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Summary. Following heart transplantation 
(HTx), patients often suffer from mycoses due to 
the necessary immunosuppressive treatment to 
prevent rejection episodes. Oropharyngeal Cun- 
didu infections which mostly occur after HTx 
under high-dose immunosuppressive therapy can 
be avoided and treated successfully by prophylac- 
tic medication to be started immediately after 
transplantation, either by using azoles (e.g. flu- 
conazole) or amphotericin B suspension. Con- 
trary to this, invasive aspergillosis, beginning in 
the upper respiratory tract and the lung and 
mostly followed by hematogenous dissemination 
into various organs, is always a serious disease 
with high mortality. To avoid this infection, 
specimens from the respiratory tract, serum and 
urine should be examined mycologically prior to 
HTx. After HTx, apart from prophylactic avoid- 
ance of exposure to airborne fungal spores, close 
mycological control is mandatory to detect colon- 
izations by aspergilli early. Timely administration 
of amphotericin B and 5-flucytosine, i.e. as soon 
as invasive growth is suspected, enables curative 
treatment of the often lethal course of this disease, 
even under immunosuppressive therapy. 
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Zusammenfassung. Patienten nach Herztrans- 
plantation (HTx) erkranken haufig an Pilzinfek- 
tionen auf Grund der notwendigen immunsup- 
pressiven Behandlung zur Vermeidung von 
Abstohngsreaktionen. Oropharyngeale Cundidu- 
Infektionen, die vorwiegend initial nach HTx 
unter der hochdosierten immunsuppressiven The- 
rapie auftreten, lassen sich durch eine unmittelbar 
postoperativ beginnende Prophylaxe mit Azol- 
praparaten (2.B. Fluconazol) oder Amphotericin 
B-Suspension verhindern und behandeln. Im 
Gegensatz dazu ist die invasive Aspergillus-Infek- 
tion, die immer in den oberen Atemwegen oder 
der Lunge beginnt und meist hamatogen in die 
verschiedenen Organe streut, immer eine gefahr- 
liche Erkrankung mit hoher Letalitat. Zur Ver- 
hinderung dieser Pilzinfektion sollten bereits vor 
der Herztransplantation Materialien der Atem- 
wege, Serum und Urin rnykologisch untersucht 
werden. Nach HTx ist neben einer wirkungs- 
vollen Expositionsprophylaxe gegen aerogene 
Pilzsporen die engmaschige rnykologische 
Uberwachung zum fruhzeitigen Nachweis einer 
Aspergillus-Kolonisation unerlafllich. Der recht- 
zeitige Einsatz von Amphotericin B und 
5-Flucytosin schon im Verdachtsfall eines invasi- 
ven Wachstums ermoglicht auch unter immun- 
suppressiver Therapie eine kurative Behandlung 
dieser irnrner noch haufig letal verlaufenden 
Erkrankung. 

Introduction 

Following heart transplantation, patients are a t  
highest risk of morbidity and mortality in the 
early postoperative phase because of the increased 
incidence of infections and rejection episodes 
under immunosuppressive therapy. Adequate 
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facilities for diagnosis and more potent antibiotics 
for treatment of bacterial infections as well as 
improved drugs to treat viral infections have 
shifted the focus now to diagnosis and treatment 
of fungal infections. Among invasive and dissemi- 
nating fungal diseases, aspergillosis by its 
extremely fast destructive growth may cause the 
main difficulties in its diagnosis and treatment 
after transplantation. The close cooperation of 
clinicians, mycologists and pathologists at our 
heart institute has offered the possibility to pre- 
sent an  overview of the epidemiology, diagnosis, 
treatment and outcome in a large number of 
patients with fungal infections following heart 
transplan tation. 

Patients and methods 

From April 1986 to December 1991, 499 ortho- 
topic heart transplantations were performed at 
the German Heart Institute Berlin (Deutsches 
Herzzentrum Berlin = DHZB). Together with 
heart transplantations by the same transplant 
team at the Hannover Medical School, altogether 
577 organs were transplanted in 562 patients, 95 
women and 467 men since 1983. Of  these heart 
transplantations, 576 were orthotopic and 1 was 
heterotopic. In 17 patients retransplantation 
became necessary, in 9 cases because of acute 
and in 8 cases because of chronic rejection. The 
age of the patients was between 6 days and 67 
years. Three hundred and sixty-three patients 
suffered from dilative cardiomyopathy (DCMP), 
176 patients from coronary heart disease (CHD), 
5 patients from restrictive cardiomyopathy, and 
15 patients had a valve disease. In one case each, 
HTx was performed due to right ventricular 
dysplasia, tricuspidal valve atresia, and hypoplas- 
tic left heart. Pre- and post-mortem diagnosis of 
fungal infections were made by cultural and 
histological examinations of sputum, tracheal 
secretion, bronchoalveolar lavage (BAL), and 
biopsy material in most of the transplanted 
patients as well as of autopsy materials. The 
procedures for the diagnosis of invasive fungal 
infections were as described elsewhere [ 1-41. 
Serum, urine and BAL were analysed serologi- 
cally for the detection of Aspergillus galactoman- 
nan antigen. Until 1989 patients were not 
subjected to regular mycological surveillance 
prior to and after HTx. Therefore, mycological 
control was performed only in cases of suspected 
mycotic infection. Thus it could happen that 
mycological examinations were performed at 
autopsy for the first time, surprisingly resulting 
in a diagnosis of invasive aspergillosis. 

Immunosuppressive therapy 

Prophylactic immunosuppressive therapy was 
started preoperatively with oral administration 
of 4mg/kg body weight (BW) cyclosporine A 
(CyA) and 5 mg/kg BW azathioprine (AZA). 
Intraoperatively all patients received 1 g methyl- 
prednisolone intravenously (i.v.) before reper- 
fusion of the transplanted heart. Postoperatively, 
quadruple medication consisting of rabbit-ATG 
(100 mg), CyA, AZA and prednisolone was given 
from the day of the operation to the 4th post- 
operative day. From day 4 after the operation, 
immunosuppression was continued with triple 
medication of CyA, AZA and prednisolone. The 
aim was to obtain CyA trough levels in whole 
blood of 250-350 ng/ml (monoclonal antibody) 
or 600-900 ng/ml (polyclonal antibodies) dur- 
ing the first 3 months after HTx. Later on the 
dose was gradually reduced, whereby the CyA 
levels had to be maintained above 100ng/ml 
(monoclonal antibody) even late postoperatively. 
Therapy with AZA was started with 2-3 mg/kg 
BW/day and was continued in such a way that 
the number of leucocytes obtained was between 
4000 and 6000/pl. After the operation, predniso- 
lone was initially administered in high doses 
(1  mg/kg BW/day) and then gradually reduced 
to a maintenance dose of 0.15 mg/kg BW/day 
within 60 days after HTx (Fig. 1) .  Acute rejection 
episodes were treated through oral or intravenous 
administration of high-dose steroids only (0.5 g 
methylprednisolone i.v. on 3-5 consecutive days), 
or in combination with ATG (Antilhymocyteglo- 
buline), ALG (Antilymphocyteglobuline) or 
OKT3-ab (murine .monoclonal T3-cell anti- 
bodies). 

Results 

During the period between 1985 and 1991, 25 
patients suffered from invasive Aspergillus infec- 
tion after HTx. This corresponds to a total infec- 
tion incidence of about 6%. The yearly incidence 
of Aspergillus infections per H T x  patient fluctu- 
ated between 2.5% and 6% (Fig. 2). The higher 
incidence in 1989 and 1990 compared with the 
previous years may causally be attributed to work 
on a large building site nearby. In  several cases, 
an exposure of patients to the soil of indoor plants 
colonized by Aspergillus spp. and Mucoraceae was 
found. In a case of infection by Aspergillus fumi- 
gatus together with A. niger, the probable source 
of infection was found in the soil of a potted plant 
colonized by both Aspergillus species in the bed- 
room of the patient’s home [5]. In  this case, early 
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Figure 1. Protocol of immunosuppressive therapy after 
Days Weeks Years heart transplantation (HTx) at the German Heart Institute 

Berlin. ATG= Rabbit antithymocyteglobulin, CYA= 
cyclosporine A, Pred = prednisolone, AZA = azathioprine. after Heart Transplantation 
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Figure 2. Annual incidence 
("L) and frequency (n) ofinvasive 
aspergillosis in patients after heart 
transplantation (HTx) from 1985 

0' I I I 1 I to 1991 at the German Heart 
1991 Institute Berlin. 

diagnosis permitted successful treatment. In  
another case, disseminated abscess-like lesions in 
the lung were found to be caused by A .  fumigatus 
and A .  Javus at post-mortem. This patient had 
been exposed in his home to the soil of a potted 
indoor plant from which both Aspergillus species 
could be cultured in a high density [6] (Fig. 3). 

Of the 25 infected patients, 16 (64%) died and 
9 patients (36%) were treated successfully. In  9 
out of the 16 patients, disseminated aspergillosis 
was found to be the cause of death only post- 
mortem. In these cases, no mycological control 
had been performed pre-mortem. Seven further 
patients died in spite of antimycotic therapy with 
amphotericin B (AmB) and flucytosine (5-FC) 
(Fig. 4). In  most of the patients (18, i.e. 72%) 
solely A .  fumigatus could be determined through 
culture, whereas in the other 6 patients A.Javus 
and other rare Aspergillus spp. were cultured. In  
one case no mycological examination was per- 

formed. Among the patients with pulmonary 
involvement, aspergillosis was second as a cause 
of death after bacterial pneumonia (see Table 2) .  
Lethality due to bacterial pneumonia and asper- 
gillosis together was nearly as frequent as cardiac 
failure (see Tables 1 and 2). Altogether, asper- 
gillosis was the cause of death after HTx in 12% 
of patients. The onset of Aspergillus infection 
occurred on average 76 days after HTx. The 
longest interval between HTx and the onset of 
infection was 13 1 days. Before the 30th postopera- 
tive day, 8 patients were infected. Three patients 
died of this infection within the first 10 days, 
most likely because a symptomless Aspergillus 
colonization of the lung was already present 
preoperatively and was not detected because no 
mycological examination had been performed. 

The 8 patients (32%) infected early postopera- 
tively (< 30 days) all died, whereas with a later 
onset of the infection (>  30 days) 9 out of 17 
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Figure 3. Cultural examination of the soil of a potted indoor 
plant on Sabouraud glucose agar after 2 days at 37°C. Both A. 
furnipafus and A. jlavur were found in this soil. At autopsy, lesions 
caused by both Asperpillu spp. were also found side by side in the 
lungs of the heart-transplanted patient, who had been exposed to 
this plant in his home. Note: It must be assumed that simultaneous 
inhalation of the spores of both species led to this simultaneous 
infection [ 6 ] .  Diameter of Petri dish 80 mm. 

Aspergillosis after HTx 
1985-1 991 

Figure 4. Follow-up of 25 patients (pts) with invasive aspergillosis 
after heart transplantation (HTx) from 1985 to 1991 at  the German 
Heart Institute Berlin. Sixty-four per cent of the patients died and 
36% were cured by antimycotic therapy. In 44% of the patients 
who died of invasive aspergillosis, diagnosis was established pre- 
mortem, whereas in 9 patients (56%) Aspergillus infection was 
diagnosed by autopsy. 

patients (46%) recovered after treatment. In all 
16 deceased patients and in 8 out of the 9 
successfully treated patients, invasive pulmonary 
aspergillosis could be determined (94%). 

In patients who died, invasively growing asper- 
gilli were found in heart (56%), thyroid gland 
(56%), brain (37%), kidney (37%), mesentery 
(31y0), lymph nodes (12yo), and liver (12%) at 
autopsy (see Figs 5 and 6). 

In 8 of the 9 successfully treated patients, 
invasive Aspergillus growth could be determined 
exclusively in the lung, while in 1 patient Aspergil- 
lus infection could only be diagnosed after 

Table 1. Autopsy-proved main causes of death in 132 
patients after HTx. Causes of cardiac death include rejec- 
tion and graft failure. Cerebral causes are infarction and 
bleeding. Pulmonary non-infectious causes consist of lung 
embolism with or without lung infarction, the acquired 
respiratory distress syndrome (ARDS), bronchial aspir- 
ation, bronchial cancers and pulmonary metastases of other 
tumours. Pulmonary infectious diseases are bacterial, viral, 
fungal and protozoal infections. Other infections involve 
peritonitis, endocarditis and wound infections 

Causes of death Survival days n 
_ _ _ _ _ ~  ~ ~ ~ ~ 

Cardiac (graft failure, rejection) m=67  0-791 46 
Cerebral (bleeding, infarction) m =  140 5-180 8 
Shock (haemorrhagic) m = 5  0-14 10 
Pulmonary (non-infectious) m = 9 0  2-296 19 
Pulmonary (infectious) m=136 6-1156 41 
Other infections 0-106 8 

Table 2. Distribution of pulmonary infections which 
caused death in 41 patients after HTx. The total number 
of infections exceeds the number of patients because some 
patients had bacterial and fungal or bacterial and viral 
dou ble-infections 

Diagnosis Survival days n 

Bacterial pneumonia m=77  6-232 20 
Aspergillus pneumonia m=61 10-131 22 

Candida pneumonia 619 2 
Herpes pneumonia 20 1 
Tuberculosis pneumonia 42 1 

cerebral 10-52 6 

removal of an abscess in the brain (see Fig. 7).  
At that time, no clinical or radiological examin- 
ation pointed to an infection of the lung or of 
the paranasal sinus. 

There was a high coincidence (43.7%) of asper- 
gillosis and cytomegalovirus (CMV) infection, 
which was found in the lung (Fig. 8) and some- 
times also in other organs at autopsy (see 
Table 3a). 

Other diseases found in combination with 
aspergillosis were . bacterial infections (staphylo- 
cocci, legionellae), protozoal infections (tox- 
oplasmosis, leishmaniasis, malaria) and 
candidosis. Three patients died of aspergillosis 
after rethoracotomy because of bleeding or bac- 
terial mediastinitis (Table 3b). Other possible risk 
factors for an infection were diabetes mellitus (2 
patients) and systemic lupus erythematodes (1 
patient). Two of the patients (12.5%) who had 
died of Aspergillus infections exhibited histologi- 
cally proven cardiac rejection episodes, whereas 
the autopsies of the other patients showed no 
signs of graft rejection. 

Where antimycotic treatment with A d  and 
5-FC was administered together with prophylac- 
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Figure 5. Invasive growth of Aspergillus hyphae in the myocar- 
dium of a transplanted heart. A .  fumigatus was isolated from the 
corresponding autopsy material. (PAS, x 134) 

tic immunosuppressive therapy, cardiac biopsy 
results showed moderate rejection only in one 
case, whereas all other patients with invasive 
aspergillosis were free of rejection episodes. Thus 
it  remains to be determined what type of 
immunosuppressive therapy is necessary for the 
prevention of rejection episodes, when 5-FC and 
AmB are applied as antimycotic therapy. In two 
of our patients who suffered from invasive pul- 
monary Aspergillus infection in 199 l ,  no rejection 
episode was found even 4 weeks after termination 
of immunosuppressive therapy with CyA and 
AZA, when only AmB and 5-FC medication was 
applied. 

Case reports and details of mycological, clinical 
and pathological examinations will be reported 
in separate communications. 

Discussion 

Aspergillosis 

Among the infectious diseases occurring after 
HTx, aspergillosis is one that most frequently 

leads to death [7, 81. The predominant agent of 
infection, also found in our patients, is A .  fumigatus 
[9] , followed by A .  fiavus. Aspergilli are predomi- 
nantly found in soil. They occur with a very high 
density in decaying plants (compost) and there- 
fore also in the soil of indoor potted plants [lo, 
113 (see Fig. 3). Fungal spores are transmitted 
by the airborne route [5,6, 101. After colonization 
of mucous membranes by Aspergillus, in connec- 
tion with a certain predisposition of patients, 
invasive growth mainly occurs in the lung and 
sometimes in the paranasal sinus. A weakness in 
cellular immunity after administration of CyA, 
AZA, prednisoIone [12], ATG,'ALG, or OKT3- 
ab shortly after HTx favours a very fast tissue 
invasion [13-151. Although this could not be 
confirmed by Rand [16], there is evidence that 
primary CMV infections may predispose cardiac 
transplant patients to invasive aspergillosis, 
because there was a 43.7% presence of histologi- 
cally proven CMV infection in patients who died 
of Aspergillus infections [ 1 71. Metabolic diseases, 
such as diabetes mellitus, uraemia and possibly 
a reduction or destruction of bacterial growth, 
especially of Gram-negative rod-like bacteria by 
antibiotics, have been mentioned as further risk 
factors [2, 91 (see Table 4). 

Whether Aspergillus infection occurs after HTx 
depends particularly on the spore concentration 
in the air but also on the degree of immunosup- 
pression [6, 10, 181. Soil as a natural habitat of 
aspergilli in the direct environment of the patient 
must be seen as the primary source of infection. 
They are often found in the soil of indoor plants 
in the home of the patient but they are also found 
in hospitals [2, 5 ,  6, 10, 11, 181. The constant 
presence of Aspergillus conidia in indoor air and 
the high rate of growth ofA. fumigatus and A.Jlavus 
in the case of immunosuppression over a limited 
period enables an often symptomless invasion of 
blood vessels followed by thrombosis and embol- 
ism into various organs [lo]. High rates of infec- 
tion are also found in hospitals when the buildings 
are being extended or altered. Construction work 
in the neighbourhood may also have an effect 
[ 19, 201. Aspergillus infection in immunosup- 
pressed patients is thus an indicator of increased 
fungal spore density in the hospital [ZO]. The 
port of entry for this infection is nearly always 
the lung [ 101. After endobronchial colonization 
under immunosuppressive therapy, invasive 
growth in the lung and hematogenic spread by 
disruption of fungal thrombi occurred in 20-50% 
of patients. We found invasive growth, with 
decreasing frequency, in the heart, thyroid gland, 
brain, kidney, mesentery, lymph node and liver 
(see Fig. 6). A similar distribution pattern of 
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Figure 6. Time: 7 days after HTx. Cultural examination of autopsy material, i.e. tissue particles from the following organs: lung, heart, 
brain, kidney, thyroid gland, in Sabouraud glucose agar and beerwort (malt) agar after a n  incubation period of 24 h at  37°C. The best 
growth of A .  fumigatus was found on beerwort agar (brown colour). Note: Growth with formation of conidia within 24 h. Diameter of Petri 
dish 80 mm 

organ involvement has also been described by 
Wegmann [21]. Recently there have also been 
reports of cutaneous manifestations of aspergillosis 
a t  the site of entry of intravenous catheters in 
immunosuppressed patients [22]. 

Pathological findings due to invasive asper- 
gillosis are a necrotizing bronchopneumonia with 
Aspergillus invasion of small to large vessels with 
or without infarction [8] (Fig. 9). 

Pleural pain with pleural friction as proved by 
auscultation is not unusual [7] and was men- 
tioned .by nearly all patients. 

X-ray morphology is not pathognomonic. Yet 
in 75% of patients, X-ray findings at an early 
stage of the disease were indicative of infiltration. 
Bronchopneumonic infiltrations could be 
detected, especially in peripheral locations in 
multiple foci. Apart from these, some pictures 
were indicative of pneumonic infarction, and 
some X-rays showed no pathological condition 

In mycological diagnosis repeated microscopic 
findings of aspergilli, especially of its typical sep- 
tated and dichotomous hyphae in bronchial or 

[71. 

tracheal secretion, must be considered as an 
indicator of endobronchial colonization [4, 10, 
23, 241 (see Table 5). I n  immunosuppressed 
patients, such findings are usually associated with 
invasive aspergillosis [14, 231. I n  the case of a 
fresh Aspergillus colonization in the lung of an 
immunosuppressed patient, a normal species- 
specific Aspergillus growth (with normal conidia 
formation) is found on culture media such as 
Sabouraud glucose o r  beerwort (malt) agar [lo]. 
In  the case of an old Aspergillus colonization in a 
chronic and non-immunosuppressed lung patient 
suffering from aspergilloma or granuloma, an 
atypical growth of Aspergillus with atypical phial- 
ide and conidia formation (so-called septated 
phialides) is possible [2]; such cases can be diag- 
nosed serologically as well [2]. So far, in cases of 
aspergillosis of the lung of heart transplant recipi- 
ents, infections by atypical strains of aspergilli 
have not been found, which means that these 
patients did not suffer from chronic aspergillosis 
before HTx. 

Detection efficiency of bronchoscopy with BAL, 
as a further investigative enquiry, has been 

mycoses 35, 23-34 (1992) 



FUNGAL INFECTIONS FOLLOWING HTx 29 

Table 3a. Results of post-mortem examinations of 16 patients, who died of aspergillosis after heart transplantation (HTx). 
Additionally to the organ distribution of aspergilli, causes of death, concomitant diseases (diagnosis), survival days (S/D), post- 
mortem cultural results (CULT/ + or 0, A J  =Aspergillus furnigutus, A$. = Aspergillusflavw, A.1. =Aspergillus tcneus) and presence 
(+ /+  + +) or absence (0) of graft rejection (RJ) are summarized. NHL=non-Hodgkin lymphoma; CMV=cytomegalovirus 
infection; Tg= thyroid gland; LN =lymph node; BM = bone marrow; BVAD = biventricular assist device; CABG =coronary 
artery bypass graft surgery; MVR = mitral valve replacement; L.E., systemic= lupus erythematosus, systemic; Re-HTx = 
Retransplantation of the heart. In 12.5% of the patients (2) graft rejection was present and 43.7% of the patients (7) had CMV 
infections of the lung and also of other organs, in addition to aspergillosis 

Organs Diagnosis Cause of death CULT RJ S/D 
~~ ~~ ~~~ 

Lung, pleura, Sepsis, malaria Aspcrgillus + 0 30 

mesentery, leishmaniasis, multi-organ 
CMV-lung candidosis infection 

Lung, heart, Bacterial wound Aspergillus 0 0 89 
kidney, BM, infection with pneumonia 
CMV-lung, sternum- 
CMV-stomach refixation 

Lung, heart, Braindeath, Cerebral + 0 52 

CMV-lung pneumonia, Aspergillus 

heart, Tg, brain, tertian, pneumonia, A J  

LN, brain, Tg, Aspergillus bleeding, A J  

Legionella 
pneumonia 

mu1 ti-organ 
infection 

Lung, 
CMV-lung, 
CMV-colon 

Multi-organ 
failure 

Aspergillus + + + +  70 

rejection 
pneumonia, A J  

Lung, Systemic L.E., Aspergillus 
CMV-neneral toxoplasmosis pneumonia 

+ 0 61 
A . f .  

~ ~~ ~ 

Lung, Multi-organ Aspergillus + + 78 

CMV-colon septicaemia, NHL in the 
CMV-lung, failure, pneumonia, A$ 

NHL graft 

Lung, Aspergillus Aspergillus + 0 85 
CMV-lung pneumonia pneumonia A.1. 

reported to be high. Aspergillosis could be diag- 
nosed with this method in 60% of patients [25]. 
When aspergilli are not found in the sputum or in 
the BAL, further diagnostic enquiry with transbron- 
chial biopsy is necessary if unexplained pulmonary 
infiltrates occur. Another predilection site of asper- 
gillosis, the paranasal sinus, must be examined 
through biopsy if X-ray suggests an infection. A 
further possibility of early diagnosis by X-ray may, 
according to recent investigations, be of growing 
importance: the high-resolution computer tomogra- 
phy of the lung [23]. Serologic investigations for 
the detection of Aspergillus antigen (Aspergillus galac- 
tomannan) in serum, urine and BAL may be 
helpful and enable the diagnosis of invasive Aspergil- 
lrcr growth in up to 90% of all cases [43. However, 
the early diagnosis by culture cannot be replaced 
by the detection of antigen [4]. 

Therapy of aspergillosis 

The treatment of Aspergillus infection in heart 
transplant patients consists of AmB and 5-FC 

with increasing doses of AmB from 0.1 mg/kg 
BW/day to 0.5 mg/kg BW/day within 3 days (see 
Table 6) .  An infusion period of 1 h is sufficient. 
For the cure of patients under immunosuppressive 
therapy who suffer from invasive aspergillosis, 
application of a total amount up to 2-(4) g of 
AmB may be necessary. The recommended dose 
of 5-FC is 150 mg/kg BW/day, to be administered 
in four separate doses under control of renal 
function. In patients with impaired renal func- 
tion, 5-FC levels in serum should be monitored 
[26]. In  invasive aspergillosis, treatment with 
ketoconazole was found to be ineffective [ 101. 
Although administration of 200 mg ketoconazole 
over 4 weeks successfully reduced the number of 
aspergilli in the sputum, the cultural findings at 
the end of treatment remained positive [27]. 
Because of probable antagonistic effects of azole 
derivatives and AmB in man as demonstrated 
in vitro and in animal models, this combination 
should not be used for treatment of aspergillosis 
[28-3 13. Early treatment of invasive aspergillosis 
can be successful, also in combination with 
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Figure 7. Time: 5 weeks after Hl's forniaLion of an niyccitir abscess 
in the brain. Nzti\,e microscopic prrparation of absccss marerial 
mamined dunng  the operation, showing septzrrd coIou1-1ess dichot- 
o rnws  hyphae typical of invaske growth of .Ispcrgiflus s p p  T h e  
reduced immunosuppression has led to acrivarion of defencc mechan- 
imis. r.g. a demarcatitrn of the  abscess followed by spontancous d t a th  
cnf ihe niyrclium The  subsequent formarion and appcarancr of 
precipitaring antibodies against .1.Jum1galus were interpreted as proof 
d a normal rcarrion 10 in \  asive infection by . 4 . f u m i g a / u r .  Yote: This 
r ramplc dcmonstrarcs thc fast invasivc growth of -4.  j un i igakr  under 
strong inimunosupprcssion, and the fast sponraneous hcalin? process 
:n ihr  casc rrf rliniral remission. For h i s  reason, e\.ciy questionablr 
~ u c c t : s s  of antimycritic- rreatment musr be critically c\.aluarcd i n  c a m  
of rrducrd ininiunoiuppressjon [!O, 321 : x 40:) 

Figure 9. Invasion of . l . i p r r p f l u ~  SII. through rhc wall o T . 3  ] 1 ! 1 ! ~ 1 0 I l -  

ary \ ~ s s r l .  .1 / I l m i g o / i ~ s  was isularc-d from rhc corrrspondinq a:1tc1p5\ 

marei-ial (P.\S, x 361 

Figure 8. S~mulraricous pulmonary infection \<it11 .lspu$lui sp. 
,left) and cyroniegalo\ irus as demonstrated b! the presence of 
sc\ era1 owl-rye transformed cells. mainly macrophages ;right ) .  
. I .  .fumigo!us was isolatrd from the  corresponding autopsy material. 
HBrE. x22 :  

ii-n~-~iunosuppressive therapy. Even cerebral mani- 
festations i n  immunosuppressed patients need not 
be lethal 1321. 'l'his can be slio\vn by the clinical 
c-ourse of a heart-transplanted female patient, 
IIOW 52 ).ears old, \vho had neurologic symptoms 
11 ith fever, cramps, somnolence, and hemiparesis 
5 \z eeks after HTs. Cerebral computed tomogra- 
phy sho\ved a fi-ontal abscess. After the removal 
of the abscess cerebral aspergillosis was diagnosed. 
It \\as noticeable that, a t  this time. the aspergilli 
in culture \here no longer capable of growth [ 101 
(see Fig. 7 ) .  and that pulmonary infection with 
aspergilli \%as no  longer detectable. In  spite of 

Figure 10. Pericardiris due  to Candid0 sp.  seen LS col i~nies  (11 
pseudomycelium and  tdastosporcs a t  the pericardial surface. Condido 
albirans HIS isularrd from the  rorrespondinq autnpsy niarci-ial H k E .  
x 34) 

this, antini).cotic treatment \vith XmB and 3-FC 
was applied for several \vccks. Xftcr a long pci-iod 
of hospitalization the paticnt was dismissed as 
cured. Owing to timely iiitcr\.ention, the treat- 
ment of a case of partially ertensi\.e pulmonary 
aspergillosis along ivith inimunosuppressi\.e tlier- 
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Table 3b. Results of post-mortem examinations of 16 patients, who died of aspergillosis after heart transplantation (HTx). 
Additionally to the organ distribution of aspergilli, causes of death, concomitant diseases (diagnosis), survival days (S/D), post- 
mortem cultural results (CULT/ + or 0, A J =  Aspergillusfumigatus, A J .  = Aspargilfur J a w ,  A . f .  = Aspargillus tarreus) and presence 
(+ / + + + ) or absence (0) of graft rejection (RJ) are summarized. NHL= non-Hodgkin lymphoma; CMV = cytomegalovirus 
infection; Tg  = thyroid gland; LN = lymph node; BM = bone marrow; BVAD= biventricular assist device; CABG = coronary 
artery bypass graft surgery; MVR = mitral valve replacement; L.E., systemic = lupus erythematosus, systemic; Re-HTx = 
Retransplantation of the heart; OP, operation. In  12.5% of the patients (2) graft rejection was present and 43.7% of the patients 
(7)  had CMV infections of the lung and also of other organs, in addition to aspergillosis 

Organs Diagnosis 
~~ ~~ 

Cause of death CULT RJ S/D 

Lung, heart, 
Tg, kidney, 

Aspergillus 
pneumonia, 

Aspergillur + 0 20 
pneumonia A J  

mesentery renal failure 

Lung, heart, Tg, Aspergillus Aspergillus + 0 26 

liver, mesentery infection, BVAD, cardiac 
brain, kidney, multi-organ pneumonia, AJ 

Candida pleurisy failure 
~~ ~ 

Lung, heart, Tg, Aspergillus 
mesentery mu1 ti-organ 

infection, 
renal failure 

Aspergillus + 0 25 
pneumonia A J  

Lung, heart, Tg, Aspergillus Aspergillus + 0 12 
brain, kidney, multi-organ pneumonia, A J  
mesentery infection, Re-HTx, cerebral 

cerebral aspergillosis 
infarction, 
renal failure 

~~ 

Lung, heart, Aspergillus 
brain, Tg, LN, multi-organ 
kidney infection, 

rethoracotomy 

Mu1 ti-organ + 0 10 
mycosis with A J  
cerebral 
aspergillosis 

Lung Lung failure, Aspergillus + 0 I14 
Aspergillus pneumonia, A J .  
pneumonia septicaemia A J  

Lung, Tg, Multi-organ Aspergillus + 0 51 
mediastinum failure pneumonia, A J  

bacterial 
septicaemia 

Lung, heart, 
brain, Tg, 
kidney, liver 

~ ~~ ~ ~~ ~~ ~ 

OP, chemotherapy, Aspergillus + 0 7 
radiation after multi-organ A J  
seminoma, CABG infection 

Lung BVAD, Aspergillus + 0 65 
mediastinitis pneumonia A J  

apy was successful after several weeks. Generally, 
though, invasive Aspergillus infection in heart 
transplant patients is an indication of poor pros- 
pects, especially when the invasion happens 
shortly after HTx, while the patient is still under 
initial high-dose immunosuppressive therapy [7, 
301. In spite of antimycotic therapy, no invasive 
aspergillosis that occurred before the 30th post- 
operative day could be treated successfully. On 
the other hand, later infections under antimycotic 
therapy with AmB and 5-FC had a more favour- 
able prognosis with a success rate of about 50%. 

Whether a rigid reduction of immunosuppres- 
sion with simultaneous antimycotic therapy of 
AmB and 5-FC, liposomal amphotericin B or 
itraconazole can favourably influence the course 
of this infection, as reported by some authors 
[33-371, remains to be seen. Our observations 
indicate a decreased incidence of rejection epi- 
sodes early postoperatively under antimycotic 
therapy with AmB and 5-FC, although rarely 
they may occur simultaneously with aspergillosis 
(18%). Because in a case of invasive aspergillosis 
due to A. fumigatus and A.Jlavus, treated success- 
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Table 4. Necessary exposure prophylaxis and preoperat- 
ive mycological examinations to prevent fungal infections 
after HTx. Note: Absence of potted plants in the home 
and especially the patient’s bedroom and air filtration 
systems [9] early postoperatively are essential to avoid 
Aspergillus infections in immunocompromised patients 

I .  Exposure prophylaxis 
Air filtration systems 
No indoor potted plants 
No cereals, no nuts 

2. Preoperative mycological examinations 
Sputum, tracheal secretion 

microscopy and culture 
- hyphomycetes 

(e.g. Aspergillus spp.) 
-yeast-like fungi 

(e.g. Candida spp., 
Cryptococcus ncoformans) 

Serum 
antibodies 
(e.g. Aspergillus spp., Candida spp.) 
antigen 
(e.g. Aspergillus spp., Candida spp., 
Cryptocotcus neoformans) 

Possibly X-ray of paranasal sinus 

Table 5. Time intervals of mycological examinations, 
which are important for early diagnosis and successful 
treatment of fungal infections in immunocompromised 
patients 

Sputum, tracheal 
secretion 

Microscopy and culture: three times 
a week. In  cases of suspected 
infection or high-dose 
immunosuppression, more often. 

Urine Culture (yeast-like fungi): twice 
weekly 
Serology (Aspergillus galactomannan 
antigen): twice weekly 

Serum Aspergillus galactomannan antigen, 
Aspergillus antibodies: twice weekly. 
In  case of suspected infection, more 
often. 

Table 6. Most often used medication regimes for prophy- 
laxis and treatment of fungal infections. Although liposomal 
amphotericin B seems to be more potent with less toxicity, 
its administration has to be restricted to patients with 
adverse effects to AmB and 5-FC because of the high costs 
of this AmB preparation 

Prophylaxis: amphotericin B and nystatin p.0. 
fluconazole 200-400 mg/day 

amphotericin B (0.5 mg/kg BW/day) + 5- 
FC (150 mg/kg BW/day) every 6 h (qid) 
?liposomal amphotericin B (1-5 mg/kg 

?itraconazole 

amphotericin B + 5-FC 

Treatment: 
Aspergillus: 

BW/day) 

Candida: fluconazole 200-(400) mg/day 

fully with AmB and 5-FC, very high serum levels 
of 5-FC were found by a bioassay using the 
A.Jlavus strain, the question arises of how far the 
high serum level of 5-FC (being water-soluble 
and not bound to protein) may be by diffusion 
in cases of embolus formation and infarction often 
efficacious in invasive aspergillosis [ 10, 261. 

Candidosis 

In heart-transplanted patients, candidosis is the 
most frequent fungal infection (Table 7).  The 
pathogen predominantly found is Candida albicans, 
similarly to other risk groups of immunocom- 
promised patients [38]. Infections within the 
region of the throat and the oesophagus nearly 
always occur immediately after the operation. 
Contrary to aspergillosis, the course of the disease 
is rarely lethal [39] (Fig. 10). Deep local infections 
can usually be treated successfully by oral admin- 
istration of the azole derivative fluconazole. 

I n  two patients the course of multi-organ infec- 
tion by Candida spp. after HTx was lethal. These 
patients had already been infected with Candida 
spp. while waiting for HTx, but this was not 
detected at that time. The clinical course of the 
disease was particularly severe. Post-mortem 
examination proved the presence of Candida spp. 
in several organs and also in the mediastinum 
and pleura. 

Severe endomycosis was accompanied by Can- 
dida-associated septicaemia in three further cases, 
as revealed by post-mortem examinations. How- 
ever, t-his was not the cause of death after HTx. 
As Candida infections in the mouth, throat and 
oesophagus nearly always occur under immuno- 
suppressive therapy, prophylactic treatment must 
start immediately after transplantation. AmB sus- 
pension or oral azoles (e.g. fluconazole) are suit- 
able for this purpose. Even Candida infections with 
invasive growth, occurring predominantly in the 
upper intestinal tract, can, in spite of immuno- 
suppressive therapy, be treated successfully with 
fluconazole monotherapy. However, in patients 
with multi-organ infection by Candida spp., the 
use of a combination therapy with AmB and 
5-FC is necessary, which, in the case of Candida 
infection, is also more effective than monotherapy 
with azoles. As shown in the treatment of asper- 
gillosis, the azole derivative ketoconazole inhibits 
the fungicidal action of AmB in Candida albicans 
infections [40]. 

Conclusion 

Since all deep-seated airborne fungal diseases 
found among our 499 heart-transplanted recipi- 
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Table 7. Results of post-mortem examinations of 5 patients after HTx with complicated Candida infections. In addition to the 
organ distribution (organs) of Candida, causes of death, concomitant diseases (diagnosis), survival days (S/D), post-mortem 
cultural results (CULT/ + , C.a. = Candida albicans, C.1. = Candida tropicalis) and presence ( + ) or absence (0) of graft rejection (RJ) 
are summarized. BVAD= biventricular assist device. Note: Candida infection was found to be the cause of death in only two 
patients. In  60% of the patients (3) graft rejection was present 

Organs Diagnosis Cause of death CULT RJ S/D 

Lung, heart, Malignant Candida 
pericardium, hyperthermia, pneumonia 
liver, kidney rhabdom yolysis 

+ 0 9 
C.a. 

Lung, heart, Renal failure, Candida + + 6 
pericardium pneumonia pneumonia C.a. 

Stomach, (lung), Right heart Aspiration + + 10 
uericardium failure. BVAD pneumonia C.a. 

Oesophagus 
~ 

Esophageal Lung 
ulcers, cerebral embolism 
infarction 

+ + 1156 
C.a. 

Pleura Aspergillus Aspngillur + 0 26 
pneumonia, multi-organ C.a. 
Candida pleurisy infection C.1. 

ents in Berlin were Aspergillus infections but never 
cases of mucormycosis, cryptococcosis, phaeohy- 
phomycoses or other mycoses, it must be assumed 
that this is not a problem of the epidemiology 
but of the kind of immunosuppression (cellular 
immunosuppression without granulocytopenia) 
and the biological role of aspergilli in nature 
[41]. This also explains the pathogenesis of invas- 
ive aspergillosis characterized by a fast destructive 
invasive growth into blood vessels within 1-3 
days followed by embolism and infarction. Asper- 
gillus will find optimal growth conditions on the 
mucous membranes of the respiratory tract in 
patients under the immunosuppressive therapy of 
the first 30 days after HTx. The fast destructive 
growth makes it clear why frequent mycological 
control may be needed for diagnosing early infec- 
tion in the case of immunosuppression or myco- 
logically negative results in the case of remission 
by spontaneous healing. Ignoring this fact may 
be an explanation ofwhy the result of mycological 
control is often misinterpreted. Therefore, from 
the viewpoint of mycology, mycological control 
(by microscopy, culture and serology, preferably 
antigen detection) should start before immuno- 
suppression and be continued over the first 30 
days after HTx. 

Early high-dose immunosuppression should 
only be carried out if an absence of Aspergillus 
conidia in the patient’s environment can be 
guaranteed [9, 10, 191. 
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