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I n the last 25 yrs, the proportion of
nosocomial infections caused by
fungi has dramatically increased (1–
4). Clinicians have often considered

fungal infections a problem of neutropenic
patients, but today, at least half of all nos-
ocomial fungal infections occur in critically
ill surgical patients as deep-seated and
bloodstream infections (1, 5). In addition,
Candida infections have been increasingly
described in the pediatric and neonatal pa-
tient populations (4). Thus, no matter what
kind of patient population is located in the
intensive care unit (ICU), fungal infections
will be seen. This review will focus on the
special patient population of patients who
have critical illness related to surgery or a
surgical problem and who develop a Can-
dida infection.

Critically ill patients usually have many
of the risk factors that are known to be
associated with fungal infections (6–9).
Typically, patients are treated with invasive
devices or procedures, broad-spectrum an-
tibiotics, and have either classic or unmea-
sured forms of immunosuppression. Cer-

tainly, patients with a longer length of ICU
stay and patients with colonization with
Candida seem to be at special risk for in-
vasive fungal infection (1, 10–12). Al-
though many of the risk factors for fungal
infections are known, these factors have
not been used in a clinically meaningful
way to identify patients who will acquire a
fungal infection (13). Moreover, this is con-
founded by the fact that there is no consen-
sus about the definitions of fungal infec-
tions in nonneutropenic patients. Because
there are no consensus definitions of fungal
infections, the presentation and analysis of
evidence-based guidelines for the preven-
tion and treatment of fungal infections in
critically ill surgical patients is more diffi-
cult (13). This review will focus on a series
of clinical questions relevant to the care of
critically ill or injured surgical patients.

What Are the Pathogens
Involved in Fungal Infections
in the ICU?

In surgical ICUs 20 yrs ago, fungal in-
fections were fairly simple; they were
caused by endemic fungi, or by the yeasts
and molds, of Candida and Aspergillus (3).
Candida exists in two separate forms, the
yeast and the mycelial form. Although ei-
ther form when isolated from tissue is pa-
thognomonic of infection, usually, the my-
celial form causes invasion. In a very large
national report of fungal infections, Can-

dida species accounted for �80% of all
fungi isolates causing nosocomial infec-
tions (2–4). Aspergillus species and many
of the emerging fungal pathogens such as
Fusarium and Rhizopus species comprise
about 10% of the remaining nosocomial
infections. These infections are uncommon
but do occur in surgical patients, especially
those with classic immunosuppression,
such as solid organ transplant patients or
patients undergoing chemotherapy. Al-
though Candida albicans remains the sin-
gle most common yeast species isolated
from hospitalized patients, in some units,
only 50% of all Candida species isolated
will be C. albicans (14–18). The remaining
Candida infections are caused by nonalbi-
cans species and include: C. glabrata, C.
tropicalis, C. parapsilosis, C. krusei, and C.
lusitaniae.

When a single systemic antifungal (am-
photericin B deoxycholate) with broad an-
tifungal activity was available, knowledge
about specific fungal species was of aca-
demic but not clinical importance. How-
ever, with increasing availability of a wide
variety of antifungal agents in both intra-
venous and oral form, it is important to
recognize that some of the agents at stan-
dard doses do not cover some common
fungal species (19, 20). Clinicians should be
particularly aware of three nonalbicans
Candida species that can and do cause in-
fection: C. glabrata, C. krusei, and C. lus-
itaniae (16, 20–22).
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When bacterial sensitivities are re-
ported, we are used to seeing some nota-
tion that a pathogen is sensitive or resistant
to a specific antibiotic. However, for fungal
species, there is a new category—that of
dose-dependent sensitivity (19, 23). Essen-
tially, this category means that giving a
higher than recommended dose of a partic-
ular drug can result in effective therapy
without toxicity. C. albicans is a species
generally very sensitive to fluconazole, with
sensitivities in the range of 0.125–0.250
�g/mL. For C. glabrata, dose dependence
for fluconazole is typically seen when a
minimal inhibitory concentration of 16
�g/mL is present and resistance seen when
the minimal inhibitory concentration is
�32 �g/mL (19). Depending on your insti-
tution, C. glabrata may be sensitive, dose
dependent, or resistant to fluconazole and
itraconazole and may have variable sensi-
tivity to amphotericin. Because C. glabrata
may account for 20–25% of all infections
and the sensitivity patterns may dictate
therapy, the clinician should be aware of
this pathogen and of how frequently it is
present in your institution. Unlike C . albi-
cans and C. glabrata, C. krusei is always
resistant to fluconazole, dose dependent or
resistant to itraconazole, often resistant to
flucytosine, and of variable sensitivity to
amphotericin. C. lusitaniae is also of vari-
able sensitivity to amphotericin.

How Common Are Fungal
Infections in Surgical
ICU Patients?

Data from a nationwide (United States)
concurrent surveillance study (Surveil-
lance and Control of Pathogens of Epide-
miologic Importance [SCOPE]) found
24,179 cases of nosocomial bloodstream in-
fections in 49 U.S. hospitals during a 7-yr
period from March 1995 through Septem-
ber 2002 (60 cases per 10,000 hospital ad-
missions) (24). In this large series, Candida
species accounted for 4.6 bloodstream in-
fections per 10,000 admissions and 9% of
all bloodstream infections, with a slightly
higher rate in ICU patients (10.1% of all)
than on the ward (7.9%). In the ICU, Can-
dida infection was the third most common
bloodstream pathogen isolated behind co-
agulase-negative Staphylococcus and
Staphylococcus aureus (24).

Although commonly thought of as a dis-
ease confined to neutropenic cancer pa-
tients, Candida is in fact either the third or
fourth most common bloodstream isolate
from the ICUs including surgical, cardiac
surgical, and burn ICUs (2–4, 24–26). At

the Johns Hopkins Hospital, yeast isolates
accounted for 15% of bloodstream isolates
from 1992 through 1995 (27). In a recent
multiple-center, prospective study on risk
factors for Candida bloodstream infections
in surgical patients, the incidence of fungal
infections overall was 0.98/1000 patient
days and increased to 1.42/1000 surgical
ICU days when a central venous catheter
was in place (1). Whereas these studies
present the prevalence of Candida in blood-
stream infections, they are likely to sub-
stantially underestimate the importance of
Candida because infection at other sites is
not captured. Moreover, several autopsy
studies have shown that Candida infections
are often undiagnosed antemortem. One
series found that antemortem blood cul-
tures were positive for fungus in only 44%
of autopsy-proven fungal infections (28).

Can a Normal Person Develop
a Fungal Infection?

Candida species are part of the normal
endogenous flora of humans, living in the
gut lumen and more rarely on mucocuta-
neous surfaces. The question of whether a
normal person, even one without a surgical
stress, can develop a fungal infection was
addressed in a seminal article by Krause et
al (29). They demonstrated that a normal
person ingesting 1012 of live C. albicans
could develop symptoms lasting 9 hrs, with
candidemia seen at 3 and 6 hrs and candi-
duria at 2.75 and 3.5 hrs. Signs and symp-
toms of fungemia cleared after ingesting ep-
som salts, nystatin, and with normal host
defenses. In this experiment on himself,
Krause proposed that the presence of Can-
dida in the urine and blood after oral in-
gestion was clearly the result of transmi-
gration across a normal intestinal barrier
(29).

Can We Identify Patients Who Are
at Risk for Fungal Infections?

Patients in the ICU often are not eating
normally, and the size of the intestinal villi
are substantially affected by lack of enteral
nutrient intake, most likely allowing easier
transmigration of pathogens across the in-
testinal barrier. In addition, the use of even
short-duration antibiotics can cause an in-
crease of Candida in excess of 109 organ-
isms in the gut and, when combined with
altered villous size, integrity, and motility,
can explain some increased susceptibility of
ICU patients to both systemic infections
and to peritoneal infection (10, 11). Thus,
antibiotic use, duration of use, and broad-

spectrum antibiotics are all risk factors for
fungal infections.

In the prospective trial examining risk
factors for Candida bloodstream infec-
tions in 4,276 surgical patients, several
risk factors were identified. In the multi-
variate analysis, the relative risk associ-
ated with an increased risk of a blood-
stream infection with Candida included
previous surgery (relative risk, 7.3), acute
renal failure (relative risk, 4.2), receipt of
parenteral nutrition (relative risk, 3.6),
and for patients who had undergone sur-
gery, a triple-lumen catheter (relative
risk, 5.4) (1). These factors do not imply
any specific pathogenesis of fungal infec-
tion but merely reflect identifiable risk
factors in ill patients. Thus, surgeons and
physicians caring for surgical patients,
especially those patients in an ICU, must
be aware of this problem and attempt to
minimize these known risk factors.

Of course, patients with immunosup-
pression with defects in either T-cell dys-
function (prevention of colonization and
superficial invasion) or in phagocytosis
(prevention of deeper invasion and hema-
togenous dissemination) have an increased
risk of fungal infection. Some authors have
suggested that patients in the ICU and at
high risk can be identified by the presence
of more than three risk factors (8).

Candida colonization is one major risk
factor, with both duration of colonization
in time and intensity of colonization (colo-
nization index � number of sites positive/
number of sites cultured) recognized as
important factors (8). Pittet et al. (8) at-
tempted to refine the use of surveillance
cultures by advocating the use of the “cor-
rected colonization index,” or ratio of body
sites positive for fungus on a given day (the
colonization index) corrected for the heavi-
ness of fungal growth in the sample. Pittet
et al. (8) reported that this corrected colo-
nization index had a �66% positive predic-
tive value for subsequent fungal infections.

One of the very basic questions is whether
colonizing species ultimately cause fungal
infection. In nonneutropenic patients with
candidemia, 84% of colonizing and infect-
ing species were identical, and time from
colonization to infection could be short (5
days) (30). Similarly, Petri et al. (31) have
shown that 64% of patients in the ICU were
colonized and that all patients who had
invasive infection had been previously col-
onized. Maximal colonization occurred be-
tween days 10 and 15 of an ICU stay, but
some patients had positive blood cultures
at 5 days. However, in this study, coloniza-
tion was not sufficient to predict infection
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because the overall prevalence of invasive
fungal infection was quite low (2%) com-
pared with fungal colonization 64% (31).

In a 3-month prospective study, we
identified 14 patients with a definite or
probable fungal infection among 159 eli-
gible patients in the medical ICU, surgi-
cal ICU, and Oncology Center at Johns
Hopkins Hospital (32). In the multivari-
ate model, the only factors that predicted
fungal infection were fungal burden, gas-
trointestinal surgery, and increasing Acute
Physiology and Chronic Health Evaluation
score. These data demonstrate a significant
and independent association between posi-
tive fungal surveillance cultures and infec-
tion. Because the overall prevalence of the
disease is low, the positive predictive value
of the presence of colonization in more
than two sites or in more than half of all
body sites cultured is low and therefore
cannot be used in isolation in assessing the
patient’s risk of a fungal infection. How-
ever, the negative predictive value, and
more importantly, the negative likelihood
ratio of these indices, strongly suggests that
in the absence of fungal colonization, in-
fection is unlikely. Furthermore, the data
suggest that one possible use of surveil-
lance fungal cultures would be to be to
target the highest-risk patient populations
for further intervention (8, 32).

In a recent study of 92 medical ICU
patients with a length of stay of �7 days,
surveillance cultures were used to deter-
mine the colonization index at admission
and at weekly intervals (33). At ICU ad-
mission, the mean colonization index was
0.26 � 0.26, with 42.4% of patients hav-
ing an index between 0.2 and 0.5 and
22.8% of patients with an index of �0.5.
Every week the patient stayed in the ICU,
the index on average increased 0.1 per
week. Patients with heavy fungal coloni-
zation had a longer length of ICU stay,
but other outcomes could not be clearly
associated with this index.

Duration of ICU length of stay is cer-
tainly a risk factor and maybe a proxy for
severity of illness, the use of invasive de-
vices, and increased colonization. The prev-
alence of invasive candidiasis is relatively
low in the first 5–7 days of ICU stay but, by
day 7, dramatically increases, peaking
around day 21 (33, 34).

Among surgical patients, solid organ
transplant recipients, and in particular,
liver, pancreas, and small-bowel transplant
patients, seem to have a greater risk of
developing invasive fungal infections.
Rates of invasive Candida infection in liver
transplant patients vary from 1.3% to 15%

among those receiving antifungal prophy-
laxis (35–37) to 23% among patients not
receiving prophylaxis (38). Among pan-
creas transplant recipients, the prevalence
of invasive fungal infection has been esti-
mated to be approximately 9% (39), and
among small-bowel transplant recipients,
the prevalence has been estimated to be as
high as 59% (40).

In addition to the above, risk factors
identified in the general surgical patient
population include: duration of antibiotic
use or use of anti-anaerobic agents (1, 8),
parenteral hyperalimentation (1, 41), sever-
ity of illness (8, 34), gastrointestinal perfo-
ration (41–43), and hemodialysis (1). Risk
factors associated with invasive fungal dis-
ease in organ transplant patients are some-
what different from those identified for het-
erogeneous surgical patient populations.
Although factors such as renal insufficiency
(44), multiple antibiotics (45), and fungal
colonization (38, 44) are also associated
with invasive fungal disease in liver trans-
plant patients, factors related to the surgi-
cal procedure and posttransplant immuno-
suppression may confer additional risk. For
example, multivariate regression analyses
have shown that operation time of �11 hrs
(44), retransplantation (38, 44), transfusion
of cellular blood products (37), abdominal
or thoracic reoperation (44), cytomegalovi-
rus infection (37, 44), and choledochojeju-
nostomy anastomosis (37) are significantly
associated with an increased risk of invasive
fungal infection. Risk factors for invasive
fungal infection in other solid organ trans-
plant populations are not as well defined. In
a study of posttransplant intraabdominal
fungal infections in pancreas transplant re-
cipients, those with older donors, those
whose transplants were drained into the
gastrointestinal tract as compared with
those drained via the bladder, those receiv-
ing living related donor organs, and those
undergoing pancreas and renal transplan-
tation (as compared with pancreas alone)
were at higher risk of infection (39).

However, despite these known risk fac-
tors, it is extremely difficult to identify a
uniform large group of high-risk patients.
This remains one of the most important
drawbacks to using prophylactic therapy.

What Does Isolation of a Fungus
from a Culture Mean? How Are
Fungal Infections Defined?

Fungal pathogens can be isolated un-
der a number of clinical conditions. Iso-
lation of a fungal pathogen without any
signs or symptoms of clinical infection is

termed colonization. After colonization,
Candida are believed to gain access to the
bloodstream by three major routes:
through the gastrointestinal tract muco-
sal barrier, from an intravascular cathe-
ter, and from a localized source of fungal
infection. As many as 50–80% of criti-
cally ill patients may become colonized at
a single site with Candida species during
prolonged ICU stay (25, 26, 31, 32). As
noted previously, when multiple sites are
tested and are negative, the absence of
fungal colonization almost ensures that a
fungal infection is not present (32).

Nosocomial exogenous transmission of
Candida and Aspergillus is considered a
less frequent but possible mechanism for
infection (45–48). In a recent study of ICU
patients and nurses, 6% of nurses’ hand
cultures contained fungal pathogens, from
which 2 of 57 patients with candidemia
could be linked with DNA fingerprinting
(48). Cross-infection of Candida by hand
transmission has been described in several
studies (15, 16). Nail contamination in the
operating room has been linked to an out-
break of Candida tropicalis—infected ster-
nal wounds (46). Parenteral nutrition has
also been identified as a potential source of
contamination with infections described
with Candida parapsilosis (47).

The isolation of Candida from the blood
is now universally accepted as constituting
a fungal infection (49, 50). The source of
candidemia can be from hematogenous
spread from a deep-seated infection, from a
catheter-related infection, or from gastro-
intestinal translocation, to name a few.
Thus, in a candidemic patient, the clinician
must search carefully for potential sources.
Common sources would include intravas-
cular catheters, septic thrombophlebitis,
and intraabdominal sites. In addition, pa-
tients may develop new sources that may
have resulted from candidemia, such as en-
dophthalmitis, infective endocarditis, hepa-
tosplenic candidiasis, and arthritis.

Although isolation of Candida from spu-
tum is common, pneumonia secondary to
Candida infection is rare (50–52). The
value of deep tracheal suction or even bron-
choalveolar lavage in defining this disease
should be questioned. Histopathologic con-
firmation is recommended (50). Laryngeal
infection should be considered and can be
rapidly progressive in some case reports.

The importance and meaning of can-
diduria has been hotly debated (53–55).
Kauffman et al. (53) have suggested that
candiduria in hospitalized patients is not
an important clinical problem. Nassoura
et al. (54), however, suggested that in ICU
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trauma patients, candiduria, when treated
with bladder irrigation, was associated with
a high rate of dissemination and death,
whereas treatment with fluconazole in a
small group of similar patients had an im-
proved outcome. Candiduria is very com-
mon in hospitalized patients with urinary
catheters for �14 days. In most cases, this
represents colonization and not infection.
However, most of these studies have not
included ICU patients. In patients with a
urinary catheter for �7 days, 389 of 1,765
patients had candiduria (55). Invasive Can-
dida infections were seen in 105 of the
1,765 patients (5.9%), 48 of whom had can-
diduria (55). These authors also described a
severity-of-illness adjusted increase in mor-
tality in patients with candiduria (odds ra-
tio, 1.58; 95% confidence interval, 1.25–
2.0) (55).

Invasion or infection is when a fungal
pathogen is isolated from a patient with
signs and symptoms of an infection. This
definition is, however, too simple to be
applied to fungal pathogens, and coloni-
zation would be frequently considered in-
fection when it is not.

However, no consensus opinion exists
for what constitutes a fungal infection in
a nonimmunocompromised host (25, 26,
49, 50, 56). However, in neutropenic pa-
tients, consensus definitions have been
established (57).

Fungal infections can be classified into
definite and probable. In brief, definite fun-
gal infections with deep-tissue invasion are
present when tissue invasion via a biopsy or
culture from a sterile site with clinical or
radiologic abnormalities is demonstrated. A
blood culture has traditionally been the
gold standard for the diagnosis of candi-
demia. A positive blood culture is an indi-
cation to start antifungal therapy (49).
However, systemic Candida infection may
occur in the absence of positive blood cul-
tures. A blood culture has a 50% false-
negative rate and can take up to 4 days to
yield results. The clinician, however,
should not be led to believe that a fungal
infection is not present in the absence of a
positive blood culture, or tissue biopsy, be-
cause nearly 44% of patients with a nega-
tive blood culture at autopsy have evidence
of disseminated fungal infection (28). No
agreement exists as to what signs and symp-
toms constitute a probable or possible fungal
infection in a nonneutropenic patient.

At the present time, auxiliary serologic
tests such as of fungal wall elements (man-
nan), D-arabinitol (cell membrane metab-
olite), enolase (cell cytoplasm), or polymer-
ase chain reaction assays are of limited value

(26). These tests have mixed sensitivities
and specificities. However, recently, the re-
sults of the 1,3 beta glucan measurement
for the diagnosis of invasive fungal infec-
tion was completed at six centers (58). At a
cutoff of 60 pg/mL, the sensitivity and spec-
ificity of the assay were 69.9% and 87.1%,
respectively, with a positive predictive value
of 83.8% and a negative predictive value of
75.1%. At a cutoff value of 80 pg/mL, the
sensitivity and specificity were 64.4% and
92.4%, respectively, with a positive predic-
tive value of 89% and an negative predictive
value of 73%. Of the 107 patients with
proven candidiasis, 81.3% had positive re-
sults at a cutoff value of 60 pg/mL, and
77.6% had positive results at a cutoff value
of 80 pg/mL. Of the ten patients with as-
pergillosis, 80% had positive results at cut-
off values of 60 and 80 pg/mL. Patients with
more unusual fungal pathogens have a
similar reasonable positive predictive value
and negative predictive value. Active inves-
tigation in this area is ongoing, but these
early results are promising.

What Are Currently Available
Systemic Antifungal Agents for
the Treatment of Candidemia?

Currently available agents for the
treatment of Candida infections include
amphotericin B, fluconazole, itracon-
azole, voriconazole, flucytosine, the lipid
amphotericin products and the echino-
candins—caspofungin, micafungin, and
anidulafungin (Table 1) (49, 50). Most C.
albicans isolates are sensitive to all of these
agents (18, 23, 59–61). In some patients
with chronic exposure to antifungal agents,
especially at low doses, resistance to both
fluconazole and amphotericin B has been
described (21, 22, 61, 62). However, some
of the nonalbicans species, such as C. gla-
brata, C. krusei, and C. lusitaniae, may
have resistance to either primary agent or
may require dose modification. Voricon-
azole is a second-generation azole with a
very broad spectrum of activity, including
Aspergillus and C. krusei (63). Voriconazole
is currently first-line therapy for aspergil-
losis but has also been favorably studied in
a clinical trial of candidemic patients (64).
As a first drug in the echinocandin class,
caspofungin had a different mechanism of
action (1,3 beta-D-glucan inhibition) (65).
Glucans are essential components of the
fungal cell walls, and inhibition of 1,3 be-
ta-D glucan results in depletion of cell wall
glucan, osmotic instability, and cell lysis.
Like voriconazole, it has a wide spectrum of
activity.

Today, the physician caring for an ICU
patient with proven or suspected candi-
demia has a wide selection of antifungal
agents. As is true in all clinical situations,
the clinician must balance the advantages
and disadvantages of each agent in a given
clinical situation (Table 2). If one is unsure
about the exact fungal species, an agent
with a broad spectrum of activity (ampho-
tericin-containing products, caspofungin,
and voriconazole) may be selected. If an
oral agent is desired, then fluconazole and
voriconazole should be considered. Some
of the disadvantages to consider in antifun-
gal selection include; toxicity (amphoteri-
cin products, voriconazole, itraconazole
[intravenous], flucytosine), drug interac-
tions (voriconazole), and cost (all except
fluconazole). Individual clinical trials in
nonneutropenic patients and meta-analysis
of those trials support that amphotericin
deoxycholate and fluconazole seem to have
similar outcomes in overall mortality, at-
tributable mortality, and clinical and mi-
crobiological response but differ in toxicity,
with fluconazole favored (66–68). Thus, it
is reasonable to utilize fluconazole in pa-
tients with candidemia (49, 50). Selection
of fluconazole as a primary treating agent
should be done with caution in patients

Table 1. Agents for the treatment of fungal infec-
tions

Polyenesa

Amphotericin B
Amphotericin B in lipid complex (ABLC,

Abelcet, The Liposome Company,
Princeton, NJ)

Amphotericin B colloidal dispersion (ABCD,
Amphotec, Alza Corporation, Palo Alto,
CA)

Amphotericin B liposome (L-Amph,
AmBisome, Fujisawa Healthcare,
Deerfield, IL)

Azoles
Imidazoles, nonsystemic

Ketoconazole
Miconazole

Imidazoles, systemic
Fluconazole
Voriconazole
Posaconazoleb

Ravuconazoleb

Triazoles
Itraconazole

Echinocandins
Caspofungin
Micafunginb

Anidulafunginb

aGeneric and trade names are listed for lipid
amphotericin B products because of common
confusion in the nature and name of these
agents; bnot currently approved by the Food and
Drug Administration—in development.
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who are critically ill and have an unknown
fungal species, especially when they have
been exposed to previous azole use (49).
Before the release of caspofungin and vori-
conazole, an international expert panel at-
tempted to develop consensus on the treat-
ment of common clinical problems with
fungus. The panel was divided about
whether amphotericin B deoxycholate or
lipid-containing products should be used
(50).

In the 2004 treatment guidelines pub-
lished by the Infectious Disease Society of
America, primary therapy for candidemia
in nonneutropenic adult patients is a
choice between amphotericin deoxycholate
(0.6–1.0 mg·kg�1·day�1, or lipid products),
or fluconazole (400–800 mg orally or in-
travenously), or caspofungin (49). Alterna-
tive therapy was suggested: amphotericin B
(0.7 mg·kg�1·day�1) with fluconazole (800
mg/day) for 4–7 days, then oral fluconazole
at 800 mg/day. Since the publication of
these guidelines, clinical trials with caspo-
fungin and voriconazole suggest that these
agents could be used for the treatment of
candidemia in selected clinical settings (64,
67). The duration of therapy should be �14
days after the last positive cultures and res-
olution of all signs and symptoms of infec-
tion. When possible, intravenous catheters
should be removed (69). This excellent ev-
idence-based review should be read in de-
tail for further explanations, evidence-
based results, and expert consensus for a
variety of Candida therapies.

With the availability of agents that are
less toxic than amphotericin B, the clinical
assessment of the likelihood of infection
and the risk-benefit assessment of treat-
ment vs. a definitive diagnosis of infection
before treatment may be changing (62).
Depending on the level of evidence sup-
porting the presence of a fungal infection,
antifungal treatment can be divided into
prophylaxis, early presumptive therapy, and

systemic therapy (56). When the indication
for use of an agent is deemed “prophylac-
tic,” it is generally applied to an entire
patient population before there is any evi-
dence that the disease or its early manifesta-
tions is present. Early presumptive therapy
is usually considered in the setting of
known colonization before the identifica-
tion of definitive infection. The use of anti-
fungal agents in this setting can be theo-
retically distinguished from empirical
therapy in that likelihood of infection for
empirical therapy should be high and in
patients with clear signs of infection who
have been extensively evaluated for infec-
tion, have multiple risk factors for fungal
infections, and usually have failed antibac-
terial therapy. In reality, these indications
overlap substantially.

In patients with a localized fungal in-
fection requiring drainage, there is no
replacement for adequate drainage and
debridement. Infections requiring debride-
ment or drainage are often located in the
abdomen, in the liver, biliary tree, pan-
creas, or peritoneal cavity. Although percu-
taneous drainage can play an important
role in the management of these difficult
problems, a recent retrospective review of
percutaneous drainage of fungal collections
in the abdomen or thorax suggested that
clinical failures occur more often when
complex fluid collections are present radio-
graphically, when patients have a history of
malignancy, and when patients are criti-
cally ill (70).

In addition, invasive skin infections in-
volving burns or deep surgical site infec-
tions can also require debridement. Al-
though there is some controversy, patients
with central catheter–related infections
most often will benefit from catheter re-
moval in that blood cultures clear more
quickly (69). Although it is not clear that
mortality is reduced by removing a central
catheter, mortality has been linked to the

time it takes for blood cultures to clear
(71). On the other hand, in some patients
with limited venous access such as those
dependent on total parenteral nutrition for
life, successful treatment with the catheter
in situ has been reported. The decision to
retain a catheter should be weighed care-
fully against the mortality risk in a critically
ill patient. Treatment duration should be
�2 wks after the signs and symptoms of
infection have resolved (50).

Should Combinations of
Antifungal Agents Be Used?

Some experts are now using combina-
tion antifungal therapy for the treatment of
complex fungal infections (72). The con-
cepts supporting the use of a combination
of agents are to maximize efficacy and min-
imize toxicity. In selecting agents that may
have synergy, an understanding of the
mechanisms of action of the agents must
be considered. For example, selection of an
agent that works on the cytoplasmic mem-
brane (amphotericin B or azoles) plus an
agent that works on DNA or protein syn-
thesis (flucytosine) may allow more drug to
get into the cell and cause killing. Alterna-
tively, a cell wall–active agent (echinocan-
din) and a cytoplasmic agent (amphotericin
B or azole) may be used in the hopes that
more rapid killing would occur (72). Al-
though there is considerable interest in
combination therapy, definitive evidence
supporting the routine use of combination
therapy is lacking. In a randomized clinical
trial comparing amphotericin B and flucy-
tosine vs. fluconazole in nonneutropenic
patients, the authors suggested that com-
bination therapy was better for patients
with peritonitis or for sterilizing tissues
(73).

In a large randomized, double-blind,
clinical trial involving 219 evaluable pa-
tients studying amphotericin B (0.6–0.7
mg/kg) plus fluconazole (800 mg daily for
the first 5–7 days, followed by 800 mg of
fluconazole daily) vs. fluconazole (800 mg
daily) demonstrated a 69% vs. 59% (p �
.043) efficacy, favoring combination ther-
apy (74). However, the Kaplan-Meier anal-
ysis for time to failure did not reveal a
significant difference (p � .08). In sub-
group analysis, clearance of fungemia also
favored the combination therapy (6 % vs.
17%, p � .02). However, the study overall
cannot be used to definitely support the use
of combination therapy or high-dose flu-
conazole therapy for the treatment of can-
didemia. For the treatment of invasive can-
didiasis, there are no clinical trials of the

Table 2. General susceptibility of common Candida species to selected antifungal agents

Candida Species Fluconazole Itraconazole Flucytosine Amphotericin B

C. albicans � � � �
C. glabrata Dose � to � Dose � to � � � to �
C. tropicalis � � � �
C. parapsilosis � � � �
C. krusei � Dose � to � � to � � to �
C. lusitaniae � � � � to �

�, susceptible minimum inhibitory concentrations (MICs): fluconazole, �8 �g/mL; itraconazole,
�0.125 �g/mL; flucytosine, �4 �g/mL. �, intermediate. Dose �, susceptible-dose-dependent (S-DD)
MICs: fluconazole S-DD, 16–32 �g/mL; itraconazole S-DD, 0.25–0.5 �g/mL; flucytosine I, 8–16
�g/mL. �, resistant MICs: fluconazole, �32 �g/mL; itraconazole, �0.5 �g/mL; flucytosine, �16
�g/mL.
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combination of an echinocandin and either
amphotericin or azoles.

Combination therapy for cryptococcal
meningitis has been established for many
years with the combination of amphoter-
icin B and flucytosine in the pre-AIDS
era, the gold standard based on a small
clinical trial showing an improved out-
come with combination therapy (72). Al-
though several additional studies have
been performed in the AIDS era, the stud-
ies are generally open-labeled, often with
a second agent as optional. In the all-oral
regimen of fluconazole and flucytosine,
there were some microbiological benefits
to the combined therapy.

Studies on the use of combined ther-
apy for the treatment of Aspergillus cur-
rently are retrospective (72). Although
they do not definitely show benefit, they
also do not show antagonism. Currently,
combined therapy for the treatment of
fungal infections other than specifically
described here should be done in consul-
tation with local experts.

How Should You Treat
Candiduria?

As stated previously, urinary candidiasis
is an ill-defined group of clinical condi-
tions, and there is no general consensus
about how candiduria should be managed
(53–55). Patients with parenchymal inva-
sion of the urinary system, invasion, or
candiduria as a sign of hematogenous dis-
semination, all require systemic treatment.
Foley catheter change will result in clear-
ance of Candida �20% of the time without
additional treatment. However, removal of
the catheter may result in clearance in as
many as 40% of patients (49, 50, 56). In a
candiduria-treatment trial, fluconazole
(200 mg/day � 14 days vs. placebo) has-
tened the time to a negative urine culture
(75). However, when patients were followed
up at 2 wks, the number of patients with
negative cultures in each group did not
differ. However, only 48% of patients had
follow-up (75). It is unclear if these poor
results are secondary to follow-up selection
bias or represent true drug failures.

Asymptomatic candiduria rarely re-
quires therapy (50, 53). Candiduria should
be treated in symptomatic patients, neutro-
penic patients, patients with renal allo-
grafts, and patients with urologic manipu-
lation (50, 53). All urologic devices should
be removed when possible. Some benefit to
new material may be present when removal
cannot be achieved. Treatment with flucon-

azole for a course of 7–14 days is preferred,
but amphotericin B is also acceptable.
Flucytosine may be effective but can lead to
rapid resistance. Bladder irrigation may
achieve clearance of funguria but is rarely
indicated—certainly never when there is a
concern about disseminated disease (49,
50, 54).

When Should Early Presumptive
Therapy and Empirical
Treatment Be Considered?

In a patient who has a febrile illness that
is consistent with infection, prophylactic
therapy must be distinguished from empir-
ical or preemptive therapy (49, 56). In a
high-risk critically ill surgical patient with
a long length of stay, multiple sites of fun-
gal colonization, and a suspected infectious
disease unresponsive to broad-spectrum
antibiotics, the time for prophylaxis is long
past (56). This patient is a candidate for
empirical or preemptive therapy with the
antifungals, as discussed in the invasive dis-
ease section above. This patient may have
been a candidate for prophylaxis at an ear-
lier time point in the illness. How does one
make a decision for presumptive fungal
therapy when there is little or no evidence
that is randomized and controlled? Criteria
that may be reasonable to consider in this
assessment include: 1) a clinical impression
that a fungal infection is present but not
proven, 2) the fact that fungal cultures,
including blood, may be negative even
though a fungal infection is present, and 3)
the morbidity and mortality associated with
fungal infection. As suggested above, some
additional consideration that might favor
presumptive therapy include: 1) multiple
risk factors for candidemia, 2) persistent
fever despite broad-spectrum antibiotics, 3)
colonization of Candida at multiple body
sites, and 4) sudden development of high-
grade candiduria.

Piarroux et al. (57) conducted a before
(historical, 2 yrs) and after (prospective, 2
yrs) study of risk-adjusted administration
of fluconazole prophylaxis based on the
corrected colonization index of �0.4.
Most importantly, surgical ICU–acquired
Candida infections decreased from 2.2%
to 0%, and overall Candida infection de-
creased from 7.2% to 3.8% (p � .03).
Interestingly, the authors suggest that
the colonization index should not be used
for this risk stratification, only the cor-
rected index.

Which Surgical Patients, If Any,
Should Receive Antifungal
Prophylaxis?

As is true of any therapy, the risks,
benefits, costs, and efficacy of any therapy
must be considered before this therapy
should be recommended (13, 56). One of
the most important considerations is
whether fungal infections are seen in a
particular patient population (i.e., what is
the overall prevalence of fungal infections
in a particular patient population and can
patients who have a high prevalence be
identified?). Eight major studies are ap-
plicable to the critically ill surgical pa-
tient population (12, 34, 38, 57, 76–78).
In a study examining four treatment arms,
Savino et al. (77) did not find any benefit to
antifungal prophylaxis. However, the study
had a fungal infection rate of only 3% (in-
cluding multiply colonized patients). Thus,
this study was underpowered to find a dif-
ference, even if one were to exist. In an
encouraging, small clinical trial involving
surgical patients, Slotman et al. (12)
showed a decrease in fungal infections
among patients receiving prophylactic ke-
toconazole.

In a trial of 43 high-risk, highly selected,
recurrent gastrointestinal surgery patients,
patients were randomized to fluconazole
(400 mg intravenously) vs. placebo for the
prevention of disseminated fungal infection
(78). Fungal infection was found in 35% of
patients in the placebo group vs. 4% in the
fluconazole group, a finding even more sig-
nificant in a Kaplan-Meier analysis (p �
.002) (78). This is a well-conducted, con-
vincing study demonstrating that highly
selected patients can benefit from antifun-
gal therapy immediately postoperatively.
Based on this study, one should consider
similar high-risk gastrointestinal surgery
patients for antifungal prophylaxis.

In trauma/surgical ICU patients with an
anticipated length of stay of �2 days, Ables
et al. (79) conducted a study of prophylaxis
with fluconazole (400 mg/day) vs. placebo.
Fungal infection was broadly defined and
included a syndrome of systemic inflamma-
tory response without another infectious
explanation. Although a trend toward in-
creased failures was present in the placebo
arm (19% vs. 13%), the case definitions and
small sample size of this study makes the
results difficult to generally apply.

Although a few small studies have been
done on liver transplant patients and are
not included here, Winston et al. (38) en-
rolled a large number of liver transplant
recipients into a placebo vs. fluconazole
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treatment arm for 10 wks (intravenous to
oral). Although the definitions of fungal
infection were broad, the authors demon-
strated a significant decrease in all end
points, fungal colonization, and fungal in-
fections, both superficial and deep in the
fluconazole-treated arm (38). As is true in
all published antifungal prophylaxis studies
in surgical patients, no significant differ-
ence in mortality was seen. However, this
study was not powered for this end point.
Notably, neurologic toxicity was higher in
the fluconazole-treated group, presumably
due to higher cyclosporine levels, which
must be adjusted in patients with flucon-
azole treatment (38).

In a large, well-done study that enrolled
220 patients in the medical/surgical ICU on
or after their third day in the ICU, 100 mg
of intravenous fluconazole vs. placebo was
given to patients who were observed for the
development of a fungal infection (80).
These patients were critically ill, mechani-
cally ventilated, and also undergoing selec-
tive decontamination of the gastrointesti-
nal tract. Candidemia was virtually
eliminated, with nine patients in the pla-
cebo group and a single patient in the flu-
conazole group acquiring candidemia dur-
ing the clinical trial. Invasive candidal
infection was decreased from 8.9% to
3.9% (p � .03), and a decrease in the
frequency and intensity of fungal coloni-
zation was noted (80).

One of the largest studies conducted
in surgical patients is the single-institu-
tion, randomized, double-blind, placebo-
controlled trial of enteral fluconazole
(800 mg load followed by 400 mg/day) vs.
placebo for the prevention of fungal in-
fections in high-risk critically ill surgical
patients (34). The 260 patients were all
expected to stay in the ICU for �3 days
and accounted for only one third of all of
the ICU patients. Using a strict case def-
inition that did not include fungal colo-
nization, the intent-to-treat analysis
demonstrated 20 patients with fungal in-
fections (15.3%) in the placebo group and
11 infections (8.5%) in the fluconazole
group. However, four patients were in-
cluded in the intent-to-treat analysis
who, at study enrollment, were later
found to have infections. These four pa-
tients were all randomized to the flucon-
azole group. Thus, the use of enteral flu-
conazole in this very select and high-risk
patient population had a two- to three-
fold reduction in fungal infection (34,
80). The number needed to treat with
prophylaxis to prevent a single fungal in-
fection was 14.5, a low number suggest-

ing a very significant effect (34). It should
be noted that this study is a single-
institution study with a high basal rate of
fungal infection and with fungal infection
definitions that are not universally ac-
cepted. This study (34) and the studies by
Garbino et al. (80), Pelz et al. (81), and
Piarroux et al. (57) all have similar find-
ings. In highly selected surgical critically
ill patients, antifungal preemptive or pro-
phylactic therapy will reduce fungal in-
fections. However, there were no effects
noted on mortality.

So which patients should receive anti-
fungal prophylaxis? It is reasonable to con-
sider antifungal prophylaxis in patients
similar to those studied in the above clini-
cal trials. However, due to the cost of these
agents and the increasing reports of resis-
tance, the use of fluconazole as a prophy-
lactic agent should not be extended to ad-
ditional patient populations, especially
those less ill and surely those at less risk
(13). Critical elements in the decision mak-
ing should be whether the patient popula-
tion being considered for prophylaxis is sig-
nificant enough to incur the cost and risk
of eventual (and expedited) resistance that
will develop with excessive use.

What Are the Outcomes and
Costs of a Fungal Infection?

Patients who are critically ill and de-
velop a fungal infection have a high basal
mortality from their underlying critical ill-
ness (25, 26, 82–86). In studies, the crude
mortality associated with nosocomial fun-
gal infection has been reported to be be-
tween 30% and 75%, without significant
changes in mortality during the last decade
(25, 26, 82–86). In addition, when a blood-
stream or pancreatic infection is present,
the mortality rate among patients when
fungal pathogens are present is higher than
the rate among patients with bloodstream
infections due to other pathogens (5, 85,
86). In a classic study by Wey et al. (6),
patients with a fungal infection had an at-
tributable mortality estimated at 38%; that
is the mortality above the basal mortality.
Mortality has not been a primary end point
in clinical trials of antifungal treatment or
prophylaxis principally because these criti-
cally ill patients are a diffuse group of pa-
tients with many additional reasons to ex-
plain a fatal outcome. Some experts have
suggested that preventing or treating fun-
gal infections is of a lesser importance be-
cause mortality benefit cannot be demon-
strated directly.

Are There Any Favorable Data
on Outcome and Fungal
Infections?

As noted previously, removal of an in-
travascular catheter early on may have a
survival benefit (70). In an older study of
critically ill surgical patients with fungal
peritonitis or endophthalmitis, the mor-
tality rate among patients treated before
the first positive blood culture was 42%
(28). This lower mortality was compared
with a mortality of 83% when treatment
was deferred until after the first positive
blood culture (28). These data suggest but
do not prove that early intervention may be
life saving. In our ICU, targeted prophylaxis
has resulted in a dramatic decrease in the
prevalence of fungal infections (82).

In addition to the known high mortal-
ity associated with fungal infections, the
economic burden of fungal infections is
substantial (83, 84, 87, 88). Goff et al.
(87) demonstrated an increased cost of
$41,000 (1993 U.S. dollars) when com-
paring high- and low-risk ICU patients. In
a recent large European study of Candida
colonization and infection, patients with
evidence of colonization had both a pro-
longed ICU stay of 6.2 days (odds ratio,
1.69; 95% confidence interval, 1.53–1.87;
p � .001) and a hospital stay of 8.6 days
(odds ratio, 1.27; 95% confidence inter-
val, 1.16–1.40; p � .001). Similarly, pa-
tients with Candida infection had an in-
creased ICU stay of 12.7 days (odds ratio,
2.13; 95% confidence interval, 1.72–2.64;
p � .001) and hospital stay of 15.5 days
(odds ratio, 1.23; 95% confidence inter-
val, 0.99–1.52; p � .060). In the terms of
added costs (in Euros) Candida coloniza-
tion resulted in an additional 8,000 EUR
in direct costs and Candida infection al-
most 16,000 EUR (88). At the Johns Hop-
kins Hospital, we previously have re-
ported that the attributable increase in
the cost of ICU care for patients with
fungal infections is $21,590 (83). Based
on this pilot study, a preventive strategy
that incurred a total cost per patient
while in the ICU of less than $230 U.S./
day would be cost-effective (83).

Summary

In certain high-risk critically ill surgical
patient populations, such as patients with
gastrointestinal surgery, central venous
catheters, multiple antibiotics, and multi-
ple sites of fungal colonization, a high in-
dex of suspicion should be developed for
the assessment of the need for early pre-
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sumptive therapy. Given the apparent ben-
efit of early therapy, prompt and accurate
diagnosis is critical. Because current tech-
niques for the diagnosis of fungal infections
are imperfect, diagnosis of these infections
often is made on clinical grounds, based on
assessment of these risk factors, and the
status of fungal colonization. Early reports
of 1,3 beta-glucan measurement are en-
couraging for the diagnosis of invasive fun-
gal infection. The development of consen-
sus definitions of what constitutes a fungal
infection should have a high priority and is
mandatory for the conduct of future inves-
tigation of the effect of fungal prophylaxis
or treatment. The need for randomized
controlled trials in this area is mandatory
to balance the “costs” of early presumptive
antifungal therapy vs. the benefits. In-
cluded in the analysis of clinical trials
should be an assessment of the costs of
therapy and of infection but also some mea-
surement of the possibility of increased re-
sistance to that therapy. On the other hand,
the current burdens of a fungal infection
include the attendant high attributable
mortality and increased cost of a fungal
infection, and in selected high-risk patient
populations, targeted prophylaxis has been
effective.
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