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Abstract: Acute kidney injury (AKI) in the setting of hypothyroidism has been documented in the
literature. However, hypothyroidism is not generally considered a cause during investigation of an
acute kidney injury. Most of the cases described have been reported in setting of rhabdomyolysis,
while fewer cases describe AKI occurring in the absence of rhabdomyolysis. Only rarely have case
reports been supplemented by renal biopsy findings to ensure other etiologies of acute kidney injury
were ruled out, and none of these reports have documented changes in the kidney that could be
associated with the hypothyroid state. We report a case of AKI in chronic kidney disease in the
absence of rhabdomyolysis, occurring during severe hypothyroidism, that resolved completely after
achievement of a euthyroid state. In addition, we provide renal biopsy findings likely associated with
the hypothyroid state. We propose that evaluation of the thyroid function should be considered in
any patient during evaluation of an acute kidney injury.
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1. Introduction

Acute kidney injury (AKI) occurring in the setting of hypothyroidism is uncommon
but has been reported. Most of the cases describe AKI occurring from rhabdomyolysis from
hypothyroid myopathy. However, AKI from hypothyroidism can also occur in the absence
of rhabdomyolysis. While some case reports describe this association of hypothyroidism
and AKI in the absence of rhabdomyolysis, rarely have concomitant renal biopsies been
carried out to conclusively rule out other causes of the AKI. We describe a patient with
CKD who developed an AKI in setting of severe hypothyroidism that resolved completely
after thyroid hormone replacement and achievement of a euthyroid state. In addition, we
present histological changes in the kidney that could be attributed to the hypothyroid state.
Our case emphasizes that evaluation of the thyroid function should be considered during
workup of an unexplained AKI.

2. Case Report

A 52-year-old male was diagnosed with interstitial lung disease from a lung biopsy
in January 2015 at an outside institute who was diagnosed with pauci-immune glomeru-
lonephritis in July 2015. At that time, he had presented with worsening difficulty breathing,
hemoptysis and hypoxia as well as acute kidney injury with microscopic hematuria and pro-
teinuria. A bronchoscopy showed diffuse alveolar hemorrhage. The renal biopsy showed
focal necrotizing glomerulonephritis (GN), pauci-immune. Anti-neutrophil cytoplasmic an-
tibodies were negative. He was treated with high dose steroids and oral cyclophosphamide
and achieved clinical remission. He received rituximab for maintenance therapy which he
completed in July 2017; he was tapered off steroids completely. He had been in complete
renal remission with serum creatinine in the range of 1.7 to 1.9, estimated glomerular
filtration rate (eGFR) of 46–51 mL/min (eGFR 46–51 mL/min), though intermittently in
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the 1.6 to 2.1 mg/dL range. Urinalysis was without blood or protein. His breathing had
significantly improved as well, and he did not require home oxygen on activity. He had
been on lisinopril since his diagnosis of pauci-immune GN. In September 2019, he was
diagnosed with angioedema after starting Augmentin and azithromycin prescribed by his
local doctor for pneumonia. It was not clear if the angioedema was from the antibiotics or
the lisinopril, but lisinopril was stopped. He was started on losartan 25 mg daily, which he
had been tolerating.

From routine labs in January 2020, his creatinine was noted to be elevated to 2.7 mg/dL.
Urinalysis showed no blood or protein, and the random protein creatinine ratio was
<0.1 g/g. These labs were repeated a few weeks later, and serum creatinine remained
2.7 mg/dL. He reported a good appetite, denied any new medications including NSAID
use and denied use of over-the-counter supplements including creatine supplements. His
home blood pressure had risen above 130/80 and losartan was increased to 50 mg daily.
Upon clinical evaluation in February 2020, he reported a 10-pound weight gain which he
attributed to weight gain during the holiday season that had persisted. His wife reported he
had started snoring for about a month since he had gained weight. He reported a change in
his voice and felt it was hoarse but only intermittently. He denied any difficulty breathing,
wheezing or swallowing. He had no urinary complaints and denied any change in color of
urine or amount of urine. Upon assessment, he did have a deeper voice compared to before,
though his oropharyngeal exam was normal. Urinalysis was bland without red cells, pyuria
or protein. Due to concern with angioedema with lisinopril previously, his losartan was
held temporarily and switched to nifedipine XL until further evaluation was completed.
He was referred to otolaryngology (ENT) and also asked to schedule a sleep study. He
was evaluated by ENT in March 2020 and had no stridor, andno focal neck masses were
noted. On laryngoscopy, no abnormalities of the glottis or vocal cords were noted, although
there was some edema in the arytenoid and post cricoid area thought to be related to
acid reflux. Use of a proton pump inhibitor was advised; however, given his worsening
renal function and to avoid further confounders, this was not started. Repeat labs showed
worsening creatinine to 3.1 in March 2020, and his urinalysis remained without blood or
protein (Figure 1, Table 1). He had no new symptoms, and his weight remained stable. It
was unclear if he had an interstitial or an infiltrative process, though the urinalysis was
without pyuria. In the absence of clear cause and significant drop in GFR, he underwent a
renal biopsy in March 2020. The renal ultrasound prior to the biopsy was unremarkable.
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Table 1. Time course of renal and thyroid function.

Date Serum Creatinine
(mg/dL)

eGFR
(mL/min) TSH (mcIU/mL)

October 2019 1.7 51

November 2019 1.9 46

December 2019 1.9 46

January 2020 2.7 30

February 2020 2.7 30

February 2020 2.8 29

March 2020 3.1 26

April 2020 3.1 26 153.0 (22 April 2020)

May 2020 2.4 36

June 2020 1.6 56 4.4

July 2020 1.9 45 4.0

August 2020 1.8 49

September 2020 1.7 51

October 2020–August 2022 1.6–1.9 45–56 1.9 (March 2022)

2019–2022-Urinalysis without blood or protein, no proteinuria.

The renal biopsy showed 17 glomeruli, 8 globally sclerosed (Figure 2). No proliferative,
necrotizing or thrombotic lesions were present. The viable glomeruli had a mild increase in
the mesangial matrix and overall patent capillary lumina. There was one bland segmental
area of sclerosis, consistent with the focal necrotizing glomerulonephritis seen in the previ-
ous biopsy. Interlobular and preglomerular arterial branches were within normal limits and
interstitial fibrosis and tubular atrophy were mild (15%). Immunofluorescence staining was
negative. Electron microscopic (EM) examination confirmed the expanded mesangium, that
appeared heterogeneous and mottled with increased electron-dense strands admixed with
electro-lucent areas. The peripheral capillary loops were patent without any electron-dense
immune deposits. There were no amyloid deposits, fibrils or tubuloreticular inclusions.
There was multifocal widening of the subendothelial space/lamina rara interna due to
accumulation of granular or loosely fibrillary material. Lipid inclusion was present in ep-
ithelial, endothelial and mesangial cells. The tubules often showed irregular multilayering
of their basement membranes. The ultrastructural changes seen in this biopsy were not
present in the previous biopsy. The clinical significance of these EM findings was not clear
at that time. The EM findings were not consistent with diabetic nephropathy, thrombotic
microangiopathy or IgA nephropathy. Clinically, the patient had no proteinuria and no
findings suggestive of thrombotic microangiopathy.

During subsequent weeks, he noted some mild leg swelling but also had been started
on nifedipine XL; otherwise, he had no new symptoms. Upon further evaluation, in April
2020, he was noted to have some thyroid fullness, and a thyroid stimulating hormone
(TSH) test was performed, with results showing elevated levels at 153 mcIU/mL (reference
range 0.47–4.68 mcIU/mL), while free T4 was <0.07 ng/dL (reference 0.6–2.5 ng/dL)
consistent with hypothyroidism. The patient had no prior history of any thyroid disorder.
A thyroid peroxidase antibody was elevated at 477 IU/mL (reference < 9 IU/mL). He
was started on 100 mcg levothyroxine. He felt symptomatically better after the start of
the thyroid supplement and felt his voice normalize; he lost the weight he had gained
over the preceding months. Serum creatinine was 3.1 as of April 2020 but was 2.4 mg/dL
in May 2020 and 1.6 in June 2020, at which time his repeat TSH was normal (Figure 1,
Table 1). The patient had acute worsening of his renal function in the setting of severe
hypothyroidism that completely resolved with achievement of the euthyroid state. Renal
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function since remained at his baseline with a serum creatinine in the 1.7 to 1.9 mg/dL
range (Figure 1, Table 1).
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3. Discussion

There are multiple reports of renal dysfunction attributed to rhabdomyolysis in the set-
ting of hypothyroid associated myopathy; in some of these reports, levels of creatine kinase
(CK) were significantly elevated [1–8]. In other reports, CK was only moderately elevated,
though most but not all the patients had some muscle weakness, pain or stiffness [9–16].
However, renal dysfunction from hypothyroidism can also occur in the absence of rhab-
domyolysis. In these cases, the AKI reversed with thyroid hormone replacement and
reestablishment of euthyroid state [17–27]; renal biopsies were carried out in only two of
these reports [18,21] and were reported as unremarkable. We present a patient with AKI
in CKD resulting from severe hypothyroidism, in the absence of myopathy, and with the
renal biopsy suggesting findings seen in hypothyroid states.

The thyroid hormone has multiple effects on the cardiovascular system including
increased cardiac contractility, increased heart rate, decreased peripheral vascular resistance
and increased cardiac output. Hypothyroidism results in decreased cardiac output and
increased peripheral resistance [28]. In the kidney, hypothyroidism causes multiple effects
including decreased renal plasma flow, intrarenal vasoconstriction, decreased GFR, de-
creased renin angiotensinogen aldosterone system (RAAS) activity, inability to excrete free
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water, decreased urinary concentrating ability and decreased sodium absorption [29–32].
Hypothyroid patients have decreased GFR, decreased proximal tubular sodium absorption,
decreased maximal urinary flow rate and free water clearance similar to patients with
chronic renal failure, thought to be likely related to the reduced eGFR [33].

In 41 patients with primary hypothyroidism, the creatinine clearance was lower
than 85 mL/min in all cases, and mean creatinine clearance was 62 (±4) mL/min. Repeat
readings two months after starting thyroid hormone replacement showed normal creatinine
clearance in all but three elderly patients whose creatinine clearance remained below
80 mL/min; the mean creatinine clearance improved to 90 (±3) mL/min after thyroid
replacement [34].

In another study, serum creatinine was compared before and after a period of iatro-
genic hypothyroidism, induced prior to radioactive iodine scanning for thyroid carcinoma
monitoring. In the 29 episodes of hypothyroidism in 15 patients, the hypothyroid creatinine
values were greater in 89.7% and equal in 10.3% cases compared with the creatinine during
the prior euthyroid state. In addition, in 36 episodes of hypothyroidism in 20 patients,
the creatinine during the hypothyroid state was greater in 91.7% of cases compared with
creatinine values when levothyroxine was reinstituted and euthyroid state achieved again.
Among the 29 episodes of hypothyroidism in the 15 patients in whom all three creatinine
values were available, there was no difference in creatinine obtained during euthyroid
states before and after the hypothyroid state [35].

The elevation in the creatinine with hypothyroidism is thought to be due to reduction
in the GFR and not due to increased production from myopathy or reduced renal tubular
secretion. Effective renal plasma blood flow asmeasured by 131 I-Hippuran clearance and
GFR measured by 51Cr-EDTA was found to be low in patients with overt hypothyroidism
and increased after therapy with thyroid hormone replacement [36]. Similarly, in a study
of 27 patients after total thyroidectomy for thyroid carcinoma, the GFR as measured by
51Cr-EDTA clearance was significantly lower and serum creatinine higher in hypothyroid
state than after two months of treatment with thyroid hormone replacement [37].

Our patient had no symptoms of myalgia or muscle weakness, though these symp-
toms may not always be present even with myopathy. Muscle creatinine kinase was not
measured; however, he reported no change in color of the urine, and the urinalysis showed
no blood or heme pigment. While a normal urinalysis may not rule out mild cases of
rhabdomyolysis, his renal biopsy showed no acute tubular injury or pigment casts to
suggest this as the cause of the AKI. Thyroid disorders can be associated with glomerular
pathologies [31,32]; however, the urinalysis was without red blood cells or protein, and
the renal biopsy showed no glomerulonephritis. The patient had no evidence of volume
depletion from either history or physical examination. His blood pressure had been higher
than his baseline; this was partly attributed to his weight gain. Subsequently, he was
normotensive with adjustment of his antihypertensive. Even though the etiology of the
decrease in GFR with hypothyroidism is due to decreased renal plasma flow, BPs were
reported to be normal to mildly hypertensive in most cases of hypothyroidism associated
AKI in the absence of rhabdomyolysis. No urine sodium or urine urea was measured in
this patient who developed persistent renal impairment over months, since there was no
clinical suspicion for volume depletion, and he was non oliguric.

In the case reports published thus far describing AKI in the setting of hypothyroidism
in the absence of rhabdomyolysis, there are only two reports which documented renal
biopsies [18,21]. Both these reports describe no significant abnormalities that were found in
the biopsy. However, ours is the first case report which describes renal pathology findings
similar to those reported in prior biopsy series in patients with hypothyroidism [38,39].
Solomon et al. describe a case series of renal biopsies in seven patients with clinical hy-
pothyroidism; there was enlarged mesangium noted with some thickening of the tubular
basement membrane. In electron microscopy, there was thickening of the basement mem-
branes, increased mesangial matrix which appeared loose or “mottled” and lipid containing
inclusions noted in epithelial, endothelial and mesangial cells. There was also thickening
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of the tubular basement membranes with inclusions that either contained lipids or were
lysosomes, and some cells had hyaline droplets, which were probably protein [38]. Repeat
biopsies carried out in two patients during euthyroid state showed marked decrease in
intracellular inclusions as well decrease in the capillary basement membrane thickness [38].

In our patient, the light microscopic analysis showed mild mesangial expansion, and
the EM findings were in agreement with the features described by Salomon et al. While
hemoglobin A1c was not checked at the time, the biopsy findings were not suggestive of
diabetic nephropathy, and even with diabetic nephropathy, such early changes would not
account for the severe decrease in the renal function.

There is increased prevalence of hypothyroidism in patients with CKD, with increasing
prevalence noted with a greater degree of renal dysfunction. In addition, CKD is associated
with various alterations in thyroid hormone levels [31,40,41]. Thyroid hormone alterations
in CKD can include reduced triiodothyronine (T3) levels; reduced total thyroxine (T4)
levels due to reduced protein states in advanced CKD and alterations in thyrotropin (TSH)
including decreased clearance, decreased response to thyrotropin releasing hormone (TRH),
decreased pulsatility, increased half-life and decreased bioactivity. However, the level of
TSH is usually normal and is a more reliable indicator of thyroid function than serum
T3 in patients with CKD [31,40,41]. The elevation in the TSH in our patient with CKD
reflected true hypothyroidism, rather than an alteration of thyroid function due to his
CKD. There was no alternative explanation for his AKI, and there was complete resolution
of the AKI with normalization of the patient’s hypothyroid status after thyroid hormone
supplementation. Moreover, the biopsy findings supported findings in the kidney due to
the hypothyroid state.

Even though severe hypothyroidism can result in acute renal dysfunction, this is not
routinely discussed as a cause of AKI in clinical practice. We present a case of an AKI in
CKD in which the clinical picture and biopsy findings strongly suggest the etiology to be
related to the severe hypothyroid state. We suggest that measurement of thyroid function
should be performed in any patient with unexplained renal dysfunction.
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