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Management of deep Candida infection in surgical

and intensive care unit patients
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Abstract. Deep Candida infections are increasing in inci-
dence, especially in non-neutropenic, intensive care pa-
tients including neonates. The attributable mortality of
candidaemia and candida peritonitis is 37—38% with a
57% overall mortality. The BSAC set up a working party
to develop recommendations for management in the ab-
sence of controlled trials. These recommendations focus
on the role of the microbiology laboratory, management
strategies, the respective roles of amphotericin B, flucy-
tosine and fluconazole and long-term maintenance thera-
py. The indications for initiation of therapy are given spe-
cial consideration.
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Deep candida infections are common in the hospitalised
patient [1—6] and particularly common in the following
groups: patients in intensive care units, renal and cancer
patients, in those who have had gastrointestinal, pancre-
atic or thoracic surgery [1—6] and in the premature neo-
nate [7—9]. Groups of patients less commonly affected
include those receiving total parenteral nutrition [1, 3] or
with other indwelling central venous catheters for other
reasons [1, 3], patients on chronic ambulatory peritoneal
dialysis (CAPD) [10], neurosurgical patients with
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cerebrospinal fluid shunts and intravenous drug users
[11]. This article will consider only deep Candida infec-
tions in the above patient groups and will not include
CAPD patients, intravenous drug users and patient
groups discussed in previous Working Party reports, in-
cluding those with AIDS [12] and haematological malig-
nancy [13].

The impact of Candida infections is considerable.
Candida was reported to be the fifth most common
nosocomial isolate from blood culture in the USA
(1986 —1990), accounting for from 7 to 22% of such
blood cultures [5—6]. In one series from a tertiary care
institution, candidaemia occurred in 0.5% of all medical
and surgical patients [3]. Candidaemia data from the UK
are lacking. Serious Candida infection includes peritoni-
tis, pneumonia and endophthalmitis as well as can-
didaemia itself. The incidence of all deep Candida infec-
tions in the hospitalised patient population is rising. The
recent EPIC study showed that 17% of all intensive care
unit patients have deep fungal infections, almost exclu-
sively due to Candida [14]; the definition of infection in
this preliminary report was not stated.

In two large series of patients with documented can-
didaemia only 43% of patients survived, 19% died of un-
derlying disease and 38% died as a direct result of can-
didaemia (attributable mortality) [3, 6]. The impact of
Candida peritonitis in surgical patients is hardly less re-
markable with an attributable mortality of 37% [15, 16].

The majority of Candida infections have been caused
by Candida albicans (85—90%) but recent data (from the
USA) suggest a significant shift towards a higher propor-
tion of non-albicans species (37—49%) causing can-
didaemia [1, 3]. If this alteration in the epidemiology of
deep candidosis is seen more widely it would have signifi-
cant bearing on antifungal prophylaxis and therapy. The
vast majority (>98%) [17] of C. albicans isolates are sus-
ceptible to both fluconazole and amphotericin B (Table
1). However, limited data suggest a worse outcome in
patients infected with isolates less susceptible to am-
photericin B [18], as does some other work correlating in-
vivo and in-vitro results [19]. C. (Torulopsis) glabrata is



Table 1. Appropriate antifungal agents for different Candida spp.

Amphotericin B Flucytosine Fluconazole

C. albicans® yes ves yes
C. glabratab yes yes no
C. krusei®® yes yes no
C. lusitaniae® no yes yes
Other Candida species®  yes yes yes

2 Virtually all C. albicans produce germ tubes, a test that takes less
than an hour

b No other Candida spp. produces germ tubes and identification takes
a minimum of 48 h with the best current methods

¢ Many isolates susceptible to itraconazole

rather less susceptible to antifungal agents (Table 1). No
azole should be used for treating this organism because
of both intrinsic resistance and the potential for resis-
tance to emerge [20, 21]. C. parapsilosis may be less sus-
ceptible to Kkilling by amphotericin B [22]. C. krusei is in-
trinsically resistant to fluconazole [23] (Table 1).
C.lusitaniae may be resistant to amphotericin B ab initio
or may develop resistance during therapy [24, 25] (Table
1). The majority of C. lusitaniae isolates are susceptible
to flucytosine and fluconazole. C. fropicalis may have
more potential for invasion [26] but is usually susceptible
to amphotericin B, flucytosine and fluconazole. A num-
ber of other yeasts have also been implicated in
fungaemia and/or meningitis including Rhodotorula
rubra, Saccharomyces cerevisiae, Hansenula anomala
and Mualassezia (Pityrosporum) spp. A precise mycologi-
cal diagnosis of yeast infection with speciation and sus-
ceptibility studies is thus desirable for optimal treatment.

Management strategies

There are five broad approaches to the use of an-
timicrobial therapy which are particularly important to
consider in detail with respect to antifungal therapy.
These approaches are: (1) prophylaxis; (2) pre-emptive
therapy; (3) empirical therapy of suspected deep can-
didosis; (4) treatment of established deep candidosis; (5)
maintenance therapy to prevent relapse.

Prophylaxis is the preventative therapy of a whole
patient population regardless of individual risk factors.
The incidence of various forms of candidosis is suffi-
ciently common in much of the neutropenic patient pop-
ulation to justify prophylaxis and the Working Party has
produced a report on this [26]. However, there are no
such data in the intensive care unit or surgical setting and
the Working Party does not believe prophylaxis is indicat-
ed routinely for all patients in these settings.

Pre-emptive therapy [27, 28] is the treatment of indi-
vidual patients thought to be at high risk of developing
deep candidosis, identified by laboratory or clinical
markers, to prevent the disease. Risk factors include mul-
tiple-antibiotic administration [1, 6], significant renal im-
pairment (e.g. requiring active intervention) [6], central
venous catheterisation [3, 6], candiduria [6], high
APACHE 1I score [3] and serious underlying illness [3],
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each being particularly strong predictors of deep can-
didosis. However, even though clear-cut risk factors for
the development of disease due to Candida have been
identified there are no data to support this approach to
management. It is possible that patients at particularly
high risk (e.g. those with pancreatitis or who have under-
gone gastrointestinal surgery) in whom two or more of
these risk factors have been identified might be candi-
dates for pre-emptive therapy. However, this approach is
essentially experimental as there are no data to indicate
the most appropriate antifungal agent, the effective dos-
age or the duration of treatment. Therefore, at the pre-
sent time we do not recommend this approach.

Empirical therapy is the treatment of patients thought
to have established deep candidosis without confirmation
microbiologically, histologically or serologically. The
clinical presentation of focal or disseminated candidosis
is rarely distinctive and confirmation of the diagnosis of-
ten elusive [3, 5]. Present blood culture systems in many
hospitals, designed for culturing bacteria, are suboptimal
for yeasts. Lung biopsies to diagnose pulmonary can-
didosis are often difficult to achieve for logistic or medi-
cal reasons and the value of serological diagnosis is still
under evaluation especially in the surgical and intensive
care unit patient. Thus for the foreseeable future empiri-
cal therapy will be necessary. There is clearly considerable
overlap between pre-emptive therapy and empirical thera-
py in many cases. The therapeutic regimen selected
should be as described in the treatment section. However,
the following clinical indications for empirical therapy
are relatively clearcut:

1. Clinically unstable or deteriorating premature neonate
(very or extremely low birth weight) with any skin breaks
from which Candida has been grown, or positive urine
microscopy or culture for yeast

2. Candiduria, even if associated with bladder catheter-
isation of heavy colonisation at other sites, in an at-risk
patient defined as above together with deteriorating clini-
cal status.

It may be appropriate to commence empirical an-
tifungal therapy in patients with prosthetic value en-
docarditis likely to be due to Candida but with negative
blood cultures. Confirmation of the diagnosis should be
possible at surgery. Management of toxicity and deciding
the duration of therapy can be difficult in this context if
the diagnosis is not established.

The freatment of established deep candidosis requires
a microbiological and clinical diagnosis. It is not the pri-
mary remit of this article to describe how the diagnosis
of deep candidosis is established. There are however some
principles that the Working Party have used in drawing
up their recommendations for clinical management
which it is necessary to enunciate. The diagnosis of deep
(invasive) candidosis is sufficiently established, to initiate
therapy, by any of the following:

1. a single positive blood culture in an at risk patient

2. isolation of Candida from any sterile site (except urine)
3. positive microscopy for yeast from a sterile specimen
(e.g. CSF, bone biopsy etc.) prior to culture confirmation
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4. histological evidence of yeast or mycelial forms in
tissue from at risk patients.

Candida antigenaemia may be suggestive of disease
but the methods currently available are not yet definitive.
It may be appropriate to commence therapy on the basis
of a positive candida antigen test (particularly in neo-
nates) but we would regard this as empirical therapy rath-
er than the treatment of established disease.

| Antifungal agents

Therapy of deep Candida infection is presently in flux.
There are three established antifungal agents useful for
the treatment of Candida infections — amphotericin B,
flucytosine and fluconazole. There are other agents un-
dergoing ecvaluation which include liposomal am-
photericin B (AmBisome), itraconazole, and lipid com-
plexed amphotericin B (Amphocil) [29-31].
Ketoconazole has been superseded by fluconazole. Sever-
al other potentially useful agents are emerging from the
pharmaceutical industry but most are in only the earliest
phases of clinical evaluation.

Table 2 gives the Working Party’s current views of the
appropriate therapy for deep Candida infections. Re-
sponse rates with amphotericin B are hard to ascertain
but the overall mortality from candidaemia is 55% de-
spite amphotericin B therapy [1, 3, 6]. Underlying dis-
ease, removal of catheters and other factors significantly
alter responses to therapy and thus reports of smail col-
lections of patients have yielded differing results.

Table 2. Treatment of deep candidosis?®

The general lack of toxicity of fluconazole makes it
an attractive alternative to amphotericin B. Intermediate
to good results were reported with fluconazole therapy
early in the drug’s development [32~34]. A recent ran-
domised trial of candidaemia in non-neutropenic adults
has just been concluded [35]. This study, the first ran-
domised study of candidaemia, showed that fluconazole
400 mg daily was equivalent to amphotericin B
0.5-0.6 mg/kg daily. The response rates were 70% and
79% respectively. There is however still some uncertainty
about the optimal dose for fluconazole. For example, 30
surgical/ICU patients with candidaemia treated with
5 mg/kg had a 60% response rate whereas the next 30 pa-
tients in the same unit treated with 10 mg/kg had a 83%
response rate [36]. These data need confirmation else-
where before we can recommend the higher dose routine-
ly and in any case exceed licensed doses in the UK. High-
er doses of fluconazole are however required in patients
undergoing haemofiltration as the drug is rapidly cleared
by this route.

The Working Party recommend that fluconazole is in-
dicated for the following: i) patients with candidaemia or
urinary tract candidosis due to susceptible species; ii) pa-
tients failing amphotericin B and flucytosine and iii) for
those with significant toxicity to amphotericin B or iv)
those who need to continue with oral therapy after intra-
venous amphotericin B therapy.

It is not possible at present to offer definitive state-
ments about the respective role of amphotericin B admin-
istered as a liposomal preparation (AmBisome), a lipid

Disease First line Second line
Candidaemia
Neonates® Amphotericin B { mg/kg Fluconazole 5 mg/kg

+ flucytosine®

Other® » Amphotericin B 0.5 — 0.7 mg/kg

+ flucytosine®

Fluconazole 400 mg

Fluconazole 400 — 800 mg

Candida peritonitis (surgical)
Urinary tract candidiasis

Candida endocarditis 9

Candida suppurative
thrombophlebitis 4
Candida meningitis®

Candida endophthalmitis®

Candida arthritis or
osteomyelitis

Amphotericin B 0.5-0.7 mg/kg
+ flucytosine®
Fiuconazole 200 mg
Amphotericin B 1 mg/kg
+ flucytosine®

Amphotericin B 0.5—0.7 mg/kg
+ flucytosine®

Amphotericin B 1 mg/kg
+ flucytosine®

Intravitreal amphotericin B 5 mg
+ flucytosine®
+amphotericin B 1 mg/kg

Amphotericin B 0.5-0.7 mg/kg
+ flucytosine

Fluconazole 400 mg
Flucytosine
AmBisome® 3 mg/kg

+ flucytosine®
Fluconazole 400 — 800 mg
Fluconazole 400 mg

Fluconazole 400 mg

Fluconazole 400 mg

Fluconazole 400 mg

All doses quoted as total daily dose, for adults in case of fluconazole

3 Some therapeutic options may be poor for particular Candida spp.

b Remove, or change, intravenous catheters [35, 36] or shunts, unless impossible

¢ Flucytosine dose is 75 — 100 mg/kg/d in 2 —4 divided doses with dosage adjustments depending on renal function and/or serum concentrations
d Surgery (valve replacement or removal of affected peripheral vein) essential

¢ Optimal formulation of a lipid associated amphotericin B, and dose, uncertain

f Partial vitrectomy essential for diagnosis and therapy, if sight threatened



complex (ABLC), a colloidal dispersion (Amphocil) or
administered in Intralipid rather than glucose. Animal
model and limited human therapeutic data indicate that
larger doses of amphotericin B can be administered rela-
tively safely using these mixtures of formulations but that
efficacy is reduced by 2—4 fold on a mg to mg basis de-
pending on the fungus and model system [29—31]. Fur-
ther data are necessary before any of these preparations
can be recommended for first line use for Candida infec-
tions. The mortality of established deep candidosis is
such that the benefit of reducing toxicity (which is usual-
ly preventable and/or reversible) must be carefully weigh-
ed against possible loss of activity (as the minimum and
optimal dose is not established).

The use of flucytosine requires facilities for monitor-
ing serum concentrations [17]. The optimal and mini-
mum serum concentrations of flucytosine for efficacy are
not known but haematological toxicity is reduced if con-
centrations are maintained under 100 mg/l. Toxicity is
more likely after 2 weeks of combined amphotericin B
and flucytosine therapy, because of amphotericin B
nephrotoxicity. There is much anecdotal evidence sup-
porting the use of flucytosine in combination with am-
photericin B, but no conclusive proof of benefit. The
Working Party feel that the following are appropriate in-
dications for the addition of flucytosine to amphotericin
B i) when endophthalmitis, endocarditis, suppurative
thrombophlebitis or meningitis is present; ii) in neonates
(because of the 45% incidence of meningitis); iii) in C.
glabrata or C. lusitaniae infections; iv) the patient is ex-
tremely ill. If the organism is later found to be resistant
to flucytosine the drug should be discontinued. Little da-
ta is published on the combination of fluconazole and
flucytosine.

Specific manifestations of deep candidosis

Some specific comments on the therapy of particular

manifestations of deep candida infection follow.

Neonatal candidaemia

Neonates appear to tolerate amphotericin B and
flucytosine well although the monitoring of flucytosine
concentrations should be commenced within 48 h of initi-
ating therapy and carried out 2—3 times a week.
Flucytosine should be administered twice daily initially.
The use of flucytosine is appropriate in all cases because
of the high incidence of meningitis [7—9]. Complications
besides meningitis include renal outflow obstruction,
osteomyelitis or . arthritis, cutaneous abscesses and
mycocarditis/endocarditis. With appropriate therapy the
mortality rate in neonates is lower than in adults, approx-
imately 10%.

Candidaemia in adults

All patients with candidaemia require therapy, given that
there is an attributable mortality of 38% [3, 6]. Therapy
should be started immediately without waiting for confir-
mation from further cultures. Transient candidaemia is
now no longer regarded as a useful clinical classification.
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There are however some patients who are ambulant and
essentially well with candidaemia and others who are des-
perately ill. The intensity and duration of therapy will dif-
fer between these two groups but all patients should be
commenced initially on amphotericin B or fluconazole
depending in part on the infecting species. Very ill pa-
tients should also receive flucytosine with amphotericin B
initially. If patients do not improve with amphotericin B
alone, flucytosine should be added or therapy changed to
fluconazole. If the response is rapid or the patient was
only mildly ill on the initiation of therapy a switch from
amphotericin B to fluconazole may be appropriate within
7—14 days. If amphotericin B is continued it should be
given for at least four weeks to a total dose exceeding 1 g.
Patients not responding to fluconazole often respond to
amphotericin B or AmBisome,

A considerable amount of data support the need to
remove or change intravenous catheters in candidosis [35,
38, 39]. Patients with persistent candidaemia despite 5
days of therapy should certainly have their venous cathe-
ters removed. Use of a guide wire to replace catheters re-
sults in immediate infection of the new catheter with the
same organism.

Candida peritonitis or wound drainage
in surgical patients

Candida peritonitis following extensive abdominal sur-
gery can be insidious in onset and associated with bacte-
rial peritonitis or positive bacterial cultures in wound
drainage. Therapy is appropriate in those with positive
cultures for candida from a deep collection or as a heavy
growth from a drain with clinical features of sepsis. A
combination of peritoneal lavage without resorting to
another laparotomy (for which there is little supportive
data) and amphotericin B with or without flucytosine is
appropriate.

Urinary tract candidosis

Urinary tract candidosis implies candiduria and the pas-
sage of fungal balls in the urine, radiological evidence of
outflow obstruction with fungal balls, a parenchymal ab-
scess or other histological evidence of renal tract involve-
ment. Many fungi may produce a similar clinical picture,
only some of which are susceptible to fluconazole. The
penetration of amphotericin B into the urine is poor and
the likelihood of development of resistance to flucytosine
if used alone is considerable. Thus fluconazole represents
an appropriate first-line therapy if the causative species is
susceptible even though this has not been shown in con-
trolled trials. Fluconazole will not sterilise the urinary
tract if the same catheter remains in place. Obstructive
nephropathy with fungal balls in the pelvis and kidney
may require surgical exploration and their removal.
Urinary catheters and nephrostomy tubes should be
changed.

Patients with persistent candiduria related to abnor-
mal urinary tracts and long-term indwelling urinary cath-
eters may respond to amphotericin B bladder washouts
and catheter change [40]. If used, amphotericin B 5 to
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10 mg with an intravesical dwell time of 2 h is appropriate
once or twice a day for no longer than 2 days.

Candida endocarditis

Candida endocarditis [41, 42] is seen most commonly in
the context of prosthetic valve endocarditis but may occa-
sionally occur as a complication of candidaemia in the
intensive care unit, in heroin addicts and in a few other
settings. On native valves, large vegetations are usually
seen or the patient may present with a large vessel em-
bolus in which pseudohyphae may be seen histologically
or Candida cultured. Patients with prosthetic valve en-
docarditis may have normal echocardiograms. All pa-
tients (except neonates [9]) with candida endocarditis re-
quire valve replacement [41—44]. Amphotericin B
1 mg/kg with flucytosine is appropriate medical therapy
as the penetration of amphotericin B into vegetations is
poor. It is not known if the timing of surgery is important
in response. Alternative therapies include AmBisome
with flucytosine or large doses of fluconazole (e.g.
10 mg/kg). There are very few data on the efficacy of
these latter treatments. Relapse may occur many months
after apparently successful therapy [44, 45].

Candida suppurative thrombophlebitis

In a peripheral site this requires resection of the vein or
artery in addition to the therapy as administered for can-
didaemia [46]. If the central veins are involved resection
is clearly not possible and large doses of amphotericin B
and flucytosine for long periods of time are likely to be
needed to eradicate the infection.

Candida meningitis

Candida meningitis [47] usually occurs in immunocom-
promised patients following candidaemia or in the con-
text of neurosurgical procedures following ventriculo-
peritoneal shunt placement. Amphotericin B with flucy-
tosine is appropriate in very ill patients with Candida
meningitis. Penetration of amphotericin B into cerebro-
spinal fluid is poor (less than 10%) and flucytosine is
therefore helpful. In mildly ill patients with neurosurgical
shunt infections the removal or replacement of the shunt
is critical and fluconazole therapy may be as efficacious
as amphotericin B and flucytosine in this setting. The use
of intraventricular amphotericin B given via shunts or
Ommaya reservoirs has little to recommend it as the dis-
tribution of amphotericin B given this way is limited.

Candida endophthalmitis

Candida endophthalmitis is a common complication of
candidaemia (9—22%) [48, 49]. It occurs with all species
of Candida and may not be manifest until several days or
weeks after treatment has commenced. Any ocular symp-
toms should be taken seriously in these patients and in all
patients the pupils should be dilated and the fundi exam-
ined for the presence or absence of retinal lesions. Large,
progressive or symptomatic lesions will usually require a
partial vitrectomy and intravitreal dosing of am-
photericin B. Patients also require systemic amphotericin

B in high doses, with flucytosine, as the penetration of
amphotericin B into the vitreous is not good. Subcon-
junctival amphotericin B probably contributes little and
is unnecessary. Fluconazole may be an alternative therapy
because of the good penetration of the vitreous but there
are very few clinical data to support its use.

Candida arthritis

This may occur as a complication of candidaemia partic-
ularly in IV drug abusers or in the context of prosthetic
joint replacements. The contribution of intra-articular
amphotericin B is probably small but has not been rigor-
ously examined. In patients with infected non-prosthetic
joints systemic amphotericin B initially without
flucytosine is appropriate. Flucytosine should be added
if improvement is not obtained within 5—7 days, or
fluconazole substituted. In patients with prosthetic
joints, replacement of the joint together with the removal
of all existing cement and necrotic bone tissue should be
undertaken. This is often very difficult to achieve and
long-term suppressive therapy may be an alternative,
especially elderly.

Candida osteomyelitis

Candida osteomyelitis is generally a late complication of
candidaemia presenting weeks after discharge from hos-
pital. The vertebral column is most often affected al-
though sternal osteomyelitis after cardiac surgery has
been reported. Debridement of necrotic bone and bone
grafting at the same procedure if necessary for stability if
extensive vertebral destruction is present. Systemic am-
photericin B with or without flucytosine (as used for ar-
thritis) is appropriate therapy, with fluconazole a useful
alternative.

Duration of therapy

The duration of therapy for all forms of deep candidosis
is uncertain. A larger total dose and longer duration of
amphotericin B therapy are associated with lower mortal-
ity [3]. Rarely should therapy be for less than 4 weeks and
in very ill patients it should be for longer (e.g. 8—10
weeks). The intensity of dosing as shown on Table 1 can
often be moderated after the first 2 weeks of therapy.
Maintenance therapy is only indicated occasionally
for patients with serious candidal disease who are not im-
munocompromised. In almost all circumstances this re-
lates to the persistent presence of foreign material infect-
ed with Candida which cannot be removed. Examples in-
clude Porto-cath devices, vascular grafts, artificial joints,
ventriculoperitoneal shunts, etc. In general, it is desirable
to remove foreign material as it is extremely difficult to
eradicate candida infections without so doing but there
are occasionally extenuating clinical circumstances which
prohibit this course of action. In these circumstances life-
long therapy with antifungal agents may be appropriate.
At present, the only agent appropriate for this use given
its low toxicity and oral bioavailability is fluconazole.
There are no data available as to dose but 100—200 mg



daily is probably appropriate. If the organism involved is
resistant to fluconazole (C. krusei or C. glabrata) inter-
mittent amphotericin B with or without flucytosine is one
choice; ketoconazole or itraconazole 400 mg/day may be
useful depending on susceptibility testing [17]. No choice
is ideal because of the requirement for monitoring for
toxicity or serum concentrations and, in the case of am-
photericin B, problems of cumulative toxicity and those
associated with intravenous access including bacteraemia.
There are insufficient data to support the use of itra-
conazole for deep Candida infections even though it is ef-
fective for mucosal candidosis. In circumstances where
currently available oral therapy is inadequate, early con-
sideration of experimental therapy is appropriate. Isolates
obtained from patients should also be monitored for the
development of resistance [17].

Prevention

In the surgical and intensive care unit setting limited data
suggest that modification of two aspects of care might re-
duce the incidence of serious candidal infection. The
number of antibiotic classes prescribed increases the risk
of candidaemia [3, 6]. Thus reducing antibiotic prescrip-
tions and more closely targeted therapy would probably
have some impact on reducing candidaemia. It is not
known if the duration of antibiotic therapy is important
although this appears likely. In practice therefore a judi-
cious approach to antibiotic prescribing in these patients
is appropriate.

The other factor likely to reduce candida infections is
good compliance with infection control practices to
reduce hospital staff transmission of Candida. Much
careful epidemiological work using DNA typing for
strain delineation has shown cross infection among pa-
tients and frequent hand carriage of Candida by nursing,
medical and other staff. Compliance with handwashing is
often poor. Several outbreaks in surgical patients or in
hospital ward settings have been described, in some cases
with resistant isolates.

Conclusion

Life threatening, deep Candida infections are increased in
frequency and importance. The mortality remains high.
Inadequate data exist concerning the most appropriate
management strategies, the antifungal agent of choice,
the dose of that antifungal agent and the merit or other-
wise of combination and/or sequential therapy. More an-
tifungal agents will be marketed in the next decade gener-
ating additional uncertainty as to their place in clinical
management. Multicentre trial work is essential to ad-
dress these questions.
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