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ABSTRACT

Objectives: More than six million people worldwide are affected by end-stage organ failure and the COVID-
19 pandemic has dramatically changed organ and tissue donation.

Methods: The data of patients diagnosed with brain death between July 2018-March 2020 (pre-pandemic
period) and April 2020-December 2021 (pandemic period) were analyzed retrospectively. Donor characteristics,
laboratory levels, time from intensive care admission to determination of brain death, time to family approval,
family approval rates and organ types were analyzed.

Results: The mean age of 56 patients with pre-pandemic diagnosis of brain death was 61.82 +21.39 years, 37
(63%) patients were donors and 53 organs were obtained. Mean age of 39 patients diagnosed with brain death
during the pandemic was 58.26 + 18.02 years and 38 organs were obtained from 21 (52.5%) donors. Between
the two periods, there was a decrease of 30.35% in the diagnosis of brain death, 43.24% in the number of
donors and 26.41% in the number of organs supplied. The most common cause of brain death was intracranial
hemorrhage during both periods. While the time elapsed between family interview and surgery was 9.33 +
2.19 hours before the pandemic, it was 15.29 + 4.28 hours during the pandemic period (p = 0.01). There was
a significant difference between C-reactive protein levels at the time of diagnosis of brain death (p < 0.05).
Staphylococcus haemolyticus was most frequently seen in blood culture.

Conclusions: Brain death and organ donation have decreased significantly during the pandemic period
compared to previous years, similar to research conducted in different countries and regions. Due to COVID-
19, prolonged stays in the intensive care unit (ICU) may pose a risk of infection in ICU donors, and care should
be taken in terms of donor loss.
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continuity of transplantation processes, especially
heart and lung, which can be done through cadaver
donors [1]. Organ procurement from living donors
presents some difficulties. With the increasing impor-
tance of organ donation from cadavers, the importance
of brain death diagnosis, organ donation and donor
care has increased even more. It is characterized by
the clinical condition that includes irreversible brain
death with loss of cerebral function, apnea and ab-
sence of brainstem reflexes [2]. In many countries, the
guidelines of the American Academy of Neurology are
used as an example for brain death conditions, diag-
nosis and supportive tests [3].

There have been significant medical and techno-
logical advances in intensive care. Despite all these
developments, the inability to diagnose brain death
causes insufficient organ donation. This poses a seri-
ous problem for patients awaiting organ transplants.
Early detection of potential donors, successful organ
donation from families, and correct management of
these donors are issues that need to be emphasized.
Poor care of potential donors, prolonged family ap-
proval and donation process may lead to organ loss [4,
5].

Announced on March 11, 2020, the COVID-19
pandemic has dramatically changed organ and tissue
donation. COVID-19 presents some difficulties in har-
vesting organs from living donors. With the increasing
importance of cadaveric organ donation, the impor-
tance of brain death diagnosis, organ donation and
donor care has increased even more. Recipients are at
increased risk due to immunosuppressive drugs, pro-
longed hospital stay, and possible transmission from
asymptomatic infected donors. In addition, there is a
risk of contamination for health personnel working in
organ transplantation. The risk of transmitting
COVID-19 by organ transplant of an organ donor, who
1s infected with SARS-CoV-2, is still unknown. Trans-
mission is affected by the incubation period of the
virus, the degree of viremia, epidemiological risk fac-
tors, and viability in blood and organs. Also, real-time
PCR, which is commonly used for laboratory confir-
mation of COVID-19, is not 100% sensitive. In this
context, it is recommended to follow the guidelines
published by the National Organ and Tissue Trans-
plantation Organization [6]. We evaluated the COVID-
19 pandemic process and tried to draw attention to the

differences with the pre-pandemic period so that it can
be corrected.

METHODS

Patient Characteristics

The medical records of patients diagnosed with brain
death in the Intensive Care Unit of Balikesir Atatiirk
City Hospital between July 2018 - March 2020 (pre-
pandemic period) and April 2020 - December 2021
(pandemic period) were retrospectively reviewed and
donor characteristics (gender, age, cause of brain
death), Glasgow Coma Scale scores at intensive care
unit admission, time from intensive care unit admis-
sion to determination of brain death and time from
family consent to procurement, family consent rates
and organ types were analysed by anonymising de-
tails. The results of C-reactive protein (CRP), white
blood cell count (WBC), blood sodium (Na), Creati-
nine levels and cultures (tracheal aspirate, urine and
blood) were evaluated on the day of admission to the
intensive care unit and the day of diagnosis of brain
death.

COVID-19 Period Brain Death Diagnosis and
Evaluation

During the pandemic process, potential donors
were screened for COVID-19 according to the recom-
mendations of the Scientific Committee of the Min-
istry of Health. Real-time polymerase chain reaction
(RT-PCR) tests were required according to this in-
struction. SARS-CoV-2 RT-PCR tests were requested
at least twice at 24-hour intervals from the patients' in-
tratracheal aspirate samples. The patient's data was re-
ported to the National Coordination Center by the
transplant coordinators together with the SARS-CoV-
2 RT-PCR results. All donors had at least one thorax
computed tomography scan performed during hospi-
talization. All organ donors were consulted by Infec-
tious Diseases and Clinical Microbiology doctors and
Chest Diseases doctors for suspected COVID-19.
Ethical approval was obtained for the study from the
local ethics committee of Balikesir University (Date:
07.09.2022, Decision no: 2022/100). This study was
conducted in accordance with the tenets of the Decla-
ration of Helsinki Principles.
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Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences 20.0 software (Statis-
tical Package for the Social Sciences version 20, IBM
Corp., Armonk, New York, IL, USA) software.
Whether the variables fit the normal distribution or not
was evaluated with the Kolmogorov - Smirnov test.
Student -t test was used for the comparisons between
groups of normally distributed continuous data. Para-
metric data with normal distribution were presented
as mean * standard deviation (SD). Values with p <
0.05 were considered statistically significant. Categor-
ical variables are presented as frequency and percent-
ages.

RESULTS

The mean age of 56 patients diagnosed with brain
death before the pandemic was 61.82 + 21.39 years,
37 (63%) patients were donors and 53 organs were re-
covered. Mean age of 39 patients diagnosed with brain
death during the pandemic was 58.26 + 18.02 years
and 38 organs were obtained from 21 (52.5%) donors.
The procured organ details are shown in Table 1. Be-
tween the two periods, there was a decrease of 30.35%
in the diagnosis of brain death, 43.24% in the number
of donors and 26.41% in the number of organs pro-
cured. 51.6% of the patients were male and 48.4%
were female. In the pre-pandemic period, one patient
died while distribution was ongoing, and organ har-
vesting was not performed from 13 patients for med-
ical reasons. During the pandemic period, three
patients died while distribution was ongoing, and three
families did not come to the meeting. Due to the sus-
picion of COVID-19 in two patients and COVID-19
positive in three patients during the donor preparation
process, organ removal procedures were terminated.
Organ removal was not performed in three patients for

medical reasons, and in one patient due to organ is-
chemia during surgery. In this process, 2663 of 10999
patients hospitalized in intensive care units were diag-
nosed with COVID-19.

The most common cause of brain death was in-
tracranial haemorrhage both before and during the
pandemic. While trauma patients were the 2™ in the
pre-pandemic period, other intracranial events were in
the second rank during the pandemic period (Table 2).
While %33.9 of the patients with brain death had A Rh
(+) blood group during the pandemic and %28.2 be-
fore the pandemic, %28.6 and %28.2 had O Rh (+)
blood group and there was no significant difference
between blood groups in terms of blood groups (Table
2).

CRP, WBC, Na and Creatinine levels of the pa-
tients were scanned and compared with each other at
the time of hospitalization and at the time of brain
death, both before and during the pandemic. A statis-
tically significant difference was found between CRP
levels at the time of diagnosis of brain death before
and after the pandemic (p < 0.05). When the CRP,
WBC, Na and creatinine levels of the patients before
and during the pandemic were compared with the lev-
els at the time of intensive care admission and brain
death diagnosis, CRP, Na and creatinine levels were
higher at the time of diagnosis of brain death, and there
was a statistically significant difference. There was no
significant difference between WBC levels (Table 3).

The time elapsed between admission to the inten-
sive care unit and diagnosis of brain death was 115.37
+ 89.1 hours and 124.66 + 152.68 hours before and
during the pandemic, respectively. While the time
from family interview to surgery was 9.33 + 2.19
hours before the pandemic, it was found to be 15.29 +
4.28 hours during the pandemic period, and there is a
statistically significant difference (p = 0.01) (Table 2).

Blood, urine and tracheal aspirate cultures were
sent from potential donors with brain death. In the pre-

Table 1. Organs procured from brain-dead patients

Before COVID-19

During COVID-19

(n = 56) (n = 39)
Kidney, n (%) 31 (55.35) 25 (64.10)
Liver, n (%) 19 (33.92) 10 (25.64)
Heart, n (%) 3(5.35 2(5.12)
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Table 2. Baseline characteristics of patients

Before Pandemic During Pandemic p value
(n =56) (n =39)
Age (years) (mean £ SD) 61.82 +£21.39 58.26 +18.02 0.460
Gender, n (%)
Male 30 (53.6) 19 (48.7)
Female 26 (46.4) 20 (51.3)
Primary hospital admission
diagnosis, n (%)
Intracranial hemorrhage 17 (30.35) 17 (43.58)
Head trauma 11 (19.64) 2 (5.12)
Postcardiorespiratory arrest 10 (17.85) 2 (5.12)
Ischemic stroke 9 (16.07) 4 (10.25)
Subarachnoid hemorrhage 5(8.92) 4 (10.25)
Blood group, n (%)
A Rh (+) 19 (33.9) 11 (28.2)
0 Rh (+) 16 (28.6) 11 (28.2)
B Rh (+) 14 (25) 5(12.8)
A Rh(-) 3(54) -
AB Rh (1) 3(54) 6 (15.4)
ORh (-) 1(1.8) 3(7.7)
AB Rh () - 2 (5.1)
Time from Intensive care unit 115.37 + 89.1 124.66 + 152.68 0.310
admission to diagnosis of death
(mean + SD)
Time from family interview to 9.33 £2.19 15.29 +£4.28 <0.001

surgery (mean = SD)

Table 3. Laboratory values of patients diagnosed with brain death

Before Pandemic p value During Pandemic p value
CRP (mg/dL) (ICU) 2.25+4.01 <0.05 4.44 +£6.71 <0.05
CRP (mg/dL) (BD) 13.81 £ 14.30 14.10 + 8.48
WBC (X 10°/L) (ICU) 13.83 £ 6.27 0.293 16.83 + 8.89 0.658
WBC (X 10°/L) (BD) 15.07 £ 8.57 16.04 = 7.24
Na (mEq/L) (ICU) 138.73 + 4.44 <0.05 138.95 +4.01 <0.05
Na (mEq/L) (BD) 153.75 + 15.78 153.90 + 18.95
Creatinin (mg/dL) (ICU) 1.33+1.43 <0.05 1.31 £1.28 <0.05
Creatinin (mg/dL) (BD) 1.96 + 1.48 2.09 +1.46

CRP = C-reactive protein, WBC = white blood cell, Na = Sodium, ICU = Intensive care unit, BD = Brain death
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pandemic period, the most common microorganisms
were Staphylococcus haemolyticus in blood culture,
Escherichia coli in urine culture, and Acinetobacter
baumanii, Burkholderia cepacia, Staphylococcus au-
reus in tracheal aspirate. During the pandemic period,
S. haemolyticus was the most common in blood cul-
ture, no positivity was detected in urine culture, while
E. coli and Klebsiella oxytoca were seen in tracheal
aspirate culture.

DISCUSSION

During the COVID-19 pandemic, it was observed that
there were serious decreases in the number of organ
donations and family consent all over the world and
in Turkey. Especially in the early stages of the pan-
demic, the number of organ donations and transplants
has decreased worldwide, as in Turkey. In 2020, the
diagnosis of brain death in our country decreased by
25% when evaluated according to the last 10 years,
and 40% when evaluated compared to the previous
year. Family consent rate decreased by 25% when
evaluated according to the average of the last 10 years,
and decreased by 50% when evaluated compared to
the previous year [7].

According to the data of the Ministry of Health,
2309 patients were diagnosed with brain death in 2019
in Turkey. Six hundred nineteen family consents were
obtained from 2309 patients. 2504 organs were har-
vested from these patients. When compared, the num-
ber of diagnosed brain death in 2020 and 2021 was
1391 and 1421, respectively, the number of family
consents was 263 and 305, and the number of organs
accepted for donation was 1059 and 1250, respectively
[8].

In our study, 37 of our 56 patients diagnosed with
brain death before the pandemic were donors, while
53 organs were recovered. During the pandemic, 21
of 39 patients became donors and 38 organs were pro-
vided. Between the two periods, there was a 30.35%
decrease in the diagnosis of brain death, a 43.24% de-
crease in the number of donors and a 26.41% decrease
in the number of organs supplied. Donations could not
be received from 39 potential donors who were diag-
nosed with brain death during the pandemic period,
because three families did not come to the meeting,

two patients had a suspicion of COVID-19 and three
patients were SARS-CoV-2 RT-PCR positive. Causes
directly related to COVID-19 resulted in a 20.51% re-
duction in donors.

During the pandemic, family interviews were gen-
erally conducted by telephone around the world [9].
In a study in Israel, the first family contact was made
via telephone for 18% of potential donors, and it was
suggested that this negatively affected the donation
process [10]. Organ transplant coordinators at our cen-
ter continued face-to-face meetings, observing preven-
tive measures against infection. The decision to donate
organs is often made in complex situations. The fact
that families are in the acute period, which includes
the bereaved period, may prevent emotional confusion
and clarity about brain death. This negatively affects
family decision-making and grieving, causing distress.
There are many reasons that affect family approval in
organ donation. Among the various reasons for not ac-
cepting donations, he cited variants of emotional ex-
haustion and inadequate staff responsiveness and
coping with family pain [11]. The donor rate was 63%
among 56 patients with pre-pandemic diagnosis of
brain death. During the pandemic, there was a de-
crease in both the number of brain death (n = 39) and
the rate of being a donor (52.5%). It is known that the
family consent rate for organ donation in Europe is be-
tween 50% and 80%, consistent with our study. These
rates are lower in Asian countries due to religious be-
liefs and the rate of practical consent is not well known
[11-13]. It is clear that innovative technological solu-
tions need to be worked on to increase virtual interac-
tions with family members in times of crisis such as
pandemics [10].

Viral RNA samples of SARS-CoV-2, which is pri-
marily airborne and transmitted by droplet routes,
have also been detected in hepatocytes, renal tubular
cells and myocardium in critically ill patients. This
raises concerns that infection may be transmitted from
the donor [14]. Some authors argue that as the impact
of the pandemic changes, existing recommendations
should be reassessed. They suggested that for patients
with life-threatening organ dysfunction who are un-
likely to find a suitable and timely infected match,
organ transplantation from SARS-CoV-2-infected but
carefully selected donors could be lifesaving for these
patients [ 15]. Our five patients, no organ removal was
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performed due to the suspicion or positivity of
COVID-19.

In a study, it was observed that the most common
cause of brain death was intracerebral hemorrhage
(42%), followed by traumatic brain injury (343/1844,
19%) [16]. Intracranial hemorrhage was the most com-
mon cause of brain death in different studies during
the COVID-19 pandemic [17, 18]. Similarly, in our
study, the most common cause of brain death was in-
tracerebral hemorrhage both in the pre-pandemic pe-
riod and during the pandemic period. In the
pre-pandemic period, trauma patients were in the sec-
ond rank, while other intracranial events were in the
second rank during the pandemic period. The reason
for this is thought to be the decrease in trauma cases
due to pandemic bans. In the first wave of the pan-
demic, this was a 4.5% reduction in donors who died
from trauma, and a 25% reduction in donors who died
from traffic accidents [19].

Different results have been obtained in studies ex-
amining the effect of brain death diagnosis time on
family donation rate. Kirakli et al. [20] reported that
the definitive diagnosis period of brain death was sig-
nificantly shorter in those who accepted organ dona-
tion. Researchers have suggested that the shortening
of the definitive diagnosis of brain death may increase
the organ transplant acceptance rate of families. Lust-
bader et al. [21] in their study, they reported that the
number of donors decreases as the duration of brain
death diagnosis increases, and they recommended not
to waste time for a second neurological examination.
In a study, cases diagnosed with brain death were di-
vided into “early diagnosed group (diagnosed with
brain death before 48 hours following ICU admis-
sion)” and “delayed diagnosis group (diagnosed after
48 hours following ICU admission)”, donation rate
was 73%, and 55% in those diagnosed late [11]. The
time elapsed between admission to the intensive care
unit and diagnosis of brain death was 115.37 + §9.1
hours and 124.66 + 152.68 hours before and during
the pandemic, respectively. While the time between
family interview and surgery was 9.33 + 2.19 hours
before the pandemic, it was found to be 15.29 + 4.28
hours during the pandemic. We did not examine the
relationship between diagnosis time and donation rate.
In a study conducted in our country, the time between
admission to the intensive care unit and diagnosis of

brain death was found to be 4 (IQR 5) days and 4 (IQR
12) days before and during the pandemic, respectively.
In the same study, the duration of organ donation was
found to be 8.5 = 2.12 hours in the pre-pandemic pe-
riod and 54 + 11.53 hours in the pandemic period [17].
In another study, the median time from admission to
the intensive care unit to the diagnosis of brain death
was 4 (min-max, 1.0-36.0) days during the pandemic
period [18]. Balkaya et al. [22] found similar results
with our study as the time between admission to the
ICU and diagnosis of BD was 114 + 92.8 (11-360)
hours.

Infection of the donor with any pathogen causes
concern in organ transplantation. Many transplant cen-
ters are not willing to harvest organs from patients
with bacteremia. In contrast, some centers are care-
fully examining documented cases of bacteremia from
potential donors who have recently received adequate
antibiotic therapy. Long-term ICU stays due to addi-
tional considerations on donors potentially increase
the risk of ICU-derived infections. Patients under me-
chanical ventilation and invasive hemodynamic mon-
itoring should be alert to complications such as
ventilator-associated pneumonia and catheter-related
infection. Infection control measures, rapid screening
of blood cultures and, if necessary, appropriate antibi-
otic therapy can reduce donor loss [17, 18]. In this
study, blood, urine and tracheal aspiration samples
from potential donors with brain death were con-
ducted. During the pandemic period, the most com-
mon microorganisms were S. haemolyticus in blood
samples, E. coli in urine samples, and 4. baumanii, B.
cepacia, S. aureus in tracheal aspirate samples. During
the pandemic period, S. haemolyticus was the most
common in blood samples, no growth was detected in
urine samples, E. coli and K. oxytoca were seen in tra-
cheal aspirate samples. When the values of the patients
before the pandemic and at the time of the diagnosis
of brain death were compared, CRP values of the pa-
tients were higher than at the time of the diagnosis of
brain death. In another study conducted in our country,
CRP elevation was found in the diagnosis of brain
death [17].

As the duration of brain death diagnosis increases,
the survival expectancy of patients and the stress and
sadness of families increase, especially in poorly in-
formed families. The use of supportive diagnostic tests
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other than neurological examination and apnea test in
the brain death diagnosis process may be effective in
shortening the diagnosis period. In addition, positive
communication with the family from the moment the
patient is taken to the intensive care unit and providing
sufficient information about the treatment steps can
eliminate the negative effects on donation rates.

Limitations

There are some limitations of our study, such as
being single-centered and retrospective, not investi-
gating the characteristics of families and what influ-
ences family decisions, and not including detailed
information about family interview conditions.

CONCLUSION

In this study, the organ donation process during the
COVID-19 period was examined. There was a de-
crease of 30.35% in the diagnosis of brain death,
43.24% in the number of donors and 26.41% in the
number of organs supplied. The time between family
interview and surgery was significantly longer during
the pandemic period. Brain death procedures should
be carried out quickly due to the increased risk of in-
fection and deterioration of the general condition.
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