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bone marrow transplantation. Early referral should be con
sidered for a patient for whom a delay would worsen already 
compromised pulmonary and renal functions.

Acknowledgments. We gratefully acknowledge the assistance of 
Virginia Guzikowski, CRNP, in the management of this patient.

REFERENCES

1. McDonald G, Sharma P, Matthews D, Shulman H, Thomas E.
Venoocclusive disease of the liver after bone marrow trans
plantation: diagnosis, incidence, and predisposing factors. 
Hepatology 1984; 4: 116.

2. Ozkaynak MF, Weinberg K, Kohn D, et al. Hepatic veno-occlu-
sive disease post-bone marrow transplantation in children con
ditioned with busulfan and cyclophosphamide: incidence, risk 
factors and clinical outcome. Bone Marrow Transplant 1991; 
7: 467.

3. Meresse V, Hartmann O, Vassal G, et al. Risk factors for hepatic
veno-occlusive disease after high-dose busulfan-containing 
regimens followed by autologous bone marrow transplanta
tion: a study in 136 children. Bone Marrow Transplant 1992; 
10: 135.

4. Bearman S, Shuhart M, Hinds M, McDonald G. Recombinant
human tissue plasminogen activator for the treatment of es
tablished severe venocclusive disease of the liver after bone 
marrow transplantation. Blood 1992; 80: 2458.

5. McDonald G, Sharma P, Matthews D, Shulman H, Thomas E.
The clinical course of 53 patients with venoocclusive disease of 
the liver after marrow transplantation. Transplantation 1985; 
39: 603.

6. Rapoport A, Doyle H, Starzl T, et al. Orthotopic liver transplan
tation for life-threatening veno-occlusive disease of the liver 
after allogeneic bone marrow transplant. Bone Marrow Trans
plant 1991; 8: 421.

7. Nimer S, Milewicz A, Champlin R, Busuttil R. Successful treat-
ment of hepatic veno-occlusive disease in a bone marrow trans
plant patient with orthotopic liver transplantation. Transplan
tation 1990; 49: 819.

8. Ash R, Casper J, Chitambar C, et al. Successful allogeneic trans
plantation of T-cell-depleted bone marrow from closely HLA- 
matched unrelated donors. N Engl J Med 1990; 322: 485.

9. Bearman SI, Anderson GL, Mori M, et al. Venoocclusive disease of
the liver: development of a model for predicting fatal outcome 
after marrow transplantation. J Clin Oncol 1993; 11: 1729.

10. Rhodes D, Lee W, Wingard J, et al. Orthotopic transplantation
for graft-vs-host disease following bone marrow transplanta
tion. Gastroenterology 1990; 99: 536.

11. Burdick J, Vogelsang G, Smith W, et al. Severe graft-versus-host
disease in a liver-transplant recipient. N Engl J Med 1988; 
318: 689.

12. Bhaduri B, Tan K, Humpherys S, et al. Graft-versus-host dis
ease after orthotopic liver transplantation in a child. Trans
plant Proc 1990; 22: 2378.

13. Clark C, Smith G, Crane P, et al. Reduction of graft-versus-host
reactivity after small bowel transplantation: ex vivo treatment 
of intestinal allografts with an anti-T-cell immunotoxin. Clin 
Exp Immunol 1992; 88: 220.

14. Ho M, Jaffe R, Miller G, et al. The frequency of Epstein-Barr
virus infection and associated lymphoproliferative syndrome 
after transplantation and its manifestations in children. 
Transplantation 1988; 45: 719.

15. Skinner J, Gilbert E, Hong R, et al. B cell lymphoproliferative
disorders following T cell depleted allogeneic bone marrow 
transplantation. Am J Pediatr Hematol/Oncol 1988; 10: 112.

Received 23 June 1995. 
Accepted 29 August 1995.

INCIDENCE AND SIGNIFICANCE OF Aspergillus CULTURES 
FOLLOWING LIVER AND KIDNEY TRANSPLANTATION1
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Aspergillus infection is a rare but devastating com
plication following solid organ transplantation, with 
mortality rates that approach 100%. Aspergillus spe
cies (sp)* are also ubiquitous in our environment and 
may contaminate culture plates. To determine the sig
nificance of positive Aspergillus cultures, we analyzed 
all positive cultures from the liver and kidney trans
plant services at our center for the treatments used
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and clinical outcomes. Aspergillus sp. were cultured 
from 4.5% of liver and 2.2% of kidney transplant recip
ients. A. fumigatus was the most common isolate, fol
lowed by A. niger and A  flavus. The lung was the most 
common site of positive cultures. Body fluids (ascites, 
pleural fluid) were common sources of positive cul
tures but were never associated with clinical disease. 
Positive brain biopsies occurred in 10% of patients. 
Analysis of risk factors for significant infection re
vealed that cultures with >2 colonies or more than one 
site of infection were predictive of significant infec
tion and portended a poor prognosis even with aggres
sive therapy. Two or fewer colonies from a single site 
likely represented contamination and may be followed 
with repeat cultures. The high mortality rate associ
ated with Aspergillus sp. infections in transplant re
cipients highlights the need for better anti-fungal pro
phylaxis and treatment.
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Fungal infection is a common complication following solid 

organ transplantation. The incidence ranges from 7-42% in 
liver recipients (1-4) and 0-14% in kidney recipients (5, 6). 
Although infections with Candida species are most common, 
20% of fungal infections are due to Aspergillus sp. (5) with 
mortality rates that approach 100% {1-3, 7-9). The first line 
therapy for Aspergillus infections, amphotericin, has signifi
cant toxicity, and there may be reluctance to institute ther
apy without a definitive diagnosis. Aspergillus is a ubiqui
tous organism in the hospital environment, and it can be a 
frequent laboratory contaminant making the significance of a 
positive culture for Aspergillus sp. uncertain. The aim of our 
study was to determine the predictive power of a positive 
Aspergillus culture in liver and kidney transplant recipients.

From January 1989 to December 1994, 597 adult and pe
diatric patients underwent liver transplantation at the Uni
versity of California, San Francisco Medical Center (UCSF). 
From January 1992 to December 1994, 409 adult and pedi
atric patients underwent kidney transplantation at UCSF. 
The study population of this entire cohort was comprised; 
both first and retransplants were included. There were no 
exclusions. Fifty-two patients underwent liver retransplan
tation, and two patients received three liver allografts for a 
total of 650 liver transplants.

Clinical and demographic data for these patients were 
obtained from the UCSF Transplant Database. Microbiology 
records were searched for all positive Aspergillus cultures. 
All patients with positive cultures had their medical records 
reviewed for therapy used and clinical outcome. Positive 
postmortem cultures were not included in any of the analyses 
but were used to determine the cause of death.

A significant infection was defined as any positive culture 
associated with (1) treatment with anti-fungal agents, (2) 
biopsy-proven invasive disease, or (3) morbidity or mortality 
without treatment. Insignificant infections were defined as a 
positive culture in the absence of both disease and anti- 
fungal treatment.

Risk factors for significant infection were analyzed by the 
chi-square (ĵ 2) analysis-of-contingency or the Fisher’s exact 
test for nominal variables and by the unpaired t test or 
Mann-Whitney rank-sum test for interval variables with the 
level of significance set at 0.05.

Of 650 liver recipients, 29 (4.5%) had at least one positive 
Aspergillus culture. Of the 409 kidney recipients, 10 (2.2%) 
had at least one positive culture. Eleven of 29 or 38% of liver 
recipients and 4 of 10 or 40% of kidney recipients were 
treated with amphotericin. The mortality was 12/29 or 41% 
in the liver recipients and 40% or 4/10 kidney recipients.

The Aspergillus species isolated from each group were sim
ilar. Aspergillus fumigatus was the most common isolate, 
numbering 20 of 29 (69%) of cultures from liver transplant 
recipients and 6 of 10 (60%) from kidney recipients. A. niger 
composed 14% of cultures among liver recipients and 10% of 
the isolates from kidney recipients while other species, in
cluding A. versicolor and those that were not speciated, com
posed 14% and 30%, respectively. One in 29 or 3% of cultures 
in liver recipients, but no kidney recipients, had positive 
cultures for Aspergillus flavus.

The sites of positive cultures were also comparable. The 
lung, i.e., positive cultures from tracheal aspirates, bronchos
copy, and/or lung biopsy, was the most common source of 
positive cultures, numbering 16/29 or 55% of the cultures

from liver recipients and 6/10 or 60% from kidney recipients. 
Body fluids, i.e., ascites or pleural fluid, were the source in 
24% and 20% of positive cultures, and there were no patients 
who were treated for these cultures or who died in this group. 
Aspergillus was cultured from more than one site in 17% and 
10% of liver and kidney recipients, respectively, while 10% in 
each group had a positive brain biopsy. Of this last group, all 
but one also had positive lung cultures.

A predominance of cultures occurred in the early postop
erative period (<30 days), but there was a wide range with 
some infections occurring one year or more after transplan
tation. The timing of infections following transplantation are 
shown in Figure 1.

Of the patients treated with amphotericin (mean dose, 
960±330 mg), 11 out of 12 liver recipients and 4 of 4 kidney 
recipients died. The deaths were all due to invasive aspergil
losis, except for one kidney recipient who died of dissemi
nated candidiasis and multi-organ failure without evidence 
of Aspergillus infection on postmortem examination. The one 
liver recipient who survived had a wound infection with 
Aspergillus, which was treated with amphotericin and surgi
cal resection. Among the patients who were not treated, the 
mortality rate was lower; 1 of 17 (5.8%) liver recipients died 
of intraabdominal bleeding after a radiologic procedure. 
None of the six untreated kidney recipients died. These pa
tients had insignificant infections, colonization, or contami
nation, as they did not develop disease despite the absence of 
treatment.

Table 1 shows the incidence of significant infection based 
on the number of colonies isolated and the mortality rate for 
each group. In patients with one or two colonies from only one 
site, 18 of 19 had an insignificant infection, and one patient 
died of multi-organ failure with postmortem evidence of in
vasive aspergillosis one month after a single urine culture 
had been positive for one colony of Aspergillus fumigatus. 
Patients with greater than two colonies from one site or more 
than one site of involvement had a significantly worse out
come. Fourteen of 20 had a significant infection with a 93% 
mortality rate, 13 of 14. The overall mortality rate in this 
group was 14 of 20 or 70%. The difference in the incidence of 
significant infection in those with greater than two colonies 
from one site or more than one site of involvement compared

Timing of Positive Cultures
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FIGURE 1. Timing of positive cultures. Although the predominance 
of cultures (37%) occurred less than 30 days following transplanta
tion, there was a wide range with infection occurring after 3 months 
in a significant proportion, 'ftie median duration between transplant 
and infection was 34 days.
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T a b l e  1. Severity and outcome of infection®
No. of colonies 

isolated
Significant infection 

(n=15)
Insignificant infection 

(n=24)
> 2  or >1  site6 14 (93%) 6 (17%)
(n=20)
< 2 “ 1 (100%) 18 (6%)
(n=19)

e P<.001.
b Number of patients and percentage of mortality.

with those with one or two colonies from only one site was 
statistically significant (Pc.001).

The species isolated was also predictive of significant in
fection. Fourteen of 26 patients with A. fumigatus and one of 
one with A. flavus cultures had significant infections com
pared with 0 of 12 with A. niger or other species. The differ
ence in rates of significant infection between A. fumigatus 
and A. flavus (56%) and all other species (0%) was statisti
cally significant (P=0.001, Fisher’s exact test).

OKT3 use was not found to be associated with an increased 
risk of a significant infection; 27% of patients with significant 
and 46% of insignificant infections received OKT3 (P=NS). 
This relationship held up for both liver and kidney recipients 
analyzed together or separately (data not shown).

The proportion of patients who received high-dose steroids 
for rejection was 83% among recipients with significant in
fection and 78% among those with insignificant infections 
(P=NS). In addition, the total number and dose of solumedrol 
pulses were not different when analyzed by Mann-Whitney 
rank-sum test or unpaired t test, respectively (data not 
shown).

For liver recipients, pretransplant creatinine was not pre
dictive of an increased risk of a significant infection. The 
mean creatinine on the day of transplant was 1,55 mg/dl in 
patients who developed significant infection and 1,18 mg/dl 
in those who had positive cultures without significant disease 
(P=0.17). The UNOS status was also not a significant risk 
factor. Status 1 patients had a higher chance of having a 
significant infection—four of six (67%) compared with two of 
six (33%) for status 2 and six of 15 (40%) for status 3— but 
these differences were not statistically significant by the 
Fisher’s exact test, both when analyzed separately and when 
status 2 and 3 patients were combined (P=0.45). Retrans
plantation was not a risk factor as 40% of patients undergo
ing retransplantation and 39% of patients undergoing first 
transplants had significant infections.

Aspergillus infection is a recognized complication of both 
liver (10) and, to a lesser extent, kidney (11) transplantation. 
The incidence of positive cultures in our patient population, 
4.5% for liver transplant recipients and 2.2% for kidney re
cipients, is in accord with the results of others (2 , 8). The 
difference in the rate of positive cultures or of significant 
infection in our liver and kidney recipients was not statisti
cally significant (P>0.10). Positive cultures for Aspergillus 
organisms can be found in 2-8% of specimens from the gen
eral hospital population (12). Since Aspergillus is a ubiqui
tous organism, many of these cultures likely represent colo
nization or contamination in the laboratory or during 
specimen handling. Kusne et al. investigated the factors as
sociated with Aspergillus infections at the University of 
Pittsburgh and identified 32 of 2180 (1.5%) of liver trans

plants with invasive aspergillosis (10). In addition, they iden
tified an additional 11 patients with positive cultures who did 
not have disease and were not treated with amphotericin. 
This latter group included 28% of the patients with positive 
cultures and had a mortality of 18% with no deaths from 
aspergillosis. In our series 17 of 29 (59%) liver recipients and 
seven of 10 (70%) kidney recipients had insignificant infec
tions with a mortality rate of 6% and 14% in these groups. 
The higher number of insignificant infections in our patients 
may represent a difference in the flora of the hospital or 
higher rates of contamination. However, the similar mortal
ity rates in those with insignificant infections and the ab
sence of deaths from aspergillosis in the two studies supports 
the hypothesis that a subgroup of patients with positive 
Aspergillus cultures will not develop invasive disease. It is 
interesting to note that all patients with significant infection, 
but only 50% of those with insignificant infection, had posi
tive cultures on routine media, in addition to fungal media. 
This may indicate that fungal media is too sensitive and that 
patients with positive cultures on only fungal media should 
have cultures repeated on routine media before being com
mitted to a full course of therapy.

Previous work has shown that >2 positive cultures for 
Aspergillus can distinguish significant disease from contam
ination (12, 13). We found a strong association between the 
number of colonies and/or sites of positive cultures and the 
presence of significant disease. Aspergillus species cultures 
with >2 colonies or more than one site of infection were 
associated with significant infection in 14 of 20 (70%). One or 
two colonies from only one site were associated with signifi
cant disease in one of 19 patients. There were no cases of 
aspergillosis with negative cultures; therefore, the sensitivity 
of these criteria for predicting significant infection is 93% 
with a specificity of 75%. Using this criteria, there was only 
one false negative.

In the study by Kusne et al., the use of OKT3 and serum 
creatinine level was found to be predictive of invasive disease 
in both univariate and multivariate analyses (10). We found 
a lower rate of OKT3 use in the patients who had significant 
Aspergillus infections both in liver recipients (25% vs. 47% 
for patients with insignificant infection) and in liver and 
kidney recipients combined (27% vs. 46%) (P-0.3). This 
trend toward lower OKT3 use in the group with significant 
infection may represent a lower incidence of rejection or 
less-aggressive treatment of rejection due to the level of 
illness in this group. The OKT3 use in the overall UCSF 
population and in the NIDDK liver transplant database is 
—24%. We also found no significant association between pre
transplant serum creatinine and the risk of a significant 
infection, although the levels were both higher in the pa
tients with significant infections and perhaps falsely lowered 
by one patient on continuous arteriovenous hemodialysis 
(CAVH). We chose not to use creatinine at the time of diag
nosis as was used by Kusne et al. as pretransplant creatinine 
has been shown to be the best short-term prognostic indicator 
for outcome (14). Additionally, the serum creatinine at the 
time of diagnosis may be a marker of disease rather than a 
risk factor. Neither their group or ours found an association 
between retransplantation and significant Aspergillus infec
tion, but the numbers are very small.

It has been reported tKat low-dose amphotericin (0.5 mg/ 
(kg/day)) is ineffective at prophylaxis against invasive as
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pergillosis in liver transplant recipients (15). In our series 
two of 11 liver transplant recipients who developed invasive 
aspergillosis were receiving low-dose amphotericin prophy
laxis.

In summary, positive cultures for Aspergillus sp. occur in 
<5% of liver transplant and <3% of kidney transplant recip
ients. The majority of these cultures, particularly those from 
body fluids, do not represent significant disease. In particu
lar, only one of the patients with <2 colonies from only one 
site developed progressive disease or required therapy. This 
patient had one colony of A. fumigatus cultured from urine, 
and multiple subsequent cultures from urine and tracheal 
aspirates were negative. He received 936 mg of intravenous 
amphotericin and intermittent fluconazole for positive cul
tures for Candida albicans and was found to have unex
pected aspergillosis on postmortem examination. Whether 
the positive urine culture should be viewed as indicative of 
systemic infection in this case or whether subsequent cul
tures were negative because of antifungal therapy cannot be 
determined. There were no other positive urine cultures for 
Aspergillus sp. in our study population; therefore, patients 
with <2 colonies from one site may be able to be observed 
clinically with repeated cultures and no preemptive therapy 
given if the clinical suspicion is low. "Whether these data are 
applicable to all solid organ transplant recipients will need 
further study and validation by other centers. In patients 
with >2 colonies or more than one site of infection, particu
larly those with A. fumigatus or A. flavus, >70% will have 
invasive disease, and these patients should be treated with 
antifungal therapy while awaiting more definitive studies.

Significant infection portends poor prognosis even with 
aggressive therapy. In our series, 60% of patients with sig
nificant infections received over 750 mg of amphotericin B 
with only one survivor who had a wound infection likely 
cured by surgical resection rather than medical therapy. The 
high mortality rate associated with Aspergillus sp. infection 
in transplant recipients highlights the need for early diagno
sis and improved antifungal prophylaxis and treatment.
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USE OF A WALLSTENT IN SUCCESSFUL TREATMENT OF IVC 
OBSTRUCTION FOLLOWING LIVER TRANSPLANTATION

San d r a  J. A lth au s ,1 Jam es  D . P erkin s , G eorge  S o ltes , and  D avid  G lickerm an

Departments of Radiology and Transplantation, University of Washington Medical Center, Seattle, Washington 98195

Obstruction of the IVC occurs in only 1-2% of pa
tients after liver transplantation. The mortality of this 
complication can be as high as 66%. This case report 
describes the use of a Wallstent for an IVC obstruction

1 Address correspondence to: Sandra J. Althaus, M.D., Depart
ment of Radiology, University of Washington Medical Center, Box 
357115, 1959 NE Pacific St., Seattle, WA 98195-7115.

that was unresponsive to conventional balloon angio
plasty.

Ten months before referral to our liver transplant pro
gram, a 67-year-old man developed abnormal liver function 
test and ascites. He was serologically positive for hepatitis C. 
He had no history of alcoliol abuse. The patient was managed 
on diuretics therapy.


