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Invasive candidiasis in the intensive care unit

Luis Ostrosky-Zeichner, MD, FACP; Peter G. Pappas, MD, FACP

I nvasive candidiasis (IC) is a prob-
lem of increasing relevance in the
healthcare setting and in particu-
lar for intensive care units (ICUs).

Great advances in medical technology
have allowed patients to survive complex
diseases longer, at the cost of creating
populations that are vulnerable to a wide
variety of previously unrecognized or un-
derestimated diseases. Until recent years,
Candida was often regarded as little more
than a contaminant or “normal flora” in
laboratory results, instead of the highly
prevalent and potentially aggressive
pathogen we recognize today. The term
invasive candidiasis encompasses a wide
variety of severe or invasive diseases that
include candidemia, disseminated candi-
diasis, deep organ involvement, endocar-
ditis, and meningitis, excluding more su-
perficial or less severe diseases such as
oropharyngeal and esophageal candidia-
sis (1, 2). In terms of life loss and eco-
nomic impact, invasive candidiasis is very

costly. With an attributable mortality of
as much as 40% to 50%, invasive candi-
diasis has an estimated cost of $40,000
(U.S.) per episode (3–7). This review fo-
cuses on recent epidemiologic trends, ad-
vances in diagnosis and susceptibility
testing, therapeutic options and guide-
lines, and management strategies for IC,
as relevant to the ICU physician.

Epidemiologic Trends. Recent surveys
have shown that candidemia is now the
fourth most common nosocomial blood-
stream infection in the United States,
with similar trends being reported world-
wide (8–12). The overall population inci-
dence of this disease is 10 cases per
100,000 in the United States, but institu-
tions have reported increases in inci-
dence as high as 487% in the past 2
decades. ICUs are known to have a ten-
fold higher incidence of this disease than
medical and surgical wards (12–16).

Risk factors for this disease have been
identified and extensively described (14,
17, 18) and are shown in Table 1. The
single most important risk factor for IC
in ICU patients is prolonged stay in the
ICU. Most studies have shown that the in-
cidence of IC in the ICU peaks around day
10 of the ICU stay, and studies have shown
increased incidence of both Candida colo-
nization and invasive disease after day 8
(17, 19–21). Other important risk factors
for adult critically ill patients are central
venous catheters, acute renal failure,
broad-spectrum antibiotics, parenteral nu-

trition, high Acute Physiology and Chronic
Health Evaluation (APACHE) II score, dia-
betes, immunosuppressive therapy, surgery
(particularly abdominal and, even more so,
of the upper gastrointestinal tract), trans-
plantation, hemodialysis, and pancreatitis
(22). In addition to these risk factors, in-
fants in the neonatal ICU also have in-
creased risk with low gestational age, low
American Pediatric Gross Assessment
Record (APGAR) scores, and congenital
malformations (23, 24). Colonization with
Candida has been identified as an impor-
tant risk factor with high predictive value
for development of invasive disease (partic-
ularly with increasing numbers of colo-
nized sites) in single-center studies, but no
significant association was found in one of
the largest multicenter epidemiologic stud-
ies (18, 25). If anything, Candida coloniza-
tion should be addressed as a risk factor and
not as an infection itself. This is particularly
true when the colonization index (an index
based on the number of positive sites/
cultured sites) increases. Risk factors for
death or bad prognosis have also been ex-
tensively described, and frequently men-
tioned ones are age, failure to remove cen-
tral lines, malnutrition, and non-albicans
fungemia (26, 27).

Another important epidemiologic
trend is a fairly dramatic shift in the
Candida species that are causing disease.
Whereas C. albicans is still the most
common species seen (currently account-
ing for 40%–60% of cases), since the
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shown a trend toward increasing numbers of infections and a

shift toward infections caused by non-albicans Candida species.
Guidelines for the management of these diseases have been
published and recommend amphotericin B, fluconazole, or caspo-
fungin as the primary therapeutic option. The choice of agent
should depend on local epidemiology and patient factors. The role
of newer antifungal agents for this population, such as the new
azoles and echinocandins, remains to be determined. Priority
areas of research include diagnostics, risk identification, and
management strategy assessment such as prophylactic, preemp-
tive, and empirical therapy. (Crit Care Med 2006; 34:857–863)
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introduction and widespread use of the
second-generation azoles in the 1980s,
there has been a steady increase in the
number and prevalence of non-albicans
species, which collectively account for
40% to 60% of the species currently be-
ing reported as causes of invasive disease
(6, 8, 10, 16, 28). This shift is relevant
because some of these species have re-
duced susceptibility or intrinsic resis-
tance to fluconazole, as is the case is for
Candida glabrata and Candida krusei, re-
spectively (29). A worrisome trend is the
increasing number of reports of flucon-
azole resistance among species that are
typically fluconazole-susceptible, such as
C. albicans. There are many recent re-
ports regarding this phenomenon, but
larger epidemiologic studies have failed
to show a definite geographic or temporal
trend toward fluconazole resistance, de-
spite heavy azole usage (6, 8, 10, 15, 16,
28, 30, 31). This epidemiologic shift has
greatly impacted the therapeutic choices
for initial and definite therapy for this
disease (32). Table 2 shows the typical
distribution of Candida species being re-
ported in most centers in the United
States and worldwide.

New Diagnostic Tools and Antifungal
Susceptibility Testing. As with most in-
fectious diseases, the current “gold stan-
dard” for the diagnosis of IC is either a
positive culture specimen from a sterile
site or characteristic histopathology.
These two methods have limited sensitiv-
ity, often making the diagnosis of this
disease rather difficult, forcing the clini-
cian to rely largely on clinical presenta-
tion and risk factors to make empirical
therapeutic choices. Blood cultures are
known to be negative for �50% of pa-
tients with candidemia or disseminated

candidiasis, and improvements in blood
culture technique have increased the sen-
sitivity to only 70% at best (2, 33). Cultures
of specimens from nonsterile sites are very
difficult to interpret because in many cases
it is difficult to discern between contami-
nation, colonization, and a significant iso-
late. Moreover, procedures to obtain his-
topathological evidence of disease may be
highly invasive and not always feasible in
the critically ill population.

Exciting developments in the diagnos-
tic arena allow clinicians to obtain ear-
lier, more specific and clinically useful
results (34). These developments include
advances in culture/identification tech-
niques, serological diagnostics, and ge-
netic markers. Culture and identification
techniques have significantly advanced,
allowing for more rapid identification of
Candida to the species level. The avail-
ability of special media (e.g., CHROMa-
gar) and rapid in situ hybridization/
immunofluorescent techniques have
significantly shortened the time to iden-
tification to the species level (35–38). The
importance of this in relationship to ther-
apeutic decisions will be discussed below.
Although serological testing has been dis-
appointing in the past, current tech-
niques measuring antigens and fungal
cell-wall components have shown prom-
ising results (34, 39–41). The most no-
table example is the recently approved
assay for �-D-glucan (42). These tests not
only are for diagnosis as a single point
test but also are being explored as sur-
veillance tools for preemptive therapy
strategies. There are many panfungal and
Candida-specific primers in the genetic
testing arena, but there is no agreement
as to which the best primer pairs are and
which technique should be implemented.

Thus, there are no commercially avail-
able genetic testing methodologies at this
time (34).

Antifungal susceptibility testing is a
relatively new tool that offers important
information to the clinician in particularly
difficult cases (43). Standardized microdi-
lution and disk-based methodologies are
gradually penetrating clinical diagnostic
laboratories in most major medical centers,
and clinicians should learn to use these
resources judiciously. It is important to
consider that antifungal susceptibility of
the Candida species is very predictable in
most cases; thus, early identification to the
species level should be given priority over
susceptibility testing, because it will often
provide the clinician with sufficient infor-
mation to make an appropriate therapeutic
decision. The typical susceptibility patterns
for the most common Candida species are
shown in Table 2. Antifungal susceptibility
testing is particularly useful in cases when
therapeutic choices are limited because of
patient factors and drug interactions and
when antifungal failures or breakthrough
infections occur (44, 45).

Treatment and Management of Docu-
mented IC. The Infectious Diseases Soci-
ety of America (IDSA) has created evidence-
based guidelines for the management of
this disease (46, 47). These guidelines pro-
vide general management and treatment
recommendations. On the basis of these
guidelines, the first-line drugs of choice
include amphotericin B, fluconazole, and
caspofungin. For all of these drugs, large
randomized controlled trials have demon-
strated efficacy and safety for this indica-
tion (48, 49). It is important to consider
that since the guidelines were published,
four other compounds have either been ap-
proved for treatment against Candida by
United States and European agencies or are
in late development, backed by published
clinical trials with favorable results. These
compounds include: micafungin, anidula-
fungin, posaconazole, and voriconazole
(50–55). Their role within the next set of
updated guidelines and, in particular, in the
ICU setting remains to be determined. Ta-
ble 3 shows current and late-development
therapy options for invasive candidiasis,
with recommended dosages. Continuous
infusions of amphotericin B have been ad-
vocated by some investigators, but we dis-
courage this approach because of the lim-
ited information on this subject, the
pharmacodynamic information against it,
and mainly the availability of many other
therapeutic alternatives (56–60).

Table 1. Risk factors for invasive candidiasis in the intensive care setting

Adult Intensive Care Patients Neonatal and Pediatric Intensive Care Patients

Prolonged length of stay In addition to the adult risk factors
High acuity Prematurity
Diabetes Low APGAR score
Renal failure Congenital malformations
Hemodialysis
Broad-spectrum antibiotics
Central venous catheter
Parenteral nutrition
Immunosuppressive drugs
Cancer and chemotherapy
Severe acute pancreatitis
Candida colonization at multiple sites
Surgery
Transplantation

APGAR, American Pediatric Gross Assessment Record.
Table is adapted from Refs. 14, 17–25.
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Our approach for the treatment of IC
in the ICU is shown in Figure 1. Although
the guidelines do not clearly address
which drug should be used for a particu-
lar scenario, most experts agree that the
initial or empirical choice between a
polyene, an echinocandin, or an azole de-
pends on two critical parameters: the ep-
idemiologic characteristics of the partic-
ular ICU and host factors such as severity
of illness, infection site, neutropenia, and
coexisting organ dysfunction. Knowledge
of the local epidemiologic characteristics

of the ICU is important. For example,
fluconazole may be a poor choice for em-
pirical therapy in units with a high inci-
dence of C. glabrata and C. krusei, al-
though it may be a good and economic
choice for a stable patient or for ICUs
where C. albicans is still the predominant
organism. Host factors are particularly
relevant in the ICU setting. Although it
offers only a theoretical advantage, most
experts recommend using a fungicidal
agent that covers all the Candida species
(such as the polyenes or echinocandins),

rather than fungistatic agents (such as
the azoles) that may not cover all species,
for a critically ill patient—when timing
and accuracy may be crucial (1). Never-
theless, no published clinical trials sup-
port this approach; all current antifun-
gals have been shown to be either
equivalent or noninferior to each other in
trials that often include critically ill pa-
tients. Other factors to be considered in
the initial or empirical choice of antifun-
gal agents are organ dysfunction (avoid-
ing polyenes for patients with renal fail-

Table 3. Currently available and late development antifungals for the treatment of invasive candidiasis

Drug
Usual Dose for Invasive

Candidiasis Comments

Amphotericin B
deoxycholate

0.6–1.0 mg/kg IV every 24 hrs Infusion-related reactions common, as well as arrhythmias. Monitor for nephrotoxicity
(�30%).

Amphotericin B lipid
compounds

3–5 mg/kg IV every 24 hrs Fewer infusion-related reactions and nephrotoxicity (�10%) than with deoxycholate.
Expensive. Patients may have reactions to one compound but not to another.

5-FC 37.5 mg/kg PO every 6 hrs Never to be used on its own. To be used in combination with polyenes in cases of severe
disease. Monitor levels and CBC for signs of bone marrow toxicity, particularly in the
setting of renal failure. Diarrhea also common.

Fluconazole 400–800 mg PO or IV every
24 hrs

PO to IV bioequivalence �90%, even in patients who have undergone GI surgery. Drug
interactions uncommon but possible. Mild to moderate increases in transaminase levels.

Itraconazole 400 mg PO or IV every 24 hrs Less active than fluconazole against Candida. Oral form is not well absorbed, and IV
formulation must be used with caution in renal failure. Many drug interactions.

Voriconazole 6 mg/kg IV every 12 hrs
loading (day 1), followed by
3 mg/kg

IV every 12 hrs or 400 mg
PO every 12 hrs loading (day

1), followed by 200 mg PO
every 12 hrs

Many drug interactions that require careful review of concomitant medications. Visual and
hepatic side effects common. Advantages over polyenes and fluconazole uncertain, except
for possible activity against C. glabrata and C. krusei. IV formulation cannot be used in
renal failure.

Caspofungin 70 mg loading (day 1), then
50 mg IV every 24 hrs

Mild increases in liver function tests common. Avoid in hepatic failure with Child-Pugh B
or C. Interaction with rifampin may require dose increase. Interaction with cyclosporine
A not fully characterized and may be less problematic than originally thought.

Micafungin 100–150 mg IV every 24 hrs Not FDA-approved for this indication, but open-label and randomized, controlled data show
efficacy at this dosing range.

Anidulafungin 100 mg IV every 24 hrs Not yet FDA-approved. Open-label data show efficacy at this dosing range. Data presented
in abstract form following comparative trial with fluconazole show possible superiority of
anidulafungin and similar side-effect profile.

IV, intravenous; PO, by mouth; 5-FC, 5-fluorocytosine; CBC, complete blood cell count; GI, gastrointestinal; FDA, U.S. Food and Drug Administration.

Table 2. Epidemiological distribution and common susceptibility patterns of Candida species

Species Frequency (%)

Common Susceptibility Patterns

Amphotericin B 5-FC
Fluconazole and

Itraconazole
Voriconazole and

Posaconazolea Echinocandinsb

C. albicans 40–60 S S S S S
C. glabrata 20–30 S to I S S-DD to R S to S-DD? S
C. krusei 5–10 S to I I to R R S to S-DD? S
C. lusitaniae 0–5 R S S S S
C. parapsilosis 10–20 S S S S S to I?
C. tropicalis 20–30 S S S S S

5-FC, 5-fluorocytosine; S, susceptible; I, intermediate; S-DD, susceptible dose-dependent (dose needs to be increased to achieve therapeutic efficacy);
R, resistant.

aAlthough voriconazole and posaconazole are active in vitro, in vivo, and in early clinical experience against C. glabrata and C. krusei, their efficacy
against these classically azole-resistant organisms hasn’t been clearly established; bminimum inhibitory concentrations of the echinocandins are higher for
C. parapsilosis than for other Candida species. Clinical trials have shown similar response rates for C. parapsilosis as compared with other species, but the
full clinical significance of these findings is unknown. Table is adapted from several sources (6, 13, 16, 28, 30, 47).
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ure and possibly avoiding echinocandins
and azoles in severe hepatic dysfunction)
and drug interactions, because patients
hospitalized in ICUs often have complex
poly-pharmacies. Finally, an important
factor to be considered is the cost of a
specific antifungal agent. Antifungals
have been recognized as significant “cost
drivers” within the antimicrobial budget
of most institutions. Although efficacy
and safety should never be compromised,
clinicians should be mindful of costs and
utilize less-expensive antifungals or an
oral formulation whenever appropriate.
The concept of “de-escalation” is partic-
ularly important. One may start with a
broad-spectrum (and often more expen-
sive) antifungal, but when the patient sta-
bilizes and/or organism identification or
susceptibilities are available, one may
switch to a more-specific agent or an oral
formulation. Duration of antifungal ther-
apy per the IDSA guidelines is 14 days
from the first negative blood culture for
candidemia (if disseminated disease is ex-

cluded) or until clinical, microbiological,
or radiologic resolution of the infection
(for other forms of IC, particularly dis-
seminated disease).

The utility of combination therapy for
most antifungal combinations is largely
unknown (61). Early studies concen-
trated on amphotericin B and flucytosine
for particularly severe disease, such as
meningitis, endocarditis, or osteomyeli-
tis, and support the current guidelines
for use in these types of situations (47).
Flucytosine should never be used alone
for the treatment of IC, because organ-
isms become resistant to it within a few
days (62). More recently, a multicenter,
randomized, double-blind, placebo-con-
trolled trial of high-dose fluconazole vs.
high-dose fluconazole plus amphotericin
B showed that the combination was not
significantly different when compared
with fluconazole alone on the basis of the
primary end points, but there was more
rapid blood culture sterilization and per-
haps an advantage for patients in the in-

termediate range of APACHE II scores
(63). This study also dispelled concerns
about clinically relevant antagonism be-
tween the two agents.

Aside from antifungal treatment, gen-
eral principles of therapy include remov-
ing all compromised vascular lines, de-
vices, and implants when possible,
because the removal of these foreign ob-
jects actually correlates with better pa-
tient outcomes (47, 64, 65). Nevertheless,
one may be less aggressive in pursuing
central line removal in patients with tun-
neled catheters (because these are lower
risk (66)) and patients with neutropenia
or mucositis (because gut translocation
may be the source rather than the intra-
vascular catheter in this patient popula-
tion (67)). Biofilms appear to play a major
role in the persistence and proliferation
of these infections, and there are inter-
esting experimental data for echinocan-
dins and polyenes demonstrating biofilm
penetration and activity (68, 69). Al-
though the frequency of endophthalmitis

Figure 1. Suggested approach for the treatment of invasive candidiasis in the critical care setting. *May need to treat longer if signs of dissemination (such
as endophthalmitis or liver/spleen/skin) are found. BMT, bone marrow transplantation; AIDS, acquired immune deficiency syndrome.
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is relatively low (3%–10%), it is recom-
mended that all candidemic patients (par-
ticularly those with prolonged fungemia)
have a dilated-eye examination (prefera-
bly performed by an ophthalmologist) to
exclude disseminated disease and en-
dophthalmitis, which are characterized
by retinal infiltrates and vitreous abnor-
malities, because these two conditions re-
quire prolonged antifungal therapy and
endophthalmitis may require vitrectomy
and direct intravitreal antifungal instilla-
tion (47, 70). Failure to perform this ex-
amination can often result in partial
courses of treatment for disseminated
disease and subsequent relapse, deterio-
ration, or deep organ involvement.

On the Edge of Evidence: Prophylac-
tic, Preemptive, and Empirical Therapy.
Because of the prevalence of invasive can-
didiasis, the poor performance of the
available diagnostic methods, the high
attributable mortality and increased mor-
bidity, and the availability of safe and
effective drugs for the management of
these infections, more aggressive ap-
proaches have been advocated (71). Three
strategies have received increasing atten-
tion in the past decade and are defined as
follows: prophylaxis entails administer-
ing a drug to prevent disease in a high-
risk population; preemptive therapy en-
tails early treatment of the infection with
use of clinical, laboratory, or radiologic
surrogate markers of disease in high-risk
hosts before clinical signs and symptoms
or full-blown disease develops; and em-
pirical therapy entails treatment of high-
risk hosts who exhibit signs and symp-
toms of the disease, even in the absence
of positive cultures or other evidence of
disease (72, 73). Unfortunately, definitive
evidence in the literature that supports
the use of these strategies in the ICU is
limited at this time. Nevertheless, there
are a few studies, particularly in the area
of prophylaxis, that are encouraging.

There have been three randomized
clinical trials of antifungal prophylaxis
with fluconazole in the ICU, but unfortu-
nately all of them either had limited
numbers or were conducted in a single
center. Thus, none of these studies were
definitely conclusive or have caused a
paradigm shift regarding this issue. Eggi-
man et al. (21). conducted a prospective,
randomized, placebo-controlled trial of
fluconazole as prophylaxis for abdominal
candidiasis in surgical ICU patients at two
university hospitals in Switzerland. The
study enrolled 43 patients, and the pri-
mary end point was development of intra-

abdominal candidiasis. Frequency of can-
didal peritonitis was reduced from 35% to
4% in the fluconazole group, and the
investigators also demonstrated that
Candida colonization occurred in 62% of
the placebo vs. 15% of the fluconazole
recipients, reaching statistical signifi-
cance.

Pelz and colleagues (20) studied the
surgical ICU at The Johns Hopkins Hos-
pital in a prospective, randomized, place-
bo-controlled trial. Patients whose poten-
tial length of stay was �3 days were
randomly assigned to either full-dose flu-
conazole or placebo. The main end point
was time to development of fungal infec-
tion in the intent-to-treat population.
The definitions of fungal infection were
compatible with the currently used Eu-
ropean Organization for Research and
Treatment of Cancer/Mycoses Study
Group (EORTC/MSG) criteria for diagno-
sis of fungal infection (74). The trial en-
rolled 260 patients, and the overall inci-
dence of proven fungal infections was
15.4% for placebo vs. 8.5% for flucon-
azole. At ICU day 14, these authors
showed a 0.4 probability of infection with
placebo, vs. 0.13 with fluconazole (p �
.01). In an open-label follow-up study, the
investigators continued to show a sus-
tained benefit to this strategy without
demonstrating a significant shift to non-
albicans Candida species, but they failed
to show any differences in mortality (75).

Garbino et al. (19). studied a medical
and a surgical unit in an academic center
in Switzerland. This was a prospective,
randomized, placebo-controlled trial ex-
amining the utility of fluconazole as part
of a selective gastrointestinal decontami-
nation strategy for 204 patients who were
on mechanical ventilation for at least 48
hrs and who had an expected duration of
stay in the ICU of at least 3 days. The
main outcome was incidence of candidal
infection according to nonstandardized
definitions. The incidence of IC was 16%
among placebo recipients, vs. 5.8%
among fluconazole recipients. Candida
colonization was significantly decreased
over time in the patients who received
fluconazole, and this study also failed to
show a difference in mortality.

These three trials have shown that flu-
conazole prophylaxis may be considered
effective in reducing the incidence of can-
didal infections and Candida colonization
in selected critically ill patients, in both
the medical and the surgical ICU setting.
The studies have also shown that the con-
cerns regarding an “epidemiologic shift”

to fluconazole-resistant Candida species
in the ICUs are unfounded, because none
of these studies showed this concern. The
major drawbacks of these studies are the
lack of standardized disease definitions
and the geographic limitation to one or
two hospitals, as well as the lack of power
to show a difference in mortality.

Perhaps the key issue for prophylaxis
or preemptive or empirical therapy is
identifying patients who are truly at the
highest risk of the disease, because it is
only in this population that the risk-
benefit and cost-benefit equations for
these interventions will work. Research is
ongoing to explore risk factors such as
colonization and to create risk factor–
based clinical prediction rules (76–80).

One of the most common clinical is-
sues in intensive care is the use of em-
pirical antifungal therapy for febrile high-
risk patients whose fungal cultures are
negative. Knowing the poor performance
of current diagnostic techniques and con-
fronted with a highly prevalent and treat-
able disease, physicians understandably
feel compelled to act empirically. The
typical patient is critically ill, has at least
one central venous catheter, is receiving
broad-spectrum antibiotics, has at least
one or multiple sites of Candida coloni-
zation (e.g., urine, sputum, and/or stool),
and is febrile or hemodynamically unsta-
ble, and other sources of fever have been
excluded. There is no literature to ad-
dress this situation, but we believe that
empirically treating carefully selected
ICU patients at high risk is usually justi-
fiable (1). Again, colonization (particu-
larly of many sites) should be regarded as
nothing more than a risk factor, not as a
disease that requires treatment on its
own, because studies have shown there is
no benefit to treating forms of coloniza-
tion such as asymptomatic funguria in
nonimmunocompromised patients. Yet,
in the correct context of a high-risk host
with other risk factors (in which other
causes of decompensation have been ex-
cluded), empirical treatment may be of
value. Research in this area must focus
on identifying these patients by means of
risk factor–based clinical prediction rules
and determining whether this strategy is
more effective than prophylaxis, antifun-
gal preemptive therapy, or specific ther-
apy for documented fungal disease.

SUMMARY

Invasive candidiasis is a problem with
substantial morbidity and mortality that is
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highly prevalent in the ICU setting. Recent
epidemiologic studies have shown a trend
toward increasing numbers of infections
caused by non-albicans Candida species.
Guidelines for the management of these
diseases have been published and recom-
mend amphotericin B, fluconazole, and
caspofungin as primary therapeutic op-
tions. The role of newer agents in the ICU
remains to be determined. The choice of
agent should depend on local epidemiology
and patient factors. Priority areas of re-
search include diagnostics, risk identifica-
tion, and assessment of management strat-
egy, such as prophylaxis or preemptive or
empirical therapy.

REFERENCES

1. Edwards JE Jr, Bodey GP, Bowden RA, et al:
International Conference for the Develop-
ment of a Consensus on the Management
and Prevention of Severe Candidal Infec-
tions. Clin Infect Dis 1997; 25:43–59

2. Ostrosky-Zeichner L, Rex JH, Bennett J, et al:
Deeply invasive candidiasis. Infect Dis Clin
North Am 2002; 16:821–835

3. Rentz AM, Halpern MT, Bowden R: The im-
pact of candidemia on length of hospital stay,
outcome, and overall cost of illness. Clin
Infect Dis 1998; 27:781–788

4. Leleu G, Aegerter P, Guidet B: Systemic can-
didiasis in intensive care units: a multi-
center, matched-cohort study. J Crit Care
2002; 17:168–175

5. Miller LG, Hajjeh RA, Edwards JE Jr: Estimat-
ing the cost of nosocomial candidemia in the
united states. Clin Infect Dis 2001; 32:1110

6. Diekema DJ, Messer SA, Brueggemann AB, et

al: Epidemiology of candidemia: 3-Year re-
sults from the emerging infections and the
epidemiology of Iowa organisms study. J Clin
Microbiol 2002; 40:1298–1302

7. Gudlaugsson O, Gillespie S, Lee K, et al:
Attributable mortality of nosocomial candi-
demia, revisited. Clin Infect Dis 2003; 37:
1172–1177

8. Garbino J, Kolarova L, Rohner P, et al: Sec-
ular trends of candidemia over 12 years in
adult patients at a tertiary care hospital. Med-
icine (Baltimore) 2002; 81:425–433

9. Jarvis WR: Epidemiology of nosocomial fun-
gal infections, with emphasis on Candida
species. Clin Infect Dis 1995; 20:1526–1530

10. Kullberg BJ, Oude Lashof AM: Epidemiology
of opportunistic invasive mycoses. Eur J Med
Res 2002; 7:183–191

11. Marchetti O, Bille J, Fluckiger U, et al: Epi-
demiology of candidemia in Swiss tertiary
care hospitals: Secular trends, 1991–2000.
Clin Infect Dis 2004; 38:311–320

12. Rangel-Frausto MS, Wiblin T, Blumberg HM,
et al: National epidemiology of mycoses sur-
vey (NEMIS): Variations in rates of blood-
stream infections due to Candida species in
seven surgical intensive care units and six
neonatal intensive care units. Clin Infect Dis
1999; 29:253–258

13. Hajjeh RA, Sofair AN, Harrison LH, et al:
Incidence of bloodstream infections due to
Candida species and in vitro susceptibilities
of isolates collected from 1998 to 2000 in a
population-based active surveillance pro-
gram. J Clin Microbiol 2004; 42:1519–1527

14. Wenzel RP: Nosocomial candidemia: Risk
factors and attributable mortality. Clin Infect
Dis 1995; 20:1531–1534

15. Vincent JL, Anaissie E, Bruining H, et al:
Epidemiology, diagnosis and treatment of
systemic Candida infection in surgical pa-
tients under intensive care. Intensive Care
Med 1998; 24:206–216

16. Pappas PG, Rex JH, Lee J, et al: A prospective
observational study of candidemia: epidemi-
ology, therapy, and influences on mortality
in hospitalized adult and pediatric patients.
Clin Infect Dis 2003; 37:634–643

17. McKinnon PS, Goff DA, Kern JW, et al: Tem-
poral assessment of Candida risk factors in
the surgical intensive care unit. Arch Surg
2001; 136:1401–1408; discussion 1409

18. Blumberg HM, Jarvis WR, Soucie JM, et al:
Risk factors for candidal bloodstream infec-
tions in surgical intensive care unit patients:
The NEMIS prospective multicenter study.
The National Epidemiology of Mycosis Sur-
vey. Clin Infect Dis 2001; 33:177–186

19. Garbino J, Lew DP, Romand JA, et al: Pre-
vention of severe Candida infections in non-
neutropenic, high-risk, critically ill patients:
A randomized, double-blind, placebo-con-
trolled trial in patients treated by selective
digestive decontamination. Intensive Care
Med 2002; 28:1708–1717

20. Pelz RK, Hendrix CW, Swoboda SM, et al:
Double-blind placebo-controlled trial of flu-
conazole to prevent candidal infections in

critically ill surgical patients. Ann Surg 2001;
233:542–548

21. Eggimann P, Francioli P, Bille J, et al: Flu-
conazole prophylaxis prevents intra-abdomi-
nal candidiasis in high-risk surgical patients.
Crit Care Med 1999; 27:1066–1072

22. De Waele JJ, Vogelaers D, Blot S, et al: Fun-
gal infections in patients with severe acute
pancreatitis and the use of prophylactic ther-
apy. Clin Infect Dis 2003; 37:208–213

23. Benjamin DK Jr, Garges H, Steinbach WJ:
Candida bloodstream infection in neonates.
Semin Perinatol 2003; 27:375–383

24. Grohskopf LA, Sinkowitz-Cochran RL, Gar-
rett DO, et al: A national point-prevalence
survey of pediatric intensive care unit-
acquired infections in the United States.
J Pediatr 2002; 140:432–438

25. Pittet D, Monod M, Suter PM, et al: Candida
colonization and subsequent infections in
critically ill surgical patients. Ann Surg 1994;
220:751–758

26. Nucci M, Colombo AL, Silveira F, et al: Risk
factors for death in patients with candidemia.
Infect Control Hosp Epidemiol 1998; 19:
846–850

27. Piazza O, Boccia MC, Iasiello A, et al: Candi-
demia in intensive care patients: Risk factors
and mortality. Minerva Anestesiol 2004; 70:
63–69

28. Pfaller MA, Jones RN, Doern GV, et al: Inter-
national surveillance of blood stream infec-
tions due to Candida species in the European
SENTRY Program: Species distribution and
antifungal susceptibility including the inves-
tigational triazole and echinocandin agents.
SENTRY Participant Group (Europe). Diagn
Microbiol Infect Dis 1999; 35:19–25

29. Snydman DR: Shifting patterns in the epide-
miology of nosocomial Candida infections.
Chest 2003; 123:500S–503S.

30. Ostrosky-Zeichner L, Rex JH, Pappas PG, et
al: Antifungal susceptibility survey of 2,000
bloodstream Candida isolates in the United
States. Antimicrob Agents Chemother 2003;
47:3149–3154

31. Tran LT, Auger P, Marchand R, et al: Epide-
miological study of Candida spp. coloniza-
tion in cardiovascular surgical patients. My-
coses 1997; 40:169–173

32. Perfect JR: Antifungal resistance: The clinical
front. Oncology (Williston Park) 2004; 18:
15–22

33. Berenguer J, Buck M, Witebsky F, et al: Ly-
sis-centrifugation blood cultures in the de-
tection of tissue-proven invasive candidiasis:
Disseminated versus single-organ infection.
Diagn Microbiol Infect Dis 1993; 17:103–109

34. Alexander BD: Diagnosis of fungal infection:
New technologies for the mycology laboratory.
Transpl Infect Dis 2002; 4(Suppl 3):32–37

35. Horvath LL, Hospenthal DR, Murray CK, et
al: Direct isolation of Candida spp. from
blood cultures on the chromogenic medium
CHROMagar Candida. J Clin Microbiol 2003;
41:2629–2632

36. Birinci A, Akkurt L, Acuner C, et al: Rapid
identification of the Candida species from

C olonization (par-

ticularly of many

sites) should be re-

garded as nothing more than

a risk factor, not as a disease

that requires treatment on its

own, because studies have

shown there is no benefit to

treating forms of colonization

such as asymptomatic fun-

guria in nonimmunocompro-

mised patients.

862 Crit Care Med 2006 Vol. 34, No. 3



direct blood cultures by CHROMagar Can-
dida. J Int Med Res 2004; 32:484–487

37. Wilson DA, Joyce MJ, Hall LS, et al: Multi-
center evaluation of a Candida albicans pep-
tide nucleic acid fluorescent in situ hybrid-
ization probe for characterization of yeast
isolates from blood cultures. J Clin Microbiol
2005; 43:2909–2912

38. Rigby S, Procop GW, Haase G, et al: Fluores-
cence in situ hybridization with peptide nu-
cleic acid probes for rapid identification of
Candida albicans directly from blood culture
bottles. J Clin Microbiol 2002; 40:2182–2186

39. Reiss E, Obayashi T, Orle K, et al: Non-
culture based diagnostic tests for mycotic
infections. Med Mycol 2000; 38(Suppl 1):
147–159

40. Chakrabarti A, Roy P, Kumar D, et al: Evalua-
tion of three serological tests for detection of
anti-candidal antibodies in diagnosis of inva-
sive candidiasis. Mycopathologia 1994; 126:3–7

41. Christensson B, Sigmundsdottir G, Larsson
L: D-arabinitol: A marker for invasive candi-
diasis. Med Mycol 1999; 37:391–396

42. Odabasi Z, Mattiuzzi G, Estey E, et al: Beta-
D-glucan as a diagnostic adjunct for invasive
fungal infections: Validation, cutoff develop-
ment, and performance in patients with
acute myelogenous leukemia and myelodys-
plastic syndrome. Clin Infect Dis 2004; 39:
199–205

43. Rex JH, Pfaller MA, Walsh TJ, et al: Antifun-
gal susceptibility testing: practical aspects
and current challenges. Clin Microbiol Rev
2001; 14:643–658, table of contents.

44. Pfaller MA, Rex JH, Rinaldi MG: Antifungal
susceptibility testing: technical advances and
potential clinical applications. Clin Infect Dis
1997; 24:776–784

45. Rex JH, Pfaller MA: Has antifungal suscepti-
bility testing come of age? Clin Infect Dis
2002; 35:982–989

46. Rex JH, Walsh TJ, Sobel JD, et al: Practice
guidelines for the treatment of candidiasis.
Infectious Diseases Society of America. Clin
Infect Dis 2000; 30:662–678

47. Pappas PG, Rex JH, Sobel JD, et al: Guide-
lines for treatment of candidiasis. Clin Infect
Dis 2004; 38:161–189

48. Mora-Duarte J, Betts R, Rotstein C, et al:
Comparison of caspofungin and amphoteri-
cin B for invasive candidiasis. N Engl J Med
2002; 347:2020–2029

49. Rex JH, Bennett JE, Sugar AM, et al: A ran-
domized trial comparing fluconazole with
amphotericin B for the treatment of candi-
demia in patients without neutropenia. Can-
didemia Study Group and the National Insti-
tute. N Engl J Med 1994; 331:1325–1330

50. Denning DW: Echinocandins: A new class of
antifungal. J Antimicrob Chemother 2002;
49:889–891

51. Steinbach WJ, Perfect JR: Newer antifungal
therapy for emerging fungal pathogens. Int
J Infect Dis 2003; 7:5–20

52. Patterson TF: Role of newer azoles in surgi-
cal patients. J Chemother 1999; 11:504–512

53. Kullberg BJ, Pappas P, Ruhnke M, et al: Vori-
conazole compared with a strategy of ampho-
tericin B followed by fluconazole of candidae-
mia in non-neutropenic patients. Abstr.
O245. In: Proceedings of the 14th ECCMID,
Prague, 2004

54. Ostrosky-Zeichner L, Kontoyiannis D, Raffalli
J, et al: Micafungin (MCFG), an echinocandin
antifungal agent for the treatment of new and
refractory candidemia. Abstr. 35. In: Focus on
Fungal Infection 13, Maui, HI, 2003

55. Krause DS, Reinhardt J, Vazquez JA, et al:
Phase 2, randomized, dose-ranging study
evaluating the safety and efficacy of anidula-
fungin in invasive candidiasis and candi-
demia. Antimicrob Agents Chemother 2004;
48:2021–2024

56. Imhof A, Walter RB, Schaffner A: Continuous
infusion of escalated doses of amphotericin B
deoxycholate: An open-label observational
study. Clin Infect Dis 2003; 36:943–951

57. Hiemenz JW: Amphotericin B deoxycholate
administered by continuous infusion: Does
the dosage make a difference? Clin Infect Dis
2003; 36:952–953

58. Lewis RE, Wiederhold NP: The solubility ceil-
ing: A rationale for continuous infusion am-
photericin B therapy? Clin Infect Dis 2003;
37:871–872

59. Eriksson U, Seifert B, Schaffner A: Compar-
ison of effects of amphotericin B deoxy-
cholate infused over 4 or 24 hours: Random-
ised controlled trial. BMJ 2001; 322:579–582

60. Andes D, Stamsted T, Conklin R: Pharmaco-
dynamics of amphotericin B in a neutro-
penic-mouse disseminated-candidiasis
model. Antimicrob Agents Chemother 2001;
45:922–926

61. Johnson MD, MacDougall C, Ostrosky-
Zeichner L, et al: Combination antifungal
therapy. Antimicrob Agents Chemother
2004; 48:693–715

62. Espinel-Ingroff A: Clinical relevance of anti-
fungal resistance. Infect Dis Clin North Am
1997; 11:929–944

63. Rex JH, Pappas PG, Karchmer AW, et al: A
randomized and blinded multicenter trial of
high-dose fluconazole plus placebo versus
fluconazole plus amphotericin B as therapy
for candidemia and its consequences in non-
neutropenic subjects. Clin Infect Dis 2003;
36:1221–1228

64. Rex JH, Bennett JE, Sugar AM, et al: Intra-
vascular catheter exchange and duration of
candidemia. NIAID Mycoses Study Group
and the Candidemia Study Group. Clin Infect
Dis 1995; 21:994–996

65. Nucci M, Anaissie E: Should vascular cathe-
ters be removed from all patients with can-
didemia? An evidence-based review. Clin In-
fect Dis 2002; 34:591–599

66. Mermel LA, Farr BM, Sherertz RJ, et al:
Guidelines for the management of intravas-
cular catheter-related infections. J Intraven
Nurs 2001; 24:180–205

67. Nucci M, Anaissie E: Revisiting the source of

candidemia: Skin or gut? Clin Infect Dis
2001; 33:1959–1967

68. Kuhn DM, George T, Chandra J, et al: Anti-
fungal susceptibility of Candida biofilms:
Unique efficacy of amphotericin B lipid for-
mulations and echinocandins. Antimicrob
Agents Chemother 2002; 46:1773–1780

69. Shin JH, Kee SJ, Shin MG, et al: Biofilm
production by isolates of Candida species re-
covered from nonneutropenic patients: Com-
parison of bloodstream isolates with isolates
from other sources. J Clin Microbiol 2002;
40:1244–1248

70. Rodriguez-Adrian LJ, King RT, Tamayo-
Derat LG, et al: Retinal lesions as clues to
disseminated bacterial and candidal infec-
tions: Frequency, natural history, and etiol-
ogy. Medicine (Baltimore) 2003; 82:187–202

71. Sobel JD, Rex JH: Invasive candidiasis: Turn-
ing risk into a practical prevention policy?
Clin Infect Dis 2001; 33:187–190

72. Leather HL, Wingard JR: Prophylaxis, empir-
ical therapy, or pre-emptive therapy of fungal
infections in immunocompromised patients:
Which is better for whom? Curr Opin Infect
Dis 2002; 15:369–375

73. Groll AH, Walsh TJ: Antifungal chemother-
apy: advances and perspectives. Swiss Med
Wkly 2002; 132:303–311

74. Ascioglu S, Rex JH, de Pauw B, et al: Defining
opportunistic invasive fungal infections in
immunocompromised patients with cancer
and hematopoietic stem cell transplants: An
international consensus. Clin Infect Dis
2002; 34:7–14

75. Swoboda SM, Merz WG, Lipsetta PA: Candi-
demia: The impact of antifungal prophylaxis
in a surgical intensive care unit. Surg Infect
(Larchmt) 2003; 4:345–354

76. Piarroux R, Grenouillet F, Balvay P, et al:
Assessment of pre-emptive treatment to pre-
vent severe candidiasis in critically ill surgical
patients. Crit Care Med 2004; 32:2443–2449

77. Paphitou NI, Ostrosky-Zeichner L, Rex JH:
Rules for identifying patients at increased
risk for candidal infections in the surgical
intensive care unit: An approach to develop-
ing practical criteria for systematic use in
antifungal prophylaxis trials. Med Mycol
2005; 43:235–243

78. Yazdanparast K, Auger P, Marchand R, et al:
Predictive value of Candida colonization in-
dex in 131 patients undergoing two different
cardiovascular surgical procedures. J Cardio-
vasc Surg (Torino) 2001; 42:339–343

79. Dupont H, Bourichon A, Paugam-Burtz C, et
al: Can yeast isolation in peritoneal fluid be
predicted in intensive care unit patients with
peritonitis? Crit Care Med 2003; 31:752–757

80. Ostrosky-Zeichner L, Sable C, Sobel J, et al:
Multicenter retrospective development and
validation of a clinical prediction rule for
invasive candidiasis (IC) in the intensive care
setting. Abstr. 51. In: Focus on Fungal Infec-
tions 14, New Orleans, LA, 2004

863Crit Care Med 2006 Vol. 34, No. 3


