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Neural Toxicity Induced by Accidental Intrathecal Vincristine

Administration

Described here is a case of accidental intrathecal administration of vincristine
with pathologic findings in the cenlral nervous system. A 3-year-old boy with
acute lymphoblastic leukemia, was given his ninth course chematherapy. Vin-
cristine was accidentally injected intrathecally. The clinicatl course was rapidly
progressive (6-day course} and resulted in death. An autopsy was done. The
brain and spinal cord was grossly edematous and congested without any specific
feature. Histologically, profound loss of neuron was noled in the spinal cord.
Remaining neurons in the spinal cord, particularly anterior horn cells were
markedly swollen. The spinal nerves show diffuse axonal degeneration and mye-
lin loss. The upsiream portion of the spinal cord (brain stem, cerebellum, cere-
brum) showed patchy loss of neurons, especially Purkinje celis and granular
celis of the cerebellar cortex. Many neurons showed axonal reaction (chroma-
folysis) with swelling. Several neurons show intracyloplasmic eosinophilic
inclusion body. Myelin loss, axonal swelling and enlargement of perivascular
spaces were seen throughout the white matter of central rervous system.

Eun Kyung Kwack, Dong dJa Kim,
Tag in Park, Kab Rag Cho*, il Hoon Kwon®,
Yoon Kyung Sohn

Depaetmert of Pathology, Kyungpack Natlona!
Uriversity School cf Medicine, Taegu, Korea
Naticnal Institute of Scientific Investigation*, Seoul,
Kcrea

Received : 22 March 1999
Accepled : 9 Jung 1999

Address for correspondence

Dr. Eun Kyung Kwack

Departmert of Pathology, Kvungpock iNaticnal
Uriversity Schoa! of Medicing, 101 Dongin-cong,
Jung-gu, Taegu 700422, Korea

Key Words: Vincisting; Drug taxciy; Injection, spinal

INTRODUCTION

In 1961, vincristine was released for clinical trials. Ir
has proven to be the most effective regimen for childhood
acute leukemia (1). It is an alkaloid, obtained from the
Madagascan periwinkle. Vincristne exerts its oncolytic
action by aggregating tubulins, which interferes wich
microrubule assembly causing metaphase arrest in the
mitotic cycle (2-4). Neural tissue is patticulatly suscepti-
ble to the effects of vincristine which causes dissolution
of neurotubules, and perhaps leads to the development
of neurofibrillary tangles in animals (5). Vincristine has
& nartow therapeuric index and is usually administered
intravenously. When administered intravenously, the ma-
jor side effects of vincristine are alopecia, hyponatremia
and neurotoxicity. The most frequent neuropathic effects
are chronic peripheral neuropathy, involving both sensory
and motor nerves, and autonomic neuropachy. Reversible
comna also have been reported (6). Vincristine toxicitics
are dose limited. Neuropathic effects caused by vincris-
tine are all reversible and generally a complete recovery
can be anticipated when the drug is withdrawn. Intra-
thecal vincristine causes same peurotoxic side cffects as
intravenous vincristine initial phase. Bue intrathecal vin-
cristine is different from intravencus vincristine in re-
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spect to cause itrevetsible neuronal damage leading ro
death in the end, despite vigorous central nervous system
(CNS) washour (7). During initial phase, meningism and
back pain are prominent. Lower limb weakness, utinary
rerention {or frequency) and loss of fower limb myoratic
reflexes develop, heralding progressive, ascending myelo-
encephalopathy. Respiratory failure and brain stem death
are followed by a characteristic clinical course despire
intensive efforts 1o support the patient’s vital functions.
Although, there are several previously reported cases of
intrathecal vincristine neurotoxicity in forelgn countries,
we report the first case of accidental intrathecal injection
of vincristine in Korea (7-12).

CASE REPORT

A 3-year-old boy with acute lymphoblastic leukemia,
was given chemotherapy. Accidenrally, vincristine was
administered intrathecally. On the first day, leg pain
with decreased motor activity developed. On the second
day, meningitic symptoms, such as high fever and neck
stiffness developed. Urinary retention due to bladder dys-
function was developed and heart rates increased. The

- boy was irritable and showed decreased sensory petcep-
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Fig. 1. Extensive axonal degeneration and myelin loss is noted in spinal nerve {A: longitudinal section, PAS, %400, B: cross

section, Luxol fast blue, %200,

don. On the third day, high fever and lower extremiry
paralysis with opisthotonus were noted. His consciousness
level began to decline and confusion developed. On the
fourth day, he was in a comatose state and respiratory
arrest occurred. Two days later he died. An autopsy was
performed and the specimen (brain and spinal cord) was
examined.

Grossly, cerebrum, cerebellum and spinal cord showed
mild edema with congestion. Sections were stained with

hematoxylin and eosin, luxol fast blue, trichrome and
Periodic acid-Schiff reaction. The most striking histologic
changes occurred in the spinal cord and brain stem. Dif-
fuse axonal degeneracion with myelin loss was occurred
in the spinal nerves (Fig. 1A-B). The spinal cord showed
marked ederna, axonal degeneration and destruction of
both gray and white matters (Fig. 2A-B). Especially ante-
ior horn motor neurons showed profoundly destruceed
features such as neuronal shrinkage, loss of nuclear mermn-

e

Fig. 2. A: Ventral horn of spinal cord shows interstitial edema with neuronal damage. Marked degeneration of anterior horn motar
neurons is noted. B: The white matter of spinal cord shows diffuse axonal degeneration with myelin break down (Luxo! fast blue,

% 100).
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Fig. 3. A: Cerebellar cortex shows extensive loss of Purkinje cell. Perivascular edema is noted. B: Periventricular edema and focal
ependymal denudation is present around the 4th ventricle (Luxol fast blug, x100).

brane with a remaining clumyp of chromarin granule (Fig.
2A). Some of the neurens showed eccentrically displaced
nuclei and clear cytoplasm with peripheral rimming of
Niss] substance (central chromatolysis). The cerebellum
and brain stem also showed extensively damaged fes-
tuses. The cerebellum showed loss of Purkinje cells and
white marter edema (Fig. 3A). Diffuse edema and en-
largement of petivascular spaces of che white matter was
noted in the brain stem (Fig. 3B). Focal microcystic de-
generation was also noted. Several neurons in the brain

stem showed chromatolysis and swelling. The cerebrum
showed diffuse edema of both gray and white mateer,
especially in the periventricular and perivascular areas.
Focal denudation of ependymal cells of ventricles was also
noted. The neurons of cerebral cortex and decp gray
marter (basal ganglia and thalamus} revealed swelling
and central chromarolysis (Fig. 4A). Some neurons show-
ed pinkish round intracyroplasmic spheroids (Fig. 4B).
The cerebral white matrer showed marked periventricular
inzerstitial edemma compared with area distant from. ven-

Fig. 4. A: The neurons of basal ganglia shows central chromaiolysis. Perineuronal edema is noted (H&E, X400 B: A neuron
forms pinkish round intracytoplasmic spheroid struchure (arrow) {Luxo! fast blue, x400).
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tricle. Fecal microcystic degeneration of white matter was
also noted.

'DISCUSSION

This case presents a clinicopathologic features of the
effects of incrathecally administered vincristine. Clin-
ically, the first sign was leg pain and motor weakness
followed by meningism, urinary dysfunceon, opisthoro-
mus, progressive sensory loss and alteration of consious
state. Subsequently comatose state and respiratory failure
developed and resulted in death. Qur case progressed the
same course as previously reported cascs (7-12) and those
clinicel findings suggests that intrathecal vineristine neu-
rotoxicity 5 a progressive ascending myeloencephalo-
pathy. The most frequent neuropathic effect, caused by
intravencus vincristine injectdion is chronic peripheral neu-
ropathy, involving both the motor and sensory nervous
system {8-10). Incrathecal vincristine causes ascending
neuropathy and chronic peripheral neuropathy (8). As-
cending neuropathy is & resule of direct toxic effece of
vincristine. In this case, intrathecal vincristine caused leg
pain with decreased motor activity followed by menin-
gitic symptoms such as high fever and neck stiffness.
Autonomic netvous system was also involved (8) and its
manifestations were urinazy retention due to bladder dys-
funcrion, and increased heart rates. Finally, respiratory
faiture due ro brain stem dysfunction developed.

Histologically, our case showed that extensive damage
of the spinal cord, brain stem and cerebellum. The spinal
cord showed extensive destruction of white matter wich
neuronal degeneration. Axonal degeneration and myelin
loss was noted throughout the ceneral and peripheral ner-
vous system. Neurons in the pons, medulla, and cere-
brum showed swollen cyroplasm, and cenral chroma-
tolysis. The cerebellum showed diffuse loss of Purkinje
cells. In the white matter of the cerebrum, microcysts
formed by interstitial edema were frequently seen, Those
findings are corresponded with the previous reports about
the intrathecal vincristine toxicity. Manelis er al. de-
scribed that seriking pathologic changes were scen in the
anterior horn cells of the spinal cord and in the moror
nuclei of the medulla with enlarged neuron, clear zones
among irregularly dumped aggregates of Nissl sub-
stance and acidophilic thomboidal crystals (9). Bain et al.
reported that cercbellar zissue was extensively damaged
and proliferation of Bergmann glia and severe degenet-
ation and nccrosis of the cerebellar cortex were found (8).
Histological changes of our case were prominent in spinal
cord, cerebellum, and cerebrum in descending order. And
neuronal derangements progressed from the injection site
and ascended. Periventricular area was more profoundly
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affected. These findings imply that the sevesity of neu-
ronal involvement appears to correlate with the concen-
tration and amount of drug received.

In conclusion, intrathecal vincristine causes direct neua-
rosoxicity and ascending neuropathy, which progresses o
lethal neuronal damage and results in death in the acute
phase of clinical course. Gaidys et al. reported that intra-
venous vincristine is bound to formed blood and tissue
elements in wichin 20 min and once bound, vincristine
and its metabolites are excreted slowly (7). When intra-
thecal vincristine gees across the blood brain barrier, CNS
uptake is occurred rapidly and binding to tubulin is fol-
lowed prior to the CNS washout (7). There have been
no documented cases of survival afrer intratheeal vineris-
tine injection despite of intensive care abour maincen-
ance of vital functions and other special therapies such
as CSF exchange and inteathecal hydrocortisone (7-12).

The exact mechanism of vincristine toxicity s nor yet
known. Some auchors proposed chat the peripheral ncu-
rotoxicity of vincristine is caused by disruption of micro-
tubules, which induce an inhibidon of axonal transport
of marerial from cell body to periphery (13, 14). Central
neurotoxicity may be explained by the appearance of aci-
dophilic intraneuronal crystals and clumped Nisst sub-
stances. In the cerebrum, intracytoplasmic spheroids,
which are vincristine induced products and considered to
be aggregates of neurofilaments, were found.
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espite its boxed
label  warning,
B there have been
a number of cas-
es in which vin-
ARG cristine was in-
advertently administered intrachecally.
When given in this way, vincristine
causes central nervous system (CNS)
toxicity, producing progressive ascend-
ing myeloencephalopathy. The first
sign is evident in the neurons that in-
nervate the distal fower extremity; it
is characterized by leg weakness, leg
pain, and loss of the tendo calcaneus
reflex.! Autonomic dysfunction may
follow with urinary retention. Symp-
toms of meningitis such as stiffness
in the neck and high fevers may also
occur, Generalized inflammation and
dysfunction of the CNS lead to respi-
ratory faibue and death. Attempts to
mitigate the toxic cffects with cercbro-
spinal fluid lavage and glucocorticoste-
roids remain largely unsuceessful.?

Where reporied

The first reported case of intra-
thecal administration of vineristine
sulfate occurred in the United States
in 1968 in a 23-month-old girl diag-
nosed with acute lymphocytic leuke-
mia who was prescribed intrathecal
methotrexate along with intravenous
vineristine.? Inadvertently, 3 mg of
vincristine was given intrathecally.
© 2007 Elsevier Inc. All rights reserved.
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This mistake was recognized a short
time later, and 200 mL of cercbro-
spinal fluid was exchanged with 200
mL of saline as medical management.
Despite these efforts, the patient dis-
played thrashing movements and an
opisthotonic posture the following
day. On day 3, the patient developed
respiratory paralysis, became coma-
tose, and died.

The reasons for this medication
error are not clear, but contributing
factors may have included premature
removal of the drug from 1s over-
wrap packaging, unfamiliarity with
cancer drugs and protocol, or failure
to check physicians’ orders by health-
care workers. The autopsy report re-
vealed evidence of neuronal changes
produced by the effects of intrathecal
vincristine.?

The Rescarch or: Adverse Drug
Events and Reports (RADAR) proj-
cct of Northwestern University con-
ducted a review of the literature pub-
lished from 1968 to June 2006. Since
1968, 55 cases of inadvertent ntra-
theeal vincristine have been report-
ed worldwide. In addition to cases in
the US, intrathecal administzation of
vincristine has oceurred in the UK,
Australia, Isracl, Saudi Arabia, and
Singapore. While 32 cases have been
documented in the literature, only 13
have been reported to the FDA Med-
Watch. Of those 32 cases, 27 (84%)

deaths have resulted (Table 1). Based
on the literature findings, the three
most frequentdy cited types of error
were:
¥ physicdan/nurse and pharmacy er-
ror {6990);
® pharmacy error only (19%);
® physician-nurse error only (12%;
Table 2).

In cases of physician/nurse and
pharmacy error, reports show that
mtrathecal administration of vin-

Fast Facts _5? ;

VINCRISTINE

Vincristine is an alkaloid isolated from the
Madagascan periwinkle {Catharanthus :
roseus). Because vincristine sulfate has low .
octanol:water solubility, it results in low oral-.
bioavailability and poor penetrafion of the:
CNS. Therefore, it is lubeled for infravenous”
administration. The drug is used in both :
children and adulis o treat a variety of
hematalogic malignancies and solid tumors
including acufe lymphoblastic leukemia,
Hodgkin's lymphoma, and non-Hodgkin's
lymphoma. Vincristine exeris its cylostatic %
effects on mitotic spindle fibers causing cell - -
cycle arrest during mefaphase. :

T

Common side effects associared with :
intravenous vincristine include abdominal
cramps and constipation, a temporary

change in taste, bruising/bleeding, and
neurotoxicity, which may be irrevarsible. e
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TARLE 2

TABLE 1

Number of published case reports and deaths from inadvertent
infrathecal administration of vincristine by region since 1968

usa/

Year Canudy Europe Australia Asia Total Deaths
Prior to 1985 7 o] o] 1 8 8 [100%)]
1986-1990 0 1 0 2 1 [50%])
1991-1995 2 2 1 1 <] 4 [66%)
1996-2000 4 1 ¢ 3 8 4 [75%)
2001-2005 2 5 1 0 8 8 [100%)
Totel 16 8 3 5 32 27 (84%)

cristine occurred most often because
of inadeguate communication be-
tween pharmacy and medieal staff. In
these situations, the pharmacy mis-
takenly defivered vineristine syringes
with syringes containing intrathecal
medications and physicians or nurses
wrongly administered vineristine in-
trathecally. In cases of pharmacy error
alone, the mislabeling of syringes was
a common mistake, whereas physi-
clan/nurse error alone usually resulted
from failure to read syringe labeling

Number of cases of inadvertent intrathecal
administration of vineristine atributed to
each source of error reported since 1968

Physician/

nurse + Physician/
Year pharmacy Pharmacy  nurse
Pricr to 1985 5 2 1
1984-1990 1 Q 1
1991-1993 3 2 1
19946-2000 5 2 1
2001-2005 5 3 0
Total 19 [59%]) 9 (28%] 4 ([13%)
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or to check physictans’ orders.
Additional errors that contributed

to the inadvertent intrathecal admin-

istration of vincristine include:

® Administration of other chemo-

therapy agents in combination with

vincristing;

® Premature removal of the drugs

overwrap packaging;

® Lack of awareness regarding label-

mg and dispensing requirements;

8 Lack of familiarity with chemo-~

therapy drugs and protocols.

Recommendaiions

All of these cases involved a com-
bination of human and system errors
occurring in the medical, mursing, and
pharmacy professions. Strategies and
ouidelines exist to prevent inadvertent
intrathecal administration of vincris-
tine, The most effective strategy is to
sequester the intrathecal administra-
tion of chemotherapy drugs.® Thus,
intrathecal administration of chemo-
therapy drugs should not eccur at the
same time or in the same location in
the facility where infravenous admins-

tration of chemotherapy drugs occurs.
In the TS, the recommendations
for preventing this crror include:
B Clearly labeling vincristine as “Fa-
TAL IF GIVEN INTRATHECALLY. FOR
INTRAVENOUS USE ONLY. DO NOT RE-
MOVE COVERING UNTIL. MOMENT OF
INJECTION.”
B Properly training healthcare work-
ers to prepare, deliver, and adminis-
ter vincristine or any chemotherapy
drug. .
® Implementing a formal checking pro-
cedure or “time out” at each insttudon.*
Intrathecal administration of vin-
cristine is a fatal yet prevensable er-
ror that needs to be fully understood.
With clear labeling, proper aware-
ness, and training of pharmacists,
physicians, and nurses, this medica-
tion misadventure can be avoided.

References

1. Alcaraz A, Rey C, Concha A, Medina
A, Iniratheca] vineristine: fatal myeloencepha-
lopathy despite cerebrospinal fluid perfusion.
Toxicol Clin Toxicol 2002;40:557-561.

2. Schochet 88 Jr, Lampert PW, Earle
KM. Neuronal changes induced by intracheeal
vincristine sulfate. J Neuropathal Exp Neurol
1968;27.645-658.

3. Gilbar P, Carrington CV. Preventing in-
trathecal administration of vineristine. Med J
Aust 2004;181:464.

4. Joint Commission on Accrediration of
Health Care Organizations. Preventing vin-
cristine administration errors. Sentinel Event

Alerr 2003; Jul 14:1-3.

Dr: Bennett is Assaciats Director at VA Midwest Con~
ter for Flealth Services and Poiicy Research, Chicago,
1L, Fle is aka affifiated with VA Chicage Healthcare
Systent; Division of Hematelogy/Oncolegy, Feinborg
School of Medicine, Robert F. Lurie Comprebiensive
Cancer Center of Northywestern University: Chicago,
IL. He can be reached at chenne@uorthuwestern.cdy.

www. CommunityOncology.net



