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The fiest clinical description of Candida Infection can be 1raced

to Hippocrates, with Parrot recognizing a link 10 severe Illness,
Langenbeck implicated fungus ns a source of Infection, and Berg es-
tablished causality between this organism and thrush by inoculating
healthy bables with aphthous “membrane materal” The first de-
seription of a deep infection caused by Carndida albicans was made by
Zenker In 1861, even (hough it was not named until 1923 by Berkout,
On the other hand, the genus Aspergillus was first described in 1729
by Michacli, and the first human cases of aspergillosls were described
in the mid-1800s.

Invasive mycoses have emerged as o major cause of morbidity and
mortality in hospitalized surgical patients. It Iy estimated that the
incidence of nosocomial candidemia in the United States is about
8 per 100,000 inhabitants, Pxcess atributable health care costs are
approximately $1 billion per yenr, Average medical costs per episode
of candidemln have been extimated at $34,123 for Medicare patfents
and $44,536 for privately insured patients. In the United Slates, Cant-
dida is the fourth most common cause of catheter-reluted infection.
A recent prospective, observaliona) study reported the incldence of
fungemia in the surgical intensive care unit (SICU) to be nearly
10 cases per 1000 admissions with an unudjusted mortality rate of
25%~509%,

Fungemie is the fourth most common type of bloodstresm nfec-
tion in the United States, Outside the Unlied States, several sudics
have reported a rise In candidemla and other formp of Candida Infec-
tions. In Canada, there hus been an Increase In the number of Citn-
dida isolates since 1991, where currently It canstitutes 6% of al) blood
lsolates, In general, the rates reported from European hosplials ure
slightly fess than those from North America, In a meta-nnalysly of
randamized, placebo-controlled trials with fluconazole prophylaxls,
the incidence of fungal infections was significantly reduced; howeyer,
there was no survival advantage, ralsing the fssue of the value of
prophylaxis,

With the Introduction of antiblotics snd the subsequent appear-
ance of intensive care unlts (ICUs), new examples of apporiunlutle
fungal infections have emerged, The use of Immtuwaupprcuulen,
organ transpluntation, Impluntable devices, and human Immunode-
ficlency virus infection hus alio rudically changed (he specirum of
fungal pathogeniclty,

Pungi are ublyuitous heterotrophic cukaryotes, qulte resillent (o
environmental stress and uble 1o thrive In numerous environments,
They may belong (o the Cliromista or Bumyeota kingdom," Vor {dei-
tification purposes, the separation of (axa ix bayed on the methad of
spore production, msiited by moleculur biology techniyuey (rRNA
and riONA) that further refine fungal phylogeny and extubllely new
relationships between groups, The mowt important human patho-
yens are the yeaste and the molds (from the Norge Howlde, meuning
fuzey). The dua) modality of fungal propugation (ucxuuillelcumurph

and arexunl/angmorph states) hos meant that since the fag Century
there han been n dual nomenclature,

%! pREDICTORS OF FUNGAL INFECTIONs

I Nosocomlal Infection Surveillance Program (NNjs

(I)lf'!ﬁar:l&lg.n(u:{:nlcrn for Diseane Control and l’rcwl.-nnun (CDC) by,
reported that whereas the rate of hospital-acquired fungal jnge;.
tonk nearly doubled In the past decade compared wuh'lhe preyi.
ous decade, the greatest increane occurred in critically | surgica|
patients, muking the surglcol |J.upululmn in 1h5: ICU an extremely
high risk group.? Several conditions ( hmh.pni:cnt-depcndem and
discase-specific) have been recognized as independent predicior
for invusive fungal complications c'iuri'ng critical illness, 1CU fength
of stny was sssoclaled with Candida infection as were the degrees
of morbidity, ulteratlons of Immune response, and the number of
medlenl deviees Involved, Neutropenia, d!u‘hcicn mellitus, ney.
onset hemodlalysis, total parenteral nutrition, broad-spectey
antiblotic adminstration, bludder catheterization, azotemia, diay.
rhea, use of corticosteroids, and cytotoxic drug utilization are alsp
asoctated with candidemia,??

Diabetes Mellitus

Diabetes mellitus is an Independent predictor for mucosal cand;-
divsis, Invasive cundidiasis, and aspergillosis. Diabetic ketoacidosis
has o strong associntion with rhinocerebral mucor (produced by
Zygomyeeles) und other atypical fungal infections, with hypergly-
cemin being the strongest predictor of candidemia after fiver
transplantation and cardine bypass. 1t has been postulated that
hyperglycemia produces several alterations in the normal host re-
sponse 1o Infection and in the fungus itsclf, increasing its viru-
lence. Glycowylution of cell surface receplors facilitales fungal
binding and subsequent Internallzation and apoptosis of the tar-
geted cells, Glycosylntion of opsoning renders them unable (o rec-
ognlze fungal antlgens, Dubetic serum has diminished capacity o
bind iron (therefore making it available to the pathogen), There s
evidence that altered ‘Ih-1 lymphocyte recognition of fungal wr-
Bets Impolrs the production of interferon-gamma (IFN-y), and
that Gandidu spp. uverexpress o Cy-receptor-like protein that
Fuc!llm.tcu fungul edhesion 10 endothelium and mucosal surfaces.
Dendritle cells und other untigen-presenting cells have been pos-
tulated an cructul in the Induction of cell-mediated responses 10

fungl, and diabetle patjent vaccination studies have showed an
Impalred antigen—1-cel] Interaction,

Neutropenia

There fu 0 direct correlation between the degree of neutropenia and
the risk for developing invasive fungal infections. Although a recen!
meta-unulysls concluded thal there is fitle benefit from prophylax
or preemplive treatment jny neutropenic cancer patients, this it #
regular practice In the Upjed States, Empirical antifungal therapy I
the standurd of care for febrile neutropenla patients after chemd”
thernpy o bone murrow transplantation. When profound neutrope:
nlu exintn, the rik for breakthrough candidemia (during antifung?
therupy) Jy 'lﬂnmc"ml}' higher, and the reapunse (o vorlconi
(and llkely other mulfungufu) I decrensed. Navel theraples for ("
Ireutment of Invislve fungal fnfections In neutropenlc patients i
clude granulocyye fransfuslons and fnfuglon of [IN-y,
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organ Transplantation and Immunosuppression

¢ W0 MOst COMMON opportunistic fungal.infections j

ients are caused by Candrdgz Spp. and Aspergillus sp;. lg,cncmﬂ

 inhalation route (Aspergillus) or from gastrointestinal so o
[ Candida). Interestingly, tl'le tisk of fungal infection decrcaezel;rc?s

onths _m_cr transpl;nntatlon, unless a rejection episede re uim
mgmsiﬁ‘?‘}m‘ of the immunosuppression. In the-sofjd organ ?ra::
plant recipient, the graﬂ. itself is often affected. In liver transplanta-
sion, the risk of fungemia increases with the duration of the surger
and the number of tran.sfusxons. Other risk factors include the e
o bile duct. anassomOSIS (Roux-en-Y), the presence of tissue isch.-
emia, infection with cytomegalovirus (CMV), and graft-versus-host
diseasc. The most common place of occurrence for Aspergillus tra-
cheobronchitis in !ung trapsp!ant patients is at the bronchia} anasto-
mosis. Anastomotic colonization is both a risk factor for subsequent
gisruption or hemorrhage and a predictor for rejection and dimin.
ished graft survival. Surveillance bronchoscopies are recommended
in this setting. Aspergillus is also the main organism responsible for
fungemia after heart transplantation, and second only to CMV as the
cause of pneumonia in the first month after operation,

Infectious complications are the main cause of morbidity and
mortality in pancreas and kidney-pancreas transplantation. The
most COMMON Organisms are gram-positive cocci, closely followed
by gram-negative bacilli and Candida. Risk factors for fungal infec-
tions include bladder drainage (in cases of pancreas transplantation)
and use of OKT-3 for rejection treatment. Kidney recipients, of all
solid organ transplant recipients, have the lowest incidence of infec-
tious complications. However, the risk is sufficiently high that all
solid organ transplant recipients (kidney recipients included) receive
funga) prophylaxis with fluconazole.

transplant

Solid and Hematological Malignant Tumors

Cancer patients are susceptible to opportunistic infections. Cancer
and chemotherapy produce threc types of immune dysfunction that
render the patient vidnerable to opportunistic infections: neutrope-
nia (see previously), deficits in lymphocyte cell-mediated immunity
(e, Hodgkin disease and during corticosteroid treatment), and
humoral immunodeficiency {e.g., multiple myeloma, Waldenstrim
macroglobulinemia, and after splenectomy). The first twa types are
the most relevant in terms of fungal vulnerability. As many as one-
third of the cases of febrile neutropenia after chemothgrapy for ma-
lignant disease are due 1o invasive fungemia (see following treatment
discussion), The type of lymphopenia is 26 important as the nadir of
thelymphacyte count: Whereas Th-1 type responses (TNF-a, IFN-y,
ad interleukin [IL}-12) confer protection against fungal infections,
Th-2 (IL-4 and -10) responses are associated with progression of

se. Corticosteroids have snti-inflammatory propertics, related
to their inhibitary effects on the activation of various transcription
lictors, in particular NF-xB. In murine models, sterold trcatmcndt
iicreases the production of 1L-10 in response to a fungel insult, an
lecreased the recruitment of mononuclear cells 1o the site of infec-
Yion.  does not, however, inhibit recruitment of neutrophils to sites
f inflammation (IL-B-mediated). )

Long-Term Use of Central Venous Catheters

Numerous studies have shawn that many, if not most, episodes of
Andidemig are gcal:hmr-related; one of the largest Prospefttllzg
Watment stugies of fungentia implicated s catheter 72% of 12
¢ The isolation of C. parapsilosis from blood cu aren-
ngly associated with central venous catheter mfect:o'?, }tzungal
4l nutrition, or prosthetic devices, The source fztc:mpmd
*Maminants i djfferent In nevtropenic patients whe utrapenic
Vith (heiy non-neutsopenic counterparts, In non-ne
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subjects the most common portals of entry for catheter contami-
nation (and subscquent infection) is the skin during catheter
placement, manipulation of an indwelling catheter, ?ntl €ross-
infection among ICU patients attributed to hand carriage of mi-
crobial flora from health care workers. Other possible sources for
primary catheter colonization include contaminated parenteral
nutrition solution, multiple medication administration with re-
petitive violation of the sterile fluid path, and the presence of other
medical devices, The secondary roule of contamination for intra-
vascular catheters and other foreign bodies in direct contact with
the bloodstream (c.g., pacemakers, cardiac valves, on!wpedlc joint
prostheses) is candidemia originating via translocation from the
gastrointestinal tract. Endogenous flora are also the most common
source in neutropenic and other immunosuppressed patients.
Once the catheter becomes contaminated, a well-studied series of
cvents takes place: The yeast adheres to the surface of the catheter
and develops hyphal forms that integrate into a matrix of polysac-
charides and proteins (biofilm) that increases in size 'and tridi-
mensional complexity, This biofilm is the main reservoir for can-
didemia secondary to contaminated medical devices, as it sequesters
the fungi from antimycotic medication and against the protective
immune response. o

In general, the removal of all central venous catheters is m_dmt?d
following the diagnosis of systemic fungal infections and fungemia.
Removal may not be necessary in neutropenic patients in whom the
fungi originated from the Gl tract. Antifungals in general are contin-
ued after the catheter is removed, and it is recommended that
Candida ocular dissemination be ruled out (see following discussion
of endophthalmitis).

Candida Colonization

The overgrowth and recovery of Candida spp. from multiple sites
(without clinical symptoms of disease) has been linked to a high
likelihoed of invasive candidiasis, and the cumulative risk of death in
these two conditions is similar. Risk factors for the development of
Candida calonization include prior use of antibjotics or a bacterial
infection prior to ICU admission, a prolonged stay in the ICU, and
multiple gastrointestinal opcrations. The source of most of the out-
breaks of systemic candidiasis in the context of colonization is fre-
quently the gastrointestinal tract.

Because colonization with Candida spp. is not benign in the con-
text of critical illness, it is desirable to identify and characterize pa-
tients further in terms of risk for invasive candidiasis. Screening
technigues include routine surveillance cultures in ICU patients. The
method proposed by Pittet et al., the colonization index, has been
validated in surgical patients. A threshold index of 0.5 has been pro-
posed for the initiation of empiric antifungal therapy in criticaily ill
patients (sce following treatment section), although some authorities
suggest that the presence of multiple Candida isolates is an epiphe-
nomenon,® .

Use of Broad-Spectrum Antibiotics

The use of broad-spectrum antibiotics is one of the best-
documented risk factors for fungal overgrowth and invasive infec-
tions, but the precise mechanism is not understood completely. In
evaluating the effect of antibiotic use, one must consider first the
complex interrelations between bacteria and fungi in human dis-
case, At least three experimental models have been created to in-
vestigate and characterize possible interactions between bacteria)
and fungal pathogens. In murine models, ticarcillin-clavulanic
acid and ceftriaxone (both of which have some antianacrobic
therapy) are associated with substantial increases in colony counts
of yeast flora of the gut. On the other hand, antibiotics with poor
anaeroblic activity are less likely to produce this effect (examples
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are ceftazidime and aztreonam). This observation was validated in
a clinical review of the quantitative colonization of stool in im-
munocompromised patients treated with those antibiotics. How-
ever, this interaction between fungi overgrowth and anaerobic
suppression is different from the well-stadied madel of Escherichia
coli and Bacteroides fragilis in intra-abdominal abscess formation.
The work of Sawyer et al, showed that C. albicans induces bacterial
translocation into abscesses, but the relationship is one of direct
competency, rather than synergy or cooperation.’® This is differ-
ent than the cooperation between C. albicans and Staphylococcus
aureus, Serratia narcescens, and Enterococcus faecalis, where an
amplification-type interaction has been documented. A number of
immunomodulatory and immunosuppressive viruses have been
shown to facilitate superinfections with opportunistic fungi, the
most notable examples being CMV and human herpes virus
(HHV)-6, because they induce the production of immunosup-
pressive cytokines. It seems that C. albicans thrives in situations
where immunocompromise is present and adds virulence and
mortality to existent bacterial infections in a species-specific man-
ner. This hypathesis has been validated from clinical observations;
where antifungal treatment adds little to the therapeutic effect of
antibacterial agents alone. Thus, the usc of antibiotics (three or
more), especially those with anti-anaerobic properties, constitute
a risk factor for fungal colonization and overgrowth, which in turn
is a predictor for systemic fungal infections, The precise mecha-
nism of action for this observation is unknown but is probably
related to fungi-to-microbe competence and growth suppression.
Candida may enhance the pathogenicity of certain bacteria, but
not others, and this interaction remains to be elucidated.”

Duration of ICU Care and Invasive Mechanical
Ventilation

Epidemiological observations correlating the duration of me-
chanical ventilation and the amount of intensive care required
correlate with the occurrence of both systemic fungal infections
and fungal colonization. Other factors involved in the pathogene-
sis and susceptibility of systemic candidiasis are total parenteral
nutrition, use of H, blockers, acquired immunodeficiency syn-
drome (AIDS), radiation therapy, previous bacteremia, abdominal
surgery, hemodialysis, extremes of age, recurrent mucocutaneous
candidiasis, and duration of cardiopulmonary bypass greater than
120 minutes.?

*¥ PATHOGENIC ORGANISMS

Candlda albicans

The most common fungal pathogen both in the United States and
abroad, and ranked among the most common sources of ICU sepsis,
C. albicans is 3 common cause of human disease.? Candida albicans ac-
counts for 59% of Candida isolates, followed by C. glabrata (15%-25%
of all Candida infections), Both colonization and invasive candidiasis
can be focal or disseminated, Multifocal candidiasis is the simultaneous
isolation of Candida from two or more of the following locations: re-
spiratory, digestive, urinary, wounds, or drainage, Disseminated candi-
diasis is microbiological evidence of yeast in fluids from normally
sterile sites such as cercbrospinal, pleural, pericardial, or peritoneal
fluid, hwtolog.ic samples from deep organs, or diagnosis of endophthal-
mitis or candidemia with negative catheter-tip cultures, The incidence
ofcandxd'emiahasincmsed over the past 30 years, with mortality rates
reported in some series to be as high as 80%, The NNIS systemn of the
CDC found Candida specles responsible for 8%--15% of all nosocomial
bloodstream infection episodes in the United States in 1993, which

renked fourth among commonly isolated pathogens in bloodstream
infections,

; established that a morpho!ogica} transition in C, gpp:
m"if ;:o:.cgcasl to hyphal forms, is the most important delerminl:;!
of dissemination, because thc mycclial phase is invasive,'® Boyp) host
and pathogen play a role on this dimorphism. The fungus Producey
several proteins during the hyphal transition, which are currently g,
focus of research. The thiol-specific antioxidant, or TsA.), has
shown an increased survival capability in an antioxidant €nvirop.
ment created by host cells. Host recognition molecules (adhnins)'
secreted asparty] proteases and Ph?SPhOl{pﬂS&S. and ?henm ic
switching accompanied by changes in antigen expression, ¢,
morphology, and tissue affinities are other recognized virulence f .
tors. The inducer mechanisms and the multiple stimuli thay trigger
this change are unknown. .

From the host side, the presence of the enzyme indoleamiq,
2,3-dioxygenase (IDO) has been linked to antifungal defense mech,.
nisms, by blocking the morpliological 't:.'ansmon. The enzyme js in-
duced in infectious sites and in dendritic cells by lFN_"Y- Interfergn
serves in a pivotal position in immunity from C. albicans invasigy_
Other immune mechanisms blocking thc.tl:ansfonnation include
salivary histidine, other gastrointestinal inhibitory pe?tides, and the
resident population of dendritic cells. The dimorphic change pro-
duces disseminated candidiasis (also known as hepatosplenic cang;.
diasis) and specific end-organ involvement in susceptible hosts, Of
those metastatic infections, among the most devastating is fungal
endophthalmitis.

Disseminated candidiasis and fungemia can lead to septic
shock, similar to that seen with other microorganisms. The dimor-
phic transition generates shock and end-organ failure in suscepti-
ble individuals, and these events are independent of TNF-q, The
diagnosis of fungemia as the cause of a patient’s sepsis depends on
a strong clinical suspicion. Only 50% of blood cultures for invasive
candidiasis are positive and bacterial pathogens may interfere with
the recovery of Candida. There are no reliable laboratory tests 1o
differentiate between Candida colonization and invasive candidia.
sis, and no single site of isolation is superior to others in predicting
which patients are likely to have developed systemic infection, The
diagnostic criteria for fungemia arc a combination of positive tis-
sue cultures (including burn excision cultures and peritoneal
cultures), endophthalmitis, osteomyelitis, and candiduria. Pur-
pura fulminans and unexplained myalgias are suggestive of candi-
diasis in the appropriate clinical context. The presence of three or
more colonized sites or two positive blood cultures at least
24 hours apart, with one obtained after the removal of any central
venous catheters are strong indicators of fungemia.’® Whereas
asymptomatic recavery of Candida in urine rarely requires ther-
apy, candiduria should be treated in symptomatic patients,
neutropenic patients, renal transplant patients, and after instru-
mentation, The removal or at least changing of the Foley catheter
is required.

Fungal endophthalmitis usually accurs as a result of hematoge-
nous spread from systemic fungemia. Candida spp. are the most
common offenders, although Aspergillus, Cryptococcus, Fusarim,
Scedosporium, and others have been reported to lead to endaphthal-
mitis, Retinal involvement has been diagnosed in 28%-45%.of all
knawn candidemic patients, and may actually be the first sign of
clinically undetected fungemia. The early initiation of systemic
ireatment for deep tissue fungal infection appears to decrease dri-
matically the incidence of endogenous fungal endophthalmitis. It 1
mandatory for all individuals with systemic candidiasis and fung¢-
mia to have a formal ophthalmologic assessment to rule out €f¢
involvement. The observation of a classic three-dimensional retina-
based vitreal inflammatory process is virtually diagnostic ©
endogenous endophthalmitis due to Candida spp. .

Treatment consists of aggressive intravenous antifungal ther
apy, and may require intraocular injections of am?hme"fh";
B, caspofungin, or voriconazole, In cases where extension 0 -
vitreous or pars anterior are evident, surgical debridement of o
rectomy will be required. Delay in treatment leads frequently
blindness,




No n-albicans Candida

. -Candida fungem; :
madcﬂ_“‘ of non B¢Mia and sepsis syndrome fyas
- reasing in recent Years, accounting for Up to one-half of :;:n

- The reasons for this are Jik
mutlifamﬁa]' Undoubtedly, one explanation for the cmcrgcncl:\cg

mata and C. krusei is the selection of less-syscep: i
e of R el Other s of ey e e
ific events, such as the presence of an indwelling cenyra) vanuu(;
atheter and C. parapsilosis. The increased incidence of tropicalis in
oncology patients is secondary to the Increased invasiveness of the or-
cnistT, especially in damaged gastrointe

lly in : stinal mucosa, The clinical
frarures of this infection are indistinguishable from C. albicaps, 1

pspergillus

The noninvasive types of aspergillosis include alle
nary aspergillosis (a form of hypersensitivi
and aspergilloma. These entities, without tiss
require antifungal therapy. Invasive aspergillosis has experienced an
increased incidence over the last decade, and has become a major cause
of death among patients with liquid tumors. Although invasive Asper-
gillus infections usually occur via inhalation of conidia, the fungus is
o frequently present on food (ie., pepper, regular and herbal tea bags,
fruits, corn, and rice). The thermotolerant spores of Aspergillus and
other fungi present are difficult to eradicate, and represent a threat to
the immunocompromised host. Conidia that fail to be cleared by alveo-

rgic bronchopulmo-
ty reaction in asthmatics)
ue invasion, usually do not

lar macrophages germinate in the alveolar space, and hyphal forms in-

vade the pulmonary parenchyma, with prominent vascular invasion
and early dissemination (Figures 1 through 3).12

3

ﬂrm” 1 Chest x-r;v o.f a ﬁlucnr. with disseminated Aspergilius

f acute
*on and pneumpnis. The Image s Identical to that o j
iratgpy di:tﬂﬁ syndrome. (Courtesy of Smu{'l-SingOst_E. Bg:; PS,
%hempati R: The Anne and Max A Cohen Surgia ol College)

Unit, New York-Presbyterian Hospital-Well Comell Medlical College.
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Figure 2 Microphotograph of invasive Aspergillus infection in the
lungs of the patient in Figure 1. (Courtesy Minick CR, Loyd E.Amin B:
Department of Pathology and Laboratery Medicine, NewYork-
Presbyterian Hospital-Weill Cornell Medical College.)

Flgure 3 Purpura fulminans in a victim of hepatosplenic
candidiasis.  (Courtesy Minick CR, Loyd E, Amin B: Department of

Pathology and Laboratory Medicine, NewYork-Presbyterian Hospital- Weill
Comell Medical College,)

Other Emerging Fungal Pathogens

Zygomycetes (mucor) are becoming increasingly important in ICU
patients. The portal of entry in the immunocompromised host is
usually inhalation of acrosolized, thermotolerant spores, although
percutaneous exposure (i.e., surgical or traumatic wounds and
burns) has been reported. The source of these spores is usually de-
caying organic matter in the soil, but they can be found in hospital
food, including fruit, bread, sweet biscuits, regular and herbal tea,
and pepper. The major risk factors for mucormycosis are diabetic
ketoacidosis, neutropenia, iron overload, deferoxamine therapy, and
protein-calorie malnutrition. Treatment includes surgical debride-
ment, depending on the extent of the disease.

B PRINCIPLES OF THERAPY
The past 10 years has seen a major Expansion in the repertoire of anti-
fungal agents with the introduction of less-toxic formulations of am-
photericin B, improved triazoles, echinocandins, and other agents that
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target the fungal cell wall, As described by Flansgan and Barnes, l}wrupy
for fungal infections in the ICU can be directed using four different
strategies: prophylactic, preemptive, empiric, and definitive, Some data
suggest 8 decrease in jnvasive fungal infections with prophylactic anti-
fungal therapy in non-neutropenic critically ill surgical patients wglh
Candida isolates from sites other than blood and the prescnce of ns_k
facters mentioned previously, Others have suggested that usc of anti-
fungal prophylaxis in unselected SICU patients increases mortality,
length of stay, and the appearance of resistance in previously susceptible
fungi, not to mention the increase in cost this approach generates.”
Prophylactic fluconazole treatment in the SICU leads to secondary
mycoses, with up to 80% of the pathogens resistant to fluconazole.!*!*
Tables 1 and 2 and Figures 4 and 5 show one schema used in the SICU
at NewYork-Presbyterian Hospital-Weill Cornell Medical Center. Inde-
pendent of the species, infection by fluconazole-resistant Candida
doubles the mortality rate. The colonization index developed by Pittet
et al. and Ostrosky-Zeichner suggests that high-risk patients are those
who remain in the }CU for 4 days or more and who either have a central
venous catheter in place or are treated with antibiotics in addition to
two of the following: use of total parenteral nutrition, need for dialysis,
recent major surgery, diagnosis of pancreatitis, and treatment with
systemic corticosteroids or other immunosuppressive agents.'!¢ Stud-
ies have documented the lack of benefit for fluconazole prophylaxis in
unselected trauma patients, and in ICU patients, for whom the contri-
bution of mortality by candidemia is surpassed by that of age and sever-
ity of illness. ™

Table 3 presents a list of available antifungal agents. Amphotericin
B is 2 natural polyene macrolide that binds primarily to ergosterol,

FUNGAL INFECTIONS AND ANTIFUNGAL THERAPY (N THE SURGICAL INTENSIVE CARE UNIT

incipal sterol in the fungal cell membrane, leading to g
::‘:np;tl' 'il;:rchannels. production of oxygen free radicals, ang apo::g:
sis. It is active against most fungi, including in ccrebrog;iml fuig
Due to its high level of protein P’“dm&.tlﬁﬂc concentrations are g,
usually affected by hemodialysis. Infusion-related reactions can oc.
cur in up to 73% of patients with th? !irst dose apd often df“ﬁni;h
during continued therapy. Amphotericin B-associated nephrotoc.
ity can lead to azotemia and hypokalemia, although acute potagsiyp,
release with rapid infusion can occur and lead to cardiac arreg, Am.
photericin B lipid formulations allow for higher dose administeatig,,
with lesscned nephrotoxicity, but whether outcomes are enhanceg i
unproved. Nystatin is a pol).'cne similar in structure to amphotericiy
B, and is currently used topically for C. albicans. A parenteral form,,.
lation is under investigation. Flucytosine isa flgormated Pytimidine
analog that is converted to S-fluorouracil, which causes RNA ;.
coding and inhibits DNA synthesis. It is. available in t}tg United State;
in oral form only and has been used with amphotericin B for syng.
ism against Candida spp.

l?M'Ill'heg azoles inhibitwﬂ\e cytochrome  Pso-dependent enzyme,
14-alpha reductase, altering fungal cell membranes through accumy,.
tion of abnormal 14-alphamethyl sterols: Ketoconazole comes only fy,
tablet form and is indicated for candidiasis and candiduria. Fluconazgle
and itraconazole are available in oral and parenteral formulations and
are active against Candida spp. except C. krusei, and Fusarium pp.
Itraconazole is active against Aspergillus spp. As mentioned previously,
C. glabrata and C, krusei resistance has been seen with fluconazole, The
tissue concentration of both drugs is influenced by many agents such a5
antacids, H,-antagonists, isoniazid, phenytoin, and phencbarbitol.

Table I: Usual Susceptibilities of Candida Species to Selected Antifungal Agents

Candida spp. Fluconazole ftraconazole Voriconazole (not standardized) Amphotericin B Caspofungln (not standardized)
G, albicans S S S S S :
C. tropicalis ~ § s s s s o
C. parapsilosis 8 S S S StoI(IR)

C. glabrata S-DDto R S-DDtoR Stol Stol [
G krusei R S-DDtoR  Stol Stol S
C. lusitaniae S S S StoR S

1, Intermediate; R, resistant; S, susceptible; $-DD, susceétible—dose dependent (increased MIC may be overcome by higher dosing, such as 12 mg/kg/day fuco-

nazole).

Maedified from Pappas PG, Rex JH, Sobel JD, Eiller SG, Dismukes WE, Walsh T},

161-189, 2004,

Edwards JE: Guidelines for treatment of candidiasis. Clin Infect Dis 38(2):

Table 2: Approximate Antifungal Daily Costs, 2005

Approximate
Antifungal Cost/Dose Usual Adult Dose gzgu'g;? e
Flucanazole 400 mg IV $30 400 mg IV daily $30
Fluconazole 400 mg PO $1 400 mg PO daily $1
Ttraconazole 200 mg PO $17 200 0 i
plene mg PO twice daily $34
Voriconazole 400 mg 1V $195 400 mg 1 i i
g IV twice daily (load) $390
Variconazole 280 mg IV $136 280 mg IV twice daily (mainte- $272
c . , hance)
aspofungin ;g mg g $440 70 mg IV daily (load) $440
-Caspofungin 50.mg $345 50 i
Amphotericin B conven- $26 70 :: :X ::gy (ueatenans) bt
tional 70 mg IV y 526
- Amphotsricin B lipid $292 i
Cbea?) 350 mg IV daily $292
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Candlidemia
mented Candida species in Pre-emptive antifungal Candidurla
(doct OR blood) ('zfevention of positive ndti?igsaig{:n {Candida species
Invasive candidiasls Crheriz o, f an individual sk proffe) -| identified in urine culture)
1‘905“;%108’; dida culture eria: ever;(;%af' C on broad/spactrum
sterile "
rom tarie :5 g. ggdc elither Cingg:é ?opp. colo:l?gactsic'z:?ro 22 siles AND Yy
tension [SBP < - oy 23 minor i .
Ve oot || oMot s | [Py
P tion at a i o
ﬂa-mma 0 Candida-infected site) Malor rigk factors: prolonged antibacterial e oo,
therapy, t{nmunosuppression. neutropenia, urine mictocre
" excessive bums, intestinal perforation,
ajor abdominal surgery, cinthosis or ascites,
TPN, renal replacement therapy
. Minor risk factors: older age, renal
insufficiency, ICU stay > 10 days, bladder :
catheter, Indwalling CVC, DM, candidiasis > 10° colonies with pyruria

v

START EMPIRIC
ANTIFUNGAL THERAPY

Y

>10 WBC or symptomatic

Fluconazole 200 mg PO/IV daily

Risk factors for fluconazole-resistant Candlda spp.

fluconazole-resistant isolate

* History/colonization with C. glabrata, C, krusel or known

* Significant exposure to azole antifungal (e.g., 2 weeks in

x 5 days

*Consider higher dose fluconazole or
amphotericin B bladder irrigation x 35
days for persistent asymptomatic candiduria

the last 90 days)
* Hematologic malignancy (Voricorazole and caspofungin DO NOT
* HIV positive achieve adequate concentrations
I In the urine and should not be used to
Yes No treat candiduria)
Y
Caspofungin 70 mg IV x 1, Hypotensicn (SBP <80 or
then 50 mg IV daily 240 mm Hg decrease from
Hemodynamically baseline in the absence of
labile other causes) despite
adequate fluid resuscitation
No Yes
, Y
Fluconazole 400 mg IV q24hrl Caspofungin 70 mg IV x 1,

then 50 mg IV daily
OR
Lipid amphotericin B 5 mg/kg (V dally

Figure 4 Antifungal therapy for the treatment of infections caused by Candlda specles in adult patients.

Second-generation antifungal triazoles include posaconazole, ra-
vuconazole, and voriconazole. They are active against Candida spp.»
including Auconazole-resistant strains, and Aspergillus spp. For the
latter, voriconazole is emerging as the treatment of choicf.."-”

.. The echinocandins include caspofungin, micafungin, an'd an-
Wulafungin, each of which is approved therapy for candidiasis and
‘andidemia, but third-line treatment for -invasive aspergillosis.
Due to their distinct mechanism of action, disrupting the fungel
¢ell wall by inhibiting p(1,3)-D-glucan synthesls, the echinocan-
dins can theoretically be used in combination with oth.er standprd
atifungal agents, The echinocandins have activity against
Candida spp, and Aspergillus spp., but are not reliably active
2g2insi other fungi, Echinocandin activity is excellent against most
ndidq spp., but moderate against C. parqp{t{asis, C. gmllgr—
Mondi, and (. lusitaniae. Echinocandins exhibit no cross-resis-
ce with azoles or polyenes.”

Invasive fungal ingcct);ons in non-neutropenic ICU pam are

Ueated if histology or cytopathology shaw yeast cells or p ohy-

phae from a needle aspiration or biopsy (excluding mucous mem-
branes), a positive culture obtained aseptically from a normally
sterile and clinically or radiologically abnormal site consistent with
infection {excluding urine, sinuses, and mucous membranes), or
positive percutaneous blood culture in patients with temporally re-
lated clinical signs and symptoms compatible with the relevant
organism,

Neutropenic Patients and Preemptive Therapy

A novel approach in the use of antifungal therapy in patients who
do not exhibit clinical evidence of systemic candidiasis is the con-
cept of preemptive therapy.'s Being more than just semantics,
prophylaxis is defined as treatment triggered by risk stratification
(thus directed at patients with “possible” fungal infection), whereas
preemptive therapy is the early treatment of identified infection,
without clinical signs, detected by the use of surrogate markers or
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|?ana‘ida species identifled

Y
Candida glabrata
(species) [ Candida aibicans Candida krusel | | Candida lusianipg
Candida parapsilosis th OR .
Candida troplcalis other species
Fluconazole MIC Fluconazole MIC Fluconazole MIC
{~6 mg/kg) 18-22 meg/ml 264 mcg/ml
IV q24hr {8-DD) (resistant)
Y Y y
[I_V@ Fluconazele | | Fluconazole Fluconazole 800 mg Caspofungin Caspofungin ID consult
400 mg 400 mg (~12 mgfkg) IV q24h 70mgIVx1, 70mgIVx1 suggested
(~6 mg/kg) | | (~6mghkg) OR then 50 mg IV{ |then 50 mg IV q24hr.
IV q24hr IV q24hr Voriconazole 6 mg/kg IV q24hr OR
q12h x 2 doses, then Voriconazole
4 ma/kg IV q12hr 6 mg/kg IV
qi2hr % 2 doses,
then 4
mg/kg IV qi2hr
y \ 4 Y A 4 \ 4
PO therapy Fluconazole { | Fluconazole Fluconazole 800 mg Voriconazole Voriconazole
400 mg 400 mg (9-12 mg/kg) PO q24hr 200 PO g12hr | {200 mg PO qi2hr
{~6 mg/kg) (~6 mg/kg) OR {only if {only if
PO q24hr PO q24hr Voriconazole 200 mg voriconazole voriconazole MIC
PO qi2hr MIC reported 2 reported
1 mcg/ml) 2 1 meg/mi)

Figure 5 Treatment algorithm when Candida spp. are identified.

non—culture-based methods. The appeal of preemptive therapy
(for patients with “probable” fungal infection) is that it theoreti-
cally combines the best of the evidence for fungal prophylaxis with
the benefits of early treatment, mitigating against the increase in
fungal resistance and recovery of resistant strains, Given that there
is little evidence that prophylactic use of fluconazole confers
benefit in the management of nonfebrile neutropenic patients,
the development of new protocols using frequent surveillance
and screening (instead of therapy) for patients at high risk is
imperative.

Antifungal Prophylaxis in Solid Organ Transplant
Reciplients

Invasive fungal infections remain a frequent complication among
the recipients of solid organs. The risk is greater during the early
post-transplant period, decreasing after six months from the date
of the operation, Liver transplantation carries the highest risk, fol-
lowed by heart and lung. Other risk factors have been identified
including hepatic and renal dysfunction, retransplantation, rejec:
tion, surgical complications, and CMV infections, Fluconazole is
effective for prevention of invasive fungal infections, but without
any reduction in mortality. In liver transplant patients, the number
necessary to treat (NNT) in order to prevent one infection is 14
given an incidence of 10%. Meta-analysis also concluded that fo;
lower-sisk recipients (Le., renal homografi recipients), the b}N’I‘
increases to 28. Prophylaxis should be reserved for those patients
with a higher stratified risk and in settings where fungal complica-

tions are highly prevalent. For those immunosuppressed patients
who have developed a noncandidal systemic fungal infection, pro-
longed suppressive antifungal therapy may be required to prevent
a relapse.

Acquired Immunodeficiency Syndrome and Empiric
Antifungal Therapy

The incidence of invasive candidiasis is low in the acquired immuno-
deficiency syndrome (AIDS), which is surprising considering the 2
most ubiquitous presence of mucocutaneous candidiasis in HIV-
infected patients, This underscores that the host defense mechanisms
required for resistance against mucocutaneous and invasive candidit
sis are different. Therefore, patients who develop AIDS and associt!
Candida infections frequently have additional risk factors, such ¥
parenteral nutrition catheters, broad-spectrum antibiotics, of neutr
penia due to HIV-related lymphoma or cytotoxic therapy. The U 1
empiric fluconazole for these patients is not cost effective, and sho
be discouraged,

Therapy Tailored to Specific Risk Factors and Likely
Offending Organisms

The New York-Presbyterian Hospital, Weill Cornell Medical Cf::
ter has developed algorithms and guidelines for the use °f°-g“mi0‘
gal agents (see Tables 1 and 2, Figures 4 and 5) based on P! cmo“
logical considerations. Table 3 lists the antifungal age™s
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Antifungal Agent

“Jmphotericin B

Amphotericin B liposomal
(less nephrotoxicity)

‘Amphotericin B colloidal dis-
t persion (more infusional)

“Amphotericin B Lipid Com-
plex

%mm@le

Voriconazolc

Buconazole'y . . Clallffaris STEGY Lo
v Tt LG glabtata (85%6-50% resistant/interfpedite)

P

Irzconazole

Caspofungin
.i"lucytosine

Bnia

otrimazole

_ C. albicans

indications

Routes/Dosage

Candida albicans (>95%)

C

< ilabnfta (95%), C. Parapsilosis (>95%)
rt'lser (>95%), C. tropicalis (99%)

C. guillermondi; ¢, lusitaniae

Variable activity: i

bcigel; actvity: Aspergillus spp., ferrous Trichosporon
Fusari.um Spp. Blastomym dermatidis
C. albicans (>95%), C. glabrata (>959%)

C. parapsilosis (>95%), C. krusei

Psil s usei (>95%)
C. rf-optcalts (99%), C. guillermondi, C. lusitanine
Variable activity: Aspergillys '
C. albicans (>95%), C. glabrata (>95%)
C. pargpsilosis (3595 8): GiRrused (>95%)

C. sapical (SO, £ Gl C Tganiae

Variable activity: Aspergifs. .

C. albicans (>95%), C. glabrata (>95%) -

C. parapsilosis (>95%), C. krusei (>95%)

C. tropicalis (39%), C. guillermondi, C. lusitaniae
Variable activity: Aspergillus
Aspergillus, Pusarium spp,, C. albicans (99%)
C. glabrata (99%), C. parapsilosis (99%)

C. tropicalis (9996), C. krusei (99%),

C. guillermondi (>95%)

C. lusitaniae (95%)

:d’" §. 77 "’E’ ’ ‘i"' .";{f'. _":.'i"{.‘"';l }“& .

C. parapsilosis (99%)~"  «
C. troplealis (98%)
C. kyjisei (5%)

- Bunglssatis sgainet Aspéreilius -

Fungicidal to Aspergillus, C. albicans (93%)

C. glabrata (50%), C. parapsilosis (45%),

C. tropicalis (58%), C. krusei (69%),

C. guillermondi, C. lusitaniae

Blastomycoses, histoplasmosis, chromomycosis

C. albicans, C. glabrata, C. parapsilosis, C., tropicalis,

C, krusei, C. gwillermondi, G, lusitaniae
Not effective for C. krusei

C

Effective for C. albicans, C. tropicalis, C. parapsilosis,

C. lusitaniae

- Cialbleans ..

Thrush

IV: 0.5 mg/kg/day over 2—4 hours
Oral: 1 ml oral suspension, swish and swallow
4X daily, times 2 weeks

IV: 3-5 mg/kg/day

IV: 34 mg/kg/day

1V: 5 mgtkg/day

. PO: 200400 mg/daily

1V: 6 mg/kg Q12 X2, then 4 mg/kg IV every
12 hours
PO: >40 kg, 200 mg every 12 hours
<40 kg, 100 mg every 12 hours

“Candidiasis: * S

Prophylaxis (IV or oral): 100400 mg/day

Invasive: 460-800 mg/day

Oropharyngeal: 200 mg day 1, then 100 daily
X 2 weeks '

" IV: Load 200 mg v 2x 'daily x"4 d'c':.ses, .tl;en

200 mg 4X daily maximum 14 days
Oral: 200 mg every daily or 2X daily
Life-threatening: load 600-800/day

X 3-5/days then 460-600 mg/day
IV: 70 mg IV, then 50 mg IV every day

PO: 50150 mg/kg/day divided QID

100,000 units swish and swallow QID
Oral traches 5X daily X 14 days

r—

“mmonly in use in the United States. Several studies have demon-
Sirated that azole antifungals have immunosuppressive activity in
hat imidazoles interfere with neutrophil and lymphocyte ﬁlfr:c-
ion. Ketoconazole has been used to attempt to red.uce thﬁ .e‘;
. Quency of the acute respiratory distress syndrome in hig —ns-

Palients, pogsibly as a thromboxane synthase inhibitor. Itracon
Wle and miconazole are potent in

tico ffect on plasma thromboxane an
Fent commsetions heancl:een ehl;wn in animals and in vi-

Ukotriene concentrations,

™ to sugment the bactericidal acti L
- *Possible role in treating patients with aepsie.

hibitors of 5-lipoxygenase.

vity of neutrophils, suggesting

Fungl as an Epiphenomenon

Recent advances in critical care have produced a selected population
of very ill individuals that in previous years would have succumbed
to their disease processes. Many of these improvements in survival
have preceded (and in some cases paralleled) the explosive growth of
fungal colonization and infection in ICU patients, and the availabil-
ity of antifungal therapy. As antibiotic choice has become more
complex and resistance has developed, 50 too has the complexity of
fungal infections and the expanded multimodality therapy. Whereas
there is little argument that invasive fungal infections are assaciated
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with increased mortality, morbidity, and length of stay (both in the
ICU and hospital), the mortality attributable to these infections re-
mains controversial. More problematic is the fact that, although an-
tifungal prophylaxis is cffective in preventing fungal colonization
and invasive infections, this docs not translate into a difference in
mortality. Data on length of stay are also contradictory, with staunch
supporters for both sides of the debate. Localized fungal infections
and colonization have different natural histories depending on the
severity of illness, but they remain predictors of invasive infection in
very ill patients as defined by higher APACHE scores.

" SUMMARY

Fungal infections are increasingly prevalent among ICU patients.
The most common offending fungi are C. albicans, other Candida
spp., and Aspergillus spp. Therapy should be directed toward
patients’ specific risk factors, but the use of antifungal prophylaxis
is controversial. Empiric antifungal therapy is discouraged in non-
neutropenic patients, as well as the treatment of isolated positive
non-blood cultures.
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Nutrilional support is an integral part of trauma and critical
care management. Its role has undergone a dramatic evolution
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ing of the complex inflammatory and metabolic pathways that ac-
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company surgical stress, The manipulation of this stress responst
and its inherent catabolic reaction is the focus of emerging nutT-
tional therapies.

" MALNUTRITION

Malnutrition may be defined as a state of relative nutrient depr¥®”
tion and metabolic perturbation that compromises host defenses
and increases the risk of complications and death. For Y,n_'arSE
protein-calorie malnutrition has been characterized bY weigh
loss, hypoalbuminemia, decreased skeletal muscle mass feC4°
fat stores, and decreased total lymphocyte counts. In 1936, H!r':";r:
O. Studley first identified preoperative malnutrition s 2 e
operative risk factor in patients with peptic ulcer disease- Hedos
a ten-fold increase in mortality in patients who had Jost over 2 -
of their body weight, and wondered if this might be ":ver-sib]e ‘ﬂ .
a preoperative method for overcoming this deficit. Multiple s-‘-on
ies performed since his time have confirmed that malnﬂlf"’m_
results in poor wound healing, increased infection rates “.“1 Pm!’
longed postoperative ileus with resultant lengthened hospité s
and increased mortality,




