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Abstract

Cobalt-induced cardiomyopathy is a well-known but uncommon disease, and the physician must maintain a high index of
suspicion in order to make a timely diagnosis. We report two patients with cobalt-induced cardiomyopathy. Both patients
developed progressively worsening symptoms of cobalt toxicity following revision of a fractured ceramic-on-ceramic total
hip replacement to a metal-on-polyethylene bearing. In both patients, echocardiography showed LV hypertrophy, biventricu-
lar systolic dysfunction, and a large amount of pericardial effusion. Due to decompensated heart failure, both patients were
initially considered candidates for heart transplantation. One patient was diagnosed with cobalt-induced cardiomyopathy
before transplantation. He received cobalt chelation therapy and revision surgery, which led to complete recovery of heart
function. In the other patient, the diagnosis was not made until the time of heart transplantation. The gross examination of
the explanted heart revealed typical features of cobalt cardiotoxicity, which was then diagnosed as cobalt-induced cardio-

myopathy. These cases emphasise the importance of early diagnosis and prompt treatment of cobalt intoxication.
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Introduction

Cobalt cardiotoxicity has been recently described in patients
who have undergone hip replacement and experienced pros-
thesis-mediated intoxication [1-4]. Metallic degradation of
joint arthroplasties can release alloys (e.g. cobalt, chromium,
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titanium, and aluminium) into the bloodstream. In excess,
cobalt blocks cellular metabolism and can damage multiple
organs. Several case reports have been presented attributing
a wide range of symptoms to elevated cobalt concentrations.
Most reported symptoms are either neurological, cardiologi-
cal, or endocrinological [4-10]. Many cases occur after off-
label replacement of broken ceramic hips by metal parts
[2, 11, 12]. Retained ceramic microparticles are believed to
cause wear on the metal parts, resulting in metallosis [13].

Previous case reports noted that heart failure can improve
after cobalt toxicity from an orthopaedic prosthesis is iden-
tified and the source is removed [2]. The present report
describes rare cases of two patients who developed severe
cardiomyopathy and advanced heart failure after revision
total hip replacement for fracture of a ceramic liner. One
patient subsequently experienced complete cardiac recov-
ery after early diagnosis and prompt management; the other
patient underwent heart transplantation due to delayed
diagnosis. We present a comprehensive workup regarding
the diagnosis of cobalt-induced cardiomyopathy, including
echocardiography, magnetic resonance imaging, pericardial
fluid analysis, and pathologic features.
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Case Reports
Case 1

In January 2016, a 52-year-old man was referred to our
cardiology centre for advanced heart failure management.
His past medical history was positive for hypertension
treated with amlodipine 5 mg daily. An alcoholic, he had
a history of osteonecrosis of the femoral head, for which
he underwent bilateral total hip replacement. In 2002, he
underwent left total hip arthroplasty with a ceramic head-
on-polyethylene liner implant, followed by right total hip
arthroplasty with a ceramic-on-ceramic bearing joint in
2005. In August 2014, the ceramic inner socket liner for
the left hip prosthesis fractured and was replaced with a
new bearing surface comprising a cobalt—chromium alloy
head and a polyethylene liner. At that time, a preoperative
echocardiogram revealed normal biventricular systolic
function with an estimated left ventricular ejection frac-
tion (LVEF) of 65%. Left ventricular (LV) thickness was
normal (posterior wall thickness in diastole [LVPWd],
1.0 cm). After revision surgery, he showed improvement
initially but developed progressive hip pain with activity
after a few months. Numbness and pain in the left hip
were gradually exacerbated. One year after revision sur-
gery (September 2015), the patient reported dyspnoea on
exertion, progressive inefficiency, and fatigue. Neurologi-
cally, he had painful dysesthesia and paraesthesia distal
to the left hip, proximal dominant muscle weakness, and
bilateral sensorineural hearing loss. He particularly com-
plained of orthopnea requiring urgent admission via the
emergency room. An echocardiogram 15 months after
revision surgery revealed moderate concentric LV thick-
ening (1.2 cm) with moderately reduced systolic function
(LVEF, 44%). Right ventricular (RV) systolic function was
preserved with mild tricuspid regurgitation. There was a
large amount of pericardial effusion, measuring 26 mm in
thickness anteriorly and 12 mm posteriorly, without any
sign of cardiac tamponade. The patient initially was con-
sidered to have idiopathic dilated cardiomyopathy. He was
treated with intravenous diuretics, with improvement of
symptoms, and discharged with treatment with an angio-
tensin-converting enzyme (ACE) inhibitor, a beta-blocker,
digitalis, and diuretics. Attempts to add neurohormonal
therapy were limited by elevated creatinine level and
recurrent decompensation. LVEF decreased substantially
to 32% within the following 2 months. Follow-up tran-
sthoracic echocardiography revealed continued decrease
in LVEF with thickened LV wall and serial increases in
left atrial and LV dimensions (Table 1). Cardiac magnetic
resonance imaging showed biventricular dysfunction and
delayed contrast imaging showed no delayed enhancement

Table 1 Serial change in echocardiographic parameters in cobalt-induced cardiomyopathy
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1VSd interventricular septal thickness at end-diastole, LVPWd left ventricular posterior wall thickness at end-diastole, LVIDd left ventricular internal dimension at end-diastole, /VSs interven-

tricular septal thickness at end-systole, LVPWs left ventricular posterior wall thickness at end-systole, LVIDs left ventricular internal dimension at end-systole, LVEF left ventricular ejection

fraction, LA left atrium, E mitral peak early diastolic filling velocity, £’ mitral annulus early diastolic motion, MR mitral regurgitation, 7R tricuspid regurgitation
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lesion. A T2-weighted image showed no definite abnormal
signal intensity lesion. One month prior to admission to
our centre, the patient needed inotropic support with dobu-
tamine due to hemodynamic instability. He was transferred
to our centre for advanced heart failure management.

At admission to our hospital, electrocardiography showed
sinus tachycardia (104 bpm) with poor R-wave progression.
Accounting for LV mass (334 g), a relatively low voltage
was observed. Chest radiography showed globular enlarge-
ment of the cardiac shadow (cardiothoracic ratio, 73%),
resulting in a water bottle configuration, hazy hilar enlarge-
ment, and bilateral pleural effusion. Echocardiography
showed symmetrical increases in LV and RV wall thick-
ness (LVPWd, 13 mm) with severe biatrial enlargement.
The LV was not dilated, but systolic function was severely
decreased (LVEF, 13%). The estimated pulmonary artery
systolic pressure was 25 mm Hg plus right atrial pressure
(estimated at 15-20 mm Hg based on the appearance of the
inferior vena cava). There was a moderate amount of peri-
cardial effusion without any signs of hemodynamic signifi-
cance. No evidence of myocardial ischaemia was detected
by electrocardiogram, cardiac enzymes, or echocardiogram.
Laboratory data showed polycythemia (haemoglobin level,
18.3 g/dL), mild elevation of C-reactive protein (1.8 mg/dL),
hyponatraemia (118 mmol/L), hyperkalemia (5.5 mmol/L),
azotemia (1.3 mg/dL), and liver function test abnormali-
ties suggesting passive hepatic congestion (aspartate ami-
notransferase, 251 U/L; alanine aminotransferase, 232 U/L;
alkaline phosphatase, 76 U/L; and total bilirubin, 2.3 mg/
dL). B-type natriuretic peptide was elevated to 1686 pg/mL.
The troponin I level was normal (0.373 pg/L), and creatine
kinase—muscle/brain (CK-MB) was slightly elevated (9.9 ng/
mL). An audiogram showed high-frequency hearing loss.

Initially, the causative role of the mentioned disorders
was ignored, and the patient was suspected of having AL-
type cardiac amyloidosis or autoimmune disease because
of rapidly progressive heart failure, relatively low voltage
on the electrocardiogram, concentric LV thickening, bia-
trial enlargement, and pericardial effusion. However, the
results of the following tests were normal or negative: thy-
roid function test, autoantibodies, and serum and urine free
light chain. In the absence of amyloidosis, the only other
pattern that would be consistent with his condition was dif-
fuse, fulminant myocarditis of toxic origin lacking clinical
evidence of an infectious origin. During workup, the patient
presented with progressive left hip pain and complaint of
discomfort from a mass on the left groin. A simple radio-
graph (Fig. 1), an enhanced computed tomography (CT)
study, and orthopaedic consultation were performed. The
image finding showed a huge mass combined with a haem-
orrhagic component lining the acetabular area extending to
the psoas compartment. The mass was highly suspected to
be a metal-related granuloma, indicating severe metallosis.
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Fig. 1 Anteroposterior pelvis radiograph demonstrating radiodense
area around the hip joint extended intrapelvic cavity

The cobalt level in aspirated fluid was 397,800 ug/L, and
the chrome level was 236,000 pg/L. Additional workup was
initiated, and in a heavy metals screening, the cobalt level
in serum was 489.5 pg/L (normal range, 0-3.9 pg/L) and
the chrome level was 84.2 pg/L (normal range, 0-3.0 pg/L).
Cobalt-induced cardiomyopathy was suspected based on the
clinical, laboratory, and imaging features. The patient had
been considered ineligible for prosthesis removal surgery
due to high operative cardiac risk, and from the time of the
diagnosis of cobalt-induced cardiomyopathy to the removal
of the prosthesis (68 days), therapy with a chelating agent
(ethylene diamine tetraacetic acid [EDTA]) was administered
at regular intervals of about 7 days. The cobalt level follow-
ing the first EDTA administration decreased to 393 ug/L,
but the patient was inotrope-dependent for 2 months, with a
profoundly depressed LV function. Four months after admis-
sion, the patient became hemodynamically stable, but his
cobalt level was 223.5 pg/L, which was significantly higher
than the normal range. Since his vital signs were stable on
low-dose inotropes (dopamine, 0.5 ug/kg/min) and echocar-
diography showed slightly improved LV systolic function
(LVEF, 35%), he underwent a second revision surgery to
remove the prosthesis and metallosis. During surgery, a mas-
sive metallosis and debris of the metal femoral head were
found due to the visible presence of ceramic debris particles
left over from the first revision surgery (Fig. 2). The black
tissue was thoroughly removed, and the operative field was
carefully cleaned. Exchange arthroplasty was performed
with a new ceramic-on-ceramic bearing prosthesis, and the
soft tissues contaminated with metal debris were removed
as completely as possible. The patient tolerated the surgery
without complications, and his postoperative period was
without incident. Dobutamine and furosemide were discon-
tinued. Shortly after hip replacement, the patient’s plasma
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Fig. 2 Intraoperative finding showing dark staining of the surround-
ing soft tissue around the greater trochanter consistent with metallosis

cobalt and chromium concentrations decreased further to
111.0 and 34.5 pg/L, respectively, but not enough to allow
chelation therapy to be stopped. This finding suggested that
residual metallosis remained in the muscle and joint space

Fig.3 An echocardiography
obtained 1 month after revision
surgery of patient 1. Parasternal
long and short axis view show-
ing complete recovery of left
ventricular (LV) systolic func-
tion (LV ejection fraction, 58%)
and regressed LV hypertrophy

after surgical debridement. Therefore, chelation therapy was
maintained for 3 months after surgery, at which time the
cobalt level was decreased to 30.17 pug/L. A repeat echocar-
diogram obtained 1 month after revision surgery showed
normal systolic function of the LV (LVEF, 58%). LV hyper-
trophy regressed, as evidenced by a 24.9% decrease in LV
mass index and a 15.4% reduction of relative wall thick-
ness. RV function was normalised. There was small amount
of pericardial effusion, and the inferior vena cava was not
dilated with normal inspiratory collapse (Fig. 3). At a recent
follow-up, the patient was stable, with no signs of local or
systemic effects of cobalt. His neurological symptoms were
improved, allowing him to walk without assistance.

Case 2

In April 2017, a 46-year-old man presented at the emergency
department of our institution with New York Heart Associa-
tion (NYHA) functional class 3 dyspnoea and orthopnea.
He had essential hypertension and chronic kidney disease
stage 3a (glomerular filtration rate, 30 mL/min/1.73 m?),
which had been diagnosed a year previously. He also had
a history of osteonecrosis of the femoral head, for which
he underwent bilateral total hip arthroplasty. In 2003, the
patient underwent left total hip arthroplasty with a ceramic
head-on-ceramic liner implant, followed by right total hip
arthroplasty with a ceramic-on-ceramic bearing joint in
2004. In 2008, the ceramic head for the right hip prosthesis
fractured and was replaced with a new bearing surface com-
prising a ceramic-on-metal prosthesis. During surgery, right
ceramic head fracture and local metallosis were found. Four
years later, in 2012, the right ceramic head was fractured
again while he was playing soccer. The patient underwent a
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second revision surgery. Multiple fractured particles of the
ceramic head were observed on the medial surface of the
fractured head. During the second revision surgery, the frac-
tured ceramic head and the polyethylene liner were replaced
with a 32-mm cobalt—chromium medium neck and a pol-
yethylene liner. The surgical wound was repeatedly thor-
oughly cleaned. Six years after the second revision surgery,
he developed sudden dyspnoea (NYHA functional class 3).

At admission, electrocardiography showed a sinus tachy-
cardia (102 bpm). Chest radiography showed cardiomegaly
(cardiothoracic ratio, 66%), hazy hilar enlargement, and
bilateral pleural effusion. Echocardiography showed sym-
metrical increases in LV and RV wall thickness (LVPWd,
13 mm) with biatrial enlargement. The LV was not dilated,
but systolic function was severely decreased (LVEF, 24%).
There was a moderate amount of pericardial effusion with
hemodynamic significance (Fig. 4). Laboratory data were
normal except for azotemia (2.9 mg/dL) and B-type natriu-
retic peptide (> 5000 pg/mL; normal value < 100 pg/mL).
The troponin I level was normal (0.406 ug/L), and CK-MB
was slightly elevated (17.6 ng/mL).

Initially, the patient was suspected of having an infiltra-
tive cardiomyopathy, such as cardiac amyloidosis. However,
the results of the following tests were normal or negative:
thyroid function test, autoantibodies, and serum and urine
free light chain. At that time, there was no clinical suspi-
cion of cobalt-induced cardiomyopathy, and endomyocardial
biopsy results showed nonspecific myocardial degeneration
and fibrosis, and negative Congo-red stain. There was no
inducible ischaemia on thallium single-photon emission
computed tomography.

The patient was treated with diuretics with improve-
ment of his symptoms and discharged with a beta-blocker,
digitalis, and diuretics. ACE inhibitors were not prescribed
due to unstable kidney function. Despite medical therapy,
the patient repeatedly decompensated within the following
7 months. In September 2017, he visited the emergency
department again for acute severe resting dyspnoea. Car-
diac tamponade was diagnosed based on clinical and typi-
cal echocardiographic findings, and pericardiocentesis was

Fig.4 An echocardiography of
patient 2 at initial presentation.
Parasternal long and short axis
showing severe left ventricle
(LV) dysfunction with thickened
LV wall. Note large amount of
pericardial effusion
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performed, yielding 700 mL of serous fluid. Laboratory
tests of the fluid showed 89 mg/dL glucose, 4.9 g/dL total
protein, 652 IU/L lactate dehydrogenase, and 20.9 TU/L
adenosine deaminase. Bacterial culture of the fluid showed
no bacterial infection. Cytologic examination of the fluid
showed no malignant cells, a red blood cell count of 800/
mm?, and a white blood cell count of 744/mm?>, with 61%
polymorphonuclear leukocytes and 31% histiocytes. He was
listed for combined heart and kidney transplantation for
advanced heart and renal failure. His multiorgan failure sub-
sequently progressed rapidly to include acute kidney injury,
and 12 days before transplantation, he required continuous
renal replacement therapy for fluid balance and metabolic
control. Despite the administration of multiple high-dose
inotropes, severe hemodynamic instability required venoar-
terial extracorporeal membrane oxygenation support on the
day before transplantation. Refractory cardiogenic shock and
acute kidney injury on chronic renal failure were the indica-
tions for combined heart and kidney transplantation. Kid-
ney and heart donor grafts were available from a deceased
44-year-old woman who was ABO compatible. The postop-
erative course was uneventful. The gross examination of the
explanted heart revealed a slightly increased heart weight
(370 g) considering his small body stature. The LV was
dilated, and the wall measured up to 2.1 cm in thickness. The
RV wall and septum measured 1.2 and 1.8 cm in thickness,
respectively. Microscopically, there were increased lipofus-
cin pigments and myocyte vacuolisation (Fig. 5). These were
not specific findings but one of finding of cobalt-induced
cardiomyopathy. At the electron microscopic level, swelling
of the mitochondria (ranging 810-1500 nm) and occasional
distortion of the cristae and outer membrane were noted.
In addition, a pathognomonic feature of cobalt toxicity was
found, comprising dense, osmophilic, intramitochondrial
particles ~0.3-0.4 um in diameter (Fig. 6).

A routine postoperative CT scan of the pelvis after kidney
transplantation revealed a low-density mass with calcified
rim and internal inhomogeneous hyperdensity in the right
iliacus muscle, suggestive of metallosis. The first surveil-
lance endomyocardial biopsy on post-transplantation day 29
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Fig.5 High magnification of heart biopsy, showing marked increase
in interstitial fibrosis replacing myocardial tissue, myocyte with
cytoplasmic vacuolation and lipofuscin pigment [hematoxylin—eosin
(H&E) stain, original magnification x40]

Fig.6 Electron microscopic presentation of heart biopsy, showing
swollen mitochondria, dilated sarcoplasmic reticulum, and intramito-
chondrial particle which is a pathognomonic features of cobalt toxic-
ity. (x40,000)

showed increased lipofuscin pigments and focal myocyte
vacuolisation. In a heavy metals screening, the cobalt level
in the serum was 111.98 pg/L and the chrome level was
98.76 pg. Taken together, these findings strongly suggested
cobalt-induced cardiomyopathy. A second revision surgery
was performed on post-transplantation day 30. Wear of a
steel ball head by ceramic fragments in the polyethylene

acetabular cup was found. Massive irrigation and reim-
plantation of a Zimmer Continuum 58-mm outer diameter
acetabular shell with a BIOLOX 36-mm option head was
performed. Metallosis at the iliacus was not visualised by
the posterolateral approach and therefore could not be com-
pletely removed. Chelation therapy was maintained for 3
months after surgery, at which time the cobalt level was
decreased to 30.17 pg/L. Endomyocardial biopsy 4 months
after transplantation showed no evidence of rejection or
cobalt intoxication. The patient’s cardiac function is nor-
mal, and with rehabilitation, he has reported improvement
in his quality of life.

Discussion

We report two cases of cobalt-induced cardiomyopathy after
revision total hip replacement for fracture of a ceramic liner.
In the first case, removal of the prosthesis resulted in dra-
matic clinical and echocardiographic recovery, whereas in
the second case, the diagnosis was not made until after heart
transplantation. Our cases illustrate the importance of early
recognition and management of cobalt toxicity. In a patient
with cardiomyopathy with neuropathy, hypothyroidism, and
a prior hip replacement, especially with hip pain, a toxicol-
ogy workup should be considered.

Cobalt cardiac toxicity was first characterised in the early
1960s as ‘Quebec beer-drinkers’ cardiomyopathy’ and was
attributed to a cobalt-based foam-stabilising agent [14, 15].
The clinical presentation during that epidemic was quite
similar to that in the cases presented here, with a rapidly pro-
gressive cardiomyopathy after the onset of symptoms in oth-
erwise fairly healthy persons. Despite the absence of cardiac
risk factors, both our patients presented with severe biven-
tricular heart failure, which was distinguished by its abrupt
onset; the presence of pericardial effusion; the presence of
low voltage on the electrocardiogram with the absence of
cardiac arrhythmias; rapid clinical progression leading to
cardiogenic shock and a high mortality rate (of 10-40%) [15,
16]. In recent years, several cases of presumed cardiomyo-
pathy related to cobalt implants used in arthroplasty have
been described in the literature [1, 4, 17]. These cases have
typically involved overt prosthetic failure or resurfacing of
the metal-on-metal prosthesis [18], and in most cases, the
cardiomyopathy was reversible with removal of the prosthe-
sis [1]. In patients who undergo metal-on-metal hip arthro-
plasty, corrosion and wear produce metal debris in the form
of nanoparticles, which can enter the bloodstream with sub-
sequent release of cobalt ions [19-21].

Arthroprosthetic cobaltism has been reported to cause
dilated cardiomyopathy and progressive myocardial dys-
function. In contrast to the often-reported impairment
of myocardial contractile function, our first case report
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describes an initial diastolic dysfunction with relatively pre-
served ejection fraction. Several reports reported impaired
diastolic function resulted from cobalt toxicity [7, 22, 23].
The patient later developed progressive LV chamber dilata-
tion and reduced contractile function, which responded well
to treatment with removal of the metallosis and chelation
therapy. The underlying mechanisms of myocardial dam-
age by cobalt remain poorly understood. A suggested action
mechanism is depression of oxygen uptake in the myocar-
dial mitochondria by cobalt [24]. This action may result
from cobalt-induced inhibition of the sulfhydryl groups of
a-ketoglutarate and pyruvate to succinyl CoA and acetyl
CoA, respectively [25]. Because cobalt has a high affinity
for sulfhydryl groups, the protective effect of proteins and
amino acids probably results from the sequestration of free
cobalt in the cell. Other proposed mechanisms of toxicity
include cobalt-induced damage to the transmembrane trans-
port system [26, 27], resulting in increased intracellular cal-
cium concentrations, and chronic inhibition of sympathetic
tone [28, 29].

In both cases, the clinical and echocardiographic data
strongly suggested an infiltrative cardiomyopathy. Concen-
tric LV thickening in the absence of uncontrolled hyper-
tension and aortic stenosis suggests a cause other than
hypertrophy. The findings are suggestive of an infiltrative
cardiomyopathy, including cardiac amyloid. However, labo-
ratory and genetic tests ruled out common causes of infiltra-
tive cardiomyopathy (e.g. amyloidosis or Fabry’s disease).
Review of the histologic images from the second patient’s
explanted heart showed diffuse myocardial degeneration
with fibrous infiltration of the myocardium in the absence
of inflammatory cell infiltration. Interstitial fibrosis, vacuola-
tion within myocardial fibres, and lipofuscin accumulation
are nonspecific findings but have been reported in histologic
examination of a Quebec group of workers [16, 30]. Echo-
cardiographic findings from both our patients showed hyper-
echoic myocardium. In myocardial infarction, the thick and
densely packed mature myocardial scar appears hyperechoic
[31]; this probably explains hyperechoic myocardium. The
underlying mechanism of pericardial effusion is not yet fully
understood, but the production of massive pericardial effu-
sion from cobalt administration in several animal species has
been reported [32]. Aspirate from the pericardial effusion
had the characteristics of an exudate in our patient.

Cobalt and chromium chelation therapy in patients receiv-
ing metal-on-metal hip implants has been described in a
few cases [33, 34]. Chelating agents such as EDTA, sodium
2,3-dimercaptopropane sulfonate, dimercaprol, and N-acetyl
cysteine have been used [35-38]. EDTA is used to bind metal
ions in the practice of chelation therapy mainly for mercury
and lead poisoning. It binds to a metal cation through its
two amine and four carboxylate sites [39], enhancing metal
elimination through renal excretion. At present, the efficacy
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and role of these agents in therapy for arthroprosthetic cobal-
tism remain anecdotal. In our cases, EDTA chelation therapy
reduced elevated blood levels of cobalt and chrome but not
enough to allow the therapy to be discontinued. We believe
that revision surgery with the removal of cobalt—chromium
metal heads and liners or cups in the setting of cobalt toxic-
ity appears to be the best option for definitively lowering
cobalt levels because it completely removes the source of
cobalt [40]. Sustained permanent damage to the myocardium
[9] and a progressive decline in cardiac status resulting in
death have been reported [1]; therefore, early recognition
and prompt management are crucial.

Arthroprosthetic cobaltism is a rare but devastating
known consequence of metal-on-metal total hip arthro-
plasty. The possibility of this diagnosis should always be
in the forefront of clinicians’ minds when confronted with
a patient with metal-on-metal total hip arthroplasty and
rapidly progressing heart failure that cannot be attributed
to other more common systemic diseases. These two cases
show the devastating cardiomyopathy that can occur and the
potential recovery that can be achieved after explantation of
the implants.
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