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Case report
Cardiac transplant due to metal toxicity associated with hip
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a b s t r a c t

Concerns regarding metal-on-metal (MoM) bearing couples in total hip arthroplasty are well documented
in the literature with cobalt (Co) and chromium (Cr) toxicity causing a range of both local and systemic
adverse reactions. We describe the case of a patient undergoing cardiac transplantation as a direct
result of Co and Cr toxicity following a MoM hip replacement. Poor implant positioning led to cata-
strophic wear generating abundant wear particles leading to Co and Cr toxicity, metallosis, bony
destruction, elevated metal ion levels, and adverse biological responses. Systemic symptoms continued for
3 years following cardiac transplantationwith resolution only after revision hip arthroplasty. There was no
realization in the initial cardiac assessment and subsequent transplant workup that the hip replacement
was the likely cause of the cardiac failure, and the hip replacement was not recognized as the cause until
years after the heart transplant. This case highlights the need for clinicians to be aware of systemic MoM
complications as well as the importance of positioning when using these prostheses.
© 2017 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

There are well-documented reports of cobalt (Co) toxicity and
its effects on the body [1,2]. Local accumulation can lead to local
inflammatory responses, metallosis, and tissue lesions [3-7].
Systemic damage may include the respiratory system, the endo-
crine system, the nervous system and the cardiovascular system
(directly affecting myocardium) [2,7-10]. There has been a large
case body relating to cardiomyopathy in people linked to con-
sumption of chromium-laced beer back in the mid-twentieth
century some of which were fatal [11-14]. It has similar constitu-
tional symptoms to many other metal toxicities [15].

Chromium (Cr) toxicity is primarily related to levels of the
oxidative states IV and V. These are the primary forms released in
prosthesis wear [16]. Cr toxicity is associated with a wide range of
pathology particularly in relating to being proinflammatory and
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immunosuppressive. It affects B- and T-cell lymphocyte levels, DNA
repair, iron and heme utilization, and renal function [17].

Metal-on-metal (MoM) implants are known to be sensitive to
implant malposition potentially causing local and systemic
reactions [2,18,19]. One study demonstrated that hips revised due
to pseudo tumors had higher wear rates and another study, a direct
correlation with MoM resurfacing and pseudo tumors [3,4].

Case history

A 58-year-old woman from a rural center underwent a primary
MoM resurfacing total hip replacement for osteoarthritis in 2003.
Her immediate postoperative recovery was uneventful and she had
satisfactory functional scores and was discharged. The acetabular
component positioning was suboptimal (Fig. 1) and resulted in
eccentric wear (Figs. 2 and 3), local metallosis (Fig. 4), and systemic
Co and Cr toxicity.

Ten years later, the patient presented with heart failure symp-
toms due to nonischemic dilated cardiomyopathy with severe
biventricular dysfunction (New York Heart Association functional
score of III). The etiology remained obscure with suspicion of am-
yloid fibrotic process on magnetic resonance imaging and a pre-
sumed idiopathic fibrosing cardiomyopathy with myocyte disarray
ip and Knee Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 2. (a and b) Acetabula-bearing surface demonstrating edge loading with wearing.

Figure 1. Anteroposterior pelvis (a) and frog lateral (b) radiographs showing primary right hip resurfacing.

Figure 3. (a and b) Localized edge loading resulting in loss of sphericity in both components.
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on biopsy. Initial investigations in December 2012 demonstrated
elevated serum Co 169 ppb (acceptable for MoM total hip arthro-
plasty <7 ppb) and Cr 31 ppb (acceptable for MoM total hip
arthroplasty <7 ppb). Discussions regarding chelation therapywere
made at this time, however, were not undertaken as she underwent
urgent cardiac transplantation in February 2013 due to hemody-
namic instability with multi-organ failure, particularly renal and
hepatic.

The patient's cardiac symptoms stabilized following a stormy
postoperative course complicated by acute renal failure and



Figure 4. Cup ingrowth (a) and under surface of head (b) showing stained bone and fibrous tissue.
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bilateral subclavian thromboses. Ongoing outpatient cardiology
review was satisfactory with echocardiogram findings in March
2015 confirming normal left ventricular systolic function and mild
to moderate right ventricular dysfunction with pulmonary artery
systolic pressures of 27 mmHg.

In October 2015, she was referred by her cardiology team for
orthopaedic opinion in regard to expedient surgical intervention to
minimize and reverse presumed Co and Cr toxicity affecting her
new heart. The decision was made for removal of acetabular and
femoral Co and Cr components. This occurred in November 2015
with revision to DePuy Synthes modular systemwith ceramic head.
Intraoperative findings were poor position of implant placement
with tissue staining, metallosis, granuloma, and osteolysis with
bearing failure. Her postoperative period was complicated by
admission to intensive care unit for inotropic support and severe
granulocyte colony-stimulating factor induced neutropenia.

Review at 6 months postrevision arthroplasty has been prom-
ising with echocardiogram in June 2016 demonstrating normal left
ventricular size, wall thickness, and hyperdynamic systolic function
and pulmonary pressures returning to normal. She is progressing
well regarding her total hip replacement. Although she does
describe some pain around the buttock area, this was more severe
in nature a couple of months ago and has since improved. Her
serum Co and Cr levels have returned to normal.
Discussion

This case demonstrates the cardiovascular side effects of Co and
Cr toxicity. The patient developed progressive cardiac failure in the
period preceding her primary MoM arthroplasty and with docu-
mented elevated serum Co and Cr levels. There are previous case
reports of cardiac disease in the context of arthroplasty wear;
however, a thorough understanding of the pathophysiology is
lacking [20]. Co infiltration and accumulation in cardiac myocytes is
thought to cause dilated cardiomyopathy. It can be difficult to
identify, as the histologic progression is often undifferentiated
fibrosis.

The patient's cardiac pathophysiology appeared to return
post-transplant and was concurrent with a persistent Co and Cr
serum elevation and that her function improved following the
revision of her arthroplasty and reduction of her serum Co levels.
We posit this is suggestive of reversible cardiovascular changes in
relation to toxic metal levels and that it is possible, with a
comprehensive initial assessment and with an awareness of
implant-related toxicity, that the patient could have avoided
cardiac transplant by having the required hip replacement revision
given awareness and detection of early symptoms.
Summary

Thiscasehighlights theneed fordoctors tobeawareofarthroplasty
wear andmetal toxicity particularlywhen there is a disease process of
unclearetiologyand in the importanceof surgeonskill andpositioning
of articulating implants. Patients with MoM replacements should be
carefully assessed for potential benefit from revisionwhenpresenting
with pathophysiology attributable to metal ions.
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