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Fungal periprosthetic joint infections are an uncommon but potentially devastating complication of
arthroplasty surgery. The concurrent presence of a coexistent bacterial pathogenda so called “super-
infection”dadds further complexity. With delays to definitive diagnosis and a large number of pro-
cedures before cure, the associated physical and psychological morbidity is considerable. Beyond this, the
economic and resource burden can be substantial. This case report presents the successful rapid treat-
ment of an atypical bacterial and fungal periprosthetic super-infection with two-stage revision surgery
augmented with a commercially available dissolving calcium sulfate bead system permitting targeted
local antifungal elution. While not the panacea for treatment, these beads provide another potentially
useful tool in the atypical pathogen eradication armamentarium. Much research is still indicated to
define the optimal care pathway for fungal periprosthetic super-infections.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Fungal periprosthetic joint infections (PJIs) are an uncommon
but potentially devastating complication of arthroplasty surgery.
Often difficult to diagnose, genuinely curative outcomes are chal-
lenging to achieve. The concurrent presence of a coexistent bacte-
rial pathogenda so called “super-infection”dadds further
complexity. While immunocompromised hosts represent an at-risk
demographic, the majority of such infections occur in patients
without clear causative susceptibility. Lengthy delays to definitive
diagnosis remain the norm, with most patients undergoing a large
number of surgical procedures before presumptive cure. The
associated physical and psychological patient morbidity is consid-
erable, and the economic and resource burden to hospitals and
health-care networks can be substantial.

Historically, fungal PJIs have been treated with often multiple
debridements and staged component exchange, supplemented by
Vale, South Australia, 5112.
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prolonged courses of antifungals. In practice, the bioavailability and
then penetration of such medications around in situ prostheses is
poor. The use and dosing of many antifungals is also limited by
recognized adverse events, including systemic organ toxicity. Most
are not sufficiently heat stable so as to survive the exothermic
stages of bone cement curing, and topical delivery, such as sprin-
kled dry powder leads to rapid dose dumping phenomena with
little enduring effect.

The presented case deals with a chronic fungal periprosthetic
superinfection around an in situ total knee arthroplasty (TKA),
successfully and rapidly treated with conventional two-stage
revision surgery with systemic antifungal therapy augmented
through the use of a commercially available calcium sulfate dis-
solving bead system permitting targeted antifungal impregnation
and prolonged local elution.

Case history

A 70-year old male was seen initially in the emergency
department of a tertiary arthroplasty center in December of 2018
complaining of severe, sudden-onset, right knee pain and swelling
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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and an inability to bear weight on the affected limb. He had an
ipsilateral TKA and a history of multiple previous treatments for PJI.
He reported subjective fevers and chills for the previous 48 hours. A
single temperature of 38.3�C was captured on admission. His pre-
vious comorbidities included a mild traumatic brain injury, psori-
asis, an occupationally acquired left-sided hearing deficit [1], a
repaired umbilical hernia, and gout affecting only the great toes. He
was not on antibiotics at the time of first review. Clinical assess-
ment revealed a red and swollen, warm-to-touch, right knee with a
well-healedmidline surgical scar. His arc-of-movementwas grossly
limited to 20�(30-50�). His serum lymphocyte count was within
normal limits (1.9 � 109/L).

Screening bloodwork revealed a serumC-reactive protein level of
30.8 mg/dL and a white cell count of 17.3 � 109/L, with both a neu-
trophilia (14.4 � 109/L) and monocytosis (0.98 � 109/L). Plain radio-
graphs demonstrated a stemmed, cruciate-retaining implant with
patella resurfacing and hybrid fixation (Fig. 1), and 3-D metal artifact
reduced computed tomography [2] suggested alignment parameters
within accepted limits. Based on the presenting features and sup-
portive blood results, a presumptive diagnosis of PJI was made.

Supplementary history revealed a primary TKA for osteoar-
thritis (Fig. 2), with a noted 20�preoperative fixed flexion defor-
mity, just over 5.5 years earlier. His recovery period was
complicated by persistent wound ooze and an early return to
theater <6 weeks from the index surgery for an open washout,
with component retention. Specimens collected at the time (early
2013) grew a methicillin-sensitive Staphylococcus aureus
(S. aureus). A second [ie, debridement, antibiotics and implant
retention (DAIR)] procedure was performed 3 months later (mid
2013), and culture specimens were positive for both broadly
sensitive S. aureus and Escherichia coli (E. coli). The patient was
managed with prolonged IV (ceftriaxone) and then oral antibiotic
therapy (cephalexin and ciprofloxacin) under infectious diseases
(ID) specialist guidance before being ceased some 3.5 years later
(ie, late 2016). The patient revealed a sentiment that the knee “had
never been right” and had failed to meet his pain and performance
expectations.
Figure 1. Index TKA. Advantim (W
Despite his complex history and a high index of suspicion for
active joint infection, the patient initially refused to consent to
open surgery (DAIR or staged revision)dagainst strong medical
recommendation and at odds with current international guidelines
for the management of peri-prosthetic infection [3]. Instead, he
sought medical review from the ID specialist who had managed his
care previously and wished to resume suppressive antibiotic ther-
apy. After a 2-day delaydand with worsening serummarkersdthe
patient accepted an arthroscopic washout of his knee with the goal
of basic source containment through reduction of the local infective
burden and solid tissue specimen collection, noting that this is not a
recognized treatment approach with curative intent. Frank pus was
noted within the joint cavity. Collected solid tissue specimens grew
E. coli and Group B Streptococcus. As per the current rendition of the
The MusculoSkeletal Infection Society criteria (2018) [3], correla-
tion of the preoperative workup yielded a score of >6, suggesting
active infection. Thereafter, the patient consented for a planned
two-stage revision TKA. The formal first stage was performed 7
days after initial presentation by an experienced, fellowship trained
arthroplasty surgeon. Intraoperative findings includedmacroscopic
evidence suggestive of chronic infection with frank pus, fibrinous
stranding, and gross inflammatory synovium. A large bony voidwas
noted at the anterior femoral margin, immediately associated with
the anterior flange of the index femoral component. Multiple solid
tissue specimens were collected from both deep soft tissue and
bony origins for routine pathology and microscopy with extended
(14 days) cultures, gram stain, fungal analyses, and metallosis
grading [4]dusing a standardized local sampling convention.
Intraoperative frozen sections were not collected. After specimen
collection and peri-articular debridement, the wound was
sequentially irrigated with 5% aqueous betadine (povidone-iodine)
solution (for 8 minutes) and then 3% hydrogen peroxide, with
interspersed sterile saline lavage. A total of 12 liters of lavage fluid
was used. An articulating, metal-backed, fully cemented cruciate-
retaining implant spacer was used (NexGen; Zimmer Biomet,
Warsaw, IN), using an oversized femoral component and a metal-
backed tibial tray with a long, undersized, tibial stem to facilitate
right medical, Arlington, TN).



Figure 2. Preindex surgery native knee showing tricompartmental osteoarthritis and varus limb alignment.
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a thick eluting cementmantle. Two packets of Copal GþV (Heraeus
Medical; Hanau, Germany) medium-viscosity bone cement were
used. One gram of vancomycin and 1 g of gentamycinwere added to
each packet. A first-stage revision mixing technique was performed
(ie, bowl mixed by hand) to increase the cement porosity to opti-
mize the elution characteristics.

The procedure was otherwise uneventful. A negative pressure
skin dressing was applied for optimized wound care. Early post-
operative radiographs are shown in Figure 3. Using a surgeon-
specific Enhanced Recovery After Surgery protocol and standard
rehabilitation pathway, the patient stood and mobilized
Figure 3. Mobile eluting spacer first-stage revision T
independently the day of surgery and commenced formal, albeit
gentle, physiotherapist-guided range-of-motion (ROM) activities.
No restrictions to weight bearing or active ROM were imposed.

Specimen analysis subsequently confirmed Group B Strepto-
coccus (6 of 6 specimens) and suggested fungal co-infection with
Aspergillus fumigatus (3 of 6 specimens). There were concerns
raised by the treating ID service that the latter result may have
represented an operative field contaminant [5]. Lengthy direct
conversations were had with the patient regarding the finding,
including the ramifications and potential morbidity associatedwith
prolonged IV and oral systemic antifungal therapy [6]. With a
KA. NexGen CR (Zimmer Biomet, Warsaw, IN).
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nearly healed midline surgical wound, the patient elected to un-
dergo a repeat arthroscopic biopsy for confirmatory solid tissue
analysis. Nine such specimens were collected under sterile condi-
tions with 7 of 9 subsequently being deemed positive and con-
firming the underlying concurrent bacterial and fungal PJIs.

A repeat first-stage procedure was performed including removal
of all in situ implant materials and cement mantles, complete open
synovectomy, and wound lavage with sequential betadine and
hydrogen peroxide. New implants were inserted of a similar nature
to the previous procedure, using Copal G þ V cement with 150 mg
of powdered voriconazole per mix, again creating thick, porous
eluting mantles. In addition, 2 packets of dissolving Stimulan
(Biocomposites, Staffordshire, England) calcium sulfate solid bead
mixes with 200 mg of added voriconazole, 1 g of gentamycin, 1 g of
vancomycin, and a third packet of Stimulan as a semi-viscous paste
(with the same additives) were added to the intra-articular and
subfascial spaces and the cavity underlying the anterior femoral
bony defect (Fig. 4). Beads were prepared using the manufacturer-
recommended back-table technique to a “medium” 4.8-mm size.
The wound was closed in layers without the use of a drain. A
routine dressing combination was applied [ie, Hypafix (Essity, BSN
Medical, Inc, Charlotte, NC) strips plus overlay IV 3000 (Smith and
Nephew, London, UK)]. The early postoperative recovery was
uneventful.

At 10 weeks after repeat first-stage procedure, under ID guid-
ance and with normalized blood and clinical parameters, antibiotic
and antifungal therapy was withdrawn. Three weeks later, a repeat
arthroscopic solid tissue biopsy was performed, and specimens
subjected to the same testing regime as previously were collected.
No live pathogens were seen, and no growth was demonstrated on
extended cultures. At 15 weeks after repeat first-stage procedure,
the definitive second-stage operation was performed (Figure 5).
While uncemented in the diaphyseal and metaphyseal zones, the
subarticular zones were cemented using off-the-shelf Copal bone
cement (G&V) with no additional inclusions. By postoperative day
Figure 4. Repeat first-stage revision with polyethylene exchange and the addition of Stimul
arrow) and intrameduallary paste (diamond arrow). NexGen CR (Zimmer Biomet, Warsaw,
45, the patient’s inflammatory markers had returned to within
normal limits (C-reactive protein ¼ 0.68 mg/dL), and his white cell
indices equally remained normal. The patient was seen at 2 and 8
weeks, then 3 and 6 months postoperatively in the hospital
outpatient setting. He had no persistent wound issues, no local or
systemic infective features, his pain was minimal and not requiring
supplemental regular analgesia, and his active ROM was good. He
reported no enduring functional limitations, other than a discom-
fort associated with kneeling directly onto the operative knee
(noting that he had also not been able to achieve this after his index
TKA). He was last seen at the 12 months after second-stage revision
mark, and he continues to do well being actively engaged in his
desired life pursuits and has no pain. Still off antibiotics, he remains
objectively infection free and is very happy with his end result. His
most recent documented active ROM was 5 - 110�. His 1-year
Forgotten Joint Score and Oxford Knee Scores were 75 and 47,
respectively. We will continue to monitor him serially into the
future.

Discussion

Fungal PJIs are a relatively infrequent [7,8], albeit potentially
devastating, complication of joint replacement surgery [9] reported
to account for just 1.45e3.1% of all confirmed infections involving
primary TKAs or THAs [10e12]. The rate has been proposed to be
higher in the re-revision setting. Previous investigations have
suggested that Candida albicans represents the most commonly
encountered periprosthetic fungal infection of the knee (80e88% of
cases) [8,13e15], with non-Candida species PJIs considered rela-
tively rare [9]. While “classic” descriptions have inferred an un-
derlying immunocompromised host requirement, recent review of
the literature did not support this in most cases [16].

Concomitant infection with 2 or more phenotypically diverse
pathogensdwidely referred to as a “super-infection” [5]dis sadly
not an infrequently encountered situation [5,8,17e19]. While
an (Biocomposites, Staffordshire, England) eluting calcium phosphate beads (triangular
IN) implant construct.



Figure 5. Definitive (2nd stage) TKA construct. Uncemented Attune Revision System RP CRS (DePuy Synthes; Raynham, MA, USA).
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polymicrobial bacterial infections are the most prevalent dual-
infection type involving in situ joint replacements, given a lack of
routine formal testing [20]dcomplicated by the organisms them-
selves often being difficult to isolate [5,21]dthe true incidence of
fungal PJIs overlaying a concurrent bacterial infection is likely to be
greater than that conventionally reported. A high index of suspicion
is required such that these important synergistic infective pro-
cesses are not overlooked [16]. While the mean time to onset of
symptoms for a fungal PJI after index surgery is reported to be 27.2
months [9], the average time to definitive diagnosis is a further
7.5e20 months thereafter [13,22]. These infections are recognized
as being difficult to diagnose and treat [8,20,23], with patients
having endured an average of 2.7 operations before definitive
pathogen identification [13,23]. Once diagnosed, there exist no
Table 1
Variconazole medication summary information [39,40].

Voriconazole

Description Broad spectrum antifungal agent
Mechanism of action Inhibits the fungal enzyme 14a-s
Metabolism pathway Metabolized in the liver primaril

roles. The primary metabolite is v
Clearance Primarily dependent on hepatic m
Excretion Most (80%) of the drug is excrete
Volume of distribution 4.6 L/kg
Common adverse events Visual disturbances, nausea & vo
Drug monitoring (serum) Target levels 1.0-5.5 mcg/mL

Trough levels above 6 mcg/mL (a
Trough levels below 1 mcg/mL h

Heat stability Accelerated metabolite degradati
Cautions Metabolism may be altered by co

genetic polymorphisms that affec

a Demonstrated in vitro.
universal guidelines for the targeted management of fungal PJIs
[9,13,20,24,25]. Despite a raft of varied approaches, fungal PJIs are
associated with poorer outcomes [12] vs comparable bacterial in-
fections; clearance (ie, cure) rates are lower [7] with far higher
secondary failure rates [18,23], conversions to resection arthro-
plasties [7,23], amputation rates [17], and associated mortality
[7,16]. When success has been (semi-)consistently achieved, most
previous authors attribute a need for long-term systemic antifungal
therapy [7,9,16], with a mean interstage period of just over 8
months [7]. Contemporary systemic antifungal therapies them-
selves are associated with not insignificant adverse effect profiles
[6] and require diligent monitoringdcourses should be directed by
an experienced ID specialist. While two-stage approaches using
antifungal-impregnated cemented constructs [13,24] appear to
terol demethylase, a critical step in ergosterol biosynthesis.
y by cytochrome P450 (CYP) 2C19, CYP2C9, and CYP3A4 play limited
oriconazole N-oxide, which has no antifungal activity.
etabolism.

d in the urine, exclusively as metabolites.

miting, skin rashes, and elevated liver enzyme levels

nd especially >10 mcg/mL) have been associated with toxicity in several reports.
ave been associated with suboptimal response in several reports.
on >60�Ca

-administration of drugs that metabolically induce or inhibit CYP2C19 or by
t enzyme activity.
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achieve the most predictable results [8,9] and currently exist as the
accepted standard of care [8], intrinsic patient comorbidity burden
[7] and regional variation in fungal isolate isotypes [26] may also
influence endpoint treatment success. Most authors agree that a
DAIR-type procedure is unlikely to be effective in definitively
managing an established fungal infection [8,12,17], and while some
have suggested (strongly) that a one-stage procedure is destined to
fail [8,12], others have reported arguably acceptable successes with
this approach [25,27,28].

Several features regarding our case highlight it as atypical, even
for an uncommonly recognized condition. First, most reported
bacterial and fungal super-infections have been a combination of
fungus and Staphlycoccal species [5]dour patient was diagnosed
with a concurrent Streptococcal infection. Similarly, while Candida
albicans is by far the most commonly encountered fungal PJI [24]d
representing nearing 90% of casesdour patient was infected with
the far less prevalent Trichocomaceae, Aspergillus fumigatus. Thus
we present a relatively unusual bacterial and fungal combination,
to our knowledge, not previously reported in the arthroplasty
literature. Despite intensive investigation, our patient was deemed
globally immunocompetent. While fluconazole and amphotericin
remain the most frequently used antifungals in septic arthroplasty
[9,16,29], emerging evidence suggests that voriconazole may
indeed be a more efficacious option, possibly with an improved
adverse effect profile [23]. On these grounds, voriconazole was
selected as the primary topical and systemic antifungal agent for
this patient and was prepared with measured doses applied to both
the peri-implant cement mantles and as slow-release eluting and
dissolving beads. This likely contributed to the rapid eradication
achieved. While detailed pharmacokinetic and material property
information for voriconazole fall outside the scope of this article,
summary information is included in Table 1.

The described dissolving calcium sulfate delivery matrix system
used has been available in the UK since 1998, the United States
since 2000, the Australian setting since 2005, and in Canada since
2013. Its unique dissolution characteristics permit a more predict-
able and sustained elution of a broad range of powdered antimi-
crobial agents. Unlike direct wound bed sprinkling of dry antibiotics
[25,27,30,31], the dissolving bead system avoids acute and often
systemically overwhelming dose dumping [32] and permits a more
sustained and predictable elution profile [33,34]. Equally, while a
potentially large volume of mixed antibiotic is likely trapped within
the matrix of eluting cement compounds and is not released, as
only the surface elements and superficial antibiotics within direct
contact of the surface through interconnecting porosity are
released. By contrast, through progressive complete dissolution,
the bead system allows sequential release of the entirety of the
mixed additives [34]. Of critical importance in this case, and with
wide potential application in other comparable settings, the
absence of an exothermic reaction associatedwith standard cement
curing permits the calcium sulfate beads to greatly broaden the safe
additive portfolio beyond the limited grouping of conventional heat
stable agents. This system was considered an ideal media for local,
high-dose, sustained voriconazole delivery.

For this patient,we added200mgof voriconazole to each calcium
sulfate bead mix for periarticular application. While this had been
selected on the basis of pathogen sensitivities and its general risk
profile, the dosing regime represented anecdotal experience or
expert opinion. In the absence of an established precedent, we un-
dertook a process of second-daily serum voriconazole level and
hepatorenal function testing for 14postoperative days, then at the4-,
6-, and 12-weekmarks. Serum levels remained below 5.0mcg/mL at
each sampling timepoint. In retrospect, itwouldhaveappeared that a
less rigorous sampling regime may have been appropriate. In the
absence of a strong evidence base, we would suggest that dosing
parameters for voriconazole, including optimal, maximal and mini-
mum inhibitory concentration levels used in eluting calcium sulfate
beads should be considered in future research.

While likely of considerable benefit in the treatment of this
singular, complex patient, dissolving calcium sulfate systems are
equally not without their recognized shortcomings and complica-
tions. While the differing constitutional properties between avail-
able preparations influence elution characteristics, the slow
dissolution of the calcium substrate transiently raises the local
tissue oncotic pressures. The resultant extravascular fluid shift can
often contribute to either deep seroma formation or persistent
wound ooze [34] and potentially sterile sinus formation. These
latter elements carry concerns regarding wound healing and the
counter-productive risk of infection ingress. Less common concerns
regarding heterotrophic ossification [34], and renal or parathyroid
dysfunction secondary to systemic hypercalcaemia [33,34], also
hold case-by-case potential and may warrant dedicated surveil-
lance. Equally, while we report success in the treatment of an
atypical fungal and bacterial super-infection in a single patient
example, others have reported poorer results with these agents in
differing contexts. For example, the earlier work by Flierl et al.
(2017) [33] suggested no benefit through addition of antibiotic-
impregnated calcium sulfate beads in the management of acute
hip and knee PJIs managed through irrigation and debridement
alonewith component retention, citing a high early failure rate. The
authors themselves recognized the small, retrospective nature of
their study and the intrinsically poor success rate of this approach
with washout and implant retention in the setting of PJIda key
consideration rehighlighted in a later systematic review on the
topic [34]. Nonetheless, this highlights that dissolving calcium
sulfate beads may not be a panacea in all infective cases and their
use should be considered contextually on a case-by-case basis.

Our expectations with curative intent for this patient were
derived crudely from the findings of the limited body of published
literature available at the time. While we had hoped for cure in the
order of 6-12 months [13], the patient had been counseled
regarding the potential for a far prolonged treatment course. The
very real possibility of outright treatment failure was also exten-
sively discussed, as were the reported outcomes of amputation [17]
and death [7,16]. The patient was surveyed regularly with great
scrutiny with both clinical and serum monitoring after the first-
stage procedure. While our relatively short curative timeframe of
just 15 weeks between stages was substantially less than most
other reported works [7,13,29], the early article of Hwang et al.
(2012) [35] reported safe second-stage procedures performed on
average just 10 weeks after the previous first-stage, athough this
was in the setting of isolated fungal infection.

Fungal PJIs remain mercifully an uncommon event [24] plagued
with difficulties in timely definitive diagnosis [5,21] and, to date,
limited effective curative treatment options [8,20,23]. From the
limited published body of knowledge, most reported cases present
with pain and local swelling [8], although neither are in any way
specific for fungal infections. Kuiper et al. (2013) [8] suggested that
perhaps radiographic signs of interface loosening may appear and
progress more rapidly in the setting of a fungal vs bacterial PJI, but
their review was small with only 164 total cases includeddonly 8
from their own cohort. Most consistently, authors internationally
suggest that infected joints that have undergone a high previous
number of operations [13,23] and those poorly responsive to bac-
terial pathogen-appropriate treatment [5,26] should be considered
for potential super-infection. In essence, in the absence of a reliable
high-sensitivity and high-specificity, minimally invasive and timely
screening test, and with fungal analysis testing not routine nor
universally available [20], a high index of clinical suspicion [5] may
remain one of the most critical diagnostic elements.
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While the recent publication from South Korea by Lee et al.
(2019) [36] reported spectacular success in the eradication of fungal
infections from around prosthetic hips and knees (16/16) using
echinocandins [15,37], these results have yet to be replicated
elsewhere and require further exploration. Importantly when
considering Lee’s work, these infections did not have concurrent
bacterial coinfection [36], and 9 of 16 (56.3%) patients were treated
with resection arthroplasty. Driven by high contemporary patient
expectations for enduring functional capacity [38], the latter may
not be routinely feasible nor palatable in many Western settings.

Summary

The presented case herein describes the uncommon, but
increasingly encountered, circumstance of a fungally based PJI
super-infection around an in situ TKA. While historically curative
treatment of such infections has been a challengingdand often
unrewardingdendeavor, the successes seen for this patient high-
light a potentially useful and novel treatment approach that may
help other surgeons yield improved results in the management of
this often devastating postoperative condition. The dissolving
calcium sulfate bead or paste delivery system offers a new treat-
ment adjunct for difficult infective cases, including fungal patho-
gens, and may in time prove valuable in improving eradication
rates and safely reducing necessary treatment timeframes. The
possibility of expanding the safe additive inventory beyond the
limited battery of heat stable antibiotics alone certainly has
exciting potential. Further work is clearly required in the appli-
cation of this product to add to the growing body of accepted
scientific knowledge in its use, to reinforce safety profiles and to
better define primary indications for use and best practice appli-
cation methods.
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