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Abstract
Tachycardia-induced cardiomyopathy (TIC) is reversible; however, the acute phase is often accompanied by
hemodynamic instability, which makes conventional exercise therapy difficult to implement. Neuromuscular
electrical stimulation (NMES) has been suggested as a potential alternative strategy to prevent muscle
atrophy. Herein, we report a case in which NMES was used in a patient during the acute phase of TIC,
secondary to thyroid storm, highlighting its safety and potential effectiveness. A male in his 40s was
diagnosed with TIC associated with thyroid storm. On admission, the patient presented with atrial
fibrillation, severe cardiac dysfunction with a left ventricular ejection fraction of 19%, and markedly
elevated thyroid hormone levels. Due to unstable hemodynamics, conventional exercise therapy was
deferred, and NMES was initiated on day nine of hospitalization, and it was continued until day 12. It was
performed once daily for 20 minutes. Muscle ultrasonography revealed that quadriceps muscle thickness had
decreased by approximately 5% during hospitalization. Importantly, no hemodynamic deterioration or
adverse events were observed. From day 13, aerobic exercises using a cycle ergometer and resistance
training were initiated. The patient achieved a six-minute walk distance of 545 m and was discharged on day
28. NMES was safely implemented without adverse events, even during periods of hemodynamic instability
in a patient with TIC. In situations where conventional exercise therapy is limited due to hemodynamic
instability, NMES may represent a feasible intervention option. The findings of this single case are
hypothesis-generating and warrant further investigation.
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Introduction
Tachycardia-induced cardiomyopathy (TIC) is a reversible form of cardiomyopathy characterized by left
ventricular dysfunction secondary to persistent tachyarrhythmia, which may occur in association with
hyperthyroidism and related conditions [1]. Previous studies have shown that improvement in tachycardia
generally requires approximately one to two weeks, whereas left ventricular ejection fraction (LVEF) and
cardiac output may continue to deteriorate for up to four weeks [2]. Furthermore, even after heart rate
control is achieved, diastolic and systolic dysfunction of the left ventricle may persist for approximately one
week [3]. Consequently, the management of TIC requires a prolonged treatment period, during which bed
rest often leads to physical deconditioning. Therefore, physiotherapy aimed at preventing functional decline
is essential, even during the early phase when there is hemodynamic instability.

However, according to the current guidelines, intensive exercise therapy is regarded as a relative
contraindication in patients with uncontrolled tachyarrhythmia [4], and conventional rehabilitation is
frequently difficult to implement.

Neuromuscular electrical stimulation (NMES) has been reported to be a safe and feasible alternative to
active exercise in critically ill patients and in those with acute heart failure, without adverse events [5,6].
Accordingly, NMES may also be a useful option in the acute phase of TIC when hemodynamic instability
precludes conventional exercise therapy. Nevertheless, clinical evidence regarding the use of NMES during
the acute phase of TIC remains extremely limited. Herein, the acute phase of TIC is defined as the period
during which persistent tachyarrhythmia and hemodynamic instability are present, prior to clinical
stabilization. We report a case in which NMES was safely introduced during this phase.

Case Presentation
The patient was a male in his 40s, with a height of 173.0 cm, body weight of 58.2 kg, and a body mass index
of 18.2 kg/m². The patient was diagnosed with thyroid storm and TIC. Prior to admission, he was
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independent in activities of daily living and employed in sales, which was estimated to require
approximately 4.0 metabolic equivalents (METs). His medical history was notable for hyperthyroidism,
which had been diagnosed two years earlier, and oral medication was initiated at that time. However, he
discontinued the medication by his own volition, approximately six months before admission. A few days
before admission, the patient had palpitations, exertional dyspnea, and gastrointestinal symptoms,
including diarrhea, and consulted a local physician. He was found to have tachyarrhythmic atrial fibrillation,
impaired cardiac function, and markedly elevated thyroid hormone levels, and he was subsequently
diagnosed with congestive heart failure due to thyroid storm and TIC. He was transferred to our hospital via
emergency transport and admitted on the same day. Thyroid storm was diagnosed based on the diagnostic
criteria of the Japan Thyroid Association [7]. Written informed consent was obtained from the patient for the
publication of this case report after he was provided with an explanation in accordance with the Declaration
of Helsinki.

Hospital course upon admission
At admission, the patient’s blood pressure was 141/94 mmHg, and heart rate was 167 bpm. Transthoracic
echocardiography revealed an LVEF of 19%, moderate mitral regurgitation, and diffuse hypokinesis of the
left ventricle. Laboratory tests revealed a brain natriuretic peptide (BNP) level of 883 pg/mL, a free tri-
iodothyronine (FT3) level >25 pg/mL, and a free thyroxine (FT4) level >8.0 ng/dL, consistent with
thyrotoxicosis. Pharmacological treatment for thyroid storm was initiated with thiamazole, potassium
iodide, and hydrocortisone sodium succinate (200 mg). In parallel, therapy for TIC included landiolol.
Following these interventions, the hemodynamic status gradually stabilized, and the FT3, FT4, and BNP
levels decreased. Body weight also decreased from 58.2 kg at admission. The clinical course after admission
is summarized in Figure 1.

FIGURE 1: Clinical course.
HR, heart rate; BW, body weight; BNP, brain natriuretic peptide; MRA, mineralocorticoid receptor antagonist;
ARNI, angiotensin receptor neprilysin inhibitor; NMES, neuromuscular electrical stimulation.

Physical therapy course
Physical therapy was initiated on day eight of hospitalization. At that time, blood pressure was 128/54
mmHg, heart rate was 130 beats/min, and SpO2 was 98% on room air. Electrocardiography revealed atrial
fibrillation. There was no lower leg edema. At the time of intervention, nutritional status was assessed using
the Controlling Nutritional Status (CONUT) score, which was 5. Standing and walking were independent.
However, because tachyarrhythmic atrial fibrillation was present, even at rest, the heart rate increased to 150
beats/min during bed-based muscle training or short-distance ambulation. After discussion with the
attending physician, active exercise therapy, such as lower-limb strength training, was withheld.

Due to concerns regarding lower limb muscle weakness associated with prolonged bed rest, NMES was
initiated on day nine to prevent muscle atrophy. NMES was performed using a low-frequency device (AUTO
TENS-PRO®, Homer Ion Laboratory, Tokyo, Japan), in accordance with the protocol described by Tanaka et
al. [8]. Belt electrodes were applied bilaterally to the proximal and distal quadriceps and to the distal lower
legs, thereby stimulating the thigh and more distal lower-limb muscles. The stimulation parameters were set
at a frequency of 20 Hz, pulse width of 250 μs, and duty cycle of 5:2 (5 s contraction/2 s relaxation), with the
intensity adjusted to the maximum tolerable level. NMES was performed once daily for 20 minutes. For
safety management, blood pressure and heart rate were measured before and after each session, and
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continuous electrocardiographic monitoring was performed during stimulation. Discontinuation criteria,
based on guidelines [4] and the report by Iwatsu et al. [9], included a change in systolic blood pressure >20
mmHg, a change in heart rate >20 beats/min, or the presence of life-threatening arrhythmias.

The effectiveness of NMES was evaluated using quadriceps muscle thickness, which was assessed using
ultrasonography. Ultrasound measurement of muscle thickness is a noninvasive and easily applicable
bedside technique, and its reliability and validity have been reported even in patients with heart failure [10].
Moreover, quadriceps muscle thickness has been shown to correlate with muscle volume [11]. A portable
ultrasonography device (miruco®, Nippon Sigmax Corporation, Tokyo, Japan) was used with a linear probe
in B-mode. Measurements were performed with the patient in the supine position, hips in neutral
alignment, and knees extended. The measurement site was defined as the midpoint between the anterior
superior iliac spine and the upper border of the patella [12]. All ultrasound measurements of muscle
thickness were performed by a single assessor.

Quadriceps muscle thicknesses prior to NMES (day eight) were 21 mm (right) and 20 mm (left). Vital signs
immediately before the initiation of NMES were as follows: blood pressure of 128/54 mmHg, heart rate of
130 beats/min (atrial fibrillation), and SpO₂ of 98%. At the end of the session, blood pressure was 125/54
mmHg, heart rate was 130 beats/min (atrial fibrillation), and SpO₂ was 98%. No symptoms of discomfort,
worsening of heart failure, or other adverse events were observed during or after the NMES sessions. After
four consecutive days of NMES (day 12), the thicknesses were 20 mm (right) and 20 mm (left). No vital sign
instabilities or adverse events were observed during NMES, and all sessions were conducted using the same
predefined stimulation settings without interruption or modification.

Following improvement in tachycardia, the patient transitioned to aerobic exercises using a cycle ergometer
and lower-limb resistance training on day 13. Exercises were performed with a Strength Ergo® device
(Fukuda Denshi, Tokyo, Japan), starting at 0 W and gradually increasing to 45 W, depending on symptoms.
There were no adverse events during the exercises.

On day 26, sinus rhythm was restored by catheter ablation. By day 27, LVEF had improved to 41%. Functional
assessments at that time revealed a six-minute walk distance of 545 m, a Short Physical Performance Battery
score of 12, and a peak oxygen uptake (peak VO₂) of 18.8 mL/min/kg (61% of predicted; 5.4 METs). Also, the
quadriceps muscle thicknesses were 20 mm (right) and 19 mm (left). The patient was discharged on day 28.
The clinical course of physical function at the initiation of physical therapy, at the initiation of aerobic
exercise therapy, and at discharge is summarized in Table 1.

Variable Initiation of physical therapy Initiation of aerobic exercise At discharge

LVEF (%) 19 28 41

LVDd/LVDs (mm) 58/50 42/36 54/40

Grip strength (kg: right/left) 21.3/20.5 20.8/20.7 22.5/21.5

Quadriceps muscle thickness (mm: right/left) 21/20 20/20 20/19

Knee extensor muscle strength (kgf/kg: right/left) N/A N/A 0.47/0.37

SPPB (points) N/A 12 12

6MWD (m) N/A N/A 545

Peak VO2 (ml/min/kg) N/A N/A 18.8

Peak VO2 (ml/beats� N/A N/A 10.8

Minimum VE/VCO2 N/A N/A 21.1

TABLE 1: Cardiac function, physical function, and exercise tolerance at the initiation of physical
therapy, initiation of aerobic exercise, and at discharge.
LVEF, left ventricular ejection fraction; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; SPPB, Short Physical
Performance Battery; 6MWD, six-minute walk distance; VO₂, oxygen uptake; VE/VCO₂, minute ventilation/carbon dioxide production slope; N/A, not
available.

Discussion
This case involved the introduction of NMES as an alternative to conventional exercise therapy for a patient
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during the acute phase of TIC secondary to thyroid storm. To the best of our knowledge, this is the first
report of a physiotherapy intervention during the acute phase of TIC.

The patient presented with tachyarrhythmic atrial fibrillation and severe left ventricular dysfunction upon
admission, making aggressive exercise therapy difficult to perform. Nevertheless, NMES was safely
administered without worsening hemodynamic status. Previous studies have reported the feasibility and
safety of NMES in acute heart failure [5]. In contrast, TIC is characterized by persistent tachyarrhythmia,
which may limit the safety of exercise therapy. Therefore, this case has clinical significance in extending the
applicability of NMES to a more unstable physiological context beyond what has been documented in prior
studies.

Furthermore, NMES appeared to suppress muscle atrophy. Previous studies have reported that improvement
in tachycardia requires a prolonged period [2], and during this treatment period, progression of lower limb
muscle atrophy due to rest is a concern. In this case, NMES was initiated on day nine, the day after initiation
of physical therapy, and continued for four days until day 12. The results showed that the quadriceps
thickness decreased only minimally, from 21 mm (right) and 20 mm (left) at baseline to 20 mm and 19 mm
at the completion of NMES and remained at 20 mm and 19 mm at discharge, representing a reduction of
approximately 5% throughout hospitalization. However, the minimal clinically important difference for
ultrasound-measured quadriceps thickness has not been established, and this change should be interpreted
descriptively and with caution. Matsuo et al. [13] reported that quadriceps thickness decreased by 13.5%
within two weeks of hospitalization for patients with acute heart failure and that NMES suppressed muscle
atrophy in this cohort. Similarly, studies on critically ill patients have also demonstrated suppression of
muscle wasting with NMES [14]. Taken together, these findings suggest that NMES may have contributed to
attenuating the progression of muscle atrophy in this patient. Previous studies [13,15] have introduced
NMES earlier and applied it for a longer duration. In contrast, the intervention in this report was initiated
later and applied for a shorter period, primarily as an alternative to resistance training. Nonetheless, Iwatsu
et al. [9] demonstrated that even short-term NMES suppressed continuous protein degradation and
preserved muscle function, which is consistent with our findings. Furthermore, in this case, corticosteroids
were administered as part of the treatment for thyroid storm, and glucocorticoids have been reported to
suppress muscle protein synthesis and promote muscle atrophy [16,17]. Accordingly, the patient was
considered to be at substantial risk of muscle wasting due to physical inactivity and steroid therapy. In
contrast, NMES has been reported to stimulate muscle protein synthesis and reduce proteolytic activity,
suggesting a potential counteracting mechanism against glucocorticoid-induced muscle catabolism [18].
Therefore, despite these catabolic risk factors, NMES may have attenuated the progression of muscle loss in
this case. Quadriceps muscle thickness has been reported to be an important prognostic factor for patients
with heart failure, particularly for older adults [10]. Therefore, the present report highlights the clinical
significance of introducing NMES as early as possible, even in hemodynamically unstable patients who
cannot undergo conventional exercise therapy. In this patient, transition to aerobic exercise and resistance
training was feasible after NMES, ultimately resulting in improved exercise tolerance, including a peak VO₂
of 18.8 mL/min/kg and a six-minute walk distance of 545 m, which enabled discharge. In contrast, peak VO₂
at discharge remained at 61% of the predicted value, indicating reduced exercise tolerance. Cardiac function
was still recovering at the time of discharge. In addition, hyperthyroidism, which was the underlying disease
in this patient, has been reported to accelerate catabolism of muscle protein through excessive secretion of
thyroid hormones, leading to muscle weakness and reduced mitochondrial efficiency [19]. In the present
patient, skeletal muscle dysfunction was also evident, including reduced knee extensor strength relative to
body weight. In addition, aerobic exercise is considered to be more effective than NMES for improving peak
VO₂ [20]. Therefore, the relatively short duration of aerobic exercise after NMES (approximately two weeks)
may have contributed to the persistently low peak VO₂ observed at discharge.

This report has several limitations. First, data on quadriceps muscle thickness from the early phase of
hospitalization were not available, making it impossible to accurately assess changes prior to the
introduction of NMES. Second, because this report describes a single case without a control group, causal
inferences cannot be drawn, and both the interpretation and generalizability of the findings should be
approached with caution. In addition, the limited degree of muscle loss observed in this case cannot be
attributed solely to NMES and may have been influenced by confounding factors, including the patient’s
young age and independence in standing and ambulation. Furthermore, restoration of sinus rhythm by
catheter ablation prior to discharge may have influenced exercise tolerance outcomes, and its effects cannot
be separated from those of NMES or other rehabilitation interventions. Nevertheless, this report suggests
that NMES can be safely implemented even during the acute phase of TIC and provides a basis for future
studies exploring appropriate timing and patient selection for NMES initiation.

Conclusions
NMES was safely implemented without adverse events, even during periods of hemodynamic instability in a
patient with TIC. In situations where conventional exercise therapy is limited due to hemodynamic
instability, NMES may represent a feasible intervention option. The findings of this single case are
hypothesis-generating and warrant further investigation.

Additional Information

 

2026 Sato et al. Cureus 18(1): e101732. DOI 10.7759/cureus.101732 4 of 6

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Shinya Sato, Shuri Nakao, Norimasa Egusa, Sokichi Maniwa

Drafting of the manuscript:  Shinya Sato

Acquisition, analysis, or interpretation of data:  Kei Imaoka, Shuri Nakao, Norimasa Egusa, Sokichi
Maniwa

Critical review of the manuscript for important intellectual content:  Kei Imaoka, Shuri Nakao,
Norimasa Egusa, Sokichi Maniwa

Supervision:  Norimasa Egusa, Sokichi Maniwa

Disclosures
Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Huizar JF, Ellenbogen KA, Tan AY, Kaszala K: Arrhythmia-induced cardiomyopathy: JACC State-of-the-Art

Review. J Am Coll Cardiol. 2019, 73:2328-44. 10.1016/j.jacc.2019.02.045
2. Shinbane JS, Wood MA, Jensen DN, Ellenbogen KA, Fitzpatrick AP, Scheinman MM: Tachycardia-induced

cardiomyopathy: a review of animal models and clinical studies. J Am Coll Cardiol. 1997, 29:709-15.
10.1016/s0735-1097(96)00592-x

3. Spinale FG, Holzgrefe HH, Mukherjee R, Arthur SR, Child MJ, Powell JR, Koster WH: LV and myocyte
structure and function after early recovery from tachycardia-induced cardiomyopathy. Am J Physiol. 1995,
268:H836-47. 10.1152/ajpheart.1995.268.2.H836

4. Makita S, Yasu T, Akashi YJ, et al.: JCS/JACR 2021 guideline on rehabilitation in patients with cardiovascular
disease. Circ J. 2022, 87:155-235. 10.1253/circj.CJ-22-0234

5. Kondo T, Yamada S, Tanimura D, et al.: Neuromuscular electrical stimulation is feasible in patients with
acute heart failure. ESC Heart Fail. 2019, 6:975-82. 10.1002/ehf2.12504

6. Sachetti A, Carpes MF, Dias AS, Sbruzzi G: Safety of neuromuscular electrical stimulation among critically ill
patients: systematic review. Rev Bras Ter Intensiva. 2018, 30:219-25. 10.5935/0103-507X.20180036

7. Satoh T, Isozaki O, Suzuki A, et al.: 2016 guidelines for the management of thyroid storm from the Japan
Thyroid Association and Japan Endocrine Society (First edition). Endocr J. 2016, 63:1025-64.
10.1507/endocrj.EJ16-0336

8. Tanaka S, Kamiya K, Matsue Y, et al.: Effects of acute phase intensive electrical muscle stimulation in frail
elderly patients with acute heart failure (ACTIVE-EMS): rationale and protocol for a multicenter
randomized controlled trial. Clin Cardiol. 2017, 40:1189-96. 10.1002/clc.22845

9. Iwatsu K, Iida Y, Kono Y, Yamazaki T, Usui A, Yamada S: Neuromuscular electrical stimulation may
attenuate muscle proteolysis after cardiovascular surgery: a preliminary study. J Thorac Cardiovasc Surg.
2017, 153:373-9.e1. 10.1016/j.jtcvs.2016.09.036

10. Saito H, Fujimoto Y, Matsue Y, et al.: Ultrasound-measured quadriceps muscle thickness and mortality in
older patients with heart failure. Can J Cardiol. 2024, 40:2555-64. 10.1016/j.cjca.2024.09.007

11. Miyatani M, Kanehisa H, Ito M, Kawakami Y, Fukunaga T: The accuracy of volume estimates using
ultrasound muscle thickness measurements in different muscle groups. Eur J Appl Physiol. 2004, 91:264-72.
10.1007/s00421-003-0974-4

12. Tillquist M, Kutsogiannis DJ, Wischmeyer PE, et al.: Bedside ultrasound is a practical and reliable
measurement tool for assessing quadriceps muscle layer thickness. JPEN J Parenter Enteral Nutr. 2014,
38:886-90. 10.1177/0148607113501327

13. Matsuo K, Yoneki K, Tatsuki H, et al.: Effect of electrical muscle stimulation on the reduction of muscle
volume loss in acute heart failure patients. Int Heart J. 2022, 63:1141-9. 10.1536/ihj.22-207

14. Gerovasili V, Stefanidis K, Vitzilaios K, et al.: Electrical muscle stimulation preserves the muscle mass of
critically ill patients: a randomized study. Crit Care. 2009, 13:R161. 10.1186/cc8123

15. Poltavskaya M, Sviridenko V, Giverts I, et al.: In-hospital electrical muscle stimulation for patients early
after heart failure decompensation: results from a prospective randomised controlled pilot trial. Open Heart.
2022, 9:10.1136/openhrt-2022-001965

16. Schakman O, Kalista S, Barbé C, Loumaye A, Thissen JP: Glucocorticoid-induced skeletal muscle atrophy. Int
J Biochem Cell Biol. 2013, 45:2163-72. 10.1016/j.biocel.2013.05.036

17. Batchelor TT, Taylor LP, Thaler HT, Posner JB, DeAngelis LM: Steroid myopathy in cancer patients .
Neurology. 1997, 48:1234-8. 10.1212/wnl.48.5.1234

 

2026 Sato et al. Cureus 18(1): e101732. DOI 10.7759/cureus.101732 5 of 6

https://dx.doi.org/10.1016/j.jacc.2019.02.045
https://dx.doi.org/10.1016/j.jacc.2019.02.045
https://dx.doi.org/10.1016/s0735-1097(96)00592-x
https://dx.doi.org/10.1016/s0735-1097(96)00592-x
https://dx.doi.org/10.1152/ajpheart.1995.268.2.H836
https://dx.doi.org/10.1152/ajpheart.1995.268.2.H836
https://dx.doi.org/10.1253/circj.CJ-22-0234
https://dx.doi.org/10.1253/circj.CJ-22-0234
https://dx.doi.org/10.1002/ehf2.12504
https://dx.doi.org/10.1002/ehf2.12504
https://dx.doi.org/10.5935/0103-507X.20180036
https://dx.doi.org/10.5935/0103-507X.20180036
https://dx.doi.org/10.1507/endocrj.EJ16-0336
https://dx.doi.org/10.1507/endocrj.EJ16-0336
https://dx.doi.org/10.1002/clc.22845
https://dx.doi.org/10.1002/clc.22845
https://dx.doi.org/10.1016/j.jtcvs.2016.09.036
https://dx.doi.org/10.1016/j.jtcvs.2016.09.036
https://dx.doi.org/10.1016/j.cjca.2024.09.007
https://dx.doi.org/10.1016/j.cjca.2024.09.007
https://dx.doi.org/10.1007/s00421-003-0974-4
https://dx.doi.org/10.1007/s00421-003-0974-4
https://dx.doi.org/10.1177/0148607113501327
https://dx.doi.org/10.1177/0148607113501327
https://dx.doi.org/10.1536/ihj.22-207
https://dx.doi.org/10.1536/ihj.22-207
https://dx.doi.org/10.1186/cc8123
https://dx.doi.org/10.1186/cc8123
https://dx.doi.org/10.1136/openhrt-2022-001965
https://dx.doi.org/10.1136/openhrt-2022-001965
https://dx.doi.org/10.1016/j.biocel.2013.05.036
https://dx.doi.org/10.1016/j.biocel.2013.05.036
https://dx.doi.org/10.1212/wnl.48.5.1234
https://dx.doi.org/10.1212/wnl.48.5.1234


18. Strasser EM, Stättner S, Karner J, et al.: Neuromuscular electrical stimulation reduces skeletal muscle
protein degradation and stimulates insulin-like growth factors in an age- and current-dependent manner: a
randomized, controlled clinical trial in major abdominal surgical patients. Ann Surg. 2009, 249:738-43.
10.1097/SLA.0b013e3181a38e71

19. Salvatore D, Simonides WS, Dentice M, Zavacki AM, Larsen PR: Thyroid hormones and skeletal muscle—
new insights and potential implications. Nat Rev Endocrinol. 2014, 10:206-14. 10.1038/nrendo.2013.238

20. Gomes Neto M, Oliveira FA, Reis HF, de Sousa Rodrigues E Jr, Bittencourt HS, Oliveira Carvalho V: Effects of
neuromuscular electrical stimulation on physiologic and functional measurements in patients with heart
failure: a systematic review with meta-analysis. J Cardiopulm Rehabil Prev. 2016, 36:157-66.
10.1097/HCR.0000000000000151

 

2026 Sato et al. Cureus 18(1): e101732. DOI 10.7759/cureus.101732 6 of 6

https://dx.doi.org/10.1097/SLA.0b013e3181a38e71
https://dx.doi.org/10.1097/SLA.0b013e3181a38e71
https://dx.doi.org/10.1038/nrendo.2013.238
https://dx.doi.org/10.1038/nrendo.2013.238
https://dx.doi.org/10.1097/HCR.0000000000000151
https://dx.doi.org/10.1097/HCR.0000000000000151

	Prevention of Lower Limb Muscle Atrophy With Neuromuscular Electrical Stimulation in a Patient With Tachycardia-Induced Cardiomyopathy Secondary to Thyroid Storm: A Case Report
	Abstract
	Introduction
	Case Presentation
	Hospital course upon admission
	FIGURE 1: Clinical course.

	Physical therapy course
	TABLE 1: Cardiac function, physical function, and exercise tolerance at the initiation of physical therapy, initiation of aerobic exercise, and at discharge.


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


