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ABSTRACT. Objective. To examine the population of
the pediatric intensive care unit in a large children’s
hospital to determine the potential importance of pedi-
atric nonheartbeating organ donors (NHBDs).

Study Design. We analvzed retrospectively the 6307
admissions to the pedlatnc intensive care unit at the
Children’s Hospital of Philadelphia from January 1992 to
July 1996 to identifv all deaths. The hospital records of
the children who had died were then reviewed to deter-
mine the mode of death, organ donation rate of heart-
beating donors, and the number of potential NHBDs.
Cnfena for the NHBD included the decision to forgo
life-sustaining therapy, death occurring within 2 hours of
withdrawal of life support, and the absence of sepsis,
HIV, hepatitis, or extracranial malignancy.

Results. Of 319 deaths, 102 (32.0%) died with resusci-
tation, 34 {26.3%) were brain-dead, 111 (34.3%) had with-
drawal of life support, and 22 (6.9°%) were on do-not-
resuscitate orders. Of the 834 brain-dead children, 74
(88.1%) were medically suitable heartbeating donors, and
45 (58.1%0) donated organs. Of the 111 patients who had
life support w1thdrawn 31 (27.9%%) qualified for NHBDs.

Conciusions. The routine use of the NHBD has the
potential to increase organ donation at our institution by
42%. We discuss the ethxcal issues relating to NHBDs
required to properiv include these patients as potential
organ donors. Pediarrics 1998;101:1049~1052; nonheart-
bearmg argan ifO?IO?‘ JEL?.I.{IF?"!.CS, LJT‘\'-"'R?I LiO?ILIfIU?I frans-
pianmrfon withdrawal of life support.

ABBREVIATIONS, NHEBED. nonnearsseanng organ Jonor: PICT,
pediatrc mntensive care unt HBD, neartbeating Jdonor.

S outcomes ot organ ransplantation continue

to improve, more children are placed on
walting lsts, causing waiting times to in-

rease and more Jmuren to die before organs be-
come available. Even though patients vounger than
18 vears account for 20% ot all cadaveric organ do-
nors, the number or pediatric organs is insufficient to
provide organs for everv "LE‘EdV child.” Child safety
laws such as those requiring car seats and ou:\ecie
helmets have reduced further Jie number of fatal
injuries in this age group,™~ thus decreasing the po-
tential supply of organs. To cope with the madequate
supplv of viable organs for transplantation, the
transplantation cormnmty is examining alternative
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methods of organ recoverv. One method that has
received much scrutiny recentlv is the nonheartbeat-
ing organ donor (NHBD).

State and local governments have not addressed
the NHBD: however, nospltats and organ procure-
ment agencies are beginning to derme the NHBD.
One Drooosed deﬁmnon for Lhe NHBD is a patient
who rorcroes life-sustaining therapv, recognizing this
will me‘ lead to death. and )uoceaue"th uonates
viable oroan.s for transplantation. The decision to
w1thdraw life support is reached bv Lhe patient or
his/ her surrogate in consuitaton with a pnvsician.
The decision ‘s made because *he patient has a
terminal disease and additional l"e"am s judged
futile and proiorvc -he m ing orocess, or 2} the pa-
tent's tuture gualitv or life is unsatisractory o .he
patient and, therefore. not in he panent’s best inter-
est. After the Jecision 0 withdraw life support is
reached, the option or urgan donadon is addressed,
usuailv at the request or the ramilv. The NHBD fre-
quentlv goes to the operating room before withdraw-
ng life support 30 that organs can be recovered
shortlv arter death.

Recentlv, we cared ior swo children whose parents
requested organ donanon when the decision to with-
draw life support was reached. The first child suf-
fered a severe hvpexic ischemic insult after cardiac
arrest from a home ventilator disconnecs. The second
child had an intracranial hemorrhage after being
placed on extracorporeal life support for adult respi-
ratorv distress svndrome. These experiences led us to
examine the issues surrounding the NHBD. The pur-
pose of this study was fo examine our pediatric
mntensive care unit (PICU) population to determine
whether a significant number or patients would meet
NHBD criteria and to esiimate the potential impact
of pediatric NHBD on organ procurement. These
data provide the background for an evaluation of the
ethical issues surrounding the NHBD.

STUDY DESIGN

We examined our database records of the 9307 patient admis-
sions to the PICU at the Children's Hosprrai of “huaaemma rom
January 1992 through June 1996, !0 identfv ail the deaths. The
hospital records of all deaths were reviewed to determine the
mode of death, derined as dving after 1) a ‘failed resuscitation
attempt. 1) meeting criteria for brain death. 3) withdrawal of life
support, Ot 4) an arrest with a do-not-resuscitate order. For Da-
tents dving arter the withdrawal of life support, we identified the
proximal cause of death and the Hme between withdrawal of life
support and Jeath to determine suitability for NHBD. Suitability
for organ donation was Jderined as absence of severe sepsis. HIV or
hepant:s infection, and extracranial malignancyv,* and the occur-
rence of death withun 2 hours of life support withdrawal to ensure
organ viability.® The organ donation rate among children who
died after brain death criteria was determined and orovided an

PEDIATRICS Vol. 101 No. 6 June 1998 1049




estimate for organ donation rates among those meeting NHBD
criteria.

RESULTS
Mortality for the 54-month period was 337 of 6307
patients (5.34%). Medical records were unavailable
for 18 of these patients, leaving 319 patients for anal-
ysis. More than one third of these patients died after
forgoing life support (Table 1). Of the 111 patients
who had life support withdrawn, 31 (27.9%) met our
NHBD criteria, and two patients donated. Twenty-
nine (93.5%) of these potential NHBDs suffered se-
vere primary neurologic dysfunction as the proximal
cause of death (Table 2). The two exceptions were a
child with spinal muscular atrophy and a child with
severe primarv pulmonary hypertension. The time to
death after forgoing life support was brief in the
majority of these children, and <10 minutes in 38%
(18/31) (Figure).
Of the 84 children who met criteria for brain death,
(89.1°%) were suitable for organ donation. Fortv-
three (58.1%) of these patients, whose families con-
sented to donation, became heartbeating donors
(HBD).

DISCUSSION

The rirst organ donors in the 1960s were NHBDs,
and some countries (eg, the Netheriands, Spain, and
Japan) continue to frequentlv use these donors.”
However, in the United States, NHBDs have not
been widelyv accepted because of the establishment of
brain death criteria. Recentlv, organ procurement
agencies and hospitals have begun to reexamine
NHBDs, because <30% of individuals on the trans-
plant list receive organs annuallv.’ To use these
donors to their full potentiai, one must define the
patient population, examine the potentiai impact on
donation, and examine the ethical dilemmas
surrounding the NHBD.

We found >25% of the children who died after
discontinuing life support mert criterta for NHBD.
We cannot pred;ct what percentage of eligible
NHBDs will consent to donation, but we hope it will
approximate that for the HBDs. If potential pediatric
NHBDs donated at the same rate as HBDs, ~60% of
candidates would have donated during the 34-
month period. This would have resulted in a 42%
increase in organ donors at our institution. Our data
contrast with those of Nathan, from the Delaware
Vallev Transplant Program, who calculated a 20% to
25% increase if all severelv brain-injured, but not
brain-dead, patients forgoing life support could be

NHBDs.” Qur estimate mav be higher because chil-
TABLE 1. Modes of Death in the PICU
Vode of Death Number of Percentage
Patients
Died despite resuscitation 162 32.0
Do not resuscitate 22 6.9
Withdrawal of life support 111 34.3
Brain death 84 26.3
Total 319
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TABLE 2. NEHBD Canaidames Cause of Death
Cause of Deatn Number of
Patients

Closed head injurv 4
Hypoxic ischemic sncephalopatay s/ p cardiac arrest +*
Intracranial nemorrhagze i
Static encephalopathv ' 3
Near-miss S[DS 3
Strangulation 3
Brain malignanc 2
Near drowning 2
Spinal cord injurv 2
Congenitai neuromaiformanon 1
Smoke inhalaton 1
Meningitis 1
Pulmonary hvperension 1
Spinal muscuiar awopny with 2neumcenia 1

*One patient in =2acn Zroup Jdonated orzans.

# <10 Minutes
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NHBD candidate

dren >1 vear or . sf '.Lkeiv to suffer severe
neurologic injury” and qualifv as NHBDs.

Our observations on modes and causes of death
are simular :0 those for several other large children’s
hospitals. Investigators rrom these institutions found
that 52% © 347 or in PICUs die after for-
going life support. - similariv. fivo of these studies
reported that 43", 1o 47" idren forgoing ther-
apyv had severe neuroiogic imurv.™ These data indi-
cate a DOtE"‘lt’lal ror a substantial increase in organ
donations if organ procurement agencies were per-
mitted to approach all ramilies ot children who were
forgoing lire suprort.

Cmne major concern with NHBDs is the warm isch-
emia time of the orzans as death occurs. Our findings
indicate that the vast majoritv of children with severe
neurologic injury who have life support withdrawn
die quickly and would have a short ischemia time if
organ retrieval were desired. Additionally, our find-
ings suggest that few of these children would return
from the operating room alive and unable to donate
organs.

The ethical issues surzou nding NHBD include the
declaration of death. circumstances surrounding
withdrawal or life support, and the public perception
of NHBD. Detining death appears simple on the
surface; phvsicians have been aeclann patients
dead by cardiovascular criteria since Hippocrates
After the introduction of organ transplantation in the
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1960s, however, new philosophical questions arose
because societv embraced the idea that a person
could be dead but still have viable organs that could
function in another human’s body. National criteria
for brain death were developed to guide physicians
as thev diagnosed individuals dead by these criteria.
Unfortunately, guidelines for the determination of
cardiovascular death were not developed. The dis-
cussion of NHBD has necessitated guidelines to en-
sure that the patient is dead before recovering or-
gans, but also to minimize warm ischemia time. One
recent suggestion is to define cardiovascular death as
the period of pulselessness, apnea, and unrespon-
siveness, after which the patient’s heart is unable to
restart on its own or autoresuscitate.” Bircher sug-
gests autoresuscitation will not occur after 1 to 2
minutes of puiselessness,”” but little data exist to
confirm this estimate. Others, however, reject this
definition bv raising the possibilitv that death does
not occur in this short period because personhood
does not end until the brain is completely dvstunc-
fional. Studies indicate 10 minutes of absent blood
flow is necessarv for the brain to be ureversibly
dead."* The Uniform Determination or Death Act
defines Jeath as either 1) irreversible cessation of
circulatorv and respiratorv funcdons, or 2} {ITevers-
ible cessation of all functions of the =2ntire brain.
including the brainstem.~ Using this derniton, an
inconsistency does not =xist because the absence ot
circulation and respiration is sufficient for death de-
termination. We agree with the proposal bv several
nstitutions that a period or 2 to 4 minutes of pulse-
lessness, apnea, and unresponsiveness is sufficient o
declare death.® This period is consistent with the
Uniform Determination of Death Act, because if a
person asks to forgo life support and, therefore, car-
diopulmonary resuscitation, and cannot autoresuscl-
tate, circulation and respiration will irreversibly stop.

To prevent warm ischemia, the ideal piace 10 with-
draw life support is in the operating room, where the
recoverv of the organs can take place immediately
after death. Unfortunatelv, the family traditionally is
restricted Tom this environment. In addition, if the
death does not occur as expected within a reasonable
period (1 to 2 hours), the organs will not be recov-
ered for transplantation and, hence, the child must be
returned o the PICU or another area to die. These
logistical considerations may make the death of the
child seem oo unnatural for familv and medical statf
and require considerable advance planning and dis-
cussion so that negative perceptions of NHBD do not
develop.

At the time life support is withdrawn, some of
these patients may perceive pain, which should be
relieved with analgesia. These medications may sup-
press the respiratory drive and raise the possibility of
hastening the dying process. Despite this risk, it is
well accepted that the primary effect of pain relief
supersedes the secondary effect of respiratory de-
pression.’® Our opinion is that the child should re-
ceive adequate analgesia if the phvsician judges that
the patient is able to perceive pain. Most potential
NHBDs, especially in pediatrics, will have a signifi-

cant neurologic injury and the need for analgesia
likelv will be mirumal.

The issues of declaring death and circumstances
surrounding the withdrawal of life support are de-
bated because of public perception. The decision for
a patient to be a NHBD may be perceived as a
quality-of-life judgment and require coercion of the
familv to withdraw support to recover organs. [t may
appear that the phvsician is determining to end one
child’s life to benefit another person. This issue is not
new; in our experience using current organ procure-
ment protocols, some families of brain-dead children
express fear that the physician is declaring a child
dead just for the organs. To avoid this perception, we
believe the decision to withdraw support must pre-
cede anv discussion of organ donation. [n addition,
the person discussing organ donation ideallv should
not be involved with both the child who is dving and
the potential recipients of the organs. This task mav
be more difficult :n multidisciplinarv PICUs, where
trauma patients and transplant padents often are in
the same unit.

Although the petential for public misconception
exists, adult institudons have used NFEBDs without
any evidence of a decrease in organ donation
rates.”” We believe ‘hat families of crifcallv il chil-
dren also will view NHBD poiicies favorapiv. This
patient population has a historv or hugh Jdonation
rates under current crain death donation policies,™
and we expec: that thev will continue to have a high
rate under welil-designed NHBD policzes.

[n conclusion, we found that manv children may
qualitv as NHBDs. We believe that benerits exist for
individuals and societv if pediatric NHBDs are pur-
sued. To pursue the pediatric NHBD, clear detiru-
fions and policies concerning cardiorespiratory
death must be developed. and studies examining the
attitudes of health care professionalis and the general
public toward NHBD must be completed.
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