STRANS
zPLANT
zATION

Received:
Accepted:
Available online:
Published:

2020.11.28
2021.06.07
2021.07.01
2021.08.06

Authors’ Contribution:
Study Design A

Data Collection B
Statistical Analysis C
Data Interpretation D
Manuscript Preparation E
Literature Search F
Funds Collection G

ACDEF 1
CDEF 2
BCEF 3
ACD 1
ACDE 1

AD 1

Corresponding Author:

Source of support:

ORIGINAL PAPER

e-ISSN 2329-0358
© Ann Transplant, 2021; 26: e930117
DOI: 10.12659/A0T.930117

Invasive Fungal Infections After Liver
Transplantation: A Retrospective Matched
Controlled Risk Analysis

Halil-Ibrahim Karadag 1 Department of General, Visceral and Transplantation Surgery, University Hospital
Oya Andacoglu of Essen, Science University Duisburg-Essen, Essen, Germany

Mari P daki 2 Organ Transplantation Center, Koc University, Istanbul, Turkey
arios Fapadakis 3 Department of Surgery II, University of Witten-Herdecke, Herdecke, Germany
Andreas Paul

Arzu Oezcelik
Eugen Malamutmann

Arzu Oezcelik, e-mail:
Departmental sources

Background:

Material/Methods:

Results:

Conclusions:

Keywords:

Full-text PDF:

Invasive fungal infections (IFl) are major risks for mortality after liver transplantation (LT). The aim of this study
was to evaluate possible risk factors for the development of IFl after LT.

All adult patients with IFI after LT between January 2012 and December 2016 at Essen University were iden-
tified. Pre-, intra-, and postoperative data were reviewed. These were compared to a 1-to-3 matched control
group. Multinominal univariate and multivariate regression analyses were performed.

Out of the 579 adults who underwent LT, 33 (5.6%) developed postoperative IFl. Fourteen had invasive asper-
gillosis with 7 (50%) mortality, and 19 had Candida sepsis with 7 (37%) mortality. The overall mortality due to
invasive fungal infections was 42%. Perfusion fluid contamination with yeast was detected in 5 patients (15%).
Multivariate regression analyses showed that preoperative dialysis (OR=1.163; Cl: 1.038-1.302), Eurotransplant
donor risk index (OR=0.04; CI=0.003-0.519), length of hospital stay (OR=25.074; CI: 23.99-26.208), and yeast
contamination of the preservation fluid (OR=47.8; Cl: 4.77-478, 96) were associated with IFl in the Candida
group, whereas duration of surgery (OR=1.013; Cl: 1.005-1.022), ventilation hours (OR=0.993; C|=0.986-0.999),
and days of postoperative dialysis (OR=1.195; CI: 1.048-1,362) were associated with IFl in the aspergillosis
group.

Post-LT IFI had 42% mortality in our cohort. Prophylactic antifungal therapy should be expanded to broader
risk groups as defined above.
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Material and Methods

Liver transplantation (LT) is the ultimate treatment for end-
stage liver disease [1-3]. Despite improvements in liver trans-
plantation, infections in the early postoperative phase play a
significant role in postoperative morbidity and mortality [3-5].
Among those that lead to sepsis, invasive fungal infections
(IF1) are detrimental for patient outcomes [5]. Fungal infec-
tions are the cause of 12% of all sepsis-related deaths and
2% of all deaths after LT [3]. Candida and Aspergillus species
are the most common pathogens of an IFl after liver trans-
plantation [5,6].

The pathogenesis is different for these 2 types of fungi.
Invasive fungal infections caused by Candida spp (species plu-
ralis) are primarily endogenous infections, which start from a
colonization in the body or from an already existing microbi-
al biofilm [7]. If the milieu conditions are fulfilled, these fun-
gal species can spread superficially or invasively [8]. The most
common pathogen of this genus is Candida albicans. Risk fac-
tors for the development of invasive Candida spp infections
include existing colonization with Candida spp, performance
of major intra-abdominal procedures, prolonged hospitaliza-
tion, central venous catheters, corticosteroid therapy, broad-
spectrum antibiotic therapies, or congenital immunodefi-
ciencies [7]. Aspergillus spp are aspergilliform, spore-bearing
molds. They occur in the environment and are saprophytes.
Aspergillus spores are found in varying concentrations in the
air. Through inhalation, the 2-4 pm small spores enter the al-
veoli [8]. Predisposing factors, such as lung tissue damage,
smoking, and cellular immune dysfunction, favor hematoge-
nous spread to other organs [7]. Organ transplantation is also
a risk factor for the development of invasive fungal infection
by Candida spp as well as Aspergillus spp [7]. Therefore, the
intra-abdominal surgery, central venous catheters, and distur-
bances in cellular immune defense due to immunosuppressive
therapy are unavoidable risk factors for the development of
invasive fungal infection in the LT population. In addition, fun-
gal infection can also be transmitted with the donor organ.
Rarely, the preservation fluid is contaminated with fungus [9].

Antimycotic prophylaxis during LT is variable among insti-
tutes [10-13]. Various risk factors for IFI after LT are described
in the literature [5,13,16-26]. To date, there has been no multi-
nominal multivariate analysis of these known risk factors. Our
primary aim was to investigate the incidence and mortality of
IFI after LT at our center. Our secondary aim was identifica-
tion of possible risk factors for the development of IFI, which
could potentially help us to select patients with high risk for IFI
who would benefit from proper prophylaxis or early treatment.
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Patients who underwent deceased donor liver transplanta-
tion at Essen University Hospital between January 2012 and
December 2016 were retrospectively reviewed. Pediatric pa-
tients and living donor liver transplantations were excluded.
Patients who were diagnosed with a systemic IFI after LT and
during the hospital stay were identified and included to the
study. Diagnosis of IFl after LT was done based on the criteria
of the European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and the
National Institute of Allergy and Infectious Diseases Mycoses
Study Group (EORTC/MSG) Consensus Group [14]. Diagnostic
confirmation was done by the microbiology institute. None
of the patients received antifungal prophylaxis before or dur-
ing LT. Patients received antifungal treatment based on their
postoperative infectious signs and symptom. None of the pa-
tients received empiric treatment. Patients did not have pre-
transplant immunosuppressive medication or fungal infection.
Pre-, intra-, and postoperative data were retrospectively re-
ported from the electronic database of our hospital, and pa-
tient records and the electronic database were made avail-
able by Eurotransplant. We created a 1-to-3 matched control
group; each patient with an IFl after LT was matched with 3
patients without IFl, as the control group. The primary criteria
for selecting the control group were the lab MELD score, age
of the recipient, portal vein status (thrombosed or not), BMI,
and previous abdominal surgery. The IFI group was separated
into 2 groups: an invasive aspergillosis group (AG) and a can-
dida sepsis group (CG). IFl was compared to the control group
as a whole. In addition, AG and CG groups were compared to
the control group as well. The intra- and postoperative vari-
ables were: duration of surgery (DOS), intraoperative blood
transfusion, cold and warm ischemia time, Eurotransplant do-
nor risk index (ET-DRI), yeast contamination of the perfusion
fluid, length of stay (LOS) in the ICU (LOS-ICU), total LOS, pre-
operative hemodialysis, severe postoperative complications,
and survival. Perioperative mortality was defined as 90-day
mortality. Morbidity or severe postoperative complications
were defined as Clavien-Dindo Class 3b or above complica-
tions [15]. Liver transplantation was performed in standard-
ized technique with cava interposition in all patients. The im-
munosuppressive therapy was based on calcineurin inhibitors,
prednisone, and mycophenolate mofetil. Modifications in dose
or compounds were made individually, depending on the clin-
ical course. Early allograft dysfunction was defined as a bili-
rubin level >10 mg/dL on day 7, an international normalized
ratio 1.6 on day 7, and/or an alanine aminotransferase or as-
partate-aminotransferase level >2000 IU/L within the first 7
days after transplantation [16].

The data were statistically analyzed and compared to the
matched control group. The implementation was carried out in
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Table 1. Comparison of the preoperative recipient data.

AG
n=14
Mean age (SD) 52.5 (12.9)
©Sex (MalefFemale) o
Cewig®) 238 (205298
© Abdominalsuigery ) s
 Portalvein thrombosis %) 5

MELD-score (IQR) 26 (15-34)

(oc] Control

n=19 n=99 p-value

48 (10.8) 49.9 (12.3) 0.177
e ey ooz
""" 269 (229311) 252 (223294) 0443
"""""" o a3 oss
"""""" o 9  ows
"""" 18(1325) 19430 046

AG — Aspergillus group; CG — Candida group; BMI — body mass index; MELD — Model for End-Stage Liver Disease; IQR — inter-quartile

range; SD — standard deviation.
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Figure 1. Kaplan-Meier Survival analysis.

accordance with the principles of the World Medical Association
laid down in the Helsinki declaration and the national regu-
lations for the conduct of clinical trials. Institutional review
board approval was obtained.

Statistical Analysis

According to distribution, values are reported either as medi-
an and interquartile range (IQR) or as mean and standard de-
viation. Continuous variables were compared using the Mann-
Whitney test. Comparisons of proportions were performed
using Fisher’s exact test or chi-square test. The survival rates
were presented by Kaplan-Meier analysis and compared by log-
rank test. At first, a univariate multinomial logistic regression

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Follow-up (days)

analysis, ie, a logistic regression with more than 2 character-
istics (Aspergillus, Candida, no IFl), was performed. In order to
minimize presumed relevance, the significant variables were
then included in a conditional logistic multinomial multivariate
analysis with a stepwise forward selection. The level of signif-
icance was defined with a p-value <0.05. All statistical anal-
yses were performed with IBM SPSS Statistics for Windows,
Version 25.0. (IBM Corp. Released 2017. Armonk, NY: IBM Corp).

Results

Out of the 579 adults who underwent LT in 2012-2016, 33 pa-
tients (5.6%) developed postoperative IFl. Of these, 14 patients
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Table 2. Comparison of the peri and postoperative recipient data.

AG (oc} Control
n=14 n=19 n=99 p-value
DOS minutes (median IQR) 313 (267-372.5) 267 (239-353) 245 (209-288) 0.002
© CTminutes (median IQR) 501 (400-565) 505 (420-570) 450 (277-542) 0323
© WIT minutes (median IQR) 32 (29.5-35) 30 (27-35) 30 (26-34) 0346
 Hospitalstay (days IQR) 46 (29-106) 38 (18-60) 21 1529) <0005
©CUsstay (daysIQR) 39 (2061) 16 (7-32) 5 (3-11) 0005
 Ventilation hours (QR) 334 (7929832 104 (17-368) 25 (7-51) 0005
 Dialysis preoperatively n (%) 2 (140) 10 (53.0) 33 (33.0) o001
 Dialysis days (median IQR) 45 (13-70) 1 (0-39) 0 (02 0005
Relisng®) 3 (21.0) 0 (00) 7 (7.0) Y
 Reoperation %)) 11 (786) 12 (63.0) 25 (25.0) 0005

AG — Aspergillus group; CG — Candida group; DOS — duration of surgery; CIT — cold ischemic time; WIT — warm ischemic time;
ICU — Intensive Care Unit; IQR — interquartile range.

Table 3. Comparison of the donor data.

AG (oc] Control
n=14 n=19 n=99 p-value
Age (median IQR) 48.1 (17.9) 51.4 (20.3) 56.4 (16.27) 0.175
© Sex (MalefFemal) o8 g1 3wl 0919
©BMI(kg/m?) (medianIQR) 25 (226264) 267 4727.8) 260 (23-28) 0475
. l0SICU (medianiQR) 67 34 a@7n 0387
©AST(UA) (medianioR)  77(38133) 49 (30-117) 53 (27-108) 0598
AT/ (medianioR)  s7(094)  37(160) 300774 0135
G (medianiQR)  s2(4167)  54(23-118) 34 (16101) 0339
 Bilrubin(mg/d) (median 1) 05(03/085) 04 (022/082)  05(03/08) 0888
' Fungal contamination of preservation fluidn (%) 1(.0%) 4QL0% 20% 0007
© ETDRI (medianiQR) 16 (1421) 17 (15200 19(17-22) 0053

AG — Aspergillus-group; CG — Candida-group; BMI — body mass index; ICU — Intensive Care Unit; AST — aspartate-aminotransferase;
ALT - alanine-aminotransferase, YGT — glutamat-pyruvat-transaminase; ET-DRI — Eurotransplant Donor-Risk-Index; IQR — interquartile
range.

(42.4%) had invasive aspergillosis (AG) and 19 patients (57.6%) required hemodialysis preoperatively. The median ET-DRI of
had Candida sepsis (CG). There were 19 male (58%) and 14  the IFl study group was 1.74. There was no statistically sig-
female (42%) patients. The mean age was 48 years (SD11.89) nificant difference between IFI and matched control group in
and the mean lab MELD score was 22 (SD 9.4). The etiology recipient characteristics, such as age of the recipient, gender
of the liver cirrhosis was primary sclerosing cholangitis in 9 distribution, diagnoses leading to liver transplantation, BMI,
patients (27%), hepatitis B or C virus infection in 7 patients pre-transplant abdominal surgery, portal vein status, and lab
(21%), alcoholic liver disease in 8 patients (24%), hepatocel- MELD score (Table 1).

lular tumor in 2 patients (6%), 1 acute liver failure (3%), and

other reasons in 6 patients (18%). Twenty-two (66.7%) patients
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Table 4. Multivariate multinominale analysis of the Aspergillus group.

DOS 0.003
* Ventilationhours 0.032
Preoperativedialysis < 0194
 Diaysisdays 0.008
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1.013 1.005-1.022
"""""""""""""""""" 1323 0931883
o3 07381300
0993 0986099
o1 00072725
o 11es 10481362
3769 116812162
- o068 0204-1615

DOS - duration of surgery; ICU — Intensive Care Unit; LT — liver transplantation; EAD — early allograft dysfunction.

Table 5. Multivariate multinominal analysis of the Candida group.

Fungal contamination of preservation fluid 0.001 47.8 4.77-478,96
CETORC 0013 0042 00030519
“pos 0w 1006 0996-1015
iUty  oe87 o068 1 001108
 Hospitalstay ~ <00005 25074 23.990-26.208
* Ventilationhows o028 0997 09911002
 Diaysisdays 0009 113 10381302
© Re-Operaton o443 1295 06692509

ET-DRI — Eurotransplant Donor Risk Index; DOS — duration of surgery;

Perfusion fluid contamination with yeast was detected in 5 pa-
tients (15%): 1 in the AG group and 4 in the CG group. None
of the patients received prophylactic antifungal therapy based
on the fluid culture result but rather based on active infec-
tion signs or symptoms after LT. The mean duration of surgery
was 327 minutes (SD 140). Intraoperative blood transfusion
occurred in 22 patients (66.7%). There were no intraoperative
complications. The mean LOS-ICU was 29.9 days (SD 23.2).
The mean hospital LOS was 54.6 days (SD 43.8). Major post-
operative complications were observed in 13 patients (39.4%).
Perioperative death within 90 days after LT occurred in 4 pa-
tients (12.1%). Of the patients with AG, 7 (50.0%) died within
102 days (mean) after LT and of the patients with CG, 7 (37%)
died within 98 days (mean) after LT. The 1- and 3-year overall
survival rates of IFI group were 48.5% and 24%, whereas the
control group had 75.5% 1-year survival (p<0.003) (Figure 1).
In the univariate analysis, the duration of surgery (DOS), LOS-
ICU, postoperative ventilation time, the need for preoperative
dialysis, as well as the duration of dialysis, transaminase peak,
re-operation rate and the total LOS, were significantly higher in
patients who developed invasive aspergillosis or Candida sep-
sis (Tables 2, 3). In the Candida group, regarding donor-relat-
ed factors, only the incidence of perfusion fluid contamination

This work is licensed under Creative Common Attribution-
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ICU — Intensive Care Unit; LT — liver transplantation.

was significantly higher in the study group compared to the
control group (p<0.001; OR=47.8; Cl: 4.77-478) and remained
significant for Candida in multivariate multinominal analy-
sis but not for aspergillosis. Multivariate regression analyses
showed that preoperative dialysis (OR=1.163; Cl: 1.038-1.302),
Eurotransplant donor risk index (OR=0.04; Cl=0.003-0.519),
length of hospital stay (OR=25.074; Cl: 23.99-26.208), and
yeast contamination of the preservation fluid (OR=47.8; Cl:
4.77-478, 96) were associated with IFI in the Candida group,
whereas duration of surgery (OR=1.013; CI: 1.005-1.022), ven-
tilation hours (OR=0.993; CI=0.986-0.999), and days of post-
operative dialysis (OR=1.195; CI: 1.048-1,362) were associat-
ed with IFl in the aspergillosis group (Tables 4,5).

Discussion

Systemic fungal infection after LT is one of the important
causes of perioperative death within the first month after
LT [17]. Consequently, the identification of significant risk fac-
tors and evaluation of the role of prophylactic antifungal treat-
ment is essential. The incidence of IFI after organ transplanta-
tion is reported to be 5-20% in the literature [18,19]. Our IFI
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incidence was 5.6% among 579 adult patients following LT. The
ratio of aspergillosis to Candida septicemia was rather atypi-
cal (42.4% to 57.5%). In international comparison, the rate of
Candida species as the cause of IFl is described in the litera-
ture is up to 90% [20]. One-year mortality after an IFl is up to
62.5% [21,22]. One-year survival of patients with IFl in our se-
ries was 48.5%, which is significantly lower than that of the
control group. Levesque et al described a significant correla-
tion between the contamination of the preservative fluid and
the development of invasive mycosis [21]. Of all the possible
risk factors analyzed, the presence of fungi in the preserva-
tion fluid was the greatest risk factor for a fungal infection by
Candida spp after liver transplantation in our analysis but not
for Aspergillus infection. Existing donor invasive fungal infec-
tions can contaminate the donor organ and can be detected
as a “contamination” of the preservative liquid. Yeast contam-
ination of the preservation fluid was identified as an inde-
pendent risk factors to develop IFl after LT in our study. In our
practice, donor cultures are reviewed regularly at the time of
accepting the donor and we do not accept donors with active
fungal infection; however, the donor culture data and fungal
infection data of the donors were not available at the time of
this study. Preservation fluid culture is also a routine practice
in our center following findings in this report. After the find-
ings in our study, we changed our practice so that any patient
with preservation fluid contamination with yeast is now re-
ceiving empiric antifungal treatment independent from clini-
cal signs and symptoms.

The DRI is used as a predictive value to determine the proba-
ble survival of the transplant recipient after LT; however, the
influence of DRI on the incidence of postoperative infections
is still unclear. Rosenberger et al analyzed the relation be-
tween DRI and post-transplant infections, concluding that in-
fections depend more heavily on recipient factors [23]. There
were 673 infectious complications in 378 patients, including
53 cases with Candida glabrata. Candida glabrata was iso-
lated more frequently in the high-DRI score group compared
to the low-DRI score group [38 (9%) vs 15 (5%) p=0.01] (23).
However, no further fungal infections were mentioned. In the
present study, multivariate analysis showed a significant cor-
relation between the ET-DRI and postoperative invasive fun-
gal infection by Candida species, but not aspergillosis, which
is similar to the aforementioned report. The possible associa-
tion between DRI and aspergillosis or fungi other than Candida
should be investigated further in larger series.

An association between a prolonged duration of surgery and
increased rate of infection after LT is described in many stud-
ies [24-26]. The duration of surgery is also one of the significant
predictive factors for invasive fungal infection and is associated
with postoperative complications as shown previously [27]. We
also report that duration of surgery was significantly longer in
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the study group compared to the control group and was iden-
tified as a significant predictive factor for development of IFI
by Aspergillus species; therefore, transplant teams may con-
sider this risk factor for antifungal prophylaxis.

The total LOS among patients in the mycosis groups was sig-
nificantly longer than that of the patients in the control group)
(p<0.0005) These results are concordant with the study by
Levesque et al in which a prolonged LOS was also demon-
strated for postoperative invasive mycoses (p=0.002) [17].
Biological plausibility has a key role in assessing the associ-
ation between variables considered as risk factors and out-
comes. In that sense, the length of hospitalization, as well as
the duration of ventilation, might be the consequence of the
fungal infection rather than the cause.

The Infectious Diseases Society of America (IDSA) Treatment
of Candidiasis guidelines stated patients who undergo liver
transplantation with at least 2 key risk factors, including re-
transplantation, creatinine level 12.0 mg/dL, choledochojeju-
nostomy, intraoperative use of >40U of blood products, pro-
longed intraoperative time (defined as >11 h), and fungal
colonization detected at least 2 days before and 3 days after
transplantation, are at higher risk of invasive candidiasis and
are recommended to receive prophylaxis treatment [28]. In
our study, median duration of surgery was 5.2 h in AG, 4.45 h
in CG, and 4.08 h in the control group (p<0.05). So, we can ar-
gue that DOS could still be considered prolonged when ap-
proaching 6 h, which is a much shorter cut off as defined by
IDSA. Considering it is common that LT takes longer than 6 h,
surgeons could consider antifungal prophylaxis more often if
there are other risk factors as well.

According to the Guidelines of the American Society of
Transplantation, Infectious Diseases Community of Practice,
Singh et al reported Candida has been isolated in about 4%
of the preservation fluids from liver transplant recipients [29].
They also stated cultures of blood, urine, and drainage fluids
should be performed prior to initiating empiric therapy when
Candida is identified in preservation fluid cultures or follow-
ing organ procurement complicated by intestinal contamina-
tion [29]. The authors concluded liver transplant recipients in
whom Candida species are identified in the preservation flu-
id cultures or in patients with surgeries complicated by intes-
tinal contamination during organ recovery should receive em-
piric antifungal therapy for 2 weeks [29]. As stated above, we
now imply empiric antifungal treatment independent from
clinical signs and symptoms when contamination is detected.

Renal replacement or chronic kidney disease have been re-
ported as risk factor for post-liver transplant yeast infec-
tion [30,31]. Eschenauer et al also commented that dialy-
sis and re-transplantation patients should be considered for
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fungal prophylaxis [32]. The IFI group in our study had high-
er incidence of hemodialysis and the duration of dialysis was
significantly longer compared to the control group. Although
we had a small number of patients and we performed a ret-
rospective review, we agree that liver transplant patients who
have been on hemodialysis prior to transplant should be con-
sidered for antifungal prophylaxis.

The limitations of our study include its retrospective nature
and small sample size. Given that only patients with system-
ic fungal infections were included in the analysis, a selection
bias is inevitable. Furthermore, due to the multimodal analy-
sis, an over-interpretation of the collected data is possible as
well. Lastly, the control group was not fully randomized with
the IFI group, which is suboptimal, thus we cannot make firm
conclusions.
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Conclusions

Based on the results of the study, duration of surgery, hours
of mechanical ventilation, and preoperative dialysis days were
significant factors for the development of postoperative inva-
sive aspergillosis. Yeast contamination of the preservation flu-
id, ET-DRI, dialyses days, and hospital stay were identified as
significant factors for the development postoperative Candida
sepsis. Despite the small cohort and retrospective nature of
the study, we believe patients with these risk factors may ben-
efit from prophylactic antifungal treatment. Larger cohorts
and prospective analyses are necessary to improve the pow-
er of these findings.
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