
A r tic le  a b s t r a c t — We reviewed the clinical histories, operative results, and neuropathologic findings o f  23 consecutive 
p a tien ts  who had heart transplants. Prolonged preoperative hypotension and failure o f cerebral autoregulation o f blood flow, 
fo llow ed  by postoperative elevation o f blood pressure beyond the limits o f cerebral autoregulation, may account for the high 
incidence o f  neurologic com plications (70% ); 60% were vascular. Immunosuppressive therapy may have been responsible for the 
high incidence (20% ) o f  opportunistic intracranial infections. Lymphoproliferative disorders occurred in three patients (13%).
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Neuropathology of heart 
transplantation: 23 cases

Carlos G. M ontero, MD, and A. Julio Martinez, M D

The 5-vear survival rate o f  heart transplantation is 
50%. T o  analyze complications, clinicians and pa­
thologists have focused attention on the heart itself, but 
other organs are also affected, especially the brain.1' 
Hotson and Pedley1 found that neurologic com plica­
tions were the primary cause o f death in one-fifth o f  the 
cases. W e have studied 23 consecutive patients.

M a ter ia ls  and  methods. We reviewed 13 men (56%) 
and 10 women (44%) with a mean age o f 36 years (range, 
16 to 53). Orthotopic heart transplants were performed 
between July 1981 and June 1985, under moderate (28 
°C) hypothermia and cardiopulmonary by-pass. In that 
time, 155 heart transplants were performed at Pres­
byterian-University Hospital (PU H ); on June 30,1985, 
101 patients were still alive (65%). M yocardial protec­
tion was done with topical cooling and hypothermic (4 
°C) cardioplegia. The perfusion pressure was main­
tained at a 50- to 80-mm Hg level during the cross­
clamp period, which averaged 65 minutes (range, 38 to 
114). Mean pump time was 125 minutes (range, 81 to 
270). Prophylactic antibiotics were used in all cases and 
continued for 4 postoperative days. The immunosup­
pressive protocol consisted o f cyclosporin-A (CyA) ad­
ministered at an initial dose o f 17.5 mg/kg before the 
transplant, and then the dose was adjusted to maintain 
whole-blood levels o f between 800 and 1,000 ng/ml (ra­
dioimmunoassay). M ethylprednisolone (1 g IV) was 
given before the patient was taken off the bypass, and 
Continued with 200 m g/d o f prednisone on POD 1, 
tapering down to 20 m g/d by POD 10. For CyA nephro­
toxicity, the dose was lowered, and azathioprine was 
given. Endom yocardial-biopsy-proven rejection was 
treated with bolus o f methylprednisolone (1 g /d  x3 IV), 
and rabbit antithym ocyte globulin (100 m g/d x3 IM ) 
Was given if rejection persisted.

In all 23 cases, the brain and spinal cord wjere studied

macro- and microscopically after 10% formaldehyde 
fixation for at least 14 days. Histologic sections o f the 
CNS from different areas including the pituitary gland 
were studied with hematoxylin and eosin (H-E) and 
other special stains when indicated.

R e su lts . Cerebrovascular com plications. No neu- 
ropathologic lesions were found in four cases (17%). 
Most cerebral lesions were vascular (60%) or infectious 
(20%) (table 1). In six cases (26%), lesions were consid- 
red secondary to circulatory collapse (postoperative hy­
potension , decreased cardiac output, or increased 
peripheral vascular resistance).

Vascular lesions (thrombosis, embolism, old or re­
cent infarcts, and recent hemorrhages) were found in 10 
cases (43%). Persistent cardiac rejection was present 
throughout the clinical course in case 4. Rejection was 
not observed in case 19 because he died 15 hours after 
transplantation. Neither patient had clinical m an­
ifestations o f the cerebral lesions. Infarct o f the adeno­
hypophysis and ischem ic-anoxic neuronal changes 
were found in case 4. Recent hemorrhage and infarct of 
the right parietal lobe with platelet thrombi and isch­
emic-anoxic changes were found in case 19. Case 4 died 
o f an acute myocardial infarct, and case 19 died because 
o f acute right heart failure and shock.

Case 2 died 20 days after the transplant. Obtunda­
tion. right hemiplegia, and seizures began 10 days before 
the heart transplant, and an old infarct o f the right 
thalamus and a recent infarct o f the left putamen were 
found (figure 1). Laminar cortical necrosis was also 
found on the occipital cortices. Case 3 had been on 
aortic balloon counterpulsation before the heart trans­
plant. She developed thrombosis o f the aortic arch and 
descending aorta, wh ich was unnoticed during the cross 
clamping. In the immediate postoperative period, em ­
boli lodged in the right femoral artery, which was re-

p
v the D e p a rtm e n t o f  C a rd io th o ra c ic  S u rgery  (D r. M o n te r o )  an d  D iv is io n  o f  N e u ro p a th o lo g y  (D r  M a rtin e z ) . P re s b y te r ia n -L n iv e rs ity  H osp ita l. P ittsb u rgh . PA .

• .upported  in part b y  a grant from  S p a n ish  In sa lu d  o f the M in is try  o f  H ea lth , no. 8 4 /6 .

P r C a rlos  G.  M o n te r o  w as a re c ip ien t  o f  a grant from  F o n d o  de Invest ig a c ion es  S an itaria*  de la S egu rid ad  S o c ia l o f  S p a in  iFISS>
AciCepted tor  p ub lic a tio n  -January 8. 198ft. 

P A 15213
E **^ ress c o r re s p o n d e n c e  a n d  reprin t requ ests to  D r M a rtin ez . D iv is io n  o f  N e u ro p a th o lo g y . P r e s b y te r ia n - l ’ n iv e rs ity  H osp ita l. D e S o to a t  O 'H a ra  S treets . P ittsbu rgh .



T a b le  1 . N e u r o p a t h o lo g ic  fin d in g s  in h e a rt  tr a n s p la n ta t io n

Neurologic
Survival
interval

Case no. Sex/age m anifestations (days) Cause o f death Neuropathologic findings

PA -81-173
(1)

M /36 None 360 Right ventricular 
failure, pulmonary’ 
hypertension

N PC . pituitary siderosis

PA-81-201
(2)

M./38 Obtundation, 
seizures, right 
hemiplegia

20 Sepsis, secondary to 
small bowel necrosis

Infarct, old, right thalamus; infarct, 
recent, left putamen & insular cortex; 
laminar cortical necrosis

P A -82-46
(3)

F /52 Fatigue, seizures, 
right hemiparesis

17 Intracerebral
hemorrhage

Hemorrhage, recent, right & left 
occipital; infarcts, old and recent, 
cerebral hemispheres, pons, 
and cerebellum

PA -82-120
(4)

M /48 None 350 Chronic rejection, 
acute myocardial 
infarct

Pituitary infarct, ischem ic-anoxic 
neuronal changes

P A -8 2 -135 
(5)

F/31 None 50 Acute rejection,
disseminated;
toxoplasm osis

Toxoplasma gondii encephalitis, 
pituitary infarct, pituitary 
microadenoma

PA -82-136
(6)

F /25 Seizures, 
hyperflexia, CC

1 Acute myocardial 
infarct

N PC

P A -8 2 -163
(7)

M /48 Fatigue, nausea, 
headache, CC

420 Chronic rejection, 
pulmonary’ fibrosis, 
heart failure

Infarct, old, left frontal & left basal 
ganglia

PA -82-206
(8)

M /22 Obtundation, CC 350 Sepsis, lymphoma Infarct, old. right temporal

I
PA -83-2

(9 )

F/41 Seizures 33 Overwhelming 
infection (candidiasis 
& toxoplasm osis), 
polym icrobial 
bronchopneum onia

Toxoplasm a gondii encephalitis, 
cerebral candidiasis

P A -83-52
(10)

M /34 Headache, tremor, 
seizures, coma

150 Pancreatitis, 
pneum onitis, renal 
failure

Infarcts, old, left temporal & left insula; 
leptomeningitis, subsiding; pituitary 
siderosis (Listeria m onocytogenes)

PA-83-61
(11)

F /50 Obtundation, CC 8 Hyperacute rejection,
congestive
cardiom yopathy

Ischem ic-anoxic neuronal changes

PA -83-67
(12)

M /53 Seizures, com a, CC 44 Renal failure, 
pulmonary abscess, 
DIC. pulmonary 
throm bosis

Astrocytosis, focal; phagocytic nodules

PA -83-77
(13)

M /51 Fatigue, seizures, 
obtundation

180 Sepsis, renal failure, 
lym phoproliferative 
pneum onitis

Cerebral aspergillosis, right frontal

PA -83-110
(14)

M /20 Obtundation 173 Pulmonary 
cryptococcosis, 
lym phoma, ileal 
perforation, acute 
peritonitis, A R D S

Infarcts, old. right & left basal ganglia

P A -83-132  F /44 Seizures 
(15)

C C  C ir c u la to ry  co lla p se , p o s to p e ra t iv e  h y p o p e r fu s io n ,  
A R D S  A d u lt  R esp ira tory ' D is tress  S y n d ro m e  

N P C  M o  p a th o lo g ic  ch a n ges .
D IC  D is s e m in a te d  in tra va scu la r  coa g u la tion

72

o r  low  ca rd ia c

Renal failure, acute 

ou tp u t.

Ischem ic-anoxic neuronal changes, 
ganglia

3
■
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Cas< no. Sex age
Neurologic
m anifestations

Survival
interval
(days) Cause o f death Neuropathologic findings

PA '4 -1
(16)

F 29 Obtundation 26 AR D S: beta 
thalassemia major

Pituitary siderosis

PA --4 1
(IT i

F./52 None 1 Hyperacute rejection, 
sarcoidosis

NPC

PA-84-55 
(18!

M /16 Seizures 14 AR D S, pseudomonas 
pneum onia, renal 
failure, sepsis

Cerebral aspergillosis. Alzheimer type 11 
astrocytosis, frontal hematomas, left 
middle frontal & left parieto-occipital

PA-84 148 
(19)

M /20 None 0.5 
(15 hrs)

Acute right heart 
failure & A R D S

Infarct, recent, right, parietal, small; 
ischem ic-anoxic neuronal changes

PA-S4-133
(20i

M /36 Transitory aphasia 6 Bronchopneum onia.
sepsis

Ischem ic-anoxic changes

PA-So-28
(21!

M .36 Seizures 86 Rejection, acute Subarachnoid petechial hemorrhages; 
infarct, small, old. thoracic spinal cord

PA-85-54
(221

F IT None 1 Hyperacute rejection, 
familial
hyperlipidemia

Pituitary siderosis; infarcts, right 
frontal, recent, small

PA-85-96 
(231

F/37 None. CC 1/3 
(5 hrs)

Hyperacute rejection, 
heart failure

NPC

Figure 1. Recent hemorrhagic infarct o f the left putam en , 
the insular cortex , and on both superior frontal gxri, mesial 
surface (case 2).

naoved. and in the left carotid artery, which was respon- 
sible for a right hemiplegia and seizures. The cerebral 
hemispheres showed left parietal hemorrhagic infarct 
• figure 2) and other infarcts in the right occipital cortex.

In cases 1, 10, 16, and 22, there was siderosis o f  the 
P'tuitary gland, probably due to numerous blood trans­
fusions. Obtundation was noted in cases 2, 8, 11, 13, 14 
and 1C. Case 21 had small subarachnoid and a focal, 
subdural hemorrhage and two episodes o f  cardiac rejec­

tion. Seizures were present in nine cases (39%) and 
transitory aphasia in one (case 20). Case 22 was a 17- 
y e a r - o l d  girl  wi t h  a t ype  I I - f a m i l i a l  h y p e r ­
cholesterolemia. For coronary and valve disease, she 
had three open-heart procedures: mitral and aortic 
valve replacement, left ventricular outflow tract en­
largement, and replacement o f the prosthetic aortic 
valve that became infected. After severe dyspnea and 
refractory congestive heart failure, she was considered 
for a com bined heart/liver transplant. Femorocaval 
venous bypass and aortic return was used, and in a 10- 
hour flawless operation she received both organs. In the 
next 48 hours she was treated for mediastinal bleeding, 
cardiac tamponade, and abdominal compression that 
was relieved by partial hepatectomy. Eventually both 
organs had to be replaced again for continuing low- 
cardiac output and liver damage, but she could not be 
weaned from bypass and she died 1 day after surgery. 
Multiple recent infarcts o f the right frontal cerebral 
cortex, diffuse ischemic-anoxic neuronal changes, and 
siderosis o f  the neurohypophysis were found. C ir­
culatory collapse was thought to be the main cause of 
neurologic symptoms in six patients (26%).

CNS infections. Systemic cytomegalovirus (CM V) 
infection occurred in one case (no. 10), but without 
cerebral lesions. Diagnosis was based on serologic stud­
ies and culture. The findings included old infarcts in the 
temporal and insular cortices, astrocvtosis, and chronic 
“ subsiding’" leptomeningitis. No phagocytic nodules or 
inclusion bodies were seen. The infection occurred 112 
days after the transplant, at which time there was also a 
Candida sp pneumonia. Neurologically, he had frontal 
headache and tremor, progressing to seizures and coma.
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Case no. S ex/age
N eurologic
m anifestations

Survival
interval

(days) Cause o f death N europathologic findings

PA-84-1
(16)

F/29 Obtundation 26 A R D S; beta 
thalassemia major

Pituitary siderosis

PA-84-4
(17)

F/52 None 1 Hyperacute rejection, 
sarcoidosis

NPC

PA-84-55
(18)

M /16 Seizures 14 A R D S, pseudomonas 
pneum onia, renal 
failure, sepsis

Cerebral aspergillosis, Alzheimer type II 
astrocytosis, frontal hematomas, left 
middle frontal & left parieto-occipital

PA-84-148
(19)

M /20 None 0.5 
(15 hrs)

Acute right heart 
failure & A R D S

Infarct, recent, right, parietal, small; 
ischem ic-anoxic neuronal changes

PA-84-133
(20)

M /36 Transitory aphasia 6 Bronchopneum onia,
sepsis

Ischem ic-anoxic changes

PA-85-28
(21)

M /36 Seizures 86 Rejection, acute Subarachnoid petechial hemorrhages; 
infarct, small, old, thoracic spinal cord

PA-85-54
(22)

F/17 None 1 Hyperacute rejection,
familial
hyperlipidemia

Pituitary' siderosis; infarcts, right 
frontal, recent, small

PA-85-96
(23)

F/37 None, CC 1/3 
(5 hrs)

Hyperacute rejection, 
heart failure

N PC

Figure 1. Recent hemorrhagic infarct of the left putamen, 
the insular cortex, and on both superior frontal gyri, mesial 
surface (case 2).

Moved, and in the left carotid artery, which was respon­
sible for a right hemiplegia and seizures. The cerebral 
hemispheres showed left parietal hemorrhagic infarct 
(figure 2) and other infarcts in the right occipital cortex.

In cases 1, 10, 16, and 22, there was siderosis o f the 
Pituitary gland, probably due to numerous blood trans­
fixions. Obtundation was noted in cases 2, 8, 11, 13, 14 
and 16. Case 21 had small subarachnoid and a focal, 
subdural hemorrhage and two episodes o f cardiac rejec­

tion. Seizures were present in nine cases (39%) and 
transitory aphasia in one (case 20). Case 22 was a 17- 
y e a r - o l d  girl  w i t h  a t y pe  I I - f a m i l i a l  h y p e r ­
cholesterolemia. For coronary and valve disease, she 
had three open-heart procedures: mitral and aortic 
valve replacement, left ventricular outflow tract en­
largement, and replacement o f the prosthetic aortic 
valve that became infected. After severe dyspnea and 
refractory congestive heart failure, she was considered 
for a com bined heart/liver transplant. Femorocaval 
venous bypass and aortic return was used, and in a 10- 
hour flawless operation she received both organs. In the 
next 48 hours she was treated for mediastinal bleeding, 
cardiac tamponade, and abdominal compression that 
was relieved by partial hepatectomy. Eventually both 
organs had to be replaced again for continuing low 
cardiac output and liver damage, but she could not be 
weaned from bypass and she died 1 day after surgery. 
Multiple recent infarcts o f the right frontal cerebral 
cortex, diffuse ischemic-anoxic neuronal changes, and 
siderosis o f  the neurohypophysis were found. C ir­
culatory collapse was thought to be the main cause o f 
neurologic symptoms in six patients (26%).

CNS infections. Systemic cytomegalovirus (CM V) 
infection occurred in one case (no. 10), but without 
cerebral lesions. Diagnosis was based on serologic stud­
ies and culture. The findings included old infarcts in the 
temporal and insular cortices, astrocytosis, and chronic 
“ subsiding” leptomeningitis. No phagocytic nodules or 
inclusion bodies were seen. The infection occurred 112 
days after the transplant, at which time there was also a 
Candida sp pneumonia. Neurologically, he had frontal 
headache and tremor, progressing to seizures and coma.
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Fungal organisms were isolated in the lung, but not in 
the brain.

Aspergillus infection was recognized in two cases, 
nos. 13 and 18 (table 2), both disseminated from a pul­
monary focus. A large area o f hemorrhagic encepha- 
lomalacia was present in case 13 (figure 3). Case 18 
showed severe cerebral edema and, in both cases, the 
fungi could be identified surrounding blood vessel walls, 
protruding into the lumen and causing thrombosis. The 
inflammatory response was minimal. Alzheimer type II 
astrocytosis was also present in case 18.

Toxoplasma gondii encephalitis was found in two 
cases (nos. 5 and 9). In case 5, the protozoa were found 
28 days after the heart transplant (figure 4). Neu- 
rologically, the infection was silent. Cardiac rejection 
was treated on three occasions. Diagnosis was estab­
lished by the immunofluorescence antibody technique. 
Death occurred 12 days later. CT showed no lesions, and 
CSF was normal. Postmortem examination disclosed 
the typical Toxoplasma pseudocysts and tachyzoites

Figure 2. Hem orrhagic infarct on the subcortical white 
m atter o f  the left parietal lobe. There are also small cortical 
infarcts on the right calcarine and occipital cortices (case 3).

(figure 4) intra- and extracellularly. A recent infarct of 
the adenohypophysis and numerous phagocytic nodules 
and a chrom ophobic microadenoma o f the hypophysis 
were also present in case 5. The myocardium showed 
toxoplasmic myocarditis. This probably preceded the 
CN S infection. In case 9, both Toxoplasma gondii and 
Candida spp were present in CNS tissue.

N o CNS lymphoma was encountered. There were 
three patients with systemic lymphoproliferative disor­
ders (two with lym phom a and one with lympho-Jg 
proliferative pneumonitis).

Discussion. The neuropathologic findings o f these 
cases were similar to those that follow renal transplan-1 
tation.': Hypertension and encephalopathy are rare in 
heart transplant recipients. However, there are usually 
transient and immediate postoperative hypertensive 
episodes in cardiac transplant patients. Vascular le -1 
sions are probably due to surgery, rejection, or im m uno-i 
suppression,1 or secondary to hypoperfusion or low 
cardiac output.

The high incidence o f vascular complications (60% ) j  
suggests that chronic preoperative hypotension, fol-J 
lowed by changes in the hemodynamics o f blood flow 
and possibly a short period o f postoperative, transient 
hypertension, impedes cerebral autoregulation. These 
factors probably acted in combination with low -vis-l 
cosity o f the blood, insensitivity o f atrial and aortic! 
receptors, and possible ischemic-anoxic damage to the ! 
neurons during the cardiopulmonary bypass. This in -i 
duces moderately elevated blood pressure that exceeded 
the threshold o f cerebral auto regulation, and resulted in i 
vascular complications (hemorrhages, infarcts, throm-rj 
bosis, and embolism).

The high incidence o f opportunistic infection (20% )| 
was attributed to depressed immune status."12 A$-$: 
pergillus infection was found in two cases, both after 
pulmonary’ infection. CNS aspergillosis is suspected 
when there are cerebral symptoms in a patient with 
known pulmonary lesions. CT may reveal the cerebral 
lesion, but findings are ususally nonspecific, and it must 
be repeated frequently to disclose variation in size. CSF

Table 2 . Infection o f central nervous system in cardiac transplant recipients

Case no. O rganism Associated disorders
Tim e post-Tx  

(days) Prim ary site Mode o f diagnosis

5 Toxoplasma gondii Sepsis 2 8 Heart IFAT

13 Aspergillus EBV. C M V 17 7 Lung Culture, postmortem

10 C M V  Listeria 
m onocytogenes

Diabetes, renal failure 11 2 Lung Serology

18 Aspergillus DICS renal failure 6 Lung Culture, postmortem

9 Toxoplasma gondii 
Candidiasis

Polym icrobial sepsis 3 3 Lung Serology, postm ortem  
tissue

T x  
I FAT 
E B V  

C M V  
D 1 C S

C a rd ia c  tra n sp la n ta tion .
Im m u n o flu o re sce n t  a n t ib o d y  tech n iq u e . 
E p s te in -B a rr  virus.
C y to m e g a lo v iru s .
D isse m in a te d  in tra va scu la r  co a g u la tio n  s y n d ro m e .
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Fungal organisms were isolated in the lung, but not in 
the brain.

Aspergillus infection was recognized in two cases, 
nos. 13 and 18 (table 2), both disseminated from a pul­
monary focus. A large area o f hemorrhagic encepha- 
lomalacia was present in case 13 (figure 3). Case 18 
showed severe cerebral edema and, in both cases, the 
fungi could be identified surrounding blood vessel walls, 
protruding into the lumen and causing thrombosis. The 
inflammatory response was minimal. Alzheimer type II 
astrocytosis was also present in case 18.

Toxoplasma gondii encephalitis was found in two 
cases (nos. 5 and 9). In case 5, the protozoa were found 
28 days after the heart transplant (figure 4). Neu- 
rologically, the infection was silent. Cardiac rejection 
was treated on three occasions. Diagnosis was estab­
lished by the immunofluorescence antibody technique. 
Death occurred 12 days later. C T  showed no lesions, and 
CSF was normal. Postmortem examination disclosed 
the typical Toxoplasma pseudocysts and tachyzoites

Figure 2. Hem orrhagic infarct on the subcortical white 
m atter o f the left parietal lobe. There are also small cortical 
infarcts on the right calcarine and occipital cortices (case 3).

(figure 4) intra- and extracellularly. A recent infarct of 
the adenohypophysis and numerous phagocytic nodules 
and a chrom ophobic microadenoma o f the hypophysis 
were also present in case 5. The myocardium showed 
toxoplasmic myocarditis. This probably preceded the 
CNS infection. In case 9, both Toxoplasma gondii and 
Candida spp were present in CNS tissue.

No CNS lymphoma was encountered. There were 
three patients with systemic lymphoproliferative disor­
ders (two with lym phom a and one with lym pho­
proliferative pneumonitis).

Discussion. The neuropathologic findings o f these 
cases were similar to those that follow renal transplan­
tation.'5 Hypertension and encephalopathy are rare in 
heart transplant recipients. However, there are usually 
transient and immediate postoperative hypertensive 
episodes in cardiac transplant patients. Vascular le­
sions are probably due to surgery, rejection, or immuno­
suppression,3 or secondary to hypoperfusion or low 
cardiac output.

The high incidence o f vascular complications (60%) 
suggests that chronic preoperative hypotension, fol­
lowed by changes in the hemodynamics o f blood flow 
and possibly a short period o f postoperative, transient 
hypertension, impedes cerebral autoregulation. These 
factors probably acted in combination with low-vis- 
cosity o f the blood, insensitivity o f atrial and aortic 
receptors, and possible ischemic-anoxic damage to the 
neurons during the cardiopulmonary bypass. This in­
duces moderately elevated blood pressure that exceeded 
the threshold o f cerebral autoregulation, and resulted in 
vascular complications (hemorrhages, infarcts, throm­
bosis, and embolism).

The high incidence o f opportunistic infection (20%) 
was attributed to depressed immune status.712 ,4s- 
pergillus infection was found in two cases, both after 
pulmonary infection. CNS aspergillosis is suspected 
when there are cerebral symptoms in a patient with 
known pulmonary lesions. CT may reveal the cerebral 
lesion, but findings are ususally nonspecific, and it must 
be repeated frequently to disclose variation in size. CSF

Table 2. Infection o f  central nervous system in cardiac transplant recipients

Case no. O rganism Associated disorders
Tim e post-Tx  

(days) P rim ary site Mode o f diagnosis

5  Toxoplasm a gondii Sepsis 2 8 Heart IFAT

1 3  Aspergillus EBV, C M V 177 Lung Culture, postmortem

10 C M V  Listeria  
m onocytogenes

Diabetes, renal failure 11 2 Lung Serology

18 Aspergillus DICS renal failure 6 Lung Culture, postmortem

9  Toxoplasm a gondii 
Candidiasis

Polym icrobial sepsis 3 3 Lung Serology, postm ortem 
tissue

T x  C a rd ia c  tra n sp la n ta tion .
I F A T  Im m u n o flu o re se e n t a n t ib o d y  te ch n iq u e .
E B V  E p s te in -B a rr  virus.

C M V  C y to m e g a lo v iru s .
D IC S  D isse m in a te d  in tra v a scu la r  co a g u la t io n  s y n d ro m e .
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Figure 3. A large area o f hemorrhagic encephalomalacia due 
to aspergillosis on the right cerebral hem isphere (case 13).

Figure 4. Cerebral toxoplasmosis. Toxoplasm a gondii 
pseudocyst filled with tachyzoites. Electronmicrograph (case 
5). X  4,500 before 21% reduction.

examination has not been helpful, and cultures do not 
tend to grow the microorganisms. Therefore, needle 
aspiration, stereotactic needle biopsy, or even open cra­
niotomy o f  a cerebral lesion demonstrated by C T  is 
required for premortem diagnosis, although the clinical 
course, once the CNS is involved by Aspergillus or other 
Microorganism, is usually fatal/-9 Despite success in 
some cases o f  Aspergillus infect ion in renal recip ients/ 
amphotericin B and 5-fluorocytosine have not been 
effective in CNS infections with this organism.

Toxoplasma spp also invades the CNS in im m uno­
compromised hosts,in 16 and the transplanted heart may 

e a source o f latent infection.ie The organism could 
spread from graft to blood stream and brain or m enin­

ges. In im m unocom prom ised patients, Ruskin and 
Rem ington17 found that infection was recognized be­
fore death in only 20% o f the cases, and those cases had 
diffuse encephalopathy, meningoencephalitis, or a pro­
gressively enlarging focal brain lesion. Treatment with 
pyrimethamine and trim ethoprim  sulfamethoxazole 
(T M P -S M Z) has resulted in clinical improvement in 
80% of the cases.

Aspergillus. Epstein-Barr virus (EBV), and CM V 
were all involved in one patient (table 2). Immunosup­
pression in heart transplant recipients may result not 
only in a higher susceptibility to opportunistic infec­
tions but also in an enhanced risk for neoplasms. This is 
a consequence o f decreased antibody formation by se­
lective killing o f lymphocytes and reduction in the num­
ber o f germinal centers in lymph nodes and spleen. 
Inflammatory response as well as delayed hypersen­
sitivity and interferon production is also suppressed by 
azathioprine and steroids. Steroids also depress the 
bactericidal action  o f  neutrophils, alveolar m ac­
rophages, and m onocytes; antithymocyte globulins, 
whether equine- or rabbit-derived, have a deleterious 
effect on T-cell lymphocytes and reticuloendothelial 
system.10" CyA is a nephrotoxic agent18 and has a 
positive effect on suppressor T  cells, inhibiting the in­
duction o f cytotoxic cells and decreasing the humoral 
response to cell proliferation.19 The opportunistic infec­
tions often accompany rejection when immunosup­
pression is maximal.711121819

The risk o f neoplasms in immunocompromised hosts 
is between 2 and 10%.20 Lymphomas constitute most o f 
these lymphoproliferative disorders. We encountered 
three cases with lymphoproliferative disorders without 
CNS involvement (13% ).4-20--'

Neurologic symptoms affected 70% o f our patients. 
Vascular lesions (60%) and infections (20%) were most 
frequent. Infective organisms were those o f usually low 
pathogenicity. Clinicians must be alert when mild men­
tal impairment appears in the immediate postoperative 
period, or when unexplained personality changes occur 
later. Infection must be considered even in the absence 
o f fever or CSF abnormalities and appropriate search 
should be instituted urgently, because prognosis is poor 
once the CNS is involved, especially by Aspergillus. 
Aggressive treatment o f pulmonary infections must be 
carried out expeditiously, for they usually herald CNS 
infection. IFAT must be done routinely to rule out 
Toxoplasma infection, and Gram’s stain and india ink 
preparation may also be useful. Low cardiac output 
states should be corrected urgently. Care must be taken 
with symptoms o f so-called “ metabolic encephalopa­
thy” or “ ICU neurosis,”  which may disguise an underly­
ing infection.
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