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Immunoglobulin A (IgA) nephropathy in the presence of a metal-on-metal (MoM) hip arthroplasty is a
rare condition that requires close monitoring. A 61-year-old male with bilateral hip osteoarthritis un-
derwent resurfacing hip arthroplasty with MoM articulating surfaces. Prior to his four-year postoperative
visit, the patient was diagnosed with IgA nephropathy. During this visit, the patient reported clicking in
the left resurfacing hip arthroplasty, and serum metal ions were significantly elevated. Consequently, the
patient underwent conversion to bilateral ceramic-on-cross-linked polyethylene total hip arthroplasty,
which resulted in the restoration of metal ion levels to normal. This case highlights that IgA nephropathy
played a critical role in impeding the clearance of metal ions. Routine metal ion counts are warranted in
patients with MoM articulating interfaces and a newly diagnosed nephropathy.

Cobalt © 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Renal failure Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
IgA nephropathy licenses/by-nc-nd/4.0/).
Introduction (osteolysis and ALTR) and/or systemically (neurologic, cardiac,

Metal-on-metal (MoM) implants were reintroduced in total hip
arthroplasty (THA) by Weber in 1988 [1]. Several advantages have
been proposed, including reduced volumetric wear and reduced
risk of dislocation [2—4]. These bearing surfaces consist of a cobalt-
chromium metal alloy, which is a source of metal ions, primarily
cobalt and chromium ions [5,6].

Serious concerns have been raised regarding the high failure
rates associated with MoM bearings, with the most common reason
for failure being aseptic loosening of the acetabular component [7].
In addition, elevated levels of cobalt and chromium ions lead to
adverse local tissue reactions (ALTR) requiring revision [8—10].
These ions can enter the systemic and lymphatic circulation, sub-
sequently disseminate throughout the body, and accumulate in
distant tissue [11—13]. Various adverse events can result locally

* Corresponding author. Department of Orthopaedic Surgery, Jewish General
Hospital, McGill University, 3755 Chemin de la Cote-Sainte-Catherine, Montreal,
Quebec, H3T 1E2, Canada. Tel.: +1 514 340 8222x24615.

E-mail address: janton@orl.mcgill.ca

https://doi.org/10.1016/j.artd.2024.101407

thyroid, and renal) [13—15].

We herein describe a rare case of an active patient diagnosed
with immunoglobulin A (IgA) nephropathy and chronic renal dis-
ease who developed an increasing level of metal ions. Following
removal of the MoM hip implants, metal ions declined and renal
function improved. This case highlights the importance of careful
monitoring of metal ions in MoM hip implant patients with renal
disease. To the best of our knowledge, this is a rare presentation
with diagnostic and therapeutic challenges.

Case history

A 61-year-old male with severe osteoarthritis underwent a
right, followed by a left, resurfacing hip arthroplasty (RHA) in 2004
and 2011, respectively. He had a known history of deep venous
thrombosis and was managed with chronic warfarin anti-
coagulation therapy for over 15 years, as well as antiphospholipid
syndrome (positive for both lupus anticoagulant and anti-
cardiolipin antibodies). At the time of his last RHA in 2011, his
serum creatinine was 90 umol/L (range: 55-120 umol/L). Six weeks
later, during his postoperative visit, cobalt and chromium metal ion
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levels measured 2.54 pg/L (range: 0.15-0.40 pg/L) and 1.77 pg/L
(range: 0.36-0.99 pg/L), respectively.

His routine annual follow-up visits were normal with no com-
plaints. However, in 2015, 4 years after the left RHA, he complained
of left hip clicking. Upon physical examination, hip function was
normal with a pain-free range of motion. An anteroposterior
radiograph of the patient’s pelvis and hips at the follow-up showed
well-positioned components and within normal limits: right and
left hip abduction angles were 40 and 41 degrees, respectively,
while right and left hip anteversion angles were 15 and 20 degrees,
respectively. (Fig. 1). The implant materials are described in Table 1.
The patient’s C-reactive protein and erythrocyte sedimentation rate
concentrations were elevated (39.4 mg/L, range: 0-10.0 mg/L; 90
mm/hr, range: 2-39 mm/hr, respectively), and metal ions were
elevated (Co: 247.8 ug/L, range: 0.15-0.40 ug/L; Cr: 63.9 ug/L, range:
0.36-0.99 ug/L). Elevated inflammatory markers warranted an
aspiration of both hip joints, which were negative for periprosthetic
infection.

Concurrently, the nephrologist was investigating the recent
onset of hematuria and proteinuria. His serum creatinine was 108
pumol/L (range: 55-120 pmol/L) and no bacterial growth was found
on urine culture. Consequently, a renal biopsy was performed.
Immunofluorescence and electron microscopy studies revealed
large mesangial dense deposits and IgA deposits, confirming the
diagnosis of IgA nephropathy (Berger’s disease). Moreover, with the
nonproliferative biopsy revealing 50% sclerotic glomeruli and the
patient’s estimated glomerular filtration rate of 59 (range: >60 mL/
min/1.73 m?), a diagnosis of stage Illa chronic kidney disease was
made.

Increased metal ion levels warranted an evaluation of cardiac
function. Transthoracic echocardiography revealed a normal left
ventricular ejection fraction of 60%. Due to rising metal ion levels
and declining renal function, a decision was made to revise both hip
implants and convert to THAs with ceramic-on-cross-linked poly-
ethylene (XLPE) bearing surfaces (Table 1).

The revision surgeries were performed simultaneously via a
posterior approach. Frozen sections were prepared from aspirates
of joint fluid and tissue obtained intraoperatively from both hips;
no infection was detected on frozen sections and cultures. However,
an intraoperative examination of the right hip revealed marked
metallosis with tissue staining, while the left hip tissue did not
reveal signs of ALTR. The patient had an uneventful postoperative
course and was discharged 4 days postoperatively. Postoperative

Figure 1. AP radiograph of the patient’s right and left RHA at the 4-year follow-up visit
(2015). All components were well positioned and within normal limits: right and left
hip abduction angles were 40 and 41 degrees, respectively, while right and left hip
anteversion angles were 15 and 20 degrees, respectively. AP, anteroposterior.

Table 1
Implant materials and specifications for primary RHA and revision THA.

Primary implants
Right (April 2004) ASR Hip Resurfacing System (DePuy

Orthopaedics, Inc., Warsaw, Indiana).

Head diameter: 49 mm

Cup size: 56 mm

Interface: metal-on-metal

Adept Hip Resurfacing System (MatOrtho

Limited, Surrey, UK)

Head diameter: 48 mm

Cup size: 54 mm

Interface: metal-on-metal

Left (October 2011)

Revision implants

Right (October 2016) Cementless

Head diameter: 36 mm

Cup size: 56 mm Interface: ceramic-on-XLPE
Left (October 2016) Cementless

Head diameter: 36 mm
Cup size: 56 mm
Interface: ceramic-on-XLPE

radiographs are shown in Figure 2. He continued outpatient
physical therapy. At his 6-week postoperative THA revision visit,
serum metal ion levels had declined (Co: 73.5 pg/L, range: 0.15-0.40
ug/L; Cr: 20.8 pg/L, range: 0.36-0.99 pg/L). At the 1-year follow-up
examination, the patient’s blood metal ion concentrations were
near normal (Co: 2.06 pg/L, range: 0.15-0.40 ug/L; Cr: 7.80 pg/L,
range: 0.36-0.99 png/L). Two years postoperatively, his metal ion
levels normalized (Co: 0.83 pg/L, range: 0.15-0.40 ug/L; Cr: 4.89 ng/
L, range: 0.36-0.99 pg/L) and his kidney function stabilized (esti-
mated glomerular filtration rate >60 mL/min/1.73 m?, range: >60
mL/min/1.73 m?).

Discussion

In 2017, the UK Medicines and Healthcare products Regulatory
Agency published a safety alert that recommended orthopaedic
follow-up and monitoring of blood cobalt and chromium ion levels
along with metal artifact reduction sequences-magnetic resonance
imaging for patients receiving a MoM hip prosthesis [16]. Similarly,
the United States Food and Drug Administration has recommended
clinical monitoring for signs and symptoms of multisystem effects
of metal ion release, including neurological, cardiovascular, thyroid,
and renal system effects, in patients with a MoM hip implant,
regardless of the symptoms [17]. The Medicines and Healthcare
products Regulatory Agency and Food and Drug Administration
recommendations assisted in detecting elevated metal ions, even
though our patient was initially asymptomatic and both MoM hip
implants were well-functioning. At our institution, serum metal ion
levels are followed routinely for all patients with MoM RHA or THA.
Despite the cobalt and chromium ion elevation, our patient had no
cardiac or thyroid abnormalities, as confirmed by cardiac blood
markers, thyroid function tests, and echocardiography.

Several reported studies have demonstrated that both cobalt
and chromium ions are excreted almost exclusively by the kidneys
[13,18,19]. Therefore, continuous monitoring of blood metal ion
levels is important for patients with a MoM bearing and renal
dysfunction. MoM bearings are contraindicated in patients with
chronic renal failure [20—22] or in patients that can develop
chronic renal failure (eg, diabetes, systemic lupus erythematosus).
However, investigators have found that well-functioning MoM
implants in patients with normal kidney function will not increase
the risk of renal disease [23—25].

Berger et al. [26] first described IgA nephropathy by marked IgA
deposition in glomerular mesangial cells. Secondary IgA nephrop-
athy can be associated with an already recognized pathology
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Figure 2. AP radiograph of the patient’s pelvis obtained postoperatively displaying the
revision ceramic-on-XLPE THA (October 2016). AP, anteroposterior.

(cirrhosis, hepatitis B infection, irritable bowel disease, spondy-
loarthritis, Hashimoto’s thyroiditis, psoriasis) [27] or can occur
coincidentally. IgA nephropathy is the most common primary
glomerulonephritis that can progress to renal failure and typically
follows a waxing and waning course [28]. There is no evidence in
the literature suggesting that elevated serum metal ion levels can
cause IgA nephropathy. Thus, it is most probable that the patient
had primary IgA nephropathy, which consequently hindered renal
clearance of metal ions. No significant difference in outcomes has
been found between primary and secondary IgA nephropathy [27].
In this case, the presence of IgA nephropathy prevented renal
clearance of the metal ions. After the removal of the MoM hip
prostheses, metal ion levels decreased significantly (Co: 0.83 pg/L,
range: 0.15-0.40 pg/L; Cr: 4.89 pg/L, range: 0.36-0.99 pg/L).

Some investigators have looked at the use of metal ion chelators
for the treatment of elevated serum metal ion levels originating from
MoM hip prostheses [6,29—32]. Giampreti et al. [29] reported a
successful decline in both cobalt and chromium ion levels in 2 pa-
tients with MoM hip implants after administrating high-dose oral N-
acetyl-cysteine without revising the prostheses. However, Choi et al.
[31] used edetate calcium disodium as chelation therapy for 2 pa-
tients with elevated serum metal ion levels due to hip implants, and
in both cases, the metal ion levels decreased only modestly and the
ALTR did not resolve. Whether metal ion chelators can be used to
resolve elevated serum metal ion levels resulting from MoM hip
implants remains controversial—no consensus has been reached.
Both clinical and experimental evidence remains insufficient to
support their use as definitive therapy [6,30].

The Articular Surface Replacement (ASR, DePuy Orthopaedics,
Inc., Warsaw, IN) Hip Resurfacing System was recalled in 2010. The
acetabular cup was less than hemispheric and had a tendency to be
implanted with an increased abduction angle, leading to increased
edge loading [33]. On intraoperative examination, marked metal-
losis with tissue staining was observed only in the right hip, which
had been implanted with the ASR cup.

Hemodialysis is not considered an option in the management of
renal failure in the presence of elevated serum metal ion levels.
Cobalt and chromium metal ions are mainly protein-bound, and
hemodialysis will not remove them from the circulation [30,34,35].
Therefore, revision of MoM hip implants to nonmetal-bearing

material should be a consideration in cases of elevated serum
metal ion levels. Neither metal chelating agents nor hemodialysis
are definitive treatment options in such cases. The cobalt and
chromium levels will continue to elevate as long as renal clearance
is impaired.

It is pertinent to closely monitor patients with MoM-bearing
surfaces and renal dysfunction, as metal ion concentrations can
steadily increase over time, which can lead to systemic complica-
tions. At our institution, patients with MoM RHA or THA have their
serum metal ion levels measured annually. Additionally, patients
undergoing revision surgery due to elevated metal ion levels have
them routinely measured to monitor the decline in metal ion levels.
Elevated metal ion levels are not always associated with ALTR [36].
In the patient presented in this report, the clicking in the left hip
was likely independent of the elevated metal ions. The etiology of
hip clicking following THA or RHA is multifactorial, including
implant malposition, impingement, and iliopsoas tendon subluxa-
tion [37,38]. The conversion of the MoM RHA to ceramic-on-XLPE
THA halted the generation of metal ions, thus reducing the ion
load requiring renal clearance. While IgA nephropathy can have a
waxing and waning course, it may be that the reduction in ion
generation and/or a gradual spontaneous improvement in this
patient’s autoimmune disease led to decreased serum ion levels
and improved renal function. Physicians should maintain a high
index of suspicion when a patient with a MoM implant presents
with renal disease or deterioration in renal function. Once a decline
in renal function is noticed, revision surgery becomes a priority
over other medical options upon mutual agreement with the
consulting nephrologist.

Summary

This case report highlights the elevation of serum metal ions in
the presence of IgA nephropathy. It reinforces the importance of
monitoring serum metal ion levels in patients with MoM hip
arthroplasty and renal dysfunction of any etiology, as ion accu-
mulation can lead to local or systemic complications. Revision
surgery was indicated to eliminate the possibility of increased
metal ions attributable to the MoM hip implants. Following the
conversion to ceramic-on-XLPE THA, the patient’s serum metal ion
levels returned to normal and renal function stabilized.

Conflicts of interest

The authors declare there are no conflicts of interest.
For full disclosure statements refer to https://doi.org/10.1016/j.
artd.2024.101407.

Informed patient consent

The author(s) confirm that written informed consent has been
obtained from the involved patient(s) or if appropriate from the
parent, guardian, power of attorney of the involved patient(s); and,
they have given approval for this information to be published in
this case report (series).

CRediT authorship contribution statement

Jordan J. Levett: Writing — original draft, Investigation, Formal
analysis. Raheef Alatassi: Writing — original draft, Formal analysis,


https://doi.org/10.1016/j.artd.2024.101407
https://doi.org/10.1016/j.artd.2024.101407

4

JJ. Levett et al. / Arthroplasty Today 27 (2024) 101407

Data curation. Olga L. Huk: Writing — review & editing, Validation,
Supervision, Methodology, Investigation, Formal analysis, Concep-
tualization. John Antoniou: Writing — review & editing, Supervi-

sion, Resources,

Project administration, Methodology, Data

curation, Conceptualization.

References

[1]
[2]

3

[4

[5

[6

[7]

[8

[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

Weber BG. Experience with the metasul total hip bearing system. Clin Orthop
Relat Res 1996;329:569—77.

Vendittoli PA, Amzica T, Roy AG, Lusignan D, Girard ], Lavigne M. Metal ion
release with large-diameter metal-on-metal hip arthroplasty. ] Arthroplasty
2011;26:282-8.

Hallows RK, Pelt CE, Erickson JA, Peters CL. Serum metal ion concentration:
comparison between small and large head metal-on-metal total hip arthro-
plasty. J Arthroplasty 2011;26:1176—81.

Peters CL, McPherson E, Jackson JD, Erickson JA. Reduction in early dislocation
rate with large-diameter femoral heads in primary total hip arthroplasty.
] Arthroplasty 2007;22:140—4.

Papageorgiou I, Brown C, Schins R, Singh S, Newson R, Davis S, et al. The effect
of nano- and micron-sized particles of cobalt—chromium alloy on human fi-
broblasts in vitro. Biomaterials 2007;28:2946—58.

Bradberry SM, Wilkinson JM, Ferner RE. Systemic toxicity related to metal hip
prostheses [Internet]. Clin Toxicol (Phila) 2014;52:837—47.

Australian Orthopaedic Association National Joint Replacement Registry. Hip,
Knee & Shoulder Arthroplasty 2022 Annual Report. Adelaide; 2022. https://
aoanjrr.sahmri.com/annual-reports-2022. [Accessed 13 February 2023].
Langton DJ, Jameson SS, Joyce TJ, Hallab NJ, Natu S, Nargol AVF. Early failure of
metal-on-metal bearings in hip resurfacing and large-diameter total hip
replacement: a consequence of excess wear. ] Bone Joint Surg Br 2010;92:
38—-46.

van der Weegen W, Hoekstra HJ, Sijbesma T, Bos E, Schemitsch EH,
Poolman RW. Survival of metal-on-metal hip resurfacing arthroplasty: a
systematic review of the literature. ] Bone Joint Surg Br 2011;93 B:298—306.
Daniel J, Ziaee H, Pradhan C, Pynsent PB, McMinn DJW. Blood and urine metal
ion levels in young and active patients after Birmingham hip resurfacing
arthroplasty. ] Bone Joint Surg Br 2007;89:169—73.

Hallab NJ, Jacobs ]J. Biologic effects of implant debris. Bull NYU Hosp ]t Dis
2009;67:182—8.

Haddad FS, Thakrar RR, Hart AJ, Skinner JA, Nargol AVF, Nolan JF, et al. Metal-
on-metal bearings: the evidence so far. ] Bone Joint Surg Br 2011;93 B:572—-9.
Merritt K, Brown SA. Distribution of cobalt chromium wear and corrosion
products and biologic reactions [Internet]. Clin Orthop Relat Res 1996:
$233-43.

Mao X, Wong AA, Crawford RW. Cobalt toxicity—an emerging clinical problem
in patients with metal-on-metal hip prostheses? [Internet]. Med ] Aust
2011;194:649-51.

Cheung AC, Banerjee S, Cherian JJ, Wong F, Butany ], Gilbert C, et al. Systemic
cobalt toxicity from total hip arthroplasties: review of a rare condition Part 1 -
history, mechanism, measurements, and pathophysiology [Internet]. Bone
Joint ] 2016;98-B:6—13.

All metal-on-metal (MoM) hip replacements: updated advice for follow-up
of patients - GOV.UK [Internet]. https://www.gov.uk/drug-device-alerts/all-
metal-on-metal-mom-hip-replacements-updated-advice-for-follow-up-of-
patients. [Accessed 13 February 2023].

Information for all health care professionals who provide treatment
to patients with a metal-on-metal hip implant | FDA [Internet]. https://www.
fda.gov/medical-devices/metal-metal-hip-implants/information-all-health-ca

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

re-professionals-who-provide-treatment-patients-metal-metal-hip-implant.
[Accessed 13 February 2023].

Keegan GM, Learmonth ID, Case CP. Orthopaedic metals and their potential
toxicity in the arthroplasty patient: a review of current knowledge and future
strategies [Internet]. ] Bone Joint Surg Br 2007;89:567—73.

Corradi M, Daniel ], Ziaee H, Alinovi R, Mutti A, McMinn DJW. Early markers of
nephrotoxicity in patients with metal-on-metal hip arthroplasty [Internet].
Clin Orthop Relat Res 2011;469:1651-9.

Brodner W, Bitzan P, Meisinger V, Kaider A, Gottsauner-Wolf F, Kotz R. Serum
cobalt levels after metal-on-metal total hip arthroplasty [Internet]. ] Bone
Joint Surg Am 2003;85:2168—73.

Hur CI, Yoon TR, Cho SG, Song EK, Seon JK. Serum ion level after metal-on-
metal THA in patients with renal failure [Internet]. Clin Orthop Relat Res
2008;466:696—9.

Chandran SE, Giori NJ. Nine-year incidence of kidney disease in patients who
have had total hip arthroplasty [Internet]. ] Arthroplasty 2011;26:24—7.
Heisel C, Silva M, Skipor AK, Jacobs JJ, Schmalzried TP. The relationship be-
tween activity and ions in patients with metal-on-metal bearing hip pros-
theses [Internet]. ] Bone Joint Surg Am 2005;87:781—7.

Griibl A, Marker M, Brodner W, Giurea A, Heinze G, Meisinger V, et al. Long-
term follow-up of metal-on-metal total hip replacement [Internet]. ] Orthop
Res 2007;25:841-8.

Marker M, Griibl A, Riedl O, Heinze G, Pohanka E, Kotz R. Metal-on-metal hip
implants: do they impair renal function in the long-term? A 10-year follow-
up study [Internet]. Arch Orthop Trauma Surg 2008;128:915—9.

Berger ], Hinglais N. [Intercapillary deposits of IgA-IgG] [Internet]. ] Urol
Nephrol (Paris) 1968;74:694—5.

Obrisca B, Stefan G, Gherghiceanu M, Mandache E, Ismail G, Stancu S, et al.
“Associated” or “Secondary” IgA nephropathy? An outcome analysis. PLoS One
2019;14:e0221014.

Lai KN, Tang SCW, Schena FP, Novak ], Tomino Y, Fogo AB, et al. IgA ne-
phropathy. Nat Rev Dis Primers 2016;2:16001.

Giampreti A, Lonati D, Ragghianti B, Ronchi A, Petrolini VM, Vecchio S, et al. N-
Acetyl-Cysteine as effective and safe chelating agent in metal-on-metal hip-
implanted patients: two cases [Internet]. Case Rep Orthop 2016;2016:1—7.
Smith SW. The role of chelation in the treatment of other metal poisonings
[Internet]. ] Med Toxicol 2013;9:355—69.

Choi HI, Hong JA, Kim MS, Lee SE, Jung SH, Yoon PW, et al. Severe cardio-
myopathy due to arthroprosthetic cobaltism: report of two cases with
different outcomes [Internet]. Cardiovasc Toxicol 2019;19:82—9.

Pelclova D, Sklensky M, Janicek P, Lach K. Severe cobalt intoxication following
hip replacement revision: clinical features and outcome [Internet]. Clin Tox-
icol (Phila) 2012;50:262—5.

Underwood R, Matthies A, Cann P, Skinner JA, Hart AJ. A comparison of
explanted articular surface replacement and birmingham hip resurfacing
components. ] Bone Joint Surg Br 2011;93-B:1169—77.

Zywiel MG, Cherian JJ, Banerjee S, Cheung AC, Wong F, Butany J, et al. Systemic
cobalt toxicity from total hip arthroplasties: review of a rare condition Part 2.
measurement, risk factors, and step-wise approach to treatment [Internet].
Bone Joint ] 2016;98-B:14—20.

Tilney R, Burg MR, Sammut MA. Cobalt cardiomyopathy secondary to hip
arthroplasty: an increasingly prevalent problem [Internet]. Case Rep Cardiol
2017;2017:1-4.

Ude CC, Esdaille CJ, Ogueri KS, Kan HM, Laurencin SJ, Nair LS, et al. The
mechanism of metallosis after total hip arthroplasty. Regen Eng Transl Med
2021;7:247-61.

Schaberg JE, Harper MC, Allen WC. The snapping hip syndrome. Am ] Sports
Med 1984;12:361-5.

Restrepo C, Parvizi ], Kurtz SM, Sharkey PF, Hozack WJ, Rothman RH. The noisy
ceramic hip: is component malpositioning the cause? ] Arthroplasty 2008;23:
643-9.


http://refhub.elsevier.com/S2352-3441(24)00092-X/sref1
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref1
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref1
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref2
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref2
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref2
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref2
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref3
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref3
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref3
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref3
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref4
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref4
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref4
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref4
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref5
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref5
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref5
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref5
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref5
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref6
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref6
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref6
https://aoanjrr.sahmri.com/annual-reports-2022
https://aoanjrr.sahmri.com/annual-reports-2022
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref8
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref8
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref8
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref8
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref8
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref9
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref9
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref9
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref9
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref10
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref10
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref10
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref10
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref11
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref11
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref11
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref12
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref12
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref12
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref13
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref13
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref13
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref13
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref14
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref14
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref14
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref14
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref15
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref15
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref15
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref15
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref15
https://www.gov.uk/drug-device-alerts/all-metal-on-metal-mom-hip-replacements-updated-advice-for-follow-up-of-patients
https://www.gov.uk/drug-device-alerts/all-metal-on-metal-mom-hip-replacements-updated-advice-for-follow-up-of-patients
https://www.gov.uk/drug-device-alerts/all-metal-on-metal-mom-hip-replacements-updated-advice-for-follow-up-of-patients
https://www.fda.gov/medical-devices/metal-metal-hip-implants/information-all-health-care-professionals-who-provide-treatment-patients-metal-metal-hip-implant
https://www.fda.gov/medical-devices/metal-metal-hip-implants/information-all-health-care-professionals-who-provide-treatment-patients-metal-metal-hip-implant
https://www.fda.gov/medical-devices/metal-metal-hip-implants/information-all-health-care-professionals-who-provide-treatment-patients-metal-metal-hip-implant
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref18
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref18
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref18
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref18
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref19
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref19
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref19
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref19
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref20
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref20
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref20
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref20
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref21
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref21
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref21
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref21
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref22
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref22
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref22
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref23
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref23
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref23
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref23
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref24
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref24
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref24
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref24
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref25
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref25
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref25
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref25
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref26
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref26
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref26
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref28
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref28
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref28
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref28
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref29
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref29
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref31
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref31
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref31
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref31
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref32
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref32
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref32
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref33
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref33
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref33
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref33
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref34
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref34
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref34
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref34
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref35
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref35
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref35
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref35
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref36
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref36
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref36
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref36
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref36
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref37
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref37
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref37
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref37
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref38
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref38
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref38
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref38
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref39
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref39
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref39
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref40
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref40
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref40
http://refhub.elsevier.com/S2352-3441(24)00092-X/sref40

	Immunoglobulin A Nephropathy in a Patient With Bilateral Metal-on-Metal Hip Arthroplasty
	Introduction
	Case history
	Discussion
	Summary
	Conflicts of interest
	Informed patient consent
	CRediT authorship contribution statement
	References


