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We retrospectively reviewed 30 two-stage revision procedures in 28 patients performed for 
fungal peri-prosthetic joint infection (PJI) after a primary total knee replacement. Patients 
were followed for at least two years or until the infection recurred. The mean follow-up for 
patients who remained free of infection was 4.3 years (2.3 to 6.1). Overall, 17 patients were 
assessed as American Society of Anesthesiologists grade 3 or 4. The surgical protocol 
included removal of the infected implant, vigorous debridement and insertion of an 
articulating cement spacer. This was followed by at least six weeks of antimicrobial 
treatment and delayed reimplantation in all patients. The mean interval between removal of 
the prosthesis and reimplantation was 9.5 weeks (6 to 24). After reimplantation, patients 
took antifungal agents orally for a maximum of six months. Two knees became reinfected at 
one and two months post-operatively, respectively: one of these subsequently required 
arthrodesis because of uncontrolled infection.

Fungal PJIs can be treated successfully by removal of all infected material, appropriate 
antimicrobial treatment and delayed reimplantation.

Peri-prosthetic joint infection (PJI) is one of the
most serious complications of total knee
replacement (TKR).1 Its incidence has
increased in recent years, but fungal PJIs are
rarely reported.2-12 These are generally indo-
lent, associated with impaired host immunity,
and may be indistinguishable from common
bacterial infections. Their diagnosis and treat-
ment are therefore often delayed, which may
prejudice the outcome.

Fungal PJIs pose a number of problems,
both surgically and medically. Although two-
stage reimplantation gives the greatest likeli-
hood of a good outcome in common bacterial
PJI, only selected patients have undergone
reimplantation following fungal PJIs.4,6,8,13,14

The aim of this study was to identify the
clinical features of fungal infection of a TKR
and the outcome of two-stage reimplantation.
We hypothesised that an infected TKR could
be salvaged successfully in most patients by
removal of all the infected components, appro-
priate antimicrobial treatment and interval
reimplantation.

Patients and Methods
After Institutional Review Board approval, we
performed a retrospective study using data col-
lected from the arthroplasty databases in our
four centres, where 25 585 primary TKRs
were undertaken between 2005 and 2009.

These included 30 patients (32 knees) with
fungal PJIs. Of these, two patients (two knees)
were lost to follow-up. Thus, a total of
28 patients (30 knees) were available for clini-
cal and radiological assessment at a minimum
of two years or until infection recurred. Their
mean age at the time of diagnosis was 69 years
(49 to 83). The mean follow-up for 26 patients
(28 knees) who remained free of infection was
4.3 years (2.3 to 6.1).

Deep PJI was confirmed if at least three of
the following criteria were met: 1) a C-reactive
protein level (CRP) > 1 mg/dl; 2) an erythro-
cyte sedimentation rate (ESR) > 30 mm/h; 3) a
positive culture of joint aspirate; 4) the appear-
ance of pus at operation; and 5) a positive
intra-operative culture.15 During the period of
the study, surgeons from each centre obtained
multiple pre-operative and intra-operative cul-
tures for fungi, acid-fast bacilli and bacteria
from the infected knees. The fungi were cul-
tured on Sabouraud dextrose agar and then
incubated for four weeks at 24°C to 25°C.

Two-stage reimplantation consisted of
removal of all prosthetic components, insertion
of a vancomycin-impregnated cement (2 g van-
comycin per 40 g cement) articulating spacer,
and delayed reimplantation. After the first
stage, patients underwent physiotherapy to
encourage passive knee movement and preserve
quadriceps strength. Delayed reimplantation
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was performed when the wound was healthy and the patient
was clinically stable with normal CRP.

Clinical and radiological data of all patients undergoing
joint replacement are collected prospectively by the joint
registries of our institutions. Patients were examined before
surgery and at six weeks, six months and one year after sur-
gery, and yearly thereafter. The Knee Society clinical score
(KSS)16 and Western Ontario and McMaster Universities
Osteoarthritis Index score (WOMAC)17 were obtained. In
order to assess potential immunological comorbidities, an
anaesthetist and physicians at each centre assessed the
patient’s American Society of Anesthesiologists (ASA)18

grade pre-operatively. Patients were subdivided according
to their ASA grade. The low-risk subgroup (ASA grades 1
and 2) included patients who had no comorbidities or who
had a mild illness that did not affect their daily life. The
high-risk subgroup (ASA grades 3 and 4) included patients
who had moderate or severe illness which affected daily
life. Patient satisfaction was assessed by asking ‘Are you
satisfied with the results of your reimplanted prosthesis?’
Response categories consisted of very satisfied, somewhat
satisfied, somewhat dissatisfied, and very dissatisfied. All
patients were also followed up in a telephone survey with
the patients themselves and with their first-degree relatives.
Fluoroscopically assisted anteroposterior (AP) and lateral
radiographs with a skyline view of the patella were
obtained according to the method of the Knee Society to
determine the presence of radiolucent lines (RLLs) at the
bone–cement interface and any osteolysis.19 All data were
collected and analysed by an author (BHH) who was not
involved in any of the index operations.

Results
The mean interval between TKR and the diagnosis of PJI
was 19.6 months (2 to 51). In all, 17 patients belonged to
the high-risk ASA groups. At diagnosis, four patients were
taking systemic corticosteroids, two for rheumatoid arthri-
tis and two for adrenal insufficiency. Two patients had a
past history of fungal arthritis of the knee before their pri-
mary TKR. Their knees had been infected with Candida
albicans and Pichia anomala, respectively, and treated by
arthroscopic debridement and antifungal therapy
18 months and 11 months before TKR, respectively. No
patient had a past history of bacterial infection of the knee.
Laboratory findings and microbiology. At the diagnosis of
PJI, the mean white cell count was 5300 cells/μl (3100 to
9600), ESR 39 mm/h (11 to 102), and CRP 4.3 mg/dl (0.8
to 13.2). Pre-operative analysis of the joint fluid revealed a
mean synovial white cell count of 5072 cells/μl (680 to
14 620), and neutrophils comprised a mean of 65% (16%
to 97%). Laboratory examinations, such as blood or urine
culture, were done to exclude systemic infection and none
was found.

Most fungal PJIs were caused by Candida species
(24 knees, 80%), of which Candida parapsilosis was the
most common (12 knees, 50%). Definitive fungal

organisms were grown from 21 knees following aspiration
and, of these, 17 gave the same result from intra-operative
culture. Coexisting bacteria were isolated in six knees, four
of which initially gave a positive bacterial culture before the
fungal pathogen was isolated four weeks later. Bilateral
fungal PJIs occurred in two patients, both of whom were
ASA grade 3: one had a history of diabetes mellitus, hyper-
tension and an arrhythmia, while the other had a history of
repeated systemic steroid use, diabetes mellitus and angina.
Clinical and radiological features. Most patients had the
symptoms and signs of an infected knee, including swelling,
pain or limitation of movement. Draining sinuses were pre-
sent in seven knees. In three knees, peri-prosthetic RLLs or
osteolysis preceded these signs and symptoms. None had
fever, weight loss, or anorexia; 12 knees showed evidence of
progressive RLLs, extensive osteolysis or loosening of the
prosthetic components.
Surgical and medical treatments. Debridement with reten-
tion of the prosthesis was the initial surgical procedure in
four knees (four patients), but none of these resulted in
resolution of the infection and each patient subsequently
required removal of the components, debridement and
insertion of a cement spacer. Meanwhile, the remaining
26 knees were treated with resection arthroplasty from
the outset. Two knees needed a further debridement and
exchange of the cement spacer because of uncontrolled
infection. All knees were followed by delayed reimplanta-
tion at a mean of 9.5 weeks (6 to 24) after resection
arthroplasty, and intra-operative cultures were negative.

After their initial surgical treatment (resection arthro-
plasty or debridement), patients were treated with at least
six weeks of antifungal agents based on the specific spe-
cies of fungus grown. Amphotericin B was given to
24 patients, followed in three of these by fluconazole. Flu-
conazole was initially given to four patients. After reim-
plantation, oral fluconazole was prescribed for a
maximum of six months, accompanied by regular moni-
toring of liver function. However, six patients developed
adverse events related to their antifungal therapy. The
serum liver enzymes were elevated in two patients, one
patient developed acute renal failure and a further patient
an amphotericin B neuropathy. Significant gastrointesti-
nal disturbance secondary to the use of fluconazole was
seen in the other patients.
Treatment outcomes and recurrent infections. Two knees
had recurrent infection after successful reimplantation: one
had continued drainage from the wound two months post-
operatively and underwent further debridement and long-
term suppressive antimicrobial therapy despite identifying
no infecting organism. The other, from which Staphylococ-
cus epidermidis was grown one month post-operatively,
also underwent further debridement, but eventually
required arthrodesis of the knee because of uncontrolled
infection. Radiological evidence of fusion was seen two
years later. Both knees were free of infection at the most
recent follow-up.
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At follow-up, excluding the two knees with recurrent
infection, the mean KSS pain score was 77 (40 to 95), the
mean KSS function score was 69 (35 to 90), and the mean
WOMAC score was 71 (36 to 91). The mean active non-
weight-bearing range of movement was from 2.5° (0° to 15°)
to 105° (65° to 125°). Most patients performed activities of
daily living well, but three were dependent on another per-
son. Overall, 20 patients (20 knees, 71%) were satisfied with
the revision TKR. There was no radiological evidence of
loosening of the revised prosthesis in any patient.

Discussion
Fungal peri-prosthetic joint infections are rare. In most pre-
vious studies C. albicans has been the principal responsible
organism, but in this study C. parapsilosis was found to be
the principal cause.3,7-9 This incidence may be on the
rise because of the increasing number of TKRs being car-
ried out in patients with diminished host immunity for any
reason.2-4,8,10,12,13,20 The possibility of a fungal infection
should be considered in such patients with evidence of peri-
prosthetic infection or loosening. In this study most patients
had identifiable predisposing factors for such infections.

The onset of symptoms is subtle. Most present weeks to
years after TKR. In our study this mean time was
19.6 months, which is similar to that previously reported.2

Low-grade pain and swelling are the most common fea-
tures, but the only signs may be progressive peri-prosthetic
radiolucency or osteolysis,5 which occurred in three knees
in this study. Sinus tracks may also be present owing to the
indolent nature of the infection. The diagnosis may be
delayed because of difficulty in identifying the organism, or
because the possibility of fungal infection has not been con-
sidered. Laboratory tests could not distinguish these PJIs
from a bacterial infection. These results were consistent
with previous findings.13

In this study, other bacteria were initially isolated in four
knees before fungal pathogens were cultured, which com-
plicated the diagnosis. The clinical presentation was the
same as that of a standard bacterial peri-prosthetic infec-
tion. In cases where symptoms persist with negative aerobic
and anaerobic cultures, diagnosis is dependent on a high
level of clinical suspicion. Multiple specimens are needed
for a wide variety of tests.

The preferred treatment of a PJI caused by common
pathogens is two-stage reimplantation.21 By contrast, vari-
ous treatments have been described for fungal PJIs. The
success of single-stage exchange has only been reported in
one case.11 Although several reports2,7,9,10 have described
the successful treatment of fungal PJI with retention of the
prosthesis, these infections were treated in the acute stage.
When the infection is chronic, most authors prefer to
remove all the infected material according to the guidelines
of the Infectious Diseases Society of America (IDSA).20 Res-
olution of a fungal infection without removal of the pros-
thesis is unlikely, as fungal infection develops mainly as a
chronic condition in an immunocompromised patient.22,23

Azzam et al13 reported that two-stage reimplantation was
the treatment of choice and gave good results in a multicen-
tre study of 31 patients with a fungal PJI. In our study,
although two knees became reinfected, most patients did
well after a two-stage reimplantation, and 20 patients
(20 knees; 71%) were satisfied with their revision. 

The articulating cement spacer allows patients to retain
extensor function and knee movement, and probably
improves the functional outcome. However, there is no con-
sensus about the type and dose of antifungal agents that can
be mixed with cement. Although amphotericin B, which is
heat stable and available in powder form, appears to be an
effective agent, previous studies have shown that it is not
delivered in a sufficiently high local dose when mixed with
cement.24-26 In our study, vancomycin-impregnated cement
was used in all patients.

It is believed that a longer interval between removal of
components and reimplantation is required for fungal infec-
tions. Although this may lessen the risk of recurrent infec-
tion, it also increases the risk of morbidity, including a stiff or
dysfunctional knee. In this study, patients with fungal PJI
underwent delayed reimplantation after a mean of
9.5 weeks. One study of successful reimplantation for fungal
PJI caused by Candida showed that the interval could be
shortened to three months.6 We agree that this is possible, if
eradication of infection can be confirmed by negative repeat
cultures and the inflammatory markers have returned to nor-
mal levels, especially if it has been possible to improve the
patient’s host immunity before reimplantation.

In most previously reported cases, amphotericin B and
fluconazole have been shown to be effective,7,20 although
resistance of Candida species to azole drugs has been
reported.11 There is evidence that oral fluconazole pene-
trates tissues well and has excellent bioavailability.27 How-
ever, the required duration of treatment is unclear. On the
basis of previous reports,10,12 six to 12 months of treatment
appear to be needed. Recent guidelines from the Infectious
Diseases Society of America20 recommend resection arthro-
plasty with a minimum six-week course of an antifungal
agent, which mirrors the recommendation for native joint
infection. Phelan et al8 noted a recurrence rate of 20% after
two-stage reimplantation for the treatment of candidal PJI.
In our study, all except two knees showed no evidence of
residual chronic infection at the time of the most recent
follow-up. These findings suggest that at least six weeks of
antifungal agents are needed before reimplantation, fol-
lowed by oral fluconazole therapy for a maximum of six
months. A multidisciplinary approach involving infectious
disease specialists and clinical pharmacologists is essential
for the selection of appropriate antimicrobial agents and to
reduce the interval to surgery.

Bilateral PJIs caused by any pathogen are very uncom-
mon,28,29 and we found no reports in the literature of fun-
gal PJI involving bilateral TKRs. However, we saw this in
two patients who underwent staged bilateral TKR three
and four years before presentation. Both patients were ASA
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grade 3 and were poorly nourished at the time of operation.
Although their infection did not recur, they had a poor out-
come and were dissatisfied with the procedure.

The main limitations of this study include the inherent
problems associated with a non-randomised, retrospective
study, such as recall bias. The number of patients was also
small, which weakens the power of the data, and it did not
include a susceptibility test for antifungal agent for every
patient. Unfortunately, different techniques of fungal cul-
ture exist with variation in culture media, transport and
volume required. Clinicians should be aware that interpre-
tation may vary with the test being used.30 An understand-
ing of the pharmacokinetic properties and minimal
inhibitory concentrations of antifungal agents is essential
when deciding on the appropriate medical treatment. In our
study, patients were treated with a regimen based on the
species of fungus isolated from culture and the laboratory
results. Our study does not give complete treatment guide-
lines for each type of fungal PJI because of our limited expe-
rience and the short follow-up.

In conclusion, the findings of this study support the
hypothesis that two-stage revision TKR with appropriate
antimicrobial treatment can give good results in most
patients with a fungal PJI. It should be considered in
patients with negative cultures or if host immunity is com-
promised. Obtaining the appropriate cultures and timing of
reimplantation are essential for a successful outcome. Cor-
rection of nutritional and laboratory status should also be
made in order to optimise host immunity before and after
treatment of this group of patients.

Supplementary material
Three tables, detailing i) the clinical and micro-
biological features of the 30 total knee replacements,

ii) the potential immunity-impairing factors in the
28 patients, and iii) the treatment of the 30 knees, are avail-
able with the electronic version of this article on our web-
site www.jbjs.boneandjoint.org.uk

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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