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The authors describe the cases of three patients
affected by acute myeloid leukemia, in complete
remission, who rapidly developed neurologic symp-
toms leading to death. Neither clinical characteris-
tics, nor radiological or microbiological procedures,
allowed an etiological diagnosis of the neurologic
syndrome. Post-mortem examination of the brain
showed both macroscopic and microscopic findings
compatible with acute hemorrhagic leukoencephali-
tis. The difficulty in distinguishing this entity from
other CNS disease-related complications (e.g.
leukemia infiltration, drug toxicity, hemorrhages)
should not lead to an underestimation of the true
incidence of this complication. We believe that with
more attention to the possibility of this complication
there would probably be both a greater possibility of
collecting clinical informations about the real impact
of this dramatic disease and a stronger hope of find-
ing the right treatment for it.
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Central nervous system (CNS) involvement dur-
ing the course of acute leukemia is not infre-
quent and may be due to various causes that

are divided into those that are a direct effect of the dis-
ease upon CNS and those primarily treatment-relat-
ed. It is well recognized that the CNS may be infil-
trated by myeloid or lymphoid leukemia cells, either as
meningeal leukemia or as nodular masses.1-3

Other major causes of CNS involvement in
patients with hematologic malignancies are infec-
tious diseases. Staphylococcus epidermidis or S. aureus
frequently complicate chemotherapy of leukemic
CNS infiltration, performed by reservoir.4 Other fre-
quent causes of CNS infection are filamentous fun-
gi: Aspergillus spp. or Mucorales,5,6 can induce the devel-
opment of fatal cerebral abscesses. Viruses as

Cytomegalovirus (CMV), Herpes simplex virus (HSV), Vari-
cella-zoster virus (VZV) and JC virus (JCV), by inducing
leukoencephalitis and so causing irreparable damage,
play a relevant role in CNS damage, especially in
leukemic patients who have undergone bone marrow
transplantation procedures.7-9 Cerebral toxoplas-
mosis and cryptococcosis are observed more rarely in
leukemic patients than in HIV patients.

In literature we find descriptions of neurologic syn-
dromes due to different chemotherapeutic agents,
such as L-asparaginase or methotrexate.  The onset
of these syndromes may occur either during different
therapeutic phases of the antileukemic treatment or
during transplantation procedures.10,11 Furthermore
there is a high risk of CNS bleeding  in all leukemic
patients because of the marked thrombocytopenia
related to leukemic bone marrow infiltration or fol-
lowing chemotherapy.12,13

In this paper we report the cases of 3 patients with
acute myeloid leukemia (AML) who died, in com-
plete remission (CR), of neurologic complications.
All patients presented the same clinical characteris-
tics and the complication led rapidly to death with-
in few days. The post-mortem findings were diagnos-
tic of acute hemorrhagic leukoencephalitis (AHE).

Case report
Between January 1992 and December 1997 we

recorded 231 new cases of adult patients, aged from
15 to 91 years old, with acute leukemia (178 AML
and 53 acute lymphoblastic leukemia). Twenty-six
cases of neurologic complications were observed: 13
CNS leukemia (8 ALL and 5 AML), 5 hemorrhages (3
AML and 2 ALL), 1 encephalitis due to drug toxicity
(methotrexate) in a patient with ALL, and 4 fungal
infections (2 Aspergillus spp., 1 Mucor spp. and 1 Blas-
toschizomyces capitatus) all in AML patients. Of the
AML patients, 86 (50%) achieved a CR and three of
them (3.4%) developed neurologic symptoms evolv-
ing into coma. These three patients died and autop-
sy showed the typical picture of acute hemorrhagic
leukoencephalitis.



Case #1
A 71-year-old white man was diagnosed as being

affected by acute myeloid leukemia (FAB M5a). Since
his clinical condition was good, he started chemo-
therapy with mitoxantrone and cytosine arabinoside
(Ara-C). During the post-chemotherapeutic phase of
aplasia he developed a fever of unidentified origin
(38.7°C). He was treated with a combination of
broad-spectrum antibiotics (cephalosporine plus ami-
noglycoside) and recovered from the infection. A bone
marrow examination, performed at recovery from apla-
sia, demonstrated the achievement of CR. A few days
after this examination, the patient developed asthenia,
diarrhea and neurologic symptoms (slurred speech,
vomiting, somnolence and confusion). A diagnostic
lumbar puncture showed normal CSF glucose and pro-
tein concentrates and a cerebrospinal fluid cellular
count of 4/mm3. A full blood count showed Hb 12.1
g/dL, WBC 14.53109/L (neutrophils 123109/L and
lymphocytes 0.53109/L) and a platelet count of
2563109/L. Coagulation parameters (PT, aPTT, fibrin-
ogen) were within the normal ranges. Treatment with
glycerol and glucocorticoids was started but the neu-
rological deterioration progressed and the patient died
without having responded to treatment.

Case #2
A 44-year-old white female with AML (FAB M5a)

achieved a CR after induction treatment (idarubicin,
Ara-C, etoposide). During the aplasia following con-
solidation treatment (amsacrine plus Ara-C) she
developed a polymicrobial bacteremia, due to Candi-
da albicans and Flavobacterium spp. associated with
pneumonia. She was treated with a cephalosporine
plus aminoglycoside and amphotericin B and recov-
ered. Seventeen days later, the patient developed visu-
al disturbances, bilateral Lasègue sign, left facial
paresis and confusion. Examination of the CSF
revealed: glucose 124 mg/dL, protein 16 mg/dL, cells
1/mm3. The full blood count showed leukocytosis
(153109/L) with a marked increase in neutrophils
(133109/L) and lymphopenia (0.43109/L). Platelet
count (2123109/L) and other coagulative parame-
ters were normal. Glycerol and glucocorticoid thera-
py was immediately administered intravenously but
neurologic signs (vomiting, diarrhea, disturbance of
consciousness and bladder incontinence) rapidly
worsened evolving into coma. The patient died with-
out any signs of leukemia relapse after 9 days.

Case #3
A 70-year-old white man was diagnosed as having

AML (FAB M0). Except for a previous history of
chronic subdural hematoma he was in a good clini-
cal condition. Induction treatment with idarubicin
plus Ara-C was prescribed. One month after the start
of chemotherapy the patient, who had achieved a
CR, developed a Pseudomonas aeruginosa bacteremia
associated with pneumonia. Targetted antibiotic
treatment with cephalosporine plus aminoglycoside
induced recovery from the infection. A few days later

he manifested neurologic symptoms characterized by
headache, sphincter incontinence, lower limb paresis
and hypotonia and a mild left finger-to-nose dysme-
tria; furthermore he developed vomiting and diar-
rhea. A full blood count revealed 10.33109/L WBC
with 8.33109/L neutrophils and 13109/L lympho-
cytes, 3003109/L platelets and 13.5 g/dL hemoglo-
bin. Coagulation parameters were within the normal
ranges. A lumbar puncture showed mildly increase
glucose (57 mg/dL) and protein concentrations (81
mg/dL) and 2/mm3 cells. Despite treatment with glu-
cocorticoids and glycerol, the altered state of con-
sciousness progressively worsened into deep coma
and the patient died after 10 days.

Results
The clinical characteristics and laboratory results of

the three patients are summarized in Table 1.

Hematologic and chemical examinations
At the onset of neurologic symptoms and in the fol-

low-up the blood count revealed normal hemoglobin
levels and platelet counts, but in all cases substantial
neutrophilia (ANC >103109/L). Coagulation para-
meters were within the normal ranges. Bone marrow
examination demonstrated complete remission.

None of the patients had metabolic abnormalities
or showed hyperammonemia.

CSF glucose and cell count were normal in all
patients, whereas CSF protein content was increased
in two patients.

Microbiological studies
Serology for CMV, HSV, VZV, Epstein-Barr virus

(EBV), human immunodeficiency virus, Cocksakie virus B1-
B6, Measles, Rubella and Cryptococcus, as well as fungal
stains, bacilli smears and culture studies, were nega-
tive. CSF samples as well as tissue samples obtained
during autopsy were tested for bacteria, fungi, CMV,
HSV, VZV, JVC, EBV and Toxoplasma gondii.

DNA amplification for EBV-DNA, JCV-DNA and T.
gondii-DNA was performed on the CSF samples by
nested PCR tecniques.14-16 Moreover, the same PCR
were performed on paraffin embedded tissue sam-
ples, after having removed the paraffin. HSV-DNA
and CMV-DNA amplification were also performed
by nested PCR on CSF specimens.17-19

The nested PCR, both on CSF and on autopsy tis-
sues, gave negative results in all patients.

Electroencephalography
In all patients an EEG, performed at the onset of

the neurologic symptoms, showed diffuse slow aspe-
cific activity without focal signs.

Radiological procedures
CT brain scan. CT did not reveal focal alteration of

brain parenchyma density or pathologic enhance-
ment after contrast medium administration in any
patient. In all cases CT could only demonstrate dif-
fuse atrophic changes.

Brain magnetic resonance imaging. MRI was performed
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in only two cases. Diffuse signal hyperintensity of both
thalami and periacqueductal WM was evident on
both proton density weighted (Pdw) and T2-weight-
ed (T2w) images. These images demonstrated some
small hyperintense parenchymal areas interpreted as
aspecific leukoencephalopathic changes, located in
the subcortical frontal and parietal white matter, in
the corona radiata and in the centrum semiovalis.In
both patients MRI confirmed the CT evidence of
atrophic degenerative parenchymal changes. No
pathologic intracranial contrast enhancement was
identified in the brain parenchyma after gadolinium
injection.

Histologic examination
The autopsy examination was limited to the brain

following our usual practice in these circumstances.
Macroscopic examination of the brain, performed
according to Chacot’s technique, did not show any
typical lesions related to opportunistic infections. The
cerebral hemispheres appeared symmetrical but
swollen and softened. The leptomeninges were min-
imally thickened and opacified; serial coronal sec-
tions of parietal or posterior regions showed demar-
cation between grey and white matter, which
appeared edematous, discolored and softened with
diffuse petecchial hemorrhages. The components of

the basal ganglia and the internal capsule were soft-
ened, congested and edematous too, and they also
contained petecchial hemorrhages. The ventricles
were reduced in size.

Microscopic examination of cerebral parenchyma,
the meninges and subarachnoid spaces did not show
any leukemic infiltration, but did show several areas
characterized by marked edema, and pericapillary
extravasation of erythrocytes without evidence of
destruction of the blood vessel walls. In addition ball
and ring hemorrhages around vessels associated with
microglial reaction and focal demyelination, as shown
by the Marchi stain, were present (Figures 1 and 2).

Discussion
Neurologic complications in patients with acute

leukemia are rather frequent and potentially serious.
The CNS damage can be the consequence of either
direct or indirect effects of malignancy, or complica-
tions of chemotherapy.1-6

No part of the CNS is immune from potential dam-
age and several reports highlight an increase of these
complications especially in transplanted patients.7-9

A direct drug-related toxic effect, drug-induced meta-
bolic encephalopathy, drug-induced intracranial
hemorrhage or infection (due to myelosuppression)
or modification of mental attitude and behavior as a
consequence of the drugs may be manifestations of
neurotoxicity in patients who have received high dos-
es of chemotherapy. Moreover neurological syn-
dromes due to paraneoplastic cerebellar degenera-
tion, caused by an autoimmune mechanism, have
been reported in hematologic malignancies, in par-
ticular in patients with Hodgkin’s disease.13,20,21

All our cases had a similar clinical course: in hema-
tologic CR, a few days after an infection (FUO, sep-
sis, pneumonia) they developed a neurologic syn-
drome which rapidly evolved into coma and death.
Since there was the suspicion of infectious encephali-
tis, all the patients underwent various microbiologi-
cal tests, but none of these laboratory examinations
were positive. Neither the EEG nor the CSF studies

Table 1a. Clinical and laboratory characteristics of patients.

Case Underlying Infectious Latency between Latency between Signs and Microbiological CSF results
leukemia prodromi infectious prodromi neurologic symptoms exams, CSF and

and neurologic symptoms CNS tissue Glucose Protein Cells
symptoms and death

#1 AML-M5a FUO 15 days 15 days confusion, negative 56 47 3
somnolence,

vomiting

#2 AML-M5a fungemia, 17 days 9 days visual disturbances, negative 124 16 1 
bacteremia confusion, Lasègue sign,
pneumonia left VII paresis, vomiting,

incontinence

#3 AML-M0 bacteremia 9 days 10 days headache, incontinence, negative 57 81 2
pneumonia frenage, vomiting

Table 1b. Results of EEG and brain imaging.

Case EEG Brain CT scan Brain MRI

#1 diffuse atrophic changes not performed
slowing

#2 diffuse atrophic changes atrophic changes, 
slowing hyperintensity

on Pdw and T2w images 
of both thalami

#3 diffuse atrophic changes and atrophic changes; 
slowing chronic subdural leukoencephalopathic

hematomas foci 
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revealed significant abnormalities. The CT scan
showed aspecific brain atrophy. At MRI a diffuse
alteration of the signal intensity of both thalami and
periacqueductal white matter was observed. Symp-
tomatic treatment and empirical anti-infective ther-
apies were completely ineffective and only autopsy
allowed the cause of death to be diagnosed.

The microscopically revealed presence in the brain
of typical small ring and ball hemorrhages around the
vessels, without evidence of severe wall damage,
marked edema, leukocytes spreading in the white mat-
ter and pericapillary extravasation of erythrocytes was
diagnostic of acute hemorrhagic encephalitis.

Acute hemorrhagic leukoencephalitis is a rare hyper-
acute inflammatory disease of cerebral white matter,
and was established as a pathologic entity in 1941.22

It is characterized by the development in a few days of
severe neurologic symptoms (confusion, stupor,
speech disturbance, hemiparesis, seizures).23,24 Coma
and death commonly follow within a week. The usual
laboratory findings are: peripheral neutrophilia, mild

increase of CSF protein, aspecific and diffuse slow
cerebral electrical activity. CT scan and MRI show
areas of demyelinization or edema plus areas subse-
quently evolved into hemorrhagic lesions.25 A tempo-
ral relationship has been noted between certain infec-
tive diseases, such as upper respiratory tract infections,
VZV and, especially, Mycoplasma pneumoniae, and the
subsequent development of AHE in the following 2-3
weeks.22,24 The pathogenesis of this syndrome is
unknown but the possibility of it having an autoim-
mune origin is supported by various factors such as a
latency between a previous infection and the onset of
leukoencephalitis, and the lack of identification of an
infectious organism.22 Support for the autoimmune
etiology hypothesis is strengthened by the similarity of
AHE to experimental allergic encephalomyelitis; fur-
thermore in humans with acute disseminated ence-
phalomyelitis there is evidence of activation of autore-
active T-cells against myelin basic protein.26,27 Due to
the rapid clinical course and to the difficulty of a com-
plete diagnosis before the cerebral histological exam-
ination, usually only autopsy is able to confirm the
diagnosis. 

In literature many therapies, both medical (immu-
nosuppressive therapy with a combination of gluco-
corticoids and cyclophosphamide, and plasma-
pheresis) and surgical, have been tested, but patients
seldom recover from this complication.24, 28-32

In our experience the incidence of CNS complica-
tion in patients with AML is about 8% and in most
cases the complications are related to leukemic infil-
tration or bleeding. They are seldom due to infec-
tions. An etiological diagnosis of these events is usu-
ally achieved on the basis of clinical, radiologic,
microbiologic and cytologic procedures. The lack of
identification of the cause of death is a disturbing
event, especially when it happens in patients in CR.

In our patients the clinical course, the negativity of
the microbiologic and radiologic examinations and
the neuropathologic findings are compatible with a
diagnosis of AHE.

This is the first time that AHE is reported as a neu-
rologic complication in patients with hematologic
malignancies. In a recent report33 five out of 39 (13%)
transplanted patients developed CNS involvement,
and had a clinical course very similar to that observed
in our patients. Unfortunately pathology studies were
not performed in any of those patients.

The fact that the clinical course progresses in such
a rapid and aspecific way leads us to underestimate
the incidence of this pathology. We believe that if
physicians paid more attention to the possibility of
this complication, especially in patients who have
undergone high-dose chemotherapy, there would
probably be both a greater possibility of collecting
clinical information about the real impact of this dra-
matic disease and a stronger hope of finding the right
treatment for it.

Figure 1. Neutrophils present in the vessel wall and spread-
ing in the white matter constitute the inflammatory infil-
tration in acute hemorrhagic encephalitis (3250, May Grün-
wald Giemsa stain).

Figure 2. In white matter there are ball and ring hemor-
rhages associated with necrosis of white matter in a
perivascular distribution and spreading into the brain tis-
sue (3400, E.E. stain).
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