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Abstract: Rhabdomyolysis is caused by extensive damage to skeletal muscles resulting in elevated
creatine phosphokinase (CPK), Lactate dehydrogenase (LDH), and aspartate aminotransferase
(AST), leading to life-threatening consequences like acute renal failure, cardiac arrhythmias,
and hyperthermia. A variety of causes for muscle damage are known, and one of the most
common is drug-induced. Statins and many other agents are known to induce muscle damage,
but here we report Entresto™ (Sacubitril/Valsartan) induced rhabdomyolysis which has not been
previously reported as solely responsible in the literature.
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1. Introduction

Rhabdomyolysis is a clinical syndrome caused by extensive damage to skeletal muscles resulting in
elevated creatine phosphokinase (CPK), Lactate dehydrogenase (LDH), and aspartate aminotransferase
(AST), leading to life-threatening consequences like acute renal failure, cardiac arrhythmia,
and hyperthermia [1]. The characteristic presentation of rhabdomyolysis is a triad comprised of muscle
pain, weakness, and dark colored urine, though all three are not always present in a patient [2]. A variety
of causes for muscle damage have been listed in the literature, some of which include trauma (crush injury,
road traffic accident), heat (heat stroke, lightning strike, burns), severe muscle exertion (intense shivering,
intense exercise), ischemic limb injury, metabolic disorders (hypothyroidism, diabetic ketoacidosis,
electrolyte imbalances), genetic disorders (carnitine deficiency, McArdle’s disease, lactate dehydrogenase
deficiency, Duchenne muscular dystrophy), viral and bacterial infections, inflammation (polymyositis,
dermatomyositis, snake bites), and certain toxins and medications (statins, cyclosporine, erythromycin,
colchicine, cocaine, amphetamines, ecstasy) [3]. However, almost three-fourths of the initial episodes of
rhabdomyolysis are due to acquired causes and of those, the most common is prescription drug-induced
rhabdomyolysis [4]. Here, we report a case of Entresto™ (Sacubitril/Valsartan) induced rhabdomyolysis
which has not been reported as a solely inducing agent in the literature thus far. Entresto™ is a fixed-dose
combination of sacubitril, a neprilysin inhibitor, and valsartan, an angiotensin II receptor blocker (ARB).
It is indicated in patients with chronic heart failure (New York Heart Association [NYHA] class II-IV)
with reduced ejection fraction, to decrease the risk of hospitalization for heart failure and cardiovascular
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death [5]. Though rhabdomyolysis is listed as a potential adverse drug reaction to Entresto™, there have
been no case reports of Entresto™ as being the sole cause of severe rhabdomyolysis. Recently two
case reports have reported a similar clinical scenario except for the fact that these patients were also on
concomitant statin therapy [6,7]. However, we report a patient here who was not on concurrent statin
therapy or any other drugs known to cause rhabdomyolysis.

2. Case Narrative

A 53-year old African-American woman presented to the emergency room (ER) with complaints
of weakness for the past three days. The weakness was progressively worsening and was described as
generalized and was associated with confusion for one day before presentation to the ER. The patient was
living at home with her two daughters, and the patient reported that she had chills overnight. However,
there was no history suggesting the involvement of respiratory, cardiovascular, and gastrointestinal
symptoms. Her urine was dark in color, but there was no history of dysuria, pain, or foul smell while
passing urine. The patient also had a past medical history significant for non-ischemic cardiomyopathy
status post automatic implantable cardioverter defibrillator (AICD) implantation, systolic congestive
cardiac failure, status post cardiac catheterization with an ejection fraction of 30–35%, three months
before the current presentation. The patient also reported multiple other co-morbidities like tobacco
abuse (smokes half a pack of cigarette a day—20 years), essential hypertension, type-2 diabetes mellitus,
hyperlipidemia, fibromyalgia on chronic opiates, obesity, anxiety, chronic kidney disease (CKD) stage-3,
anemia of CKD, Chronic obstructive pulmonary disease on home oxygen and gastro-esophageal reflux
disease. Besides AICD placement and Cardiac Catheterization, she had a past surgical history for
Esophagogastroduodenoscopy, colonoscopy, benign tumor removal of her foot, and some back surgery
where the patient had placement of rods and pins in her spine. The family history was significant for
diabetes mellitus and hypertension, and she also gave a history of allergy to Pregabalin.

On examination, the patient was lying calmly in the bed with no acute distress. Her vital signs
examination revealed hyperthermia (99.8 F) and hypotension (blood pressure = 82/45 mm of mercury).
She was maintaining a saturation of 97% on 2 L oxygen. Her mucous membranes were dry. She had
minimal bilateral pedal edema up to the ankles. On central nervous system examination, the patient
was conscious, oriented, and was able to follow commands. Systemic examination otherwise was
normal. Blood investigations at admission revealed a normocytic normochromic anemia, leukocytosis
with neutrophil predominance, mild hyponatremia, high anion gap metabolic acidosis, acute renal
failure, hypocalcemia, severely elevated creatinine kinase, and a reversed albumin-globulin ratio.
The details of all the blood investigations and their changes during the hospital course are reported in
Table 1. A urine toxicology screen was positive for opioids and benzodiazepines. The findings were
suggestive of rhabdomyolysis, and a revisit to the history looking in detail for any other potential causes
for rhabdomyolysis revealed none except for the addition of Entresto™ to her existing medication
regimen five days prior to presentation to the ER and a possible infection as the leucocyte count
was elevated.

Meanwhile, the patient was started on intravenous fluids, infusion of vasopressors nor-epinephrine
and dopamine which helped resolve the hypotension within few hours. She was also started on
antibiotics, vancomycin, and piperacillin-tazobactam empirically for the suspected infection. Influenza
was checked and was negative. Blood cultures were all negative. Since no source of infection was found,
antibiotics were discontinued after a few days. Also, the leucocyte counts dropped back to normal the
next day once the patient was rehydrated. Entresto™, diuretic bumetanide, amiodarone, and Coreg
were stopped at admission. Her CPK levels and renal function slowly improved with supportive
management. As the hypotension resolved within 2 days, all other medications except Entresto™were
restarted. Here, concomitant medications include Calcitriol capsules, ferrous sulfate tablets, fluticasone
nasal spray, albuterol metered dose inhaler, potassium bicarbonate supplements, omeprazole capsules,
alprazolam, and analgesics like tizanidine hydrochloride and oxycodone hydrochloride, which were
all continued throughout the admission period. Coreg and amiodarone were restarted on day 2 once
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her blood pressure improved. The patient was discharged about a week after admission and was
reviewed in the outpatient department later with no evidence of ongoing muscle damage.

Table 1. Laboratory investigations from day 1 to 7 of hospitalization.

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Leucocytes (cu mm) 16.2 15.9 12.2 9.4 7.0 5.6 9.0
Erythrocytes (cu mm) 3.68 3.48 3.01 2.90 2.92 3.11 2.97

Hemoglobin (g/dL) 11.0 10.3 9.0 8.6 8.6 9.1 8.7
MCV (fL) 92.1 90.5 90.4 90.0 91.8 92.3 91.2
MCH (pg) 29.9 29.6 29.9 29.7 29.5 29.3 29.3

MCHC (g/dL) 32.4 32.7 33.1 33.0 32.1 31.7 32.1
RDW (%) 14.9 14.3 13.9 14.2 14.3 14.2 14.1

Platelets (K/UL) 309 300 253 273 277 238 288
Immature Gran (%) 0.2 0.3 0.2 0.4 1.4 1.3 1.7

Neutrophils (%) 85 92 89 85 58 72 65
Lymphocytes (%) 8 5 6 10 30 20 26

Monocytes (%) 7 4 5 5 10 7 8
Eosinophils (%) 0 0 0 0 0 0 0

Sodium (mmol/L) 134 138 138 139 141 141 145
Potassium (mmol/L) 4.6 3.6 3.1 2.6 2.6 3.8 3.5
Chloride (mmol/L) 100 102 104 106 110 109 113

Carbon Dioxide (mmol/L) 20 24 23 24 25 23 25
Whole Blood PCO2 (Vol %) 18.9

Anion Gap 14.0 12.0 11.0 9.0 6.0 9.0 7.0
BUN (mg/dL) 44 38 36 32 31 25 24

Creatinine (mg/dL) 4.21 2.82 1.94 1.53 1.49 1.26 1.19
Est. GFR (African Amer.) 13 21 33 45 46 56 ≥60

Glucose (mg/dL) 144 162 129 121 102 122 125
Hemoglobin Alc (%) 6.1
Lactic Acid (mmol/L) 1.4 0.6

Calcium (mg/dL) 7.9 8.1 8.0 8.1 7.8 8.0 8.2
Phosphorous (mg/dL) 4.1 2.6 2.2 2.2
Magnesium (mg/dL) 1.9 1.8 1.7 2.0 1.6 1.6

Total Bilirubin (mg/dL) 1.38 1.45 0.61 0.33 0.43
Direct Bilirubin (mg/dL) <0.10 <0.10 0.12

AST (IU/L) 376 205 132 84 63
ALT (IU/L) 54 49 40 34 33

Alkaline Phosphatase (IU/L) 72 86 57 46 53
Creatine Kinase (IU/L) 61,453 43,236 18,773 9826 5451 2805 1512

CK-MB Fraction (ng/mL) 124.5
Troponin I (ng/mL) 0.05

BNP (pg/mL) 120
Total protein (g/dL) 6.6 7.2 6.1 5.7 5.9

Albumin (g/dL) 2.7 2.6 2.4 2.3 2.2 2.4
Globulin (g/dL) 3.9 4.6 3.8 3.5 3.5

Albumin/Globulin ratio 0.7 0.6 0.6 0.6 0.7
Triglycerides (mg/dL) 267

INR 1.0 1.0
APTT (seconds) 32 34.2

MCV—Mean Corpuscular Volume; MCH—Mean Corpuscular Hemoglobin; MCHC—Mean Corpuscular
Hemoglobin Concentration; RDW—Red cell distribution width; GFR—Glomerular Filtration Rate; AST—aspartate
transaminase; ALT—Alanine Transaminase; CK-MB—Creatinine Kinase—Muscle Brain; INR—international
normalized ratio; APTT—activated partial thromboplastin time; BNP—B-Natriuretic Peptide; BUN—Blood
urea nitrogen.

3. Discussion

In this case report, we describe sacubitril/valsartan as the sole cause of rhabdomyolysis which is
a rare adverse drug event. The patient presented with the two cardinal features of rhabdomyolysis
namely muscle weakness and dark colored urine which subsequently led to hyperthermia and acute
renal failure. In our patient, we considered two triggers which are the possibility of an infection and
the new drug. Infection as a possibility was ruled out with no localizing symptoms, inability to isolate
an organism on cultures, and an almost immediate resolution of the leukocytosis after the dehydration
was corrected. The possibility of viral infection was unlikely given the complete blood count results
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which had neutrophilic predominance. This led us to conclude that sacubitril/valsartan is most likely
responsible for the rhabdomyolysis exhibited by this patient.

There is a clear temporal association with de-challenge positive making it a “probable” cause of
the adverse event observed as per the World Health Organization causality assessment [8]. The total
score obtained in the Naranjo’s algorithm was 6 which classifies the causality as probable once again [9].
According to the Schumock and Thornton preventability scale, the ADR is not preventable and based on
the Hartwig and Siegel Severity Assessment Scale, the severity of the reaction is placed at level 5 which
involves withholding of the suspected drug and a stay at the intensive care unit [10,11]. The mechanism
of how sacubitril/valsartan causes rhabdomyolysis is not clear.

4. Conclusions

We report a rare adverse event likely caused by sacubitril/valsartan. However, further research
needs to be done to answer the exact mechanism of how it causes muscle damage. We also recommend
that baseline CPK, LDH, and AST values be done for patients at high risk and if on any other
concomitant medication that is known to cause muscle damage. We also encourage physicians to
report similar adverse events that have already occurred or those which may occur in the future.

Author Contributions: Conception and design: P.R., J.P.R. Analysis and interpretation, Drafting and critical
revision of the Article: P.R., J.P.R., S.M.G., P.N., A.R.V. Final approval of the article: P.R., J.P.R., S.M.G., P.N., A.R.V.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Giannoglou, G.D.; Chatzizisis, Y.S.; Misirli, G. The syndrome of rhabdomyolysis: Pathophysiology and
diagnosis. Eur. J. Intern. Med. 2007, 18, 90–100. [CrossRef] [PubMed]

2. Zutt, R.; van der Kooi, A.J.; Linthorst, G.E.; Wanders, R.J.A.; de Visser, M. Rhabdomyolysis: Review of the
literature. Neuromuscul. Disord. 2014, 24, 651–659. [CrossRef] [PubMed]

3. Torres, P.A.; Helmstetter, J.A.; Kaye, A.M.; Kaye, A.D. Rhabdomyolysis: Pathogenesis, diagnosis, and
treatment. Ochsner J. 2015, 15, 58–69. [PubMed]

4. Melli, G.; Chaudhry, V.; Cornblath, D.R. Rhabdomyolysis. Medicine 2005, 84, 377–385. [CrossRef] [PubMed]
5. Entresto™ [Package Insert]. East Hanover: Novartis Pharmaceuticals Corporation. 2015. Available online:

https://www.pharma.us.novartis.com/product/pi/pdf/entresto.pdf (accessed on 18 February 2019).
6. Faber, E.S.; Gavini, M.; Ramirez, R.; Sadovsky, R. Rhabdomyolysis After Coadministration of Atorvastatin

and Sacubitril/Valsartan (Entresto™) in a 63-Year-Old Woman. Drug Saf. Case Rep. 2016, 3, 14. [CrossRef]
[PubMed]

7. Previsdomini, M.; Graziano, E.; Decosterd, L.; Courlet, P.; Perren, A.; Ceschi, A. Severe rosuvastatin
accumulation with rhabdomyolysis due to drug interactions and low cardiac output syndrome. Br. J.
Clin. Pharmacol. 2019. [CrossRef] [PubMed]

8. Rawla, P.; Raj, J.P. Doxycycline-Induced Acute Pancreatitis: A Rare Adverse Event. Gastroenterol. Res. 2017,
10, 244–246. [CrossRef] [PubMed]

9. Naranjo, C.A.; Busto, U.; Sellers, E.M.; Sandor, P.; Ruiz, I.; Roberts, E.A.; Janecek, E.; Domecq, C.; Greenblatt, D.J.
A method for estimating the probability of adverse drug reactions. Clin. Pharmacol. Ther. 1981, 30, 239–245.
[CrossRef] [PubMed]

10. Schumock, G.T.; Thornton, J.P. Focusing on the preventability of adverse drug reactions. Hosp. Pharm. 1992,
27, 538. [PubMed]

11. Hartwig, S.C.; Siegel, J.; Schneider, P.J. Preventability and severity assessment in reporting adverse drug
reactions. Am. J. Hosp. Pharm. 1992, 49, 2229–2232. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ejim.2006.09.020
http://www.ncbi.nlm.nih.gov/pubmed/17338959
http://dx.doi.org/10.1016/j.nmd.2014.05.005
http://www.ncbi.nlm.nih.gov/pubmed/24946698
http://www.ncbi.nlm.nih.gov/pubmed/25829882
http://dx.doi.org/10.1097/01.md.0000188565.48918.41
http://www.ncbi.nlm.nih.gov/pubmed/16267412
https://www.pharma.us.novartis.com/product/pi/pdf/entresto.pdf
http://dx.doi.org/10.1007/s40800-016-0036-6
http://www.ncbi.nlm.nih.gov/pubmed/27804100
http://dx.doi.org/10.1111/bcp.13950
http://www.ncbi.nlm.nih.gov/pubmed/31050036
http://dx.doi.org/10.14740/gr838w
http://www.ncbi.nlm.nih.gov/pubmed/28912911
http://dx.doi.org/10.1038/clpt.1981.154
http://www.ncbi.nlm.nih.gov/pubmed/7249508
http://www.ncbi.nlm.nih.gov/pubmed/10118597
http://dx.doi.org/10.1093/ajhp/49.9.2229
http://www.ncbi.nlm.nih.gov/pubmed/1524068
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Case Narrative 
	Discussion 
	Conclusions 
	References

