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ABSTRACT

Aims: Early and rapid detection of brain death in intensive care units is important for organ transplantation. This study
aimed to evaluate cases diagnosed with brain death.

Methods: The retrospective study was conducted by examining the patients diagnosed with brain death in intensive care
units of the city hospital between 06.10.2023 and 01.09.2024. Demographic characteristics of the cases, hospitalization
diagnoses, clinics where they received treatment, the time from admission to intensive care and the beginning of clinical
suspicion of brain death until the report was prepared, additional tests applied, family organ donation rate, donor rate, and
the time from the diagnosis of brain death to cardiac arrest in non-donor cases were recorded.

Results: 33 patients were diagnosed with brain death. The mean age of the cases was 52.1, and 51.6% of them were male
(n=17). 57.6% of the cases had no known comorbid diseases (n=19). The intensive care units where the cases were hospitalized
were 36.4% anesthesia (n=12) and 36.4% neurosurgery (n=12). The hospitalization diagnosis of the cases was intracranial
hemorrhage in 30.4% (n=10) and cerebral infarction in 30.4% (n=10). Digital subtraction angiography was used in 70%
(n=23) for additional supporting tests. Organ donation was made by the family in 12.1% of the cases (n=4), and organs were
transplanted in 9% of these cases (n=3). The average time from admission to diagnosis of brain death was 6.66 days. The
average time from follow-up of patients thought to have brain death to diagnosis of brain death was 2.03 days. The average
time from diagnosis of brain death to cardiac arrest was 31.85 hours.

Conclusion: It is very important to diagnose brain death in order to increase the number of organ transplants from cadavers.
In patients who may be potential donors, brain death should be determined quickly, and rapid action should be taken after
diagnosis, and unnecessary loss of time should be avoided.
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INTRODUCTION

Brain death is the persistent and irreversible loss of all activities ~ neurologist or neurosurgeon and the other is an anesthesiology
of the brain, brain stem, and cerebellum, which are the parts and reanimation specialist or intensive care specialist.

of the central nervous system that remain within the skull. e pumber of patients who develop organ failure and
There are three main findings in the clinical diagnosis of brain | 00q transplantation is increasing. Developments in
death: deep coma, brainstem areflexia, and a positive apnea  transplantation and the increasing number of patients waiting
test.” The definition of brain death was first made by Mollaret  for transplantation make cadaver organ transplantation, and
and Goulon’ in 1959, and many studies and criteria have been  therefore brain death and donor care, very important.
developed since then. The Harvard criteria, published in 1968,
expanded the medical definition of brain death and formed the
basis of today’s definitions.

The correct and prompt diagnosis of brain death, monitoring
of potential donors, obtaining family consent, quality of donor
care, and careful management of organ harvesting are essential
In our country, since 02.01.2014, the diagnosis of brain death  for an efficient transplantation. Intensive care units play a very
is decided unanimously by two physicians, one of whom is a  important role at this stage. In this study, the characteristics
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of brain death cases that occurred in the last 11 months in the
city hospital, the supporting tests used in the diagnosis of brain
death, and the organ donation acceptance rates of families
were examined.

METHODS

The study was conducted with the permission of the Scientific
Researches Evaluation and Ethics Committee of Gaziantep
City Hospital (Date: 16.10.2024, Decision No: 62/2024), a
retrospective study was conducted by examining the archive
records of adult and pediatric patients diagnosed with brain
death in intensive care units of the city hospital between
06.10.2023 and 01.09.2024. All procedures were carried out
in accordance with the ethical rules and the principles of the
Declaration of Helsinki. Patients who were diagnosed with
brain death at the end of the follow-up period were included
in the study. Patients whose diagnosis process could not be
completed or who exited before the necessary procedures were
excluded from the study.

Demographic characteristics of the cases, such as age, gender,
blood type, comorbid diseases, hospitalization diagnoses,
clinics where they received treatment, the time from admission
to intensive care and the beginning of clinical suspicion of brain
death until the report was prepared, additional tests applied,
family organ donation rate, donor rate, and the time from the
diagnosis of brain death to cardiac arrest in non-donor cases,
were recorded. The data were accessed by examining archive
files and computer records. All brain death cases between the
dates specified above were included in the study, and cases
outside this date range were excluded from the study.

Statistical Analysis

Statistical analyses of the obtained data were performed using
SPSS 20.0 (Chicago IL, USA). The Kolmogorov-Smirrnov test
was used for homogenization of the obtained data. Statistical
analysis of homogeneous randomized independent groups
would be performed using the Chi-Square Test. Descriptive
statistics of the study data were expressed as meantstandard
deviation for quantitative data and frequency and percentage
values for qualitative data. In the results obtained from the
applied statistical tests, p-value below 0.05 and CI 95% were
considered statistically significant.

RESULTS

Between 06.10.2023 and 01.09.2024, the total number of adult/
pediatric intensive care patients was 1393, the total number
of patients followed up with suspicion of brain death was
225, and the number of patients followed up with suspicion
of brain death but not diagnosed with brain death was 193.
Between 06.10.2023 and 01.09.2024, 33 patients diagnosed
with brain death in our hospital were examined. Demographic
and clinical data of the patients are shown in . The
mean age of the cases was 52.1, and 51.6% of them were male
(n=17). While 57.6% of the cases had no known comorbid
diseases (n=19), 24.4% had hypertension (n=8), 9% had
coronary artery disease (n=3), 6% had diabetes mellitus (n=2),
and 3% had other diseases (n=1). When the blood types of
the cases were examined, the majority were group A (36.4%),
and 87.8% were Rh positive according to the Rh groups. The
intensive care units where the cases were hospitalized were
36.4% anesthesia (n=12), 36.4% neurosurgery (n=12), 9%
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n (33) %

Age(years) 52.1+13.3
Gender (%)

Male 17 51.6%

Female 16 48.4%
Comorbidity (%)

None 19 57.6%

Hypertension 8 24.4%

Diabetes mellitus 2 6%

Coronary artery disease 3 9%

Other 1 3%
Blood group (%)

A 12 36.4%

B 21.2%

AB 9%

0 11 33.4%

Rh

Positive 29 87.8%

Negative 4 12.2%
Intensive care unit (%)

Anesthesia and reanimation 12 36.4%

Neurosurgery 12 36.4%

Neurology 3 9%

Surgical 2 6%

Internal medicine 2 6%

Cardiovascular surgery 2 6%
Admission diagnoses (%)

Cerebral infarction 10 30.4%

Intracranial hemorrhage 10 30.4%

Traumatic brain injury 6 18.1%

Brain tumor 4 12.1%

Other diseases 3 9%
Nationality (%)

Turkish 28 84.8%

Other 5 15.2%
Transplantation (%)

Donation 12.1%

Transplant 9%
Auxiliary tests used in diagnosis (%)

None 1 3%

CT angiography 9 27%

DSA 23 70%

neurology (n=3), 6% surgery (n=2), 6% internal medicine
(n=2), and 6% cardiovascular surgery intensive care (n=2).
The hospitalization diagnosis of the cases was intracranial
hemorrhage in 30.4% (n=10), cerebral infarction in 30.4%
(n=10), traumatic brain injury in 18.1% (n=6), brain tumor in
12.1% (n=4), and other diseases in 9% (n=3). While 84.8% of
the cases were Turkish (n=28), 15.2% were not citizens of the
Republic of Turkey (n=>5). Due to apnea test conditions failing
to meet in 5 cases (15.15%), brain death was diagnosed with
supportive additional testing. While no additional supporting
tests were used in 3% of the cases for the diagnosis of brain
death (n=1), digital subtraction angiography was used in 70%
(n=23), and computerized tomography angiography was used
in 27% (n=9). Organ donation was made by the family in
12.1% of the cases (n=4), and organs were transplanted in 9%
of these cases (n=3).

The average time from admission to diagnosis of brain death
was 6.66 days. The average time from follow-up of patients
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thought to have brain death to diagnosis of brain death was
2.03 days. The average time from diagnosis of brain death to
cardiac arrest was 31.85 hours (Table 2).

The organs of one case could not be used for medical reasons.
In the other three cases, the liver and the right and left kidneys
were used for transplantation.

Age, hypertension, Rh-negative blood group, and intracranial
hemorrhage diagnosis are statistically associated with the
time from admission to the diagnosis of brain death. The time
from follow-up to diagnosis of brain death was statistically
significantly shorter in cases diagnosed in the anesthesia
intensive care unit (p<0.05). The time from diagnosis of brain
death to cardiac arrest was statistically significantly shorter
in patients with coronary artery disease (p<0.02) and those
diagnosed in the cardiovascular surgery intensive care unit
(p<0.04). Male gender, absence of comorbid disease, and
diagnosis in the anesthesia intensive care unit were statistically
significantly associated with donation (Table 3).

DISCUSSION

Similar to the rest of the world, the number of patients waiting
for organ transplantation in our country is increasing day by
day. For this reason, organ transplantation from a cadaver is of
great importance. For organ transplantation from a cadaver, it
is important to closely monitor potential donor candidates and
diagnose brain death.

In our study, cases diagnosed with brain death between
06.10.2023 and 01.09.2024 were examined. The total number
of brain deaths was 33, and the number of organ donations
was 4.

In two studies conducted in our country, 70.7% and 61.3% of
patients diagnosed with brain death were male, and their mean
age was 46.7.°” In a cohort study conducted on 69,735 cases
in the USA, 56.47% of the cases were male, and the average
age was 48 years.” The cases in our study were similar to these
studies in terms of age and gender.

Table 2. Follow-up processes of cases

Mean
Time admission-BD (day)" 6.66
Time follow up-BD (day)” 2.03
Time BD-cardiac arrest (hour)™ 32.67

Median SD %95 CI
5(1-26) 5.90 2.09
2 (0-6) 1.48 0.52

28 (0-90) 24.25 6.86

*Time from admission to diagnosis of brain death, **Time from start of follow-up to diagnosis of brain death, ***Time from diagnosis of brain death to cardiac arrest, SD: Standard deviation

Table 3. Statistical relationship between demographic data and follow-up processes

Time admission-BD’

Age <0.05
Gender

Male

Female
Comorbidity

None

Hypertension

Diabetes mellitus

Coronary artery disease

Other
Blood group

A

B

AB

0

Rh

Positive

<0.01

Negative <0.05 (no comorbid)
Intensive care unit
Anesthesia
Neurosurgery
Neurology
Surgical
Internal medicine
Cardiovascular surgery
Admission diagnoses
Traumatic brain injury
Intracranial hemorrhage
Cerebral infarction
Brain tumor
Other diseases
Nationality
Turkish
Other

Transplantation

<0.05

Donation
Transplant

Time follow up-BD™

Time BD-cardiac arrest™ Donation
<0.03
<0.05

<0.02
<0.05 <0.05
<0.04

*Time from admission to diagnosis of brain death, **Time from start of follow-up to diagnosis of brain death, ***Time from diagnosis of brain death to cardiac arrest
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In PalabiyiKs® study, while there was no comorbid disease
in 48.7% of the cases, hypertension (34.1%) was the most
common comorbid disease. Similar to Palabiyik’s study, in our
study, there was no comorbid disease in 57.6% of the cases,
while the most common comorbid disease was hypertension
(24.4%). The most common blood group was ARh+ in the
study of Eira et al.” ORh+ (41.9%) in the study of Kuscu et al.
while in our study it was determined as 36.4% A and 87.8%
Rh+.

The most common cause of brain death in the cases included in
our study was intracranial hemorrhage and cerebral infarction
at equal rates. In the studies of Escudero et al."’, Kugcu et al.’,
and Karasu et al.”’, the most common cause of brain death was
intracranial hemorrhage, while in the study of Karan et al.”,
cerebrovascular events were reported as the most common
cause of brain death, and in the study of Akbas et al.”*, ischemic
stroke was reported as the most common cause of brain death.

In Uzuntarlan’s' study, it was seen that the cases diagnosed
with brain death were mostly hospitalized in the anesthesia
and reanimation intensive care unit while in the study of
Ava et al.”” it was seen that the cases were hospitalized in
the brain and neurosurgery intensive care unit. In our study,
it was observed that the cases diagnosed with brain death
were mostly hospitalized in the anesthesia and reanimation
intensive care unit and the neurosurgery intensive care unit in
equal numbers. It is thought that the number of brain death
detections may vary from service to service, depending on the
internal functioning of the hospital and the sensitivity of the
healthcare personnel on the issue.

The use of auxiliary tests, or which auxiliary test to use, varies
depending on the laws of the country and the facilities of the
hospitals.' While the use of supportive tests in Spain is around
95%'!, the use of supportive tests in two studies conducted in
our country was 58.1% and 62%.”"" In our study, the use of
supportive tests was 97%, which is higher than other studies
conducted in our country. In the study by Sipahioglu et al."* in
1998 examining brain death cases, the most commonly used
supportive test was computed tomography angiography with a
rate of 30.2%. In our study, digital subtraction angiography was
used most frequently as a supporting test, with 70%. We think
that the choice of supporting test may be related to hospital
conditions and access opportunities.

While organ donation in brain death cases was 70% in a study
conducted in Spain, organ donation rates in studies conducted
in our country were reported between 19% and 69%. In
our study, the organ donation rate in brain death cases was
12.1%, which was lower than similar studies in the country.
We think that the reasons for this may be that 5 of the cases
were not citizens of the Republic of Turkey and were excluded
from evaluation for donation and that the organ donation rate
may vary by region.

In studies conducted in our country, the mean time from
admission to intensive care until the diagnosis of brain death
was found to be 2.5-6 days.””'* In our study, similar to the
literature, the mean time from admission to intensive care
until the diagnosis of brain death was found to be 6.6 days. The
mean time from suspicion of brain death to diagnosis of brain
death was found to be 1 day in the study conducted by Akbas et
al.”’ and 3 days in the study conducted by Karasu et al.”’ In our
study, this period was also found to be 2 days. In our study, the
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mean time from diagnosis of brain death to cardiac arrest in
non-donor cases (n=30) was 32.67+24.25 hours, and this time
was similar to the study by Karasu et al."” and Kuscu et al.

In our study, we found that age, hypertension, Rh-negative
blood group, and the time from hospitalization to brain
death diagnosis with intracranial hemorrhage diagnosis were
statistically related. We think that this may be due to the
fact that the majority of cases were patients with intracranial
hemorrhage, hypertension being a major factor in the etiology
of patients with spontaneous intracranial hemorrhage, and the
poor prognosis of this disease in neurological terms.

In our study, we found that the time from follow-up to diagnosis
of brain death was statistically significantly shorter in cases
diagnosed in the anesthesia intensive care unit. We think that
the time from suspicion of brain death to diagnosis is shorter
in anesthesia intensive care units because the brain death
detection team in our country includes an anesthesia specialist
or intensive care specialist, and they have the competence of
brain death detection and care as their specialty.

We found that the time between the diagnosis of brain death
and cardiac arrest was statistically significantly shorter in
patients with coronary artery disease and in patients diagnosed
in the cardiovascular surgery intensive care unit. In their study
evaluating the frequency of mortality and risk factors in the
intensive care unit, Cakir et al.”’ found the highest mortality
rate (47.8%) in patients hospitalized due to cardiovascular
disease. For this reason, we think that the time from diagnosis
to cardiac arrest is shorter in patients with cardiovascular
disease.

Limitations

The limitations of the study can be stated as being the study
was conducted in a single center with a small number of cases
and the retrospective acquisition of the data.

CONCLUSION

It is very important to diagnose brain death in order to increase
the number of organ transplants from cadavers. It should be
kept in mind that brain death may occur in patients with poor
neurological prognosis who are hospitalized with diagnoses
such as intracranial hemorrhage and cerebral infarction. In
patients who may be potential donors, brain death should
be determined quickly, rapid action should be taken after
diagnosis, and unnecessary loss of time should be avoided.

ETHICAL DECLARATIONS

Ethics Committee Approval

The study was conducted with the permission of the Scientific
Researches Evaluation and Ethics Committee of Gaziantep
City Hospital (Date: 16.10.2024, Decision No: 62/2024).
Informed Consent

Because the study was designed retrospectively, no written
informed consent form was obtained from patients.

Referee Evaluation Process

Externally peer-reviewed.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

27



Eur J Anesthesiol Intens Care. 2025;2(1):24-28

Financial Disclosure

The authors declared that this study has received no financial
support.

Author Contributions

All of the authors declare that they have all participated in the
design, execution, and analysis of the paper, and that they have
approved the final version.

REFERENCES

1.

10.

1

—

12.

13.

14.

15.

16.

17.

18.

19.

20.

Arsava EM, Demirkaya S, Dora B, et al. Tiirk n6roloji dernegi beyin limii
tani kilavuzu. Tiirk Noroloji Derg. 2014;20(3):101-104.

Mollaret P, Goulon M. Le coma depassé. Rev Neurol. 1959;101:3-15.

Alderete JF Jeri FR, Richardson EP Jr, Sament S, Schwab RS, Young
RR. TIrreversible coma: a clinical, electroencephalographic and
neuropathological study. Trans Am Neurol Assoc. 1968;93:16-20.

Organ ve doku alinmasi, saklanmasi, agilanmasi ve nakli hakkinda kanun.
Kanun numarasi 6514 Resmi Gazete 18.01.2014-28886. https://www.
resmigazete.gov.tr/eskiler/2014/01/20140118-1.htm. Erisim tarihi 30Eyliil
2024.

https://www.uptodate.com/contents/diagnosis-of-brain-death Erigim tarihi:
30Eyliil 2024.

Palabiyik O. Beyin 6liimii tanisi alan hastalarin retrospektif analizi. Online
Turkish ] Health Sci. 2020;5(4):631-640. doi:10.26453/0tjhs.806855

KuseuOO, Aktay M. Beyin 6liimii olgularininretrospektif degerlendirilmesi.
Anest Derg. 2021;29(2):99-104. doi:10.5222/jarss.2021.02997

Seifi A, Lacci JV, Godoy DA. Incidence of brain death in the United States.
Clin Neurol Neurosurg. 2020;195:105885. doi:10.1016/j.clineuro.2020.
105885

Eira CSLD, Barros MIT, Albuquerque AMP. Organ donation: the reality of
an intensive care unit in Portugal. Doagdo de érgaos: a realidade de uma
unidade de cuidados intensivos portuguesa. Rev Bras Ter Intensiva. 2018;
30(2):201-207. doi:10.5935/0103-507X.20180040

Karasu D, Yilmaz C, Karaduman I, Pekel NB. Beyin &liimii olgularinin
retrospektif analizi. J Crit Intensive Care. 2015;6(2):23. doi:10.5152/dcbybd.
2015.595

. Escudero D, Valentin M O, Escalante JL, et al. Intensive care practices in

brain death diagnosis and organ donation. Anaesthesia. 2015;70(10):1130-
1139. doi:10.1111/anae.13065

Karan E, Elgin E, Oflaz R, et al. Bir Universite Hastanesi’nde beyin éliimii
tanis1 konan olgularda organ bagisi oranlarinin retrospektif analizi. Uludag
Uni. Tip Fak Derg. 2019;45(1):41-46. doi:10.32708/uutfd.461923

Akbas T, Kurtpmar Z, $enadim S, et al. Noroloji yogun bakim tinitesinde
beyin 6liimi tanist konulan olgularin incelenmesi. ACU Saglik Bil Derg.
2018;9(3):309-313. doi:10.31067/0.2018.30

Uzuntarla Y. Retrospective investigation of brain death and organ donation
cases in a training and research hospital. GKDA Derg. 2019;25(4):264-269.
doi:10.5222/GKDAD.2019.98159

Aval O, Giindogdu O. Retrospective analysis of the patients with brain
death diagnosis in the last five years in our hospital. Cumhuriyet Med ].
2019;41(2):385-391. doi:10.7197/223.vi.574315

Citerio G, Murphy PG. Brain death: the European perspective. Semin
Neurol. 2015;35(2):139-144. doi:10.1055/s-0035-1547533

Sahin M, Altinay M, Cinar AS, Yavuz H. Retrospective analysis of patients
diagnosed with brain death in our hospital in the last 15 years. Sisli Etfal
Hastan Tip Bul. 2023;57(4):526-530. doi:10.14744/SEMB.2023.65928

Sipahioglu H, Elay G, Bingol N, Bahar I. Retrospective analysis of 1998
patients diagnosed with brain death between 2011 and 2019 in Turkey.
J Neuroanaesthesiol Crit Care. 2022;9(2):106-111. doi:10.1055/s-0042-
1750093

Kiraklt C, Ugar ZZ, Anil AB, Ozbek 1. The effect of shortening confirmed
brain death diagnosis time on organ donation rates in the intensive care
unit. Yogun Bakim Derg. 2011;1:8-11. doi:10.5152/dcbybd.2011.02

Gakar E, Kocabeyoglu GM, Giirbiiz O, BO Sevil, Mutlu NM, Isil OT. Yogun
bakim iinitesinde mortalite siklig1 ve risk faktorlerinin degerlendirilmesi.
Ankara Egt Ars Hast Derg. 2020;53(1):20-24. doi:10.20492/aeahtd.537879

Bayrakei et al.
Retrospective investigation of brain death cases

28


https://dx.doi.org/10.5152/dcbybd.2011.02

