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Challenging differential diagnosis

Thyrotoxic periodic paralysis (TPP) is commonly observed in patients with acute paralysis and hyperthyroid-
ism. However, there is a possibility of secondary causes of hypokalemia in such a setting.

Herein, we present the case of a 38-year-old woman with untreated hypertension and hyperthyroidism. She
presented with muscle weakness, nausea, vomiting, and diarrhea since one week. The initial diagnosis was
TPP. However, biochemistry tests showed hypokalemia with metabolic alkalosis and renal potassium wasting.
Moreover, a suppressed plasma renin level and a high plasma aldosterone level were noted, which was sug-
gestive of primary aldosteronism. Abdominal computed tomography confirmed this diagnosis.

Therefore, it is imperative to consider other causes of hypokalemia (apart from TPP) in a patient with hyper-
thyroidism but with renal potassium wasting and metabolic alkalosis. This can help avoid delay in diagnosis of
the underlying disease.
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Background

Hypokalemic periodic paralysis is a common condition which
presents as severe muscle weakness and markedly low serum
potassium level. Most commonly affected age group is be-
tween15 and 35 years; the incidence tends to decrease with
an increase in age [1]. It could be familial and inherited with
an autosomal dominant pattern. However, the most common
cause is thyrotoxic periodic paralysis (TPP), which is particu-
larly observed among Asians. However, with global popula-
tion transmigration, an increase in its incidence in Western
countries has been reported [2]. Nevertheless, concomitant
occurrence of primary hyperaldosteronism (PA) and thyrotox-
ic nodular goiter is rare and has a similar clinical presentation
(hypokalemia), which may lead to delayed diagnosis.

We present our experience of successful early diagnosis in a

patient with hypokalemia and thyrotoxicosis, in whom the un-
derlying cause of hypokalemia was PA.

Case Report

A 38-year-old woman with underlying hypertension and un-
treated hyperthyroidism due to Grave’s disease since three
years presented to emergency department with chief com-
plaints of general weakness, nausea, vomiting, and diarrhea
since one week. She also had palpitations with shortness of
breath and insomnia. She experienced three episodes of re-
current paralysis in the past year. There was no history of re-
cent strenuous physical activity, intake of Chinese traditional
medicine, or use of diuretics.

On physical examination, the patient was alert, well-oriented
with a pulse rate of 96 beats/minute; her blood pressure was
160/88 mm Hg. Her body mass index (BMI) was 23.4 kg/m?
(height, 166 cm and weight, 64.5 kg). Hand tremors and dif-
fuse enlarged goiter (grade Il) were also noted. On neurolog-
ical examination, there was a generalized decrease in muscle
strength (muscle power: grade 4/5 in all four limbs).

Arterial blood gas analysis showed metabolic alkalosis (pH:
7.487; PCO,: 48.8 mm Hg; and HCO,: 37.3 mmol/L). Blood
biochemistry revealed hypokalemia (K*: 2.8 mmol/L) and pri-
mary hyperthyroidism [TSH <0.0025 ulU/mL (normal range,
0.35-0.49); free T4: 32.04 pmol/L (normal range 9-19); and
thyroid peroxidase antibodies: 709 IU/mL (normal range 0-60)].

The initial diagnosis was hypokalemic paralysis caused by hy-
perthyroidism (TPP). Therefore, non-selective B-blocker (pro-
pranolol, 90 mg per day) and propylthiouracil (100 mg per
day) therapy was initiated, which led to the resolution of pal-
pitations. Moreover, cautious potassium supplementation was
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Table 1. Serum and urine biochemistry at admission.

Parameter Value

Plasma (reference range)

pH (7.35-7.45) 7.48
Bicarbonate 22-24 mmol) 373
BUN(4-89mmolt) 249
Creatinine (442-2033 pmol) 353
Na'(136-145 mmol) 133
K @ssommol) 28
Cr©8-107mmo) 10
CCat(18-258mmol) 245
Phosphate (0.8-15 mmol) - 106
 Magnesium (0.78-110 mmol) 082
 Osmolality 285-295 mOsm/kg) 283
Cspotuine
R 70
R 74
Creatinine molt) 7160
CNatmmol) n
Ckemoy 2
c@moy 0
Cartmmoy 18
Phosphate (mmol) 324
 Magnesum (mmol) 29
 Osmolality (300-900 mOsm/kg) 556
TG (BB 763
CK/Cr (mmol/mmol) [«@b)* 58
| Ca“/Phosphate (mmoUmmol) 014

* Indicates abnormal values; ** indicates reference range for
normal renal response to hypokalemia. BUN — blood urea
nitrogen; UUN — urine urea nitrogen; TTKG — transtubular K*
gradient.

initiated to stabilize her serum potassium level. However, find-
ings of metabolic alkalosis and renal potassium wasting accom-
panied by a high transtubular potassium gradient of 7.63 on
spot urine test did not support the diagnosis of TTP (Table 1).
Endocrinological investigations revealed normal cortisol level
[333.8 nmol/L (normal range 186.8-630.3)], elevated aldoste-
rone level [1175.8 ng/L (normal range 78-104)], low plasma
renin level [1.25 ng/L (normal range 15.7-57.6)], and a high al-
dosterone/renin level of 940; based on these findings, primary




Figure 1. Contrast-enhanced abdominal CT showing a mass
lesion (30 mm) on the left adrenal gland (arrow).

hyperaldosternoism was highly suspected. It was verified on
contrast-enhanced abdominal computed tomography, which
showed a right adrenal gland tumor of approximately 30 mm
in dimension (Figure 1).

Based on the diagnosis of hypertension and hypokalemia due to
primary aldosteronism, we prescribed her spironolactone (25 mg
per day) and sevikar® (amlodipine plus olmesartan medoxomil,
5 mg/20 mg per day) for blood pressure control. She was dis-
charged with corrected serum potassium levels and blood pres-
sure. However, hypokalemia (K*: 2.4 mmol/L) was again noted
seven days later. Therefore, laparoscopic adrenalectomy was per-
formed one month later. Histopathological examination of the
surgical specimen showed cortical adenoma. Postoperatively, her
blood pressure and serum potassium levels were maintained with-
in the normal range on oral propylthiouracil (100 mg per day).

Discussion

Hypokalemia is one of the most frequently encountered fluid
and electrolyte abnormalities in clinical medicine and an im-
portant cause of acute flaccid paralysis in adults. It can result
from reduced potassium intake, transcellular potassium up-
take, and extrarenal or renal potassium loss [3]. In Asian pop-
ulations, hypokalemic periodic paralysis accounts for 75% of
cases of extreme weakness, of which the most common sub-
group is TPP [4]. The reported incidence of TPP in Chinese pa-
tients with thyrotoxic is 1.8%; the male to female ratio rang-
es from 17: 1 to 70: 1, despite the fact that hyperthyroidism
is more common in females (female-to-male ratio: 9: 1) [5].
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The underlying mechanism of TPP is the disruption of cellular
transport channels, particularly overstimulation of the Na*/K*-
ATPase pump in the cell membranes of skeletal muscles. The
intracellular trapping of potassium results in hypokalemia; loss
of function mutation, or hormone (adrenalin or insulin)-mediat-
ed inhibition may lead to muscle paralysis [6,7]. The adrenergic
response to increase Na*/K*-ATPase pump activity can explain
why males are at a higher risk of TPP despite thyroid disease
being more common in females [8]. Increased awareness and
early diagnosis and management of the TPP can prevent se-
vere complications, such as cardiac arrhythmias.

Primary aldosteronism is characterized by dysregulated aldo-
sterone production. Approximately 95% of sporadic cases are
caused by aldosterone-producing adenoma or bilateral adre-
nal hyperplasia [9]. It is characterized by hypertension with
low plasma renin and elevated aldosterone levels and is of-
ten associated with hypokalemia. The distinctive clinical and
laboratory features characterize the underlying pathology.
Adrenal cortical hyperplasia usually observed in older individ-
uals, predominantly among males, is more often normokale-
mic, and is associated with less severe hypertension. In con-
trast, aldosterone-producing adenomas tend to appear at an
earlier age, occur more often in females, and are more often
associated with hypokalemia and severe hypertension [10]. A
recent study found 9-37% overall incidence of hypokalemia
in patients with documented PA [11].

Both TPP and PA are causes of hypokalemic paralysis.
Concomitant occurrence of both conditions in a hypokalemic
patient is rare. Similar cases have been reported earlier [12—
14]. However, the lack of attention to the concomitant renal
potassium wasting and metabolic alkalosis delayed the diagno-
sis of the real cause of hypokalemia until the lack of response
to potassium supplementation was noticed. Different strate-
gies for potassium supplementation are employed in these
two diseases. For TTP, potassium loading should be cautious
because of the risk of rebound hyperkalemia on suppression
of the catecholaminergic state. However, hypokalemia due to
primary aldosteronism requires vigorous potassium replenish-
ment to avoid lethal arrhythmia. Therefore, a comprehensive
diagnostic approach is required in a patient with hypokale-
mia [15-20] (Figure 2). We should note that measurements of
blood and urinary electrolyte levels and acid-based should be
performed step by step to assess a patient with hypokalemia,
regardless of the clinical presentation. Comprehensive work-
up of the patient is recommended as cases with combined eti-
ology are reported more and more often. In the present case,
the presentation of hypokalemic paralysis and hyperthyroid-
ism was noted initially. However, the recognition of the pres-
ence of metabolic alkalosis, high renal potassium secretion
rate, and low urine calcium/phosphate ratio (usually more
than 1.7 in TPP) [19] in the spot urine assessment prompted
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Hypokalemia

K* excretion rate (TTKG, UK/Cr)

Low (TTKG <3, UK/Cr <2 mmol/mmol) (TTKG =3, UK/Cr =2 mmol/mmol) High
Metabolic Metabolic
acidosis acidosis alkalosis
Urine anion gap
Blood pressure
Negative Positive
1. HPP 1. Diarrhea 1. Remote 1. Toluene abuse Renal tubule High Normal
2. Barium 2. Remote diuretics 2. Profound diarrhea acidosis
intoxication acetazolamide 2. Remote 3. Ureteral diversion
3. Adrenergic 3. Villous vomiting | |
agonist overdose adenoma 3. Excessive War P
4. Alkalosis 4. Malabsorption sweating Renin T Renin { Renin 4 v |
5. Hypothermia Aldo T Aldo T Aldo 4

Priman
E TR ETE . TUTfI
1. Malignant hypertension 1. Ectopic ACTH 1.Remote || 1. Recent 1.Diarrhea | | 1.Congenital
2. Renin-secreting tumor 2. Cushin'g disease vomiting vomiting | |2. Laxative tubule
3. Pheochromocytoma 3.AME 2.Remote || 2. Gastric abuse dysfunction
4. Licoride ingestion diuretics drainage 2.Solute
5. Liddle’s syndrome | | 3. ClI" losing diuresis
6. Congenital diarrhea 3. Acquired
adrenal hyperplasia tubule
dysfunction

Figure 2. Schematic illustration of the recommended diagnostic approach to hypokalemia.

us to associate the severe potassium deficit with a primary
cause. Further, elevated aldosterone and suppressed renin lev-
els pointed towards primary aldosteronism as the real etiology.

Conclusions

In conclusion, it is incorrect to arrive at a diagnosis of TPP
quickly in patients who present with hyperthyroidism and

References:

—

. Vicart S, Sternberg D, Arzel-Hézode M et al: Hypokalemic periodic paraly-
sis. In: Pagon RA, Adam MP, Ardinger HH et al, (eds.), GeneReviews. Seattle
(WA); 1993

. Lin SH: Thyrotoxic periodic paralysis. Mayo Clin Proc, 2005; 80: 99-105

. Piaditis G, Markou A, Papanastasiou L et al: Progress in aldosteronism: A
review of the prevalence of primary aldosteronism in pre-hypertension and
hypertension. Eur J Endocrinol, 2015; 172: R191-203

4. Lin SH, Lin YF, Halperin ML: Hypokalaemia and paralysis. QJM, 2001; 94:
133-39

. Ko GT, Chow CC, Yeung VT et al: Thyrotoxic periodic paralysis in a Chinese
population. QJM, 1996; 89: 463-68

. Lin SH, Huang CL: Mechanism of thyrotoxic periodic paralysis. ] Am Soc
Nephrol, 2012; 23: 985-88

. Cheng CJ, Kuo E, Huang CL: Extracellular potassium homeostasis: insights
from hypokalemic periodic paralysis. Semin Nephrol, 2013; 33: 237-47

w N

S,

[=))

~

o

. Vijayakumar A, Ashwath G, Thimmappa D: Thyrotoxic periodic paralysis:
Clinical challenges. ) Thyroid Res, 2014; 2014: 649502

. Mulatero P, Monticone S, Rainey WE et al: Role of KCNJ5 in familial and
sporadic primary aldosteronism. Nat Rev Endocrinol, 2013; 9: 104-12

o

This work is licensed under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

hypokalemia. Potassium secretion in spot urine and arterial
blood gas could offer vital information to identify the cause
of hypokalemia.

Statement

No financial support in the form of grants. The authors report
no conflicts of interest.

10. Duan K, Mete O: Clinicopathologic correlates of primary aldosteronism.
Arch Pathol Lab Med, 2015; 139: 948-54

11. Galati SJ: Primary aldosteronism: Challenges in diagnosis and management.
Endocrinol Metab Clin North Am, 2015; 44: 355-69

12. Anaforoglu i, Simsek A, Algiin E: Conn’s syndrome, subclinical cushing’s
syndrome and thyrotoxicosis presenting as hypokalemic periodic paraly-
sis: A case report. Turk J Endocrinol Metab, 2009; 13: 87-90

13. Tsai WN, Lin SY, Tseng LN, Sheu W: Hypokalemic paralysis in a young wom-
an with thyrotoxicosis and primary aldosteronism. Formos J Endocrin Metab,
2010; 1: 19-22

14. Yokota N, Uchida T, Sasaki A et al: Thyrotoxic periodic paralysis complicat-
ed with primary aldosteronism. Jpn J Med, 1991; 30: 219-23

15. Tsai MH, Lin SH, Leu JG, Fang YW: Hypokalemic paralysis complicated by

concurrent hyperthyroidism and chronic alcoholism: A case report. Medicine
(Baltimore), 2015; 94: 1689

16. Lin SH, Chiu JS, Hsu CW, Chau T: A simple and rapid approach to hypoka-
lemic paralysis. Am J Emerg Med, 2003; 21: 487-91

17. Chiang WF, Hsu YJ, Chang CC, Lin SH: Hypokalemic paralysis in a young
obese female. Clin Chim Acta, 2012; 413: 1295-97




Hsiao Y.-H. et al.:
Hypokalemia with concurrent hyperthyroidism and hyperaldosternoism
© Am J Case Rep, 2017; 18: 12-16

18. Sung CC, Cheng CJ, Chiang WF et al: Etiologic and therapeutic analysis in 19. Lin SH, Lin YF, Chen DT et al: Laboratory tests to determine the cause of
patients with hypokalemic nonperiodic paralysis. Am J Med, 2015; 128: hypokalemia and paralysis. Arch Intern Med, 2004; 164: 1561-66
289-96el 20. Senem EM, Ozlem C, Ufuk E et al: Severe hypokalemia and tetraparesis in

a patient with ureterosigmoidostomy. Am J Case Rep, 2008; 9: 57-59

This work is licensed under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




