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A 52-year-old man presented to the emergency department with swelling in his legs 
and general weakness. Symmetric leg swelling had begun 4 weeks earlier. Two 
weeks before presentation, when it became difficult for him to wear shoes because 
of the swelling, he had presented to another emergency department, where he was 
found to have hyponatremia and a thyrotropin level of 89 mIU per liter. He had been 
taking levothyroxine at a dose of 150 μg daily, and the dose was increased to 175 μg 
daily. Furosemide was prescribed for swelling, with moderate benefit. Symmetric, 
progressive weakness and intermittent muscle aches subsequently developed, as well 
as generalized fatigue, nausea, diffuse abdominal pain, and one episode of non-
bloody, nonbilious vomiting. He had no chest pain, shortness of breath, or orthop-
nea. Before the onset of these symptoms, he had felt well and had been active in his 
work as a utility-company supervisor.

Edema without dyspnea or orthopnea may represent volume overload from failure 
of the right side of the heart, hepatic failure, renal failure, or the nephrotic syn-
drome. The systemic symptoms of malaise, nausea, and vomiting are nonspecific 
and could occur with any of these conditions, as well as a variety of others. The 
history of a markedly elevated thyrotropin level is notable, because clinical hypo-
thyroidism could explain all the patient’s symptoms; however, his initial presenta-
tion with severe edema in the absence of other symptoms would be unusual and 
would indicate that other conditions must be considered. Prescription of diuretics 
at the initial visit without further diagnostic evaluation was inadvisable, given the 
severity of edema. More information regarding the patient’s thyroid history, as well 
as his previous thyrotropin levels and dose adjustments, would be informative.

The patient had had papillary thyroid cancer 11 years earlier, which was treated with 
total thyroidectomy and radioiodine (iodine-131) ablation. He had a history of excel-
lent adherence to levothyroxine, at doses of 125 to 175 μg per day. He recalled having 
had normal thyroid-function tests approximately 14 weeks before his initial emer-
gency department visit.

Patients with thyroid cancer who undergo thyroidectomy or radioactive iodine 
ablation must receive lifelong thyroxine (T4) replacement. In many cases, a period 
of replacement in excess of a normal therapeutic dose is indicated to suppress 
endogenous thyrotropin production and secretion and prevent stimulation of re-
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sidual cancer cells. The observed increase in the 
thyrotropin level suggests inadequate repletion 
of thyroxine, a common cause of which is non-
adherence to medication. Other possibilities in-
clude alterations in gastrointestinal absorption, 
such as from Crohn’s disease or celiac disease; 
coadministration of medications that interfere 
with absorption, such as calcium and iron; and 
interactions with medications that affect metabo-
lism, such as rifampin and anticonvulsants.

The patient’s medical history also included hyper-
tension, dyspepsia, and follicular non-Hodgkin’s 
lymphoma, which had been diagnosed 14 years 
earlier. After treatment with cyclophosphamide, 
doxorubicin, vincristine, prednisone, and ritux-
imab, he had undergone reduced-intensity con-
ditioned allogeneic hematopoietic stem-cell 
transplantation 4 years before presentation. Trans-
plantation resulted in a complete remission, but 
his recovery was complicated by mild chronic 
graft-versus-host disease (GVHD) of the skin and 
gastrointestinal tract, which was managed with 
low-dose prednisone (5 mg daily). Three months 
before presentation, glucocorticoids were discon-
tinued, without tapering, because the symptoms 
had resolved completely. During the same visit, 
the patient received a herpes zoster vaccination. 
Additional medications included lisinopril and 
pantoprazole. The patient lived with his wife and 
two children in Massachusetts. He did not drink 
alcohol and had never smoked or used illicit 
drugs. His father had hypertension and coronary 
artery disease.

Recipients of stem-cell transplants are at risk for 
numerous complications, including recurrence 
of the primary disease, immune dysregulation 
after transplantation (e.g., GVHD), and compli-
cations of the immunosuppressive regimen. The 
primary targets of GVHD are the skin, liver, and 
gastrointestinal tract, although the eyes, kidney, 
and hematopoietic cell lines can also be affected. 
Acute GVHD can manifest as rash, profuse di-
arrhea, abdominal pain, and jaundice. Chronic 
GVHD (>3 months after transplantation) can 
cause a protein-losing enteropathy and intestinal 
malabsorption. The recent discontinuation of 
glucocorticoids raises the possibility of worsened 
GVHD with malabsorption, which could affect 
the patient’s levothyroxine requirements. Adrenal 
insufficiency, resulting in weakness, nausea, and 

fatigue, must also be considered, because treat-
ment with levothyroxine could precipitate an 
acute adrenal crisis.

On examination, the temperature was 36.5°C 
(97.7°F), the pulse 56 beats per minute, the blood 
pressure 118/84 mm Hg, the respiratory rate 
16 breaths per minute, and the oxygen saturation 
99% while the patient was breathing ambient air. 
He appeared tired but in no distress. There was no 
periorbital edema or lymphadenopathy. The car-
diac and pulmonary examinations were normal. 
The jugular venous pressure was 7 cm of water. 
The abdomen was soft and nontender, without 
rebound, guarding, or ascites. There was 1+ edema 
in both legs. The skin examination was normal. 
The patient’s affect was normal, and he was 
 oriented to person, place, and time. The cranial 
nerves were intact. Strength was 4 out of 5 in the 
feet, ankles, arms, and hands, with normal mus-
cle bulk and tone. Sensation and reflexes were 
normal, the latter without slowing of relaxation.

In patients with severe hypothyroidism, myx-
edema coma is a concern. However, there is no 
report of mental-status changes, and this diag-
nosis is usually associated with other findings of 
severe hypothyroidism, such as hypothermia, 
marked bradycardia, hypoventilation, and occa-
sionally hypotension, none of which are present 
in this case. The patient does have muscle weak-
ness, which could be related to hypothyroid my-
opathy; however, the classic form of this disor-
der preferentially affects proximal muscle groups 
and is associated with delayed reflexes. There is 
no evidence of heart failure on examination, nor 
are there stigmata of liver disease. The patient 
does not have periorbital edema, which is a 
common presenting symptom of the nephrotic 
syndrome; however, the physical examination is 
of limited usefulness in the evaluation of renal 
disease. Furthermore, the patient had already 
received diuretics before presentation, which ap-
pear to have reduced his edema substantially. 
Thyroid-function tests should be performed, as 
well as a urinalysis, with measurement of pro-
tein and creatinine levels in single, untimed 
(“spot”) urine specimens if urinalysis suggests 
clinically significant proteinuria.

Electrolyte levels were normal. The blood urea 
nitrogen level was 10 mg per deciliter (3.6 mmol 
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per liter), creatinine 0.82 mg per deciliter (72 μmol 
per liter), albumin 2.6 g per deciliter (reference 
range, 3.5 to 5.2), and total protein 5.9 g per deci-
liter (reference range, 6.0 to 8.0). Blood counts 
were normal. The thyrotropin level was 78.6 mIU 
per liter (reference range, 0.5 to 5.7), and the free 
T4 level 0.8 ng per deciliter (10 pmol per liter) 
(reference range, 0.9 to 1.7 ng per deciliter [12 to 
22 pmol per liter]). The basal cortisol level was 
10.4 μg per deciliter (287 nmol per liter) at 8 a.m. 
(reference range, 2.3 to 19.4 μg per deciliter [63 to 
535 nmol per liter]) and 21.6 μg per deciliter 
(596 nmol per liter) 1 hour after the administra-
tion of 0.25 mg of cosyntropin (reference value, 
>18.0 μg per deciliter [>497 nmol per liter]). The 
total cholesterol level was 321 mg per deciliter 
(8.30 mmol per liter), calculated low-density lipo-
protein cholesterol level 248 mg per deciliter 
(6.41 mmol per liter), high-density lipoprotein 
cholesterol level 37 mg per deciliter (0.96 mmol 
per liter), and triglyceride level 179 mg per deci-
liter (2.02 mmol per liter). Urinalysis showed 3+ 
protein and no blood.

The markedly elevated thyrotropin level and low 
free T4 level support the diagnosis of hypothy-
roidism. High-dose levothyroxine should be ini-
tiated for clinical hypothyroidism. I would favor 
intravenous administration, given the concern 
about malabsorption. The urinalysis suggests 
clinically significant proteinuria but is only 
semiquantitative. Proteinuria should be quanti-
fied with the spot urine protein-to-creatinine 
ratio or 24-hour urine collection for protein.

The patient was admitted and treated with intra-
venous levothyroxine (75 μg in a single dose). On 
further questioning, he reported the onset of 
frothy urine at least 1 week before presentation. 
The spot urine protein level was 380.8 mg per 
deciliter (reference range, 0 to 15.0), and the urine 
creatinine level was 54.4 mg per deciliter, result-
ing in a spot urine protein-to-creatinine ratio of 7.

The protein-to-creatinine ratio correlates direct-
ly with grams of protein excreted in 24 hours 
(i.e., 7 g); this patient has nephrotic-range pro-
teinuria (>3.5 g in 24 hours). Although this de-
gree of proteinuria can be seen in the absence of 
the nephrotic syndrome, this patient appears to 
meet all the criteria for the syndrome: nephrotic-
range proteinuria, hypoalbuminemia (<3 g of 

albumin per deciliter), peripheral edema, and 
hyperlipidemia.

The nephrotic syndrome is most commonly 
caused by membranous nephropathy, focal seg-
mental glomerulosclerosis, minimal-change dis-
ease, or membranoproliferative glomerular dis-
ease. All forms of the nephrotic syndrome may 
be associated with neoplasms, particularly lym-
phoma, which may cause a paraneoplastic-asso-
ciated membranous nephropathy or minimal-
change disease. Positron-emission tomography 
(PET) should be considered, particularly given 
the patient’s history of cancer. Other secondary 
causes of the nephrotic syndrome that must be 
considered include medications (e.g., nonsteroi-
dal antiinflammatory agents); hepatitis or other 
chronic infections, including human immuno-
deficiency virus (HIV) infection; systemic lupus 
erythematosus; and amyloidosis. In addition, I 
would suggest a renal biopsy, because the patho-
logical diagnosis informs both treatment and 
prognosis.

The results of serum and urinary protein electro-
phoresis were normal, as were levels of comple-
ment (C3 and C4). Tests for antinuclear anti-
bodies, cryoglobulins, antineutrophil cytoplasmic 
antibody, hepatitis B and C antibodies, HIV anti-
body, and treponemal antibody were negative. 
Whole-body PET with 18F-fluorodeoxyglucose 
showed no evidence consistent with lymphoma. 
Renal ultrasonography revealed a 6-mm nonob-
structing left renal calculus but otherwise showed 
kidneys of normal size and echogenicity. A renal 
biopsy revealed extensive but not diffuse efface-
ment of foot processes (Fig. 1) with minimal 
chronic changes of the parenchyma and 12% 
global glomerulosclerosis, a finding that was 
considered to be consistent with the patient’s age 
and history of hypertension; no segmental sclero-
sis was observed.

The findings are suggestive of idiopathic minimal-
change disease. Extensive, but not diffuse, efface-
ment of foot processes is suggestive of an early 
stage of minimal-change disease or minimal-
change disease with spontaneous partial remis-
sion or partial drug treatment. The absence of 
segmental sclerosis argues against focal seg-
mental glomerulosclerosis.

In the nephrotic syndrome, thyroid-binding 
globulin, a primary binding protein for T4, is one 
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of the proteins excreted in the urine. In euthy-
roid patients, the thyroid gland can compensate 
for the urinary losses by increasing thyroid hor-
mone production; this process leads to a pattern 
of a low level of total T4 (owing to reduced pro-
tein and hence reduced protein-bound T4) but a 
normal level of free T4. In persons with hypothy-
roidism who have no functional thyroid tissue 
(such as this patient), endogenous compensation 
for urinary losses is not possible, which leads to 
the development of clinical hypothyroidism. It 
would be useful to quantify T4 urinary losses.

A 24-hour urine collection showed a total urine 
T4 level of 2.14 μg per deciliter; the calculated 
24-hour T4 excretion was 62 μg.

The results confirm that the clinical hypothy-
roidism in this patient while he was taking his 
usual replacement dose is attributable to the 
nephrotic syndrome. Idiopathic minimal-change 
disease resolves spontaneously in about one third 
of patients; for patients in whom the disease 
does not go into remission or who have recur-
rent disease, glucocorticoids are indicated. This 
patient is already taking an angiotensin-convert-
ing–enzyme inhibitor for his hypertension; this 
class of agent has also been shown to reduce 
urinary protein excretion.

Administration of levothyroxine was switched to 
the oral route, at a dose of 200 μg daily. Atorvas-
tatin was started for hyperlipidemia but was 
stopped on account of severe myalgias. By the 
time of the patient’s discharge, 5 days after ad-
mission, all symptoms had resolved. Two weeks 
later, the protein-to-creatinine ratio had decreased 
to 1.4, the serum albumin level had increased to 
3.1 g per deciliter, and the edema in both legs had 
resolved, so furosemide was discontinued.

The substantial reduction in proteinuria suggests 
that the minimal-change disease is resolving. 
However, I would continue to follow the pa-
tient’s level of urinary protein excretion and his 
symptoms on a monthly basis to monitor for 
evidence of relapse.

Two months later, edema in the legs and fatigue 
developed in the patient. He reported taking his 
levothyroxine daily. The urine protein-to-creati-
nine ratio was 5.6, and the thyrotropin level had 

increased to 15.9 mIU per liter. Prednisone was 
initiated at a daily dose of 80 mg (1 mg per kilo-
gram of body weight), and the dose of levothyrox-
ine was increased to 250 μg daily. After 4 weeks, 
the urine protein-to-creatinine ratio had declined 
to 0.1, and the thyrotropin level had decreased to 
3.8 mIU per liter. The levothyroxine dose was de-
creased to 200 μg daily, and glucocorticoids were 
slowly tapered to 10 mg per day over a period of 
4 months. Six months after the initial presenta-
tion, the serum albumin level was 4.2 g per decili-
ter, there was no detectable protein in the urine, 
and lipid levels were in the normal range. The 

Figure 1. Renal-Biopsy Specimens.

A renal‑biopsy specimen examined by means of light 
microscopy (Panel A, periodic acid–Schiff) shows a 
normal‑appearing glomerulus with no biologically sig‑
nificant increase in mesangial matrix or cellularity, no 
inflammation, and delicate glomerular basement 
membranes. Another specimen examined by means of 
electron microscopy (Panel B) shows near‑complete 
effacement of the foot processes (arrows) in the ab‑
sence of electron‑dense deposits.

A

B
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patient returned to his normal state of health and 
had no recurrence of leg swelling.

Commen ta r y

The patient presented with what superficially 
appeared to be two independent processes (the 
nephrotic syndrome from minimal-change dis-
ease and clinical hypothyroidism). However, rec-
ognition of the effects of substantial proteinuria 
on his altered thyroid axis led clinicians to de-
termine correctly that the hypothyroidism was 
actually due to the nephrotic syndrome.

Hypothyroidism is an unusual complication 
of the nephrotic syndrome. The majority (99%) 
of T4 in the serum is bound to thyroid-binding 
proteins, including thyroid-binding globulin, 
transthyretin, and albumin.1 In patients with an 
intact hypothalamic–pituitary–thyroid axis, the 
thyroid gland compensates for urinary losses by 
increasing the production of T4.

1-3 Consequently, 
despite heavy loss of proteins associated with 
the nephrotic syndrome, levels of biologically 
active free thyroid hormone are typically unaf-
fected, and most patients with the nephrotic syn-
drome remain clinically euthyroid.1,3 However, 
patients who are reliant on a fixed exogenous 
source of T4 cannot compensate for the loss of T4, 
and thus, as in this case, clinical hypothyroid-
ism develops as a consequence of proteinuria.4 
In patients who are dependent on exogenous 
thyroxine replacement, nephrotic-range protein-
uria should prompt consideration of urinary loss 
of thyroid hormone.

In such cases, assessment of urine thyroxine 
levels provides confirmation of the presumed 
urinary losses.1,3,5 The amount of T4 lost in the 
urine is normally negligible (1 to 2 μg per day).6 
Consequently, the urine T4 level approximates the 
increase in oral levothyroxine dose that is re-
quired to restore a euthyroid state.

Minimal-change disease is characterized clini-
cally by nephrotic-range proteinuria and patho-
logically by diffuse effacement of epithelial foot 
processes on electron microscopy in the context 
of a relatively normal appearance on light micros-
copy. Although the disease has been reported 
after stem-cell transplantation,7 it is less common 
than membranous nephropathy in these patients. 
The pathophysiology of minimal-change disease 
occurring years after stem-cell transplantation may 

represent a form of limited GVHD from immune 
dysregulation, especially after withdrawal of im-
munosuppression.8 A case report describing the 
development of minimal-change disease after vac-
cination in a patient who had received a transplant 
(as occurred in our patient) suggested the possibil-
ity that post-transplantation vaccination may cause 
an allergic response9; however, it is unknown 
whether these events are causally related. Causal 
factors that are not associated with the post-trans-
plantation state must also be considered, par-
ticularly neoplasm, because cancers are known 
to be associated with minimal-change disease.

The decision to treat minimal-change disease 
depends on the clinical course of the disease 
and on any complications associated with the 
disease. This patient initially had a spontaneous 
partial remission but then soon had a relapse, 
necessitating treatment with prednisone. Gluco-
corticoids, the mainstay of treatment for minimal-
change disease, have been shown in two ran-
domized trials to be efficacious in adults with 
the disease.10-12 Other immunomodulatory thera-
pies, including calcineurin inhibitors, cytotoxic 
agents, rituximab, azathioprine, and mycophe-
nolate mofetil, have been used in conjunction 
with low-dose glucocorticoids in patients who 
have unacceptable side effects with high-dose 
glucocorticoids or, more commonly, as gluco-
corticoid-sparing agents in relapsed disease. 
Adjunctive therapies for minimal-change disease 
typically include loop diuretics for edema, in-
hibitors of the renin–angiotensin–aldosterone 
system for hypertension and proteinuria, and 
3-hydroxy-3-methylglutaryl–coenzyme A reductase 
inhibitors (i.e., statins) for hyperlipidemia. Angio-
tensin-converting–enzyme inhibitors and angio-
tensin II receptor blockers improve the size se-
lectivity of the glomerular barrier and may have 
long-term renal protective effects.13,14 Relapses 
are common in minimal-change disease despite 
therapy, and younger patients (<40 years of age) 
are more likely to have a relapse than older pa-
tients.10 A small case series suggested that up to 
a quarter of patients have three or more relapses 
per year.15

This case underscores the importance not only 
of treating a symptom (swelling in the legs) or 
laboratory abnormality (an elevated thyrotropin 
level), but also of investigating the underlying 
cause.
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