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ABSTRACT

Aim: We aimed to investigate the rate of brain death (BD) determinations and organ donations in our tertiary pediatric intensive care unit
(PICU), and to report the data on demographic pattern and supplementary descriptive data on the BD declarations.

Materials and Methods: Age and gender of the cases were recorded, and also clinical conditions causing BD were grouped and recorded under
six headings including; traumatic brain injury (TBI), brain neoplasm, cardiac arrest, intracranial haemorrhage, central nervous system infection
and other causes. The time from the PICU admission to the diagnosis of BD, the time from suspicion of BD to final diagnosis, duration of survival
after diagnosis of BD, confirmatory tests used, whether apnea test is performed, and inherent alterations (diabetes insipidus, hyperglycaemia,
hypothermia) that occurred following diagnosis of BD were recorded. Organ donation rate, the name and number of organs harvested were
determined.

Results: Twenty-three patients were diagnosed with BD. The mean age of the patients diagnosed with BD was 5.5+4.9 years. The causative
mechanism leading to BD was classified into six groups, out of which the most common diagnosis was TBI with a rate of 39.3%. The meantime
from PICU admission to BD diagnosis was 5.7+5.5 days. The time period from suspicion of BD to the final diagnosis was 1.6+0.7 days and the
meantime to develop cardiac arrest after diagnosis of BD was 13.1£21.6 days in non-donor cases. The most commonly used confirmation test
was brain computed tomography angiography with 82.6%. The most common alteration that follow BD was diabetes insipidus (56.5%). Four
patients became organ donors (17.4%).

Conclusion: Patients with severe TBI are the most likely candidates for BD declaration and suitable for organ donation for children in need. Early
diagnosis and good donor care are of great importance, especially for paediatric patients waiting for organ transplants.
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Introduction

Brain death (BD) is a clinical condition characterized
by the irreversible loss of all brain functions, including
the brain stem (1). Patients diagnosed with BD can be
accepted as organ donors by obtaining family consent for
the transplantation (1,2). In Turkey, the diagnosis of BD is
made in accordance with the Turkish Law numbered 2,238
called "Harvesting, Storage, Grafting, and Transplantation

of Organs and Tissues” (passed on June 3", 1979) with article
11 establishing the cause of death and saying ‘In connection
with the enforcement of this law, the case of medical
death is established unanimously by a committee of 4
physicians consisting of one cardiologist, one neurologist,
one neurosurgeon, and one anesthesiologist, according to
the rules, methods, and practices equivalent to the level

of science reached in the country’. Also, a subsequent
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amendment numbered 6,514 made according to the law
which was adopted on the 2" of January 2014 established
that BD must be diagnosed by acommittee of two physicians;
one neurologist or neurosurgeon and one anesthesiology
and reanimation specialist or intensive care specialist (3,4).
Despite its acceptance as a legal mode of death in Turkey
since 1979, progress in the awareness and declaration of BD
has been slow and difficult in the pediatric population.

The number of patients waiting for organ transplantation
due to organ failure is increasing in Turkey as in many other
countries. The one and only treatment for these patients is
organ transplantation (5). Therefore, the diagnosis of BD
and the provision of good care for the donor have become
more important for patients waiting for life saving organ
transplantation. Approximately 25,000 patients are on a
waiting list for organ transplantation in Turkey according to
the current data (6).

The incidence of BD in the pediatric intensive care
unit (PICU) is between 16% and 20% (7,8). In developed
countries, acute brain injuries are the most common cause
of BD in pediatric patients with traumatic brain injuries
(TBI). TBI is the leading cause of death in children over 1
year of age (9-11). Diagnosis criteria for BD vary between
countries due to some variables such as the requirement
of certain tests and the number of physicians needed to
establish the diagnosis. There have been a limited number
of studies conducted on children regarding the diagnosis of
BD and the subsequent process.

In this study; the demographic characteristics of
pediatric patients diagnosed with BD in the last 4 years at
the PICU of our hospital were examined retrospectively
along with the confirmatory tests used in the diagnosis, the
time to the occurrence of cardiac arrest after the diagnosis
and the acceptance or rejection rates concerning organ
donations of the families.

Materials and Methods

Twenty-three pediatric cases with a diagnosis of BD were
retrospectively analyzed at Goztepe Training and Research
Hospital in the tertiary level of PICU, between March 2015
and September 2019. This study was granted permission by
the Ethical Board of Medeniyet University, Goztepe Training
and Research Hospital (approval number: 2019/0328).

The BD diagnosis was made in accordance with the
conditions outlined in the applicable law and the criteria
specifiedinthe guidelines(3,12). An apnea test was performed
after the establishment of normothermia, normotension,
normovolemia and the value of arterial blood gas partial
carbon dioxide pressure (PaCO,) was between 35-45 mmHg

and partial oxygen pressure (PaO,) was above 200 mmHg.
Patients who did not meet these criteria or those who
were hemodynamically unstable were not subjected to the
apnea test. The result of the apnea test was considered
positive in the absence of spontaneous breathing, despite
the establishment of PaCO, 260 mmHg and/or an increase
by 20 mmHg or more from the baseline. Brain computed
tomography angiography (CTA) or transcranial doppler
ultrasonography (dUSG) was performed as a confirmatory
test in cases where an apnea test could not be performed or
completed and in patients for whom it was not desirable to
wait for a second neurological examination.

The age and gender of the patients were recorded, and
also the clinical conditions leading to BD were grouped
and recorded under six headings as follows; TBI, brain
neoplasm, cardiac arrest, intracranial hemorrhage (non-
traumatic), central nervous system infection and other
causes. In addition; archive files, computer records, and
BD declaration forms were evaluated. The time from the
PICU admission to the diagnosis of BD (admission - BD
diagnosis time), the time from suspicion of BD to final
diagnosis (duration of diagnosis of BD), duration of survival
after diagnosis of BD, confirmatory tests used, whether or
not an apnea test was performed, and inherent alterations
[such as diabetes insipidus (polyuria, urine density <1.005,
and serum Na level >145 mEq/dL), hyperglycemia (blood
glucose >180 mg/dL), hypothermia (<35 °C)] that occurred
following the diagnosis of BD were recorded. The organ
donation rate and the type and number of organs harvested
were determined using data obtained from the department
of organ transplantation coordination.

Statistical Analyses

The data were evaluated using SPSS version 18.0 (SPSS,
Inc., Chicago, IL). Categorical variables were presented
as frequency and percentage. Continuous variables were
presented as mean + standard deviation [(minimum (min),
maximum (max)].

Results

In the study period, a total of 1,738 admissions were
recorded at the PICU with an overall mortality rate of 6.9%
(n=121). Within this period, there were 23 BD declarations.
The frequency of BD was 1.3% in our patient population.
The mean age of those children diagnosed with BD was
5.5+4.9 (min: 0.4, max: 15 years) years. From these, 65.2%
of patients (n=15) were male and 34.8% (n=8) were female.
The causative mechanism leading to BD was classified into
six groups, out of which the most common diagnosis was
TBI with a rate of 39.3% (n=9) (Table I).
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Among those patients with certified BD, the meantime
from PICU admission to BD diagnosis was 5.7+5.5 days
(min: 1, max: 24 days). The time period from suspicion of
BD to the final diagnosis was 1.6+0.7 days (min: 1, max: 3
days) and the meantime to the occurrence of cardiac arrest
after the diagnosis of BD was 13.1£21.6 days in non-donor
cases (min: 1, max: 95 days). An apnea test was applied
in all cases for the proper diagnosis of BD. The test could
not be completed due to hemodynamic and respiratory
instabilities in four cases. Regardless of the outcome of
apnea test, all patients underwent confirmatory testing
(radiological imaging) to avoid unnecessary waiting for a
second neurological examination. As a confirmation test,
brain CTA was performed in 19 (82.6%) of the patients,
transcranial dUSG was performed in one patient (4.4%)
and both brain CTA and transcranial dUSG were performed
in 3 (13.0%) of the patients. Regarding certain alterations
that follow BD, 34 alterations were observed in 23 patients.
Among these alterations, 56.5% (n=13) developed DI, 52.2%
(n=12) developed hypothermia, and 39.1% (n=9) developed
hyperglycemia. Four patients became organ donors (17.4%).
From these four donors, 8 kidneys, 4 livers and 2 hearts were
transplanted successfully. The detailed analyses of the 23
children with BD are shown in Table II.

Discussion

We assume that our findings may be considered
acceptable as a representation of tertiary level PICUs in
Turkey. We reported the incidence rate of BD to be 1.3% in
our PICU. In the adult ICU settings, the reported incidence
was 2.7% (13). Our observed BD rate seems to be similar to
previous reports in the literature (14,15).

In our study, it is reported that BD was more frequent in
patients with severe TBI in the PICU. According to our study,
39.3% of BD cases occurred after trauma. However, in other
PICUs, trauma was responsible for 8.6-73% of all BD cases
in Turkey (15-17).

There are several past studies which evaluated the
following; the duration of the diagnosis of BD, the duration
of survival after its diagnosis and the time from ICU
admission to BD diagnosis. Sucu et al. (18) performed
a study in pediatric patients and found that the mean
duration of the diagnosis of BD was 2.1+1.1 days. In another
study, this period was found to be 5.9+1.3 days (17). The
present study revealed that the duration of the diagnosis
of BD was 1.6x0.7 days. Meanwhile, Ozmert et al. (17)
conducted a study and found that the mean duration of
survival after diagnosis of BD was 6.9+7.4 days with the
longest surviving case reported to be 25 days. In another
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study, these periods were 6.8 days for patients less than18
years old and 2.5 days for those greater than 18 years old
(19). In our study, the duration of survival after the diagnosis

of BD was found to be 13.1£21.6 days, which is longer than

Table I. Demographic and clinical characteristics of the patients

Variables Values
Age (years), mean + SD (min-max) 5.5+4.9 (0.4-15)
Gender, n (%)
Male 15 (65.2)
Female 8 (34.8)
Causative Mechanisms, n (%)
Traumatic brain injury 9(39.3)
Falls 5(21.8)
Motor vehicle accident 4 (17.5)
Brain neoplasm 3(13.0)
Cardiac Arrest 3(13.0)
Asphyxia 2(8.7)
Trauma 1(4.3)
Intracranial haemorrhage 3(13.0)
Arteriovenous malformation 2(8.7)
Subarachnoid haemorrhage 1(4.3)
Central nervous system infection 2(8.7)
Other 3(13.0)
Hydrocephaly 1(4.3)
Shock and Multiple organ failure 2(8.7)
Confirmatory tests
Brain CTA 19 (82.6)
Transcranial dUSG 1(4.4)
Brain CT angiography + Transcranial dUSG 3(13.0)
Alterations that follow brain death, n (%)
Diabetes insipidus 13 (56.5)
Hypothermia 12 (52.2)
Hyperglycaemia 9 (39.1)
*PICU admission - BD diagnosis time, mean + SD | 5.6+5.5 (1-24)
(min-max)
Duration of diagnosis of BD (days), mean + SD 1.6+0.7 (1-3)
(min-max)
Duration of survival after diagnosis of BD (days), | 13.1+21.6 (1-95)
mean * SD (min-max)
Organ donation, n (%) 4(17.4)

SD: Standard deviation, CTA: Computed tomography angiography, dUSG:
Doppler ultrasonoghraphy, PICU: Paediatric intensive care unit, BD: Brain
death, *: The time from the PICU admission to the diagnosis of BD, °: The time
from suspicion of BD to final diagnosis, Min: Minimum, Max: Maximum
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Table Il. Detailed analysis of brain death patients

Duration Duration Apnoea
PICU of of survival test
. " admission- . . after
Patient | Age Gender Diagnosis Confirmatory BD diagnosis diagnosis diagnosis | Complications
no (years) tests R of BD
time (days) (days) of BD
Y (days)
1 4.6 Male Tuberculous CTA n 2 5 DI, hypothermia, | Yes
meningoencephalitis hyperglycaemia
2 7.8 Male Diffuse intrinsic Transcranial 1 1 1 o Yes
pontine glioma duscG
3 14.9 Female Arteriovenous CTA 2 1 9 DI, hypothermia | Yes
malformation
4 9.2 Male Diffuse intrinsic CTA 10 3 Donor Hypothermia Yes
pontine glioma
5 9.3 Male Non-traumatic CTA il 2 2 ¢ No
subarachnoid
haemorrhage
6 4.9 Male Cardiac arrest CTA 1 1 14 DI, hypothermia | Yes
(trauma)
7 3 Male Fall CTA 2 1 2 DI, Yes
hyperglycaemia
8 3 Female Meningoencephalitis | Transcranial 6 2 34 DI, hypothermia, | Yes
(unidentified) dUSG CTA hyperglycaemia
9 0.8 Female Fall Transcranial 9 3 17 DI, hypothermia | Yes
dUSG CTA
10 0.6 Male Motor vehicle Transcranial 3 1 1 Hypothermia Yes
accident dUSG CTA
11 12 Female | Motor vehicle CTA 8 2 Donor ¢ Yes
accident
12 6.3 Male Motor vehicle CTA 14 2 22 DI, Hypothermia | Yes
accident
13 2.2 Male Fall CTA 1 1 1 Hyperglycaemia | No
14 2.2 Female Shock CTA 4 2 95 DI, Yes
hyperglycaemia
15 1.8 Male Glioblastoma CTA 4 2 3 DI Yes
multiforme
16 1.5 Female Fall CTA 1 1 1 ¢ Yes
7 0.4 Female Shock CTA 5 2 3 Hypothermia No
18 14.4 Male Ventricular shunt CTA 24 3 1 Hypothermia Yes
malfunction
19 1 Female Asphyxia CTA 3 1 4 DI No
20 15 Male Arteriovenous CTA 3 1 Donor DI, Yes
malformation hyperglycaemia
21 3 Male Asphyxia CTA 3 1 Donor DI, Yes
Hyperglycaemia
22 1.8 Male Fall CTA 2 1 9 Hypothermia Yes
23 6.8 Male Motor vehicle CTA 3 1 15 DI, hypothermia, | Yes

accident

hyperglycaemia

PICU: Paediatric intensive care unit, BD: Brain death, CTA: Computed tomography angiography, dUSG: Doppler ultrasonography, DI: Diabetes insipidus

253




Duyu and Karakaya.
Brain Death in Paediatric Intensive Care

what is seen in the literature. The reason for this longer
period might be due to the fact that the longest surviving
BD case in our study had 95 days of life after her diagnosis of
BD and she is the longest surviving patient in the literature
as far as we are aware.

In the physiopathology of BD, theirreversible loss of brain
functions leads to the disruption of the central regulatory
mechanisms. Hypothalamic pituitary adrenocortical
regulation ceases. Antidiuretic hormone deficiency occursin
65-90% of those patients with BD due to neurohypophyseal
damage (20). Hypothermia is inevitable as the primary
thermoregulation center is affected by hypothalamic
injury, and vasoplegia-induced body heat loss occurs (21).
In our study, DI was observed in 56.5% of BD cases, and
hypothermia was observed in 52.2% of cases. In parallel,
Bonetto et al. (8) found similar complication rates in their
study.

Out of the 23 cases in our study, only 4 (17.4%) families
agreed to organ donation. Previous studies on pediatric
BD patients from Turkey determined different donation
rates varying from 0% to 27% (15-18). The organ donation
rate was found to be 47% in 135 BD cases in a study from
Canada which was based in four different PICU centers (22).
In a multicenter study from Argentina, 147 cases of BD were
evaluated and the organ donation rate was found to be 25%
(8).

Colchet et al. (23) evaluated the factors affecting organ
and tissue donation and reported that religious beliefs and
to a lesser extent personal fears and concerns about the
integrity of body parts have reduced organ donation rates.
Similarly, we found that most of the families did not accept
organ donation either because of religious beliefs or an
unwillingness to disrupt body integrity. However, factors
affecting organ donation rates are not limited to beliefs.
In one study, the authors reported that the coordinator
of organ transplantation who communicated with the
families about organ donation had a significant effect (24).
Another study which included 268 patients with a family
approval rate of 78.4% for organ donation revealed that the
organ donation approval rate increased with the increased
frequency of meetings held by an organ transplantation
coordinator with the family after the declaration of BD
(25). As can be seen, family approval rates for organ
donation vary greatly in different health centers. We believe
that regular and effective interviews conducted by an
experienced and trained organ transplantation coordinator
from the beginning of the process will increase donation
rates.
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The final decision of BD diagnosis and management
in the subsequent period vary according to the medical
and legal regulations in different countries. The clinical
evaluation must be verified by more than one physician in
many countries as is also the case in Turkey. Until recently,
approval of a neurologist, neurosurgeon, cardiologist and
anesthesiologist were required for the declaration of BD as
enforced by the law which was in force at that time. With
an amendment in 2014, the approval of two physicians, one
neurologist or neurosurgeon and one anesthesiologist and
reanimation specialist or intensive care specialist is now
sufficient for a diagnosis of BD (3). According to the law;
in the presence of the clinical findings of BD and apnea
test positivity, a second neurological examination should
be performed at intervals varying according to age groups.
The diagnosis of BD is established when clinical findings of
BD persist in the second neurological examination which is
conducted after a 48 hour period in infants less than 2 months
old, after 24 hours in infants aged between 2 months to 1
year, after 12 hours in children above 1year old and in adults,
and after 24 hours in the presence of cardiopulmonary
arrest or acute hypoxic-ischemic brain injury (3). If an apnea
test cannot be performed for the diagnosis of BD or the
established time for a second neurological examination
is not appropriate, then confirmatory tests for cerebral
blood flow (brain CTA, transcranial dUSG, magnetic
resonance imaging angiography and brain scintigraphy) or
Electrophysiological tests [electroencephalogram (EEG) and
evoked potentials] should be performed (3). In our study,
the apnea test was performed in all suspected BD cases.
However, the test could not be completed in four patients
due to hemodynamic and respiratory instabilities. In our
study, confirmation tests (brain CTA, transcranial dUSG)
were performed in all cases because of the requirement
for patients who could not undergo the apnea test and
also an unwillingness to wait for the second neurological
examination in some cases. In our study, brain CTA was the
most preferred confirmatory test (82.6%). There were two
main reasons to prefer this method; first of all, it was easy
to transport patients to the imaging service/center which is
located near to the PICU, secondly, it was difficult to find a
neuroradiologist with sufficient experience in transcranial
dUSG. In addition to brain CTA as a confirmatory test, there
are some centers which prefer transcranial dUSG or EEG as
well (8,16-19).

Livers, kidneys and hearts were the solid organs which
were donated and successfully transplanted in our unit.
Although in Turkey, the transplantation of livers and kidneys
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are seen frequently, cadaveric transplant rates are not as
frequent as kidney and liver transplantations (26). A total
of 27,146 organ transplantation procedures were carried
out between January 2008 and December 2016, and only
27% of them were harvested from cadavers. (Data acquired
from the Turkish Ministry of Health, Directorate for General
Health Service, Organ, Tissue Transplantation and Dialysis
Services Department). Raising awareness of BD with its
early diagnosis, good donor care and awareness of the
importance of organ donation in the society may increase
organ transplantation rates from cadavers.

Conclusion

We concluded that patients with severe TBI are the most
likely candidates for BD declaration and are suitable for
organ donation to those children in need. Early diagnosis
and good donor care are of great importance, especially
for pediatric patients waiting for organ transplants. The
organ transplantation rates from a cadaver are still far
below the targeted rates in Turkey. Careful and planned
public educational broadcasting campaigns with spiritual
and religious leaders’ speeches addressing the concerns
of the relatives of patients may increase donation rates.
In addition, we believe that donation rates may increase
if family meetings are held by a trained and experienced
coordinator.
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