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Objective: The interval from brain death (BD) to
organ harvesting is critical to the success of trans-
plantation. We evaluated the time from BD onset to
harvesting and analyzed sources of delay.
Materials and Methods: This retrospective study
was conducted from January 1999 to December
2003. Time intervals analyzed to determine the caus-
es of delay were: time of admission to the intensive
care unit (ICU), to the report to the Saudi Center for
Organ Transplantation (SCOT), to the documenta-
tion of BD, to organ retrieval and/or cardiocircula-
tory cessation without organ retrieval.

Results: During the 5-year analysis, 1834 people
were reported to the SCOT. Of those, more than
1511 (80%) were reported during their first week of
treatment in the ICU, and BD was documented in
1099 (59.9%). The mean interval from ICU admission
to organ retrieval or cardiac arrest was 10.3 days
and that from admission to the report to the SCOT
was 5.6 days. In the consensual group, the mean
interval from the documentation of BD until harvest-
ing was 2 days, and that from documentation until
cardiocirculatory cessation without organ retrieval in
the nonconsensual group was 5 days. All subjects
demonstrated a significant decrease in systolic blood
pressure and a significant increase in plasma sodium
and serum creatinine levels. The body temperature,
serum plasma levels of sodium, and kidney function
(measured by the serum creatinine level) of poten-
tial donors were compared, and patients with
hypothermia, hypernatremia, or renal failure had a
shorter stay in the ICU.
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Conclusions: Fewer than 30% of the patients could
be maintained on mechanical support for more than
1 week after the declaration BD. It is crucial that we
increase hospital-staff awareness about the impor-
tance of organ donation and transplantation,
improve the identification of BD candidates, and
enable the early reporting and documentation of
BD.
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The Kingdom of Saudi Arabia (KSA) has an area of
about 2.2 million square kilometers, and in 2003, the
population was estimated at about 22 million [1]. The
Kingdom has a well-organized healthcare network
that includes renal replacement therapy and organ
transplantation programs. Initially, renal transplanta-
tion was performed with living-related donors. In
1982, the Islamic ulama (scholars) approved organ
donation and transplantation and heralded the true
era of transplantation programs in the Kingdom [2].

In 1985, the government established the National
Kidney Foundation (NKF) as a nonprofit organiza-
tion. The NKEF is the coordinating body of the nation-
al deceased organ donation and transplantation
network. The NKF was upgraded in 1993 and was
renamed the Saudi Center for Organ Transplantation
(SCOT) to encompass the transplantation of organs
other than kidneys. Since its establishment, the Center
has successfully implemented an active deceased
organ donation program for numerous organs includ-
ing the kidney, heart, liver, pancreas, lung, and cornea
[3].

In the Kingdom, there are 116 intensive care units
(ICUs) with 1418 beds among the hospitals of the
Ministry of Health and other healthcare providers [4].
All potential patients with brain death (BD) who were
treated in an ICU are reported to the SCOT. Ensuring
that the BD protocol is strictly followed is an impor-
tant objective of the SCOT in any potential BD case.
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Coordinators of the SCOT also supervise the diagno-
sis and management of BD in all reported cases from
medical as well as legal perspectives [3].

It is well known that the dramatic hemodynamic
and immunologic changes that occur in an organ
donor with BD affect the quality of the potential
organ transplant, although the duration of stay in the
ICU plays a key role in organ viability [5-8]. Several
published studies have shown that valuable donor
organs are lost owing to a delay in reporting, docu-
mentation, or harvesting [9-11]. This study evaluated
the time from the onset of BD to harvesting and
analyzed the causes of those delays.

Materials and Methods

This retrospective study was conducted from January
1999 to December 2003. Data pertaining to the dura-
tion of BD were recorded daily, beginning at the
moment at which a potential BD donor was reported
to the SCOT until that patient was pronounced dead
and/or the organs were harvested.

The Saudi national protocol regulation followed in
all ICUs in the Kingdom specifies that a potential
organ donor must have irreversible brain damage
and no spontaneous respiration and that the insult
(excluding hypothermia [< 35.5°C]) must have
occurred more than 6 hours from the time of admis-
sion to the ICU. In addition, the potential donor must
not be receiving a sedative, narcotic, or depressant
and must not have untreated cardiovascular shock.
Metabolic and endocrine causes of coma must also
have been ruled out. If a potential donor meets the
necessary preconditions and inclusion criteria, 2 clin-
ical examinations for brainstem reflexes must be
performed with an observation interval (6 hours for
adults) between the 2 examinations. Also required is
the confirmation of BD by means of either a flat elec-
troencephalogram of 30 minutes’ duration or no cir-
culatory flow as demonstrated by cerebral angiogra-
phy. An apnea test should be performed as the last
test for confirmation of the failure of spontaneous
respiration [2]. After the declaration of BD has been
made, the patient’s family can be approached regard-
ing organ donation, and written consent to proceed
with organ procurement (the “opt in” system) must
be provided by the donor’s next of kin.

The sequence of documented intervals was as
follows: from the time of admission to the ICU, to the
report to the SCOT, to the documentation of BD, to
organ retrieval and/or cardiocirculatory cessation.
We sought to evaluate the delays that occurred from
the onset of BD to organ harvesting and to analyze the
source of those delays. The intervals were analyzed to

determine the underlying causes of delay with regard
to the patient’s age, sex, and cause of BD (traumatic vs
nontraumatic) in relation to body temperature,
systolic blood pressure level, and serum plasma levels
of sodium, potassium, and creatinine measured on
admission to the ICU and at harvesting or cardiocir-
culatory cessation.

Results

During the 5-year study, 1834 potential cases of BD
were reported to the SCOT, with an average annual
incidence of potential deceased donors of 18 per
million population (pmp). The mean age of reported
patients was 28.6 + 17 years (range, 1 day-90 years).
Of all the patients, 398 (21.7%) were 14 years of age or
younger, 1307 (71.3%) were between 15 and 55 years,
and 129 (7%) were older than 55 years. Seventy-seven
percent were men, and 23% were women. The causes
of death included head trauma (n = 1090; 59.4%), cere-
brovascular event or stroke (n =396; 21.6%), and brain
anoxia (n = 218; 11.9%) (Table 1).

Table 1. Age, sex, and causes of brain death for potential donors

Age Number Percentage
< 14 years 398 21.7
15-55 years 1307 71.3
> 55 years 129 7
Total 1834 100.0
Sex

Male 1413 77.0
Female 421 23.0
Total 1834 100.0
Cause of Death

Brain anoxia 218 11.9
Cerebrovascular accident 396 21.6
Head trauma 1090 59.4
Primary brain tumor 69 3.8
Other 60 3.3
Total 1834 100.0

The mean systolic blood pressure on admission
was 110 mm Hg, which included 469 people (25.4%)
with a systolic blood pressure measurement of 90 mm
Hg or less. The mean systolic blood pressure before
harvesting or cardiac arrest decreased significantly to
97 mm Hg (P < .001); this included 681 people (43.1%)
whose systolic blood pressure measurement was 90
mm Hg or less.

The mean body temperature on admission was
36.4°C + 1.1°C, which included 338 people (19.2%)
who were hypothermic (< 35.5°C), 184 (10.4%) who
were hyperthermic (> 37.7°C), and 1242 (70.4%)
whose temperature was between 35.5°C and 37.7°C.
There was no significant change in body temperature
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before harvesting or cardiac arrest (mean tempera-
ture, 36.5°C).

The mean plasma sodium level on admission was
145 + 12 mmol /L, which included 291 people (16.6%)
who were hyponatremic (Na < 135 mmol/L), 699
(40%) who were hypernatremic (Na >145 mmol/L),
and 758 (43.4%) with a plasma sodium level within
normal limits. The mean plasma sodium level before
harvesting or cardiac arrest increased significantly to
149 mmol/L (P < .001), including a significant
increase in the hypernatremic subgroups (55.6%).

The mean plasma potassium level on admission
and before either harvesting or cardiac arrest was 3.9
or 4.2 mmol/L, respectively. The mean serum creati-
nine (SCr) level on admission was 120 ymol/L. Two
hundred ninety-three patients (17%) had an elevated
SCr level (SCr > 150 ymol/L). The mean SCr level
before harvesting or cardiac arrest increased signifi-
cantly to 180 umol /L (P < .001), which included 542
people (36%) with an elevated level of SCr (Table 2).
The duration of ICU stay (from admission to organ
retrieval and/or cardiocirculatory cessation) ranged
from 24 hours to 101 days (mean, 10.3 days). The
interval between admission to the ICU and the
report to the SCOT ranged from 8 hours to 101 days
(mean, 5.6 days). The time between the report to the

Table 2. Characteristics of donors during ICU stay

Parameters Admission Before harvesting P Value

/cardiac arrest
Systolic BP 110 mm Hg 97 mm Hg <.001
Temperature 36.4°C 36.5°C NS
Plasma Na 145 mmol/L 149 mmol/L <.001
Plasma K 3.9 mmol/L 4.2 mmol/L <.001 (but within

normal range)

Serum Cr 120 pmol/L 180 umol/L <.001

BP, Blood pressure; Na, sodium; K, potassium; Cr, creatinine;
NS, not significant.

SCOT and the documentation of BD ranged from 12
hours to 40 days (mean, 1.6 days). In the consensual
cases for organ donation, the mean average time
from the documentation of BD until harvesting was
2 days, and in the nonconsensual cases, the mean
time from the documentation of BD until cardiocir-
culatory cessation without organ retrieval was 5
days (Figure 1).

Of 1834 total patients, only 71 (3.9%) were report-
ed as “potential BD” within less than 24 hours from
admission to the ICU; 759 persons (41.4%) were
reported 5 or more days after admission (Figure 2). Of
1834 reported patients, 1099 (60%) were documented
as having BD (according to the national protocol
regulation). Only 371 (34%) were documented within
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less than 24 hours of that report, and 189 (17.2%) were
documented after more than 48 hours (Figure 3). Of
1099 documented cases of BD, 900 families were
approached for organ donation, and of those, 229
families (25.4%) consented (Figure 4).
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Figure 1. Average time in the intensive care unit for patients with brain
death, Saudi Center for Organ Transplantation, 1999-2003.
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Figure 2. Time in intensive care unit from admission to report for brain death
cases, Saudi Center for Organ Transplantation, 1999-2003.
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Figure 3. Time in intensive care unit from reporting to documentation of
brain death cases, Saudi Center for Organ Transplantation, 1999-2003.

1384

900
229
(25.4%) 21

Brain Death Families
Cases Approached After
Reported Documentation

Consent Organs
Obtained Harvested

Figure 4. Brain death cases reported, families approached, consent obtained,
and organ harvested, 1999-2003.
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Regarding the interval between documentation
and organ retrieval, only 49 organs (20%) were
retrieved within less than 24 hours after documenta-
tion, and 44 (28%) were retrieved after more than 48
hours (Figure 5).

Mean, 2.1 Days (24 Hours-60 Days)
118 19 25
56% 11.8%
(i daye) <24 2448 4872 >72
Total Harvested Cases = 211

Figure 5. Time from documentation to retrieval of organs, Saudi Center for
Organ Transplantation, 1999-2003.

A significant difference was found regarding the
mean interval from admission to harvesting or
cardiac arrest for men and women (9.9 days vs 11.7
days; P = .004). This correlated with the cause of BD
as either traumatic (9.3 days) or nontraumatic (11.9
days) (P = .001), because 964 (87%) of the traumatic
causes and 416 (61.7%) of the nontraumatic causes
occurred in men. A significant difference existed
regarding the interval from admission to harvesting
or cardiac arrest between pediatric patients (11.4
days) and the other age groups (10.3 days; P = .037).
When the hypothermic subgroup was compared
with the other subgroups, a significant difference
was found regarding the mean duration of stay in the
ICU for temperature on admission (9.4 vs 10.9 days;
P = .018). A significant difference existed regarding
the mean duration of stay in the ICU for plasma sodi-
um levels before harvesting or cardiocirculatory
cessation between the hypernatremic subgroup (10
days) and the other plasma sodium level subgroups
(11.8 days; P = .001). When the hypokalemic
subgroup was compared with the other subgroups, a
significant difference was found regarding the mean
duration of stay in the ICU for plasma potassium
levels on admission (9.4 vs 11.1 days; P = .005). A
significant difference existed regarding the mean
duration of stay in the ICU for serum creatinine
levels before harvesting or cardiocirculatory cessa-
tion between normal SCr and elevated SCr sub-
groups (11.7 vs 11.1 days; P = .001).

Discussion
The retrieval of viable organs for transplantation

depends on appropriate medical management both
before and after death is declared. Even with inten-

sive care and support, a donor can usually be main-
tained for only a relatively short time before the
pathophysiologic changes induced by BD overwhelm
the resuscitative capabilities of the medical team [12].

The actual number of deceased organ donors in
the United States (presently about 20 pmp yearly)
remains substantially below the estimated maximal
volume, which approximates 50 pmp [13]. Donation
in Spain has become a commonly used example of
success. Organ donation rates there rose from 14 to 34
donors pmp over a 10-year period. This can be attrib-
uted to the implementation of the so-called “Spanish
Model” [14], which is considered the best organ dona-
tion model at the international level [15,16].

Clinicians who care for critically ill or injured
patients in the ICU must be able to recognize poten-
tial organ donors and must be aware of the criteria for
BD and organ donation [17-19]. The Tuscany public
hospital network consists of 20 hospitals. In those
with a neurosurgery department, 14.7% of the deaths
in the ICU are labeled as BDs, compared with 8.6% in
those in hospitals without a neurosurgery depart-
ment [6].

Data published by Van der Hoeven and colleagues
confirm the relationship between the duration of BD
and hemodynamic instability due to progressive
dysfunction and increased immunologic activation of
the donor kidney [5].

During our study, we identified 1834 potential BD
organ donors (average annual incidence, 18 pmp). Of
these, 58.7% were documented as having experienced
BD. The percentage of consenting families (the
number of families agreeing to donate divided by the
number of families asked to donate) was 25.4%, and
the overall conversion rate (the number of actual
donors divided by the number of potential donors)
was 12.4%, compared with 48% in United States [13].

Our study revealed the following data: the young
age of potential donors (mean, 28.6 years), a mean
duration of 10.2 days spent in the ICU, an interval of
5.5 days to report cases to the SCOT, 1.8 days (mean,
43 hours) to declare BD, 48 hours to procure organs if
the family gave consent, and 5 days to cardiocircula-
tory cessation in nonconsensual cases of organ dona-
tion. These data show that there is a delay in recog-
nizing potential organ donors and indicate a lack of
recognition of BD by physicians. An additional delay
in declaring BD is due mainly to the strict national
criteria for declaring BD that must be followed in all
ICUs in the Kingdom [2]. Because we follow an opt-
in system, the factor that most affects any delay from
BD declaration to retrieval is obtaining consent from
the next of kin. Other factors include the time
required for the logistics of multiorgan harvesting (eg,
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waiting for the correction of liver hemodynamics,
waiting to determine heart viability, arranging
transportation, and waiting for laboratory results).

The entire stay of the patients in our study was
characterized by a significant decrease in systolic
blood pressure and a significant increase in plasma
sodium and serum creatinine levels. Less time was
spent in the ICU by those patients with hypother-
mia, hypernatremia, or renal failure.

Our overall data confirm the need for the early
identification of potential candidates for BD, the
effective and aggressive maintenance of those
patients, and the prevention of complications that
can affect the declaration of BD. Our study demon-
strates that the most frequent risk factors that affect
the viability of donors with BD include older age, a
traumatic cause of BD, hypernatremia, acute renal
failure, hypothermia, and hypokalemia.

We concluded that despite successful organ trans-
plantation from deceased donors in the Kingdom, we
must continue to increase hospital-staff awareness at
donating hospitals regarding the importance of organ
donation and transplantation, and we must educate
ICU staff members about the recognition, early
reporting, and documentation of BD cases.

Saudi protocol requires strict criteria for declaring
BD and for obtaining consent for harvesting from the
patient’s next of kin, and these are the major factors
that delay organ retrieval. Nevertheless, we believe
that when compared with any other modified proto-
col, the Saudi protocol is far and away the best model,
especially for small hospitals in the rural areas.
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