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ORIGINAL ARTICLE

Outcome following organ removal from
poisoned donors: experience with 12
cases and a review of the literature

Abstract From 1975 to 1993, our
University Hospital performed 2789
graft procedures. During the same
period, 12 poisoned, “brain-dead”
patients were considered as organ
donors. The toxic substances in-
volved were: methaqualone (n = 1),
benzodiazepine alone (n = 1), ben-
zodiazepine plus tricyclic antide-
pressants (7 = 1}, tricyclic antide-
pressants alone {n = 1), barbiturates
(n =2), insulin (# = 2), carbon mon-
oxide (n = 1), cyanide (n = 1), me-
thanol (n = 1), and acetaminophen
(n = 1). From these intoxicated per-
sons, 32 organ transplants were ob-
tained, but only 23 could be fol-
lowed for 1 month and only 20 for

1 year. The outcome at 1 month was
favorable in 20 of the 23 patients.
Two heart transplant patients died
within 24 h after grafting from

stroke and acute heart failure, re-
spectively. Preoperative hepatic en-
cephalopathy was not corrected
after grafting and was directly re-
sponsible for the death of a liver
transplant patient. After 1 year, 15
of the 20 recipients were still alive.
Chronic hepatic graft rejection led
to a fatal outcome in one recipient
and to second grafting in another.
Finally, one recipient died from de-
layed neoplasia. Based on our ex-
perience, organ procurement may
be considered in a few select cases of
acute poisoning. Attention should,
however, be drawn to possible graft
damage due to some poisons.

Key words Poisoning, organ
donation - Organ donation,
poisoning - Brain death, poisoning

introduction

Materials and methods

The mortality rate due to acute poisoning is currently
low and mainly related to lesional toxins that may irre-
versibly affect cell integrity (e.g., paraquat, colchicine).
With toxic substances that cause only temporary cell da-
mage, tissue hypoxia is often the consequence of unsuc-
cessful resuscitation after prolonged cardiocirculatory
arrest. “Brain death” may, in some instances, be the ulti-
mate manifestation of this damage. Little data about or-
gan procurement from brain-dead victims of acute poi-
soning has been published [9]. We report our experi-
ence transplanting organs from brain-dead, poisoned
donors.

Between January 1975 and December 1993, our University Hospi-
tal (900 beds) performed 2789 graft procedures (1922 kidneys, 623
livers, 141 hearts, and 43 pancreases). During the same period,
1174 patients were admitted to the Intensive Care Unit (ICU) for
acute poisoning, and (1.9 %) had a fatal outcome. Only 12 of
them were considered as potential organ donors after evidence of
brain death, according to the Belgian “presumed consent” law.
These 12 donors provided organs for 32 recipients, but only 23
could be followed at 1 month and 20 at 1 year. (The 1-year follow-
up is not yet available for the most recently transplanted grafts —
heart and kidneys — coming from the acetaminophen-poisoned do-
nor.) The toxic substances and organs removed are listed in table 1.

Some of the donor exclusion criteria are related to the nature of
the toxic substance and others to the clinical condition of the do-
nor. The heart was not removed from the two patients with tricy-
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Table 1 Toxic substances and

Toxic Right Left Heart Liver Pancreas
organs removed [BZD benzo-  gpeiances kidney kidney
diazepine, TCA tricyclic anti- (n=11) (m=11) (n=5) (n=5) (n=2)
depressant, X organ grafted,
(X) organ grafted but lack of Methaqualone 0 0 0 X 0
further information, 0 no com-  BZD X Xx) X X 0
patible recipient or no experi- BZD + TCA (X) X Valves
ence] TCA X X) 0
Barbiturates (X) X X) 0
Barbiturates (X} (X) X X 0
Insulin X X X Islet cells
Insulin ) X Valves
Carbon monoxide X X X X X
Cyanide X X X
Methanol X X
Acetaminophen X X X Islet cells

Table 2 Outcome of the kidney transplant patients (BZD benzo-
diazepines, TCA tricyclic antidepressants)

Kidney
Toxic Outcome Outcome Events
substances (1 month) (1 year)
Serum creatfinine Serum creatinine
(mg/dl) (mg/dl)
(normal 0.8-1.3) (normal 0.8-1.3)
BZD 1.37 1.36
BZD + TCA 1.2 2.1
TCA 1.1 5 Chronic
rejection
Barbiturates 1.29 0.95
Insulin 1.36 1.43
Insulin 0.9 a Bladder
carcinoma
Carbon 1.31 1.2
monoxide 1.07 0.91
Cyanide 1.12 1.25
1.16 1.2
Methanol 1.49 1.46
1.5 1.25
Acetaminophen 2.1 b
1.7 b
4 Death

b Recent observation

clic antidepressant (TCA) poisoning. This was also the case when
high doses of inotropic agents were required following barbiturate
(n=1), insulin (n=1), and cyanide (n =1) poisoning. Further-
more, the electrocardiogram had disclosed a Wolff-Parkinson-
White syndrome in the cyanide-poisoned donor. Finally, the previ-
ous use (8 years before) of adriamycine for an ovarian cancer, to-
gether with the nature of the toxic substance, excluded heart dona-
tion in the methanol-poisoned patient. The liver was not removed
from a TCA-poisoned patient with a long ICU stay. Sustained hy-
potension with probable ischemic liver damage was noted in two
other patients with TCA or insulin poisoning. Hypernatremia and
abnormal liver function tests were present in two cases of insulin
or cyanide poisoning. Previous abdominal radiotherapy excluded

the removal of the liver and pancreas from the methanol-intoxicat-
ed donor. Finally, in the methaqualone-poisoned donor, kidney,
heart, and pancreas were excluded for logistical problems (ab-
sence of compatible recipients for the kidneys, lack of experience
on the part of our surgical team in heart and pancreas transplanta-
tion at that time).

Results

Of the 23 recipients, 20 (85 %) survived 1 month, and 15
of the 20 (75 %) survived 1 year. These data can be fur-
ther analyzed with respect to the organs grafted.

Kidney grafts (Table 2)

The immediate outcome (at 1 month) was favorable in
all of the recipients, with serum creatinine values within
the normal range. At 1 year, the survival rate was 93 %.
One recipient died from metastatic bladder carcinoma,
and another developed chronic kidney rejection (with
serum creatinine values higher than 5 mg/dl).

Heart grafts (Table 3)

Among heart transplant patients, one recipient died
within the first 24 h as a result of a stroke. A second
died 7 h after grafting from heart failure. The survival
rate was thus 60 % at 1 month. The indication for heart
transplantation was a terminal ischemic cardiopathy in
the latter case and the patient was in very poor physical
condition at the beginning of the transplantation
(shock, lactic acidosis, pulmonary hypertension, acute
renal failure). The survival rate at 1year was 50 %,
with normal cardiac function assessed by echocardiog-
raphy in all patients.



187

Table 3 Outcome of the heart transplant patients (EF ejection
fraction)

Heart
Toxic Outcome Outcome Events
substances (1 month) (1 year)
' echocardio-  echocardio-
graphy graphy
EF % EF %
BZD a Stroke
Barbiturates 50 82
Insulin 89 72

Carbon monoxide 2 Preoperative
shock

Acetaminophen 68

2 Death
b Recent observation

Table 4 Outcome of the liver transplant patients [LFT liver func-
tion tests (enzymes, bilirubin, prothrobin time)]

Liver
Toxic Outcome Outcome Events
substances (1 month) (1 year)

LFT LFT
Methaqualone * Preoperative

encephalopathy

BZD Normal Normal
Barbiturates  Normal a Chronic rejection
Carbon Normal Normal Second graft
monoxide
2 Death

Table 5 Outcome of the pancreas transplant patients

Pancreas
Toxic Qutcome Outcome Events
substances (1 month) (1 year)
Serum Serum
C-peptide C-peptide
(ug/ (ue/h)
(normal 1-2.5)  (normal 1-2.5)
Carbon monoxide 1.5 0.77
Cyanide 0.75 1.5

Liver grafts (Table 4)

In the liver group, one recipient died 5 days post-trans-
plantation from pre-existing encephalopathy, resulting
in a 75 % survival rate at 1 month. At 1 year, two of
four recipients were still alive (50 % survival), as a reci-
pient died 8 months after transplantation from chronic
liver rejection. Regrafting was required in another reci-
pient for the same reason. The two remaining recipi-
ents had normal liver function tests.

Pancreas grafts (Table 5)

The two pancreas recipients had an uneventful follow-
up at 1 month and 1 year (normal fasting glucose blood
level and serum C-peptide). Pancreas grafting was com-
bined with successful kidney grafting in both patients.
Isiet cells were stored in a graft bank in two cases.

Discussion

Due to the low mortality rate following acute poisoning,
brain death is rare and often related to hypoxic lesions
after cardiopulmonary resuscitation, in the absence of
direct brain damage due to the toxic substance. As we
observed, some agents may act mainly as functional tox-
ins, temporarily impairing cellular functions and causing
various systemic manifestations. The brain is probably
the organ that is most susceptible to metabolic dysfunc-
tion, and irreversible brain damage may occur while
the other organs continue to work normally for some
time after exposure to the poison, provided there is ade-
quate supportive therapy.

Cyanide is a good example of a functional toxic sub-
stance. Cyanide interacts with cellular respiration, in-
ducing an acute metabolic acidosis associated with vaso-
plegic shock, cardiac incompetence, and a drastic reduc-
tion in the D(a-v)O2 [14]. The nerve cells, which are
particularly sensitive to hypoxia, are damaged first,
leading to brain death. We previously described success-
ful renal and combined renal-pancreatic transplanta-
tions after acute cyanide poisoning [6, 16]. The organs
were removed 44 h after poisoning when the donor had
normal hemodynamic values and low arterial lactate
values (<1 mmol/l). Cyanide blood levels were
1.8 umol/l at this time, and it is generally accepted that
levels of less than 7 umol/l do not cause any symptoms
[S]. Heart, liver, skin, cornea, and bone grafts were also
reported from victims of cyanide poisoning (2, 10, 15].
As for the specific treatment, correction of metabolic
acidosis, optimal oxygenation (ventilation with 100 %
oxygen), and maintenance of hemodynamic stability
are mandatory. The antidotal therapy (supratherapeu-
tic doses of hydroxocobalamine and sodium hyposul-
fite) probably helps to restore hemodynamics [12].

Carbon monoxide, like cyanide, primarily affects the
tissues most sensitive to oxygen deprivation, particular-
ly the central nervous system and the myocardium.
Measurement of the blood carboxyhemoglobin level
does not reflect the tissue level of carbon monoxide [4].
In our study, we had one case of carbon monoxide poi-
soning, and several organs were procured from this pa-
tient. At the time of brain death, the serum creatinine
concentration was normal (1.05 mg/dl); previous lactic
acidosis and hypernatremia were corrected. Liver biop-
sy and echocardiography were also normal. The out-
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come of the double renal-pancreatic transplantation
was favorable and graft function remained within the
normal range when it was assayed 72 months after the
transplantation. The heart transplant patient died 7 h
after grafting. Severe preoperative lactacidemia was
present and hemodynamic values could not be im-
proved after grafting. The grafted liver worked immedi-
ately; however a second transplantation was required
for chronic rejection.

Hebert et al. published two cases of renal transplan-
tation after a carbon monoxide suicide attempt [7]. The
graft functioned well in the first patient; the second pa-
tient needed transient hemodialysis (7 days) because of
acute tubular necrosis and acute rejection. The out-
come at 20 months was favorable in both cases, with
normal serum creatinine values. Kidneys are probably
more resistant than other organs to the hypoxia in-
duced by such intoxication. Transient proteinuria may
be seen in the first hours after carbon monoxide poison-
ing, but this does not preciude organ removal, provided
the renal function is adequate at the time of removal
[1, 7]. No data have been published about pancreas and
liver transplantation, and further information is need-
ed. From our experience, it is difficult to correlate the
rejection of the liver transplant with the nature of the
toxic product; the favorable outcome of the double re-
nal-pancreatic transplantation suggests that both or-
gans may be considered in such a poisoning.

By contrast, Karwande et al. reported an unsuccess-
ful heart transplantation after smoke inhalation [8]. Al-
though the poisoned victim recovered after prolonged
cardiorespiratory arrest, he developed irreversible
brain lesions. Echocardiography was normal and elec-
trocardiogram showed only diffuse, nonspecific ST seg-
ment changes. The recipient died from progressive,
global cardiac failure 4 days post-transplantation. The
autopsy of the transplanted heart revealed multiple con-
fluent endocardial hemorrhages, most prominent in the
left ventricle and papillary muscles. Microscopic find-
ings included global coagulative necrosis and diffuse fat-
ty infiltration of the myocytes. Immunofluorescence
showed that humoral-mediated graft rejection had not
occurred. These findings clearly suggest that the heart
from a carbon monoxide-intoxicated person should not
be used for transplantation. A normal echocardiogra-

phy and the absence of electrocardiographic changes
do not rule out significant myocardial damage.

An insulin overdose is often accompanied by irrever-
sible brain damage. After brain death, there is probably
no contraindication to organ removal in the absence of
any demonstrable dysfunction.

Methanol produces a well-recognized clinical picture
that is a contraindication to the removal of the liver and
pancreas. After oral poisoning, a transient but severe
cardiac failure, associated with EKG changes (blocks
and T wave abnormalities), develops rapidly [3]. Cardi-
ac dilatation and myocyte degeneration have been de-
scribed in intoxicated animals [13]. These lesions are
contraindications to heart donation. Our favorable ex-
perience in a case of double renal transplantation after
massive methanol ingestion (both patients are still alive
with normal renal function more than 10 years after the
procedure) allows us to propose kidneys for organ pro-
curement in some cases.

Acetaminophen poisoning causes centrolobular liver
necrosis, acute proximal renal tubular necrosis, and dif-
tfuse alveolar pulmonary damage. In 1991, Price et al. de-
scribed a case of heart transplantation after a fatal acet-
aminophen overdose; the recipient died 14 days after
the procedure from sepsis, but the autopsy of the trans-
planted heart showed extensive subendocardial myocyte
necrosis related to drug toxicity and no rejection [11].
These observations are also a contraindication to organ
removal in the case of paracetamol poisoning, although
we have recently used the heart and kidney in such a case.

For other substances, such as tricyclic antidepres-
sants, antalgic drugs (dextropropoxyphene, opiates),
and solvents (perchlorethylene, ethylene glycol), fur-
ther information is needed.

In conclusion, we report 23 grafting procedures from
12 poisoned donors. The immediate outcome was favor-
able in 85 % of the cases. One year later, 75 % of the re-
cipients were still alive. These results are similar to
those observed in a population of nontoxic, brain-dead
donors. Our observations illustrate the fact that organ
procurement may be considered in a few select cases of
acute poisoning, yet, general and toxic-related criteria
have to be taken into account. In the future, the analy-
sis of toxicokinetics and tissue concentrations should
guide the decision of whether or not to remove organs.
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