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Purpose: Acute kidney injury (AKI) caused by hypothyroidism-induced rhabdo-
myolysis is a rare and potentially life-threatening syndrome. The aim of this study
was to investigate the clinical characteristics of such patients. Materials and
Methods: We retrospectively analyzed five patients treated at the Second Affiliat-
ed Hospital of Chongqing Medical University with AKI secondary to hypothy-
roidism-induced rhabdomyolysis from January 2006 to December 2010. Results:
Of the five cases reviewed (4 males, age range of 37 to 62 years), adult primary
hypothyroidism was caused by amiodarone (1 case), chronic autoimmune thyroid-
itis (1 case), and by uncertain etiologies (3 cases). All patients presented with facial
and lower extremity edema. Three patients presented with weakness, while two
presented with blunted facies and oliguria. Only one patient reported experiencing
myalgia and proximal muscle weakness, in addition to fatigue and chills. Creatine
kinase, lactate dehydrogenase, and renal function normalized after thyroid hor-
mone replacement, except in two patients who improved through blood purifica-
tion. Conclusion: Hypothyroidism should be considered in patients presenting
with renal impairment associated with rhabdomyolysis. Moreover, further investi-
gation into the etiology of the hypothyroidism is warranted.

Key Words: Acute kidney injury, hypothyroidism, rhabdomyolysis

INTRODUCTION

Rhabdomyolysis is a potentially life-threatening syndrome characterized by mus-
cle necrosis and the release of intracellular muscle contents into the circulation.
The etiology of thabdomyolysis can be classified into traumatic and nontraumatic
causes. The latter is associated with alcohol and drug abuse, seizures, strenuous
exercise, muscle hypoperfusion, hyperthermia, electrolyte disturbances, diabetic
coma, severe infection and hypothyroidism,' among others. Among hospitalized
patients, nontraumatic rhabdomyolysis occurs with a prevalence five times that of
traumatic causes.? Nontraumatic rhabdomyolysis is elusive; it often occurs without
symptoms and is diagnosed when creatine kinase (CK) levels are elevated in the
initial stages of the disease. Acute kidney injury (AKI) and severe electrolyte de-
rangements are life threatening, and are accompanied by extreme elevations in CK
levels. Alarmingly, 13% to over 50% of patients with rhabdomyolysis develop
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AKI.?* While hypothyroidism is a definite cause of rhabdo-
myolysis, AKI due to hypothyroidism-induced rhabdomy-
olysis has rarely been reported. We report five cases of AKI
secondary to hypothyroidism-induced rhabdomyolysis. We
propose that hypothyroidism should be considered in pa-
tients presenting with renal impairment associated with
rhabdomyolysis and emphasize that the causes of hypothy-
roidism warrant further investigation.

MATERIALS AND METHODS

We retrospectively analyzed five cases of AKI secondary to
hypothyroidism-induced rhabdomyolysis treated from Janu-
ary 2006 to December 2010 at the Second Affiliated Hospi-
tal of Chongging Medical University. All patients fulfilled
the following Acute Kidney Injury Network proposed diag-
nostic criteria for AKI: an abrupt (within 48 hours) reduction
in kidney function defined by an absolute increase in serum
creatinine of >26.4 umol/L (0.3 mg/dL), a >50% increase in
serum creatinine (1.5-fold from baseline), or a reduction in
urine output (<0.5 mL/kg/h for >6 h).* The diagnosis of
rhabdomyolysis was primarily based upon the presence of
muscle injury and elevated levels of CK, lactate dehydroge-
nase (LDH), and plasma and/or urine myoglobin.

RESULTS

Patient demographics are described in Table 1 and 2. None
of the patients had a history of renal disease. Of the five cas-
es reviewed (4 males, age range of 37 to 62 years), adult pri-
mary hypothyroidism was caused by amiodarone (1 case),
chronic autoimmune thyroiditis (1 case), and by uncertain
etiologies (3 cases). Four patients presented with hyperten-
sion. One patient presented with diabetes mellitus without
diabetic coma. In all cases, facial and lower extremity ede-

Table 1. Patient Demographics

ma was present. Three patients presented with weakness,
and two patients had blunted facies and oliguria. One patient
had complications of myalgia and proximal muscle weak-
ness, fatigue, and chills. AKI was diagnosed in all patients
with a median serum creatinine of 3.60 mg/dL (range 1.89-
10.3 mg/dL) and hyperuricemia, without proteinuria and he-
maturia. All patients with normal levels of serum sodium
exhibited clinical evidence of thabdomyolysis (elevated CK,
LDH, and myoglobinuria). Hypocalcemia was found in two
patients. Immunological surveys included rheumatic factor,
antinuclear antibody, immunoglobulin G/A/M, complement
3/4, anti-dsDNA antibody, anti-mitochondrial antibody, anti-
smooth muscle antibody, anti-neutrophil cytoplasmic anti-
body, and anti-extractable nuclear antigen panels, all of
which were within normal limits. All patients had low total
or free thyroxine (FTs) and high thyroid stimulating hor-
mone (TSH) levels. Both serum anti-thyroglobulin antibody
(TgAb) and thyroid peroxidase antibody (TPOAb) were
negative in all patients except for one. Thyroid gland ultra-
sound tests failed to demonstrate goiter in any patient.

As part of the treatment management (in addition to early
diuresis, alkalinization of the urine, and withdrawal of sus-
pect medications such as amiodarone), two patients required
effective renal replacement therapy to correct fluid, electro-
lyte, acid-base abnormalities and to remove products of
muscle breakdown. Furthermore, all patients received thy-
roid hormone replacement therapy (L-thyroxine 25 ug/d ini-
tial dose, increased to 50 ng/d and 100 pg/d after one and
two weeks respectively). Dosages were adjusted according
to thyroid function until normalization. When renal function
returned to normal and the patient was ready for discharge,
dialysis was discontinued.

DISCUSSION

Until now, AKI secondary to hypothyroidism-induced rhab-

Case 1 2 3 4 5
Age (yrs) 52 46 37 56 62
Sex Male Male Female Male Male
Medical history Amiodarone 0.2g/ Unremarkable Unremarkable Unremarkable Unremarkable
day for two months
Past history Hypertension Diabetes mellitus Hypertension Hypertension Hypertension
Onset time 2 months 4 months 9 days 2 months 1yrs
Clinical Eriezlla’i;veil;i?;’ﬂ Edema, weakness, Edema. olieuria Edema, weakness, Edema
presentation ya'gia, p i dull, hypourocrinia » ollgun dull

sleepiness, chill
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Table 2. Laboratory Values, Treatment Methods

Case 1 2 3 4 5
CK (UL) 3573 1628 1923 2378 1297
Myoglobin (ug/L) 1432 256.1 167.3 2352 829.6
LDH (U/L) 462 387 311 405 215
Ser (mg/dL) 10.3 1.89 7.96 221 3.60
HCO;™ (mmol/L) 164 21.5 17.3 18.5 19.2
Na' (mmol/L) 1392 142.1 137.4 1352 140.2
K" (mmol/L) 342 3.06 3.92 4.48 3.58
Ca’" (mmol/L) 1.46 2.38 1.81 227 2.25
P** (mmol/L) 0.90 1.58 1.24 1.64 1.40
UA (mmol/L) 549.5 498.2 582.7 444.8 831.6
Myoglobinuria Positive Positive Positive Positive Positive
Thyroid function
T; (nmol/L) 0.47 0.11 0.32 0.74 0.52
T, (nmol/L) 224 0 5.5 39.1 31.7
FT; (pmol/l) 0.77 0 0 1.3 1.1
FT. (pmol/) 5.45 2.84 0.86 1.6 1.3
TSH (IU/mL) 87.25 98.42 >100 >100 >100
TgAb (u[U/mL) <40 107 <40 <40 <40
TPOAb (IU/mL) 225 99 20.8 11.7 7.9
TRAb (n/L) 0 34.1 0 0 0
Treatments L};ﬂggﬁgﬁ’l blood L-thyroxine Ll;glr}i,frlzzgloer’l blood L-thyroxine L-thyroxine

CK, creatine kinase; LDH, lactate dehydrogenase; TSH, thyroid stimulating hormone; TPOAb, thyroid peroxidase antibody; TgAb, antithyroglobulin anti-

body; TRAb, anti thyroid hormone receptor antibody; UA, uric acid.

Normal reference levels: CK, 38-174 U/L; myoglobin, 0-70 g/L; LDH, 50-245 U/L; Scr, <1.5 mg/dL; HCO;", 22.0-30.0 mmol/L; Na" 135-145 mmol/L; K* 3.5-5.5
mmol/L; Ca™ 2.12-2.92 mmol/L; P*, 0.87-1.42 mmol/L; UA, 90-420 mmol/L; Thyroid function: Ts, 0.92-2.79 nmol/L; T, 58.1-140.6 nmol/L; FTs, 3.5-6.5 pmol/
L; FT4, 11.48-22.7 pmol/L; TSH, 0.35-5.5 plU/mL; TgAb, <40 IU/MI; TPOAb, <35 IU/MI; TRAb, <13 IU/L.

domyolysis has rarely been reported. Rhabdomyolysis is
associated with a wide variety of causes. The pathogenesis
of rhabdomyolysis is related to direct sarcolemmic injury
(e.g., trauma) or depletion of ATP within myocytes, leading
to an unregulated leakage of extracellular calcium ions into
the intracellular space.’ Sarcoplasmic calcium is strictly
regulated by a series of energy-dependent ion pumps, such
as Na'/K* ATPase and Ca*" ATPase in the sarcolemma, as
well as in other intracellular membranes, that maintain low
calcium levels when muscle is at rest and that allow for its
increase when actin-myosin binding and muscle contrac-
tion is necessary. Regardless of the underlying mechanism,
injury to the muscle leads to an increase in sarcoplasmic
calcium and persistent contraction. Ultimately, cell protease
is activated, followed by subsequent muscle fiber necrosis
and release of potassium, phosphates, myoglobin, CK, and
uric acid into the extracellular space and bloodstream.® Hy-
pothyroidism is an uncommon, nontraumatic cause of rhab-
domyolysis, the exact etiology of which remains unclear.
Thyroid hormone deficiency in glycogenolysis and mito-

chondrial oxidative metabolism has been proposed as a
possible explanation.”

In our cases, the diagnoses of rhabdomyolysis and AKI
were based on abnormal laboratory results of elevated se-
rum CK and creatinine, as well as urinary and serum myo-
globin. CK is considered the biochemical gold standard for
diagnosing rhabdomyolysis. Although there is no estab-
lished exact serum CK threshold, a concentration five times
the upper limit of the normal (i.e., 1000 U/L) is commonly
used.® CK values are generally considered predictive of the
likelihood of developing AKI. While a level of 5000 U/L or
greater has been linked to renal failure,” this has not been
shown to correlate with the severity of renal failure.! In-
deed, AKI has been shown to develop after the diagnosis of
rhabdomyolysis in patients with higher peak serum CK lev-
els at admission.!® As is, there is insufficient evidence for
the use of urine myoglobin as a predictor of AKI in patients
with suspected rhabdomyolysis, particularly if serum con-
centrations are high and urine levels are low."! Low myo-
globin clearance may indicate a higher risk for developing
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AKI, or may be an early marker for kidney dysfunction.!?

Hypothyroidism has been deemed a principal cause of
rhabdomyolysis and AKI. Although hyponatremia is a
common electrolyte derangement in hypothyroidism, espe-
cially with kidney derangements, in our study hyponatre-
mia-induced rhabdomyolysis was ruled out by normal lev-
els of serum sodium. In one representative case from our
study, adult primary hypothyroidism was caused by amiod-
arone. Amiodarone is a potent anti-arrthythmic and iodine-
rich drug. Its administration may lead to disturbances in
thyroid hormone metabolism and/or overt gland dysfunc-
tion." Each molecule of amiodarone contains two iodine
atoms, which constitute 37.5% of its mass. Hence, a patient
taking a 200 mg daily dose of amiodarone ingests 75 mg of
organic iodine each day. The daily free iodine amount that
is subsequently metabolized is 20-40 times higher than the
intake thereof in the general population. Amiodarone has a
half-life of approximately 100 days, mainly due to its stor-
age in adipose tissue. Its toxicities may persist or even oc-
cur after its discontinuation.'* Todine intake, baseline TSH,
and autoimmune thyroiditis may affect the thyroid, even re-
sulting in the development of amiodarone-induced hypo-
thyroidism (AIH). Irrespective of iodine intake, the inci-
dence of AIH ranges from 1-32%.'> AIH generally occurs
relatively early (3-12 months) after starting treatment with
amiodarone.'

Various theories have been proposed to explain the patho-
genesis of AIH. Failing to avoid the Wolff-Chaikoff effect
may be the most likely pathogenic mechanism. The clinical
presentation of AIH is usually subtle; one patient presented
with facial edema, weakness, myalgia, proximal muscle
weakness, fatigue, and chills after 2 months of amiodarone
use. Moreover, there was no difference in the clinical mani-
festations of AIH in this patient compared to those with hy-
pothyroidism from other causes. The laboratory features of
AIH are similar to those in patients with other causes of pri-
mary hypothyroidism. The diagnosis is confirmed by a high
TSH concentration (usually above 20 mIU/L) in combina-
tion with low total thyroxine or FTa. Triiodothyronine (T5)
concentration alone is not considered useful or reliable for
diagnosing ATH. It is essential to carefully evaluate patients
before and during amiodarone therapy. Careful thyroid
gland examination and baseline TSH, FTs, and TPOADb
measurements are necessary. Serum TSH and FT4 should
be measured after 3 months of therapy and semiannually
every 6 months thereafter.

Chronic autoimmune thyroiditis is the leading cause of

primary hypothyroidism in iodine-sufficient areas. Clinical-
ly, patients may present with or without goiter. The inci-
dence of the disease is particularly high in middle aged or
older women. Both types of anti-thyroid antibodies are usu-
ally detected; the detection of only one type is rare.!” Addi-
tionally, it is rare to find a middle-aged male with chronic
autoimmune thyroiditis. Usually an aggravating factor such
as the use of lipid-lowering drugs, alcohol, exercise, or
chronic renal failure can be identified. In present study,
three patients with rhabdomyolysis due to hypothyroidism
involved no additional precipitating factor, and the cause of
hypothyroidism was uncertain.

Patients with very severe and longstanding hypothyroid-
ism are more likely to develop concurrent complications,
such as muscle injury inducing rhabdomyolysis, which is
implicated as a significant cause of AKI. Although the ex-
act mechanisms by which rhabdomyolysis impairs glomer-
ular filtration rate (GFR) are unclear. Some evidence sug-
gests that the mechanisms of renal damage may include: 1)
intrarenal vasoconstriction and ischemia; 2) direct and indi-
rect ischemic tubule injury; and 3) tubular obstruction. Hy-
pothyroidism may aggravate renal ischemia, as hypothy-
roidism exerts some hemodynamic effects for reducing
cardiac output, increasing systemic and renal vascular resis-
tance, and reducing GFR.'® Accordingly, a significant corre-
lation between TSH and Scr has been found; the greater the
impairment in thyroid function was, the more commonly
renal failure occurred."

The typical symptoms of thabdomyolysis include muscle
pain, weakness, and myoglobinuria. Even so, this classic
triad occurs in only 10% of patients, and more than half
lack clinical evidence of muscle pain or weakness,” wheth-
er traumatic or nontraumatic. Nontraumatic rhabdomyoly-
sis due to hypothyroidism is clinically obscure. In our study,
approximately one year was the longest onset time in
which a patient presented with facial edema. Furthermore,
although patients may be asymptomatic for an extended pe-
riod, the disease can later present at a serious stage (case 2,
9 days). Therefore, it is essential to attenuate the severity of
rhabdomyolysis by early detection of the underlying cause
and comorbid conditions and by prompt therapeutic man-
agement. Active thyroid hormone replacement therapy and
blood purification are imperative.

In conclusion, any patient presenting with unexplained
AKI, accompanied by myalgia, weakness and elevated se-
rum muscle enzymes should be evaluated for hypothyroid-
ism-induced rhabdomyolysis. In addition, the etiology of
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hypothyroidism should be determined. To avoid AIH devel-

opment, thyroid function should be carefully monitored ei-

ther before or after administration of amiodarone.
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