family members who did consent.
These reasons could be clarified by asking family members to answer
a questionnaire about reasons for consenting to, or vetoing, deceased
organ donation after informing them of the brain dead of their family
member. This would clarify the ethical, religious, and sociological
reasons for consenting to, or vetoing, organ donation by their deceased
relative. Secondly; the study does not provide insight into quantifiable
markers for early detection or diagnosis of BD, transplantation
coordination, or changes to the legal framework. A prospective study
should be conducted to gain a better understanding of these issues.
Thirdly, it is unclear whether the results of this study are applicable to
other hospitals, so a multicenter study is required.

Conclusion

In conclusion, in order to overcome the shortage of organ donations,
a system should be established that protects donors and recipients.
Early identification of potential donors, well-organized transplantation
coordination systems, legal improvements, and measures to alter the
perception of BD among the general public may increase deceased
organ donation.
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