
CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

205579Orig1s000 
 
 

OTHER REVIEW(S) 





Page 2
Version: February 2013

INFORMATION PROVIDED VIA RELIANCE
(LISTED DRUG OR LITERATURE)

2) List the information essential to the approval of the proposed drug that is provided by reliance 
on our previous finding of safety and efficacy for a listed drug by reliance on published 
literature, or by reliance on a final OTC monograph.  (If not clearly identified by the 
applicant, this information can usually be derived from annotated labeling.)

Source of information* (e.g., 
published literature, name of listed 
drug(s), OTC final drug 
monograph)

Information relied-upon (e.g., specific 
sections of the application or labeling)

NDA 018264; Dantrium Intravenous 
(dantrolene sodium) for injection

The following clinical sections 
incorporated information from the 
Dantrium IV label.  Generally, the 
Dantrium information was copied 
verbatim with the name Dantrium 
changed to Ryanodex.

1. Dosing and Administration for 
management of malignant 
hyperthermia crisis, preoperative 
use, and postoperative use

2. Warnings and Precautions for 
individualizing treatment 
regimens, monitoring, 
extravasation, hepatotoxicity, 
muscle weakness and dizziness, 
tranquilizing agent

3. Adverse Reactions for 
experience with intravenous use 
and experience in patients with 
Neuroleptic Malignant 
Syndrome

4. Drug Interactions for use with 
calcium channel blockers, 
vecuronium-induced 
neuromuscular block, enzyme 
induction and protein binding

5. Pregnancy for use in labor and 
delivery, nursing mothers and 
pediatric and geriatric use

6. Overdosage for human 
experience and management of 
overdosage

The entire clinical pharmacology section 
(Section 12) was copied verbatim from 
the Dantrium IV label.  

The following sections of the proposed 
label incorporated nonclinical information 
from the Dantrium IV label.  Generally, 
the Dantrium information was copied 
verbatim with the name Dantrium 
changed to dantrolene sodium or 
Ryanodex when appropriate.
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1. Pregnancy
2. Overdosage for animal 

experience in rats and dogs 
3. Pharmacodynamics experimental 

results in malignant 
hyperthermia susceptible swine

4. Nonclinical toxicology 
information including 
carcinogenesis, Mutagenesis, 
and Impairment of Fertility 

*each source of information should be listed on separate rows, however individual 
literature articles should not be listed separately

3) Reliance on information regarding another product (whether a previously approved product 
or from published literature) must be scientifically appropriate.  An applicant needs to 
provide a scientific “bridge” to demonstrate the relationship of the referenced and proposed 
products.  Describe how the applicant bridged the proposed product to the referenced 
product(s).  (Example: BA/BE studies)
Pharmacokinetics and Safety of Dantrolene Sodium Suspension (Ryanodex) were 
compared to Dantrolene Sodium for Injection (Dantrium Intravenous) in Healthy 
Volunteers by a relative BA study.

RELIANCE ON PUBLISHED LITERATURE

4) (a) Regardless of whether the applicant has explicitly stated a reliance on published literature 
to support their application, is reliance on published literature necessary to support the 
approval of the proposed drug product (i.e., the application cannot be approved without the 
published literature)?

                                                                                                                   YES       NO
If “NO,” proceed to question #5.

(b) Does any of the published literature necessary to support approval identify a specific (e.g., 
brand name) listed drug product? 

                                                                                                                   YES       NO
If “NO”, proceed to question #5.

If “YES”, list the listed drug(s) identified by name and answer question #4(c).  
Dantrium IV

(c) Are the drug product(s) listed in (b) identified by the applicant as the listed drug(s)?
                                                                                                                   YES       NO

RELIANCE ON LISTED DRUG(S)
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Reliance on published literature which identifies a specific approved (listed) drug constitutes 
reliance on that listed drug.  Please answer questions #5-9 accordingly.

5) Regardless of whether the applicant has explicitly cited reliance on listed drug(s), does the 
application rely on the finding of safety and effectiveness for one or more listed drugs
(approved drugs) to support the approval of the proposed drug product (i.e., the application 
cannot be approved without this reliance)?

If “NO,” proceed to question #10.

6) Name of listed drug(s) relied upon, and the NDA #(s).  Please indicate if the applicant 
explicitly identified the product as being relied upon (see note below): 

Name of Listed Drug NDA # Did applicant 
specify reliance on 
the product? (Y/N)

Dantrium 018264 Y

Applicants should specify reliance on the 356h, in the cover letter, and/or with their patent 
certification/statement.  If you believe there is reliance on a listed product that has not been 

explicitly identified as such by the applicant, please contact the (b)(2) review staff in the 
Immediate Office, Office of New Drugs.

7) If this is a (b)(2) supplement to an original (b)(2) application, does the supplement rely upon
the same listed drug(s) as the original (b)(2) application?

                                                                                           N/A             YES       NO
If this application is a (b)(2) supplement to an original (b)(1) application or not a supplemental 

application, answer “N/A”.
If “NO”, please contact the (b)(2) review staff in the Immediate Office, Office of New Drugs.

8) Were any of the listed drug(s) relied upon for this application:
a) Approved in a 505(b)(2) application?

                                                                                                                   YES       NO
If “YES”, please list which drug(s).

Name of drug(s) approved in a 505(b)(2) application:

b) Approved by the DESI process?
                                                                                                                   YES       NO

If “YES”, please list which drug(s).
Name of drug(s) approved via the DESI process:

c) Described in a final OTC drug monograph?
                                                                                                                   YES       NO

If “YES”, please list which drug(s).

Name of drug(s) described in a final OTC drug monograph:

                                                                                                                   YES       NO
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d) Discontinued from marketing?
                                                                                                                   YES       NO

If “YES”, please list which drug(s) and answer question d) i. below.  
If “NO”, proceed to question #9.

Name of drug(s) discontinued from marketing:

i) Were the products discontinued for reasons related to safety or effectiveness?
                                                                                                                   YES       NO

(Information regarding whether a drug has been discontinued from marketing for 
reasons of safety or effectiveness may be available in the Orange Book.  Refer to 
section 1.11 for an explanation, and section 6.1 for the list of discontinued drugs.  If 
a determination of the reason for discontinuation has not been published in the 
Federal Register (and noted in the Orange Book), you will need to research the 
archive file and/or consult with the review team.  Do not rely solely on any
statements made by the sponsor.)

9) Describe the change from the listed drug(s) relied upon to support this (b)(2) application (for 
example, “This  application provides for a new indication, otitis media” or “This application 
provides for a change in dosage form, from capsule to solution”).
The only difference between the proposed product and the listed drug is the 

concentration of the active ingredient, sodium dantrolene, and a key inactive ingredient, 
mannitol, in the reconstituted products.  Mannitol is used to facilitate diuresis following the 
malignant hyperthermia (MH) crisis; it is not a treatment for MH per se.

The purpose of the following two questions is to determine if there is an approved drug product 
that is equivalent or very similar to the product proposed for approval that should be referenced 
as a listed drug in the pending application.

The assessment of pharmaceutical equivalence for a recombinant or biologically-derived product 
and/or protein or peptide product is complex. If you answered YES to question #1, proceed to 
question #12; if you answered NO to question #1, proceed to question #10 below. 

10) (a) Is there a pharmaceutical equivalent(s) to the product proposed in the 505(b)(2) 
application that is already approved (via an NDA or ANDA)?

(Pharmaceutical equivalents are drug products in identical dosage forms intended for the 
same route of administration that:  (1) contain identical amounts of the identical active drug 
ingredient, i.e., the same salt or ester of the same therapeutic moiety, or, in the case of 
modified release dosage forms that require a reservoir or overage or such forms as prefilled 
syringes where residual volume may vary, that deliver identical amounts of the active drug 
ingredient over the identical dosing period; (2) do not necessarily contain the same inactive 
ingredients; and (3) meet the identical compendial or other applicable standard of identity, 
strength, quality, and purity, including potency and, where applicable, content uniformity, 
disintegration times, and/or dissolution rates. (21 CFR 320.1(c), FDA’s “Approved Drug 
Products with Therapeutic Equivalence Evaluations” (the Orange Book)). 

Note that for proposed combinations of one or more previously approved drugs, a pharmaceutical 
equivalent must also be a combination of the same drugs.

                                                                                                                   YES       NO
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If “NO” to (a) proceed to question #11.
If “YES” to (a), answer (b) and (c) then proceed to question #12.

(b) Is the pharmaceutical equivalent approved for the same indication for which the 
505(b)(2) application is seeking approval?

                                                                                                                   YES       NO
          

(c)  Is the listed drug(s) referenced by the application a pharmaceutical equivalent?
                                                                                           N/A             YES       NO

If this application relies only on non product-specific published literature, answer “N/A”
If “YES” to (c) and there are no additional pharmaceutical equivalents listed, proceed to 
question #12.
If “NO” or if there are additional pharmaceutical equivalents that are not referenced by the 
application, list the NDA pharmaceutical equivalent(s); you do not have to individually list all 
of the products approved as ANDAs, but please note below if approved approved generics are
listed in the Orange Book. Please also contact the (b)(2) review staff in the Immediate Office, 
Office of New Drugs.

Pharmaceutical equivalent(s): 

11) (a) Is there a pharmaceutical alternative(s) already approved (via an NDA or ANDA)?

(Pharmaceutical alternatives are drug products that contain the identical therapeutic moiety, or its 
precursor, but not necessarily in the same amount or dosage form or as the same salt or ester. Each 
such drug product individually meets either the identical or its own respective compendial or other 
applicable standard of identity, strength, quality, and purity, including potency and, where applicable, 
content uniformity, disintegration times and/or dissolution rates.  (21 CFR 320.1(d))  Different dosage 
forms and strengths within a product line by a single manufacturer are thus pharmaceutical 
alternatives, as are extended-release products when compared with immediate- or standard-release 
formulations of the same active ingredient.)    

Note that for proposed combinations of one or more previously approved drugs, a pharmaceutical 
alternative must also be a combination of the same drugs.

                                                                                                                YES       NO
If “NO”, proceed to question #12.  

(b)  Is the pharmaceutical alternative approved for the same indication for which the
505(b)(2) application is seeking approval?
                                                                                                                         YES       NO

(c)  Is the approved pharmaceutical alternative(s) referenced as the listed drug(s)?
                                                                                           N/A             YES       NO

If this application relies only on non product-specific published literature, answer “N/A”             
If “YES” and there are no additional pharmaceutical alternatives listed, proceed to question 
#12.
If “NO” or if there are additional pharmaceutical alternatives that are not referenced by the 
application, list the NDA pharmaceutical alternative(s); you do not have to individually list all 
of the products approved as ANDAs, but please note below if approved generics are listed in 
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the Orange Book. Please also contact the (b)(2) review staff in the Immediate Office, Office of 
New Drugs.

Pharmaceutical alternative(s): Dantrium Intravenous

PATENT CERTIFICATION/STATEMENTS

12) List the patent numbers of all unexpired patents listed in the Orange Book for the listed 
drug(s) for which our finding of safety and effectiveness is relied upon to support approval of 
the (b)(2) product.

Listed drug/Patent number(s):  

                                           No patents listed proceed to question #14  

13) Did the applicant address (with an appropriate certification or statement) all of the unexpired 
patents listed in the Orange Book for the listed drug(s) relied upon to support approval of the 
(b)(2) product?

                                                                                                                     YES      NO
If “NO”, list which patents (and which listed drugs) were not addressed by the applicant.

Listed drug/Patent number(s):  

14) Which of the following patent certifications does the application contain?  (Check all that 
apply and identify the patents to which each type of certification was made, as appropriate.)

No patent certifications are required (e.g., because application is based solely on 
published literature that does not cite a specific innovator product)

21 CFR 314.50(i)(1)(i)(A)(1):  The patent information has not been submitted to 
FDA. (Paragraph I certification)

21 CFR 314.50(i)(1)(i)(A)(2):  The patent has expired. (Paragraph II certification)

Patent number(s):  

21 CFR 314.50(i)(1)(i)(A)(3):  The date on which the patent will expire. (Paragraph 
III certification)

Patent number(s):  Expiry date(s):

21 CFR 314.50(i)(1)(i)(A)(4):  The patent is invalid, unenforceable, or will not be 
infringed by the manufacture, use, or sale of the drug product for which the 
application is submitted. (Paragraph IV certification). If Paragraph IV certification 
was submitted, proceed to question #15.  

21 CFR 314.50(i)(3):  Statement that applicant has a licensing agreement with the 
NDA holder/patent owner (must also submit certification under 21 CFR 
314.50(i)(1)(i)(A)(4) above). If the applicant has a licensing agreement with the
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NDA holder/patent owner, proceed to question #15.

21 CFR 314.50(i)(1)(ii):  No relevant patents.
  

21 CFR 314.50(i)(1)(iii):  The patent on the listed drug is a method of use patent 
and the labeling for the drug product for which the applicant is seeking approval 
does not include any indications that are covered by the use patent as described in 
the corresponding use code in the Orange Book.  Applicant must provide a 
statement that the method of use patent does not claim any of the proposed 
indications. (Section viii statement)

Patent number(s):  
Method(s) of Use/Code(s):

15) Complete the following checklist ONLY for applications containing Paragraph IV 
certification and/or applications in which the applicant and patent holder have a licensing 
agreement:

(a) Patent number(s):  
(b) Did the applicant submit a signed certification stating that the NDA holder and patent 

owner(s) were notified that this b(2) application was filed [21 CFR 314.52(b)]?
                                                                                       YES       NO

If “NO”, please contact the applicant and request the signed certification.

(c) Did the applicant submit documentation showing that the NDA holder and patent 
owner(s) received the notification [21 CFR 314.52(e)]? This is generally provided in the 
form of a registered mail receipt. 

                                                                                       YES       NO
If “NO”, please contact the applicant and request the documentation.

(d) What is/are the date(s) on the registered mail receipt(s) (i.e., the date(s) the NDA holder 
and patent owner(s) received notification):

Date(s):

Note, the date(s) entered should be the date the notification occurred (i.e., delivery 
date(s)), not the date of the submission in which proof of notification was provided

(e) Has the applicant been sued for patent infringement within 45-days of receipt of the 
notification listed above?

Note that you may need to call the applicant (after 45 days of receipt of the notification)
to verify this information UNLESS the applicant provided a written statement from the 
notified patent owner(s) that it consents to an immediate effective date of approval.

YES NO Patent owner(s) consent(s) to an immediate effective date of 
approval
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1 INTRODUCTION 

This review is an overview of postmarketing adverse event reports in FAERS and the published 
medical literature intended to identify new safety signals for injectable dantrolene that can be 
used to inform the labeling for this product. 
 
The Division of Anesthesia, Analgesia, and Addiction Products (DAAAP) received an NDA 
(205579) for Ryanodex (dantrolene sodium). The NDA is for a more concentrated formulation of 
a product that is currently approved and marketed, Dantrium (NDA 018264 approved 9/19/79).  
Both formulations are injectable and have orphan drug designation. They are indicated for 
prophylaxis and treatment of malignant hyperthermia, a potentially lethal reaction that 
genetically predisposed individuals may have to anesthetic agents. The Ryanodex NDA is a 
505(b)(2) application that references the Dantrium NDA and the literature. The Ryanodex NDA 
also includes animal studies of the product’s efficacy and a Phase 1 study of safety, tolerability 
and PK in healthy adult volunteers. 
 
The Applicant relied on the Dantrium label for adverse events that may be associated with the 
use of the newly formulated product. To determine whether additional information from 
postmarketing data should be incorporated into the proposed label, and possibly into the 
Dantrium label, DAAAP requested a review of the FAERS database and the published literature 
for postmarketing adverse events associated with the administration of injected dantrolene for the 
indications cited above. 
 

1.1 REGULATORY HISTORY 

Dantrolene sodium, a direct-acting skeletal muscle relaxant, was approved as an oral capsule on 
January 15, 1974.  It is indicated to control the manifestations of clinical spasticity resulting from 
upper motor neuron disorders and to prevent or attenuate the development of signs of malignant 
hyperthermia.   Dantrolene sodium for injection was approved on September 19, 1979.  It is 
indicated for the management of fulminant hypermetabolism of skeletal muscle characteristic of 
malignant hyperthermia crisis, along with appropriate supportive measures.  In May 1987, 
dantrolene sodium for injection was approved for preoperative and postoperative use to prevent 
or attenuate the development of clinical and laboratory signs of malignant hyperthermia in 
individuals judged to be malignant hyperthermia susceptible.   

1.2 PRODUCT LABELING 

The sponsor’s proposed label is in Appendix A. 

2 METHODS AND MATERIALS 

2.1 FAERS SEARCH STRATEGY 

The FDA Adverse Event Reporting System (FAERS) was searched with the strategy described 
in Table 1. 
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Table 1.  FAERS Search Strategy* 
Date of search 04/11/2014 
Time period 
of search 

01/01/1969 – 04/11/2014 

Product 
Terms 

dantrolene, dantrolene sodium 

Route of 
administration 

SC; SUBCUTANEOUS;1V;CIV;I;IA;IAMN;IIV;IL;IM;IN;INF; 
INFUSION;INJ;INJECTION;INTRAMUSCULAR;INV;INVDRP;IV;IV 
BOLUS;IV DRIP;IV DRP;IV NOS;IVB;IVBOL;IVBOLUS;IVBP;IVD; 
IVDP;IVDRIP;IVDRP;IVES;IVIT;IVP;IVPB;IVPICC;SC;SC/IM;SQ; 
SUB;SUB Q;SUBC;SUBCUTANEOUS;SUBCUTANEOUSLY;SUBQ 

 *  See Appendix B for a description of the FAERS database.     

2.2 LITERATURE SEARCH 

The medical literature was searched with the strategy described in Table 2. 
 

Table 2.  Literature Search Strategy 
Date of search 05/12/14 
Database PubMed 
Search Terms Dantrolene,  Dantrium, Adverse, Safety 
Years included in search Last 10 years 
Other English language 

 

3 RESULTS 

3.1 FAERS CASE SELECTION 

The FAERS search retrieved 354 reports.  These are crude counts of FAERS reports and may 
include duplicate reports for the same patient from multiple reporters (e.g., manufacturer, family 
member, physician, pharmacist, nurse, etc.), miscoded reports, or unrelated reports.  
Characteristics of these reports are presented in tables 3 and 4. 
 
Reports in which IV dantrolene was used to treat malignant hyperthermia (MH) during or after 
anesthesia or for MH prophylaxis were selected for closer review.  There are 113 unique cases in 
this category.  Characteristics of these reports are presented in tables 5 and 6. 
 
Appendix C lists all the FAERS case numbers, FAERS version numbers, and Manufacturer 
Control numbers for the 354 cases in this case series. 
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Table 3. Descriptive characteristics of FAERS Reports for Dantrolene Injection 
Received by FDA from January 1, 1969 to April 11, 2014. (N=354)* 
Sex Male 

Female 
Unknown 

200 
119 
35 

Age (years) < 18 
18-65 
> 65 
Unknown 

47 
204 
38 
65 

Country US 
Foreign  
Unknown 

184 
168 

2 
Serious Outcomes 
(n=319) † 

Death 
Life-threatening 
Hospitalized 
Disability 
Required intervention 
Other serious 

102 
48 

118 
13 
11 

124 
Indication for Use 
(n=322) 

Neuroleptic malignant syndrome 155 
Malignant hyperthermia ‡  119 
Study – no clinical indication 13 
Hyperpyrexia/hyperthermia/hypermetabolism 11 
Cerebral vasoconstriction 5 
Rhabdomyolysis 4 
Tetanus 2 
Heat stroke 2 
Muscle spasticity/muscle spasms 2 
Seizure (status epilepticus, myoclonus) 2 
Multiple sclerosis 1 
Cerebral palsy 1 
Blood creatine phosphokinase increased 1 
Hemorrhagic shock and encephalopathy 1 
Hypertonia 1 
Extrapyramidal disorder 1 
Muscle disorder, unspecified 1 

Report type Expedited 
Direct 
Periodic 

256 
17 
81 
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Table 3. Descriptive characteristics of FAERS Reports for Dantrolene Injection 
Received by FDA from January 1, 1969 to April 11, 2014. (N=354)* 
FDA Initial 
Received Year 

1981 – 1985 
1986 - 1990 
1991 - 1995 
1996 - 2000  
2001 – 2005 
2006 - 2010 
2011 – 2013 

36 
53 
94 

  70 
29 
23 
49 

*
 Report counts may include duplicate reports, miscoded reports, or unrelated reports. 

† One case may report more than one outcome 

‡ Includes prophylaxis of malignant hyperthermia and indications reported as malignant hyperthermia.  Reported 
causes of malignant hyperthermia include anesthesia, illicit drug use, drug overdose, head injury, and thyroid 
storm.  A total of 113 unique cases reported an indication of malignant hyperthermia during or after anesthesia or 
for malignant hyperthermia prophylaxis.  

 
 

 Table 4.  FAERS Crude Counts of Preferred Terms for Dantrolene Injection 
with N ≥ 7 Received by FDA from January 1, 1969 to April 11, 2014. (N=354) 
Preferred Term PT Crude 

Count (N) 
Appears in Draft Label* 

Respiratory failure 46 No 
Injection site reaction 41 Yes, AR 
Blood creatinine phosphokinase increased 30 IR 
Cardiac arrest 30 IR 
Pyrexia 26 IR 
Drug ineffective 22 Not informative 
Condition aggravated 21 Not informative 
Phlebitis 20 Yes, AR 
Hepatic function abnormal 17 Yes, W/P 
Hypotension 17 No 
Neuroleptic malignant syndrome 16 IR 
Cardiac failure 15 Yes, AR with oral 
Pneumonia 15 No 
Hyperkalaemia 14 IR; Yes, DI 
Pulmonary oedema 14 Yes, AR 
Disseminated intravascular coagulation 13 IR 
Myopathy 13 IR 
Depressed level of consciousness 12 Yes, OD  
Muscular weakness 12 Yes, W/P, OD 
Convulsion 11 AR with oral, not IV 
Injection site oedema 11 Yes, AR 
Acidosis 10 IR 
Apnoea 10 No 
Renal failure 10 IR 
Shock 10 No 
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 Table 4.  FAERS Crude Counts of Preferred Terms for Dantrolene Injection 
with N ≥ 7 Received by FDA from January 1, 1969 to April 11, 2014. (N=354) 
Preferred Term PT Crude 

Count (N) 
Appears in Draft Label* 

Aspartate aminotransferase increased 9 Yes, W/P  
Cardio-respiratory arrest 9 IR 
Cyanosis 9 IR 
Renal impairment 9 IR 
Coagulopathy 8 IR 
Coma 8 Yes, OD 
Dizziness 8 Yes, W/P, AR 
Dyspnoea 8 Yes, AR  
Productive cough 8 No 
Respiratory arrest 8 No 
Sepsis 8 No 
Bradycardia 7 No 
Drug interaction 7 DI 
Dysphagia 7 Yes, W/P, PCI 
Hyperthermia malignant 7 IR 
Injection site haemorrhage (extravasation) 7 Yes, W/P 
Injection site inflammation 7 Yes, AR 
Muscle rigidity 7 IR 
Myoglobin blood increased 7 IR 
Oedema peripheral 7 No 
Off label use 7 IR 
Renal failure acute 7 IR 
Sedation 7 Yes, AR, OD  
Tachycardia 7 IR 
Ventricular fibrillation 7 IR 

*RYANODEX® (dantrolene sodium) suspension for injection, for intravenous use.  Eagle Pharmaceuticals, Inc.  
Woodcliff Lake, NJ 07677.  Draft labeling revised January 2014.   

Definitions: W/P = Warnings/Precautions, AR = Adverse Reactions, DI = Drug Interactions, OD = Overdosage, 
SP= Use in Specific Populations, PCI = Patient Counseling Information; Other Categories: IR = Indication-related, 
either as sign, symptom, or complication, PR = Procedure-related 
 
Malignant hyperthermia  and treatment are the labeled indications for Ryanodex, and 
DAAAP specifically requested a review of adverse events associated with the labeled 
indications.  Malignant hyperthermia occurs when a genetically susceptible individual is exposed 
to an anesthetic.  Therefore, FAERS cases in which the reported indication is malignant 
hyperthermia and the patient had received or was going to receive anesthesia were selected for 
additional review.  Tables 5 and 6 provide the characteristics and coded adverse events in these 
cases. 
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Table 5.  Descriptive Characteristics of FAERS Reports for Dantrolene for 
Injection used for Malignant Hyperthermia Associated with Anesthesia 

Received by FDA from January 1, 1969 to April 11, 2014. (N=113)* 
Sex Male 

Female 
Unknown 

67 
35 
11 

Age (years) < 18 
18-65 
> 65 
Unknown 

35 
55 
3 

20 
Country US 

Foreign 
Unknown 

85 
27 
1 

Serious Outcomes 
(n=102) † 

Death 
Life-threatening 
Hospitalized 
Disability 
Required intervention 
Other serious 

29 
5 

29 
4 
2 

51 
Report type Expedited 

Direct 
Periodic 

76 
4 

33 
FDA Initial Received 
Year 

1981 - 1985 
1986 – 1990 
1991 - 1995 
1996 - 2000  
2001 – 2005 
2006 – 2010 
2011 - 2014§ 

12 
32 
33 
3 
5 
5 

23 
* Report counts may include miscoded reports or unrelated reports. 
† One case may report more than one outcome 
§  All 23 of the reports were initially received in 2011.  It is unclear why reporting greatly increased in 2011 and no 

reports have been received since then.  DPV will assess this. 
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Table 6.  FAERS Crude Counts of Preferred Terms for Dantrolene for Injection 

used for Malignant Hyperthermia Associated with Anesthesia 
Received by FDA from January 1, 1969 to April 11, 2014. (N=113) 

Preferred Term PT Crude 
Count (N) 

Appears in Label* 

Injection site reaction 18 Yes, AR 
Respiratory failure 14 No 
Drug ineffective 12 Yes, AR 
Muscular weakness 12 Yes, W/P; OD 
Phlebitis 12 Yes, AR 
Hyperkalaemia 10 Yes, DI; IR 
Cardiac arrest 8 IR 
Pulmonary oedema 7 Yes, AR 
Pyrexia 7 IR 
Disseminated intravascular coagulation 6 IR 
Renal impairment 6 IR 
Acidosis 5 IR 
Blood creatine phosphokinase increased 5 IR 
Cardiac disorder 5 IR 
Hypotension 5 No 
Injection site oedema 5 Yes, AR 
Myopathy 5 IR 
Asthenia† 4 Yes, W/P 
Cardiac failure 4 Yes, AR with oral 
Dermatitis 4 Yes, AR 
Drug interaction 4 DI 
Injection site hypersensitivity 4 Yes, AR 
Injection site inflammation 4 Yes, AR 
Oedema peripheral 4 No 
Bradycardia 3 No 
Dementia 3 No 
Dyspnea 3 Yes, AR 
Medication error 3 No 
Renal failure 3 IR 

*DANTRIUM® Intravenous (dantrolene sodium for injection).  .  
Prescribing information as of November 2008.   
†Cases that reported weakness were coded as asthenia.  Asthenia is not labeled but muscle weakness is labeled. 
Definitions: W/P = Warnings/Precautions, AR = Adverse Reactions, DI = Drug Interactions, OD = Overdosage, IR 
= Indication-related either as sign, symptom, or complication 
 
 
Cases Coded with the PT Respiratory Failure (n=47) 
Dantrolene for injection is labeled as follows under Warnings and Precautions: “Since the effect 
of disease state and other drugs on Dantrium related skeletal muscle weakness, including 
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possible respiratory depression, cannot be predicted, patients who receive i.v. Dantrium 
preoperatively should have vital signs monitored.”   
 
While the reports that have sufficient information to permit evaluation include confounding 
factors such as concomitant drugs, pneumonia, or progression of the underlying disease, there are 
some cases where we cannot exclude the role of IV dantrolene in exacerbating or causing 
respiratory failure.  Two of these cases, both concerning the use of IV dantrolene for neuroleptic 
malignant syndrome (NMS), are summarized below.   
 
(Case 3595360)  A 62-year-old female with schizophrenia developed neuroleptic malignant 
syndrome on .  Initially she was treated with oral dantrolene.  However, due to 
disease progression, IV dantrolene was started on .  She also received diprophylline, a 
theophylline-like bronchodilator, for “improvement of respiratory state,” and several antibiotics 
for prophylaxis of pneumonia, beginning .  Two days later the patient developed 
respiratory failure and cyanosis.  Her oxygen saturation was 91%.  She was given oxygen and the 
rate of the dantrolene infusion was decreased.  The physician reported that oxygen saturation 
improved after the rate of the dantrolene infusion was decreased.   On , the patient 
developed acute cardiac failure, thought to be related to fluid overload.  Dantrolene was 
discontinued and she was transferred to another hospital for care by a cardiologist.  A week later 
she had recovered from her cardiac failure and was transferred back to the original hospital.  She 
is reported to have recovered from respiratory failure. 
 
Reviewer comment:  Increased oxygen, use of diprophylline, and/or decreased rate of IV 
dantrolene may all have contributed to patient’s improved pulmonary status.  The role of IV 
dantrolene cannot be excluded. 
 
(Case 3679864)  A 49-year-old female with schizophrenia was treated for NMS first with IV and 
then with oral dantrolene.  The day after IV dantrolene was started, she developed acute renal 
failure, pulmonary edema, and acute respiratory distress syndrome.  She was placed on a 
ventilator and treated with antibiotics, a benzodiazepine, and a steroid.  The next day, her 
respiratory condition worsened but was controlled with increased ventilator pressure.  IV 
dantrolene was interrupted for 3 days.  When IV dantrolene was resumed, her respiratory 
condition again worsened and was controlled with increased ventilator pressure.  Several days 
later, IV dantrolene was replaced with oral dantrolene and respiratory failure improved.  Though 
she was intubated and treated with antibiotics, it is the impression of the reporter that her 
respiratory condition started to improved when the IV dantrolene was discontinued.  
 
Reviewer comment:   This Japanese report is deficient in details that could clarify the 
association between IV dantrolene and the patient’s respiratory difficulties.  However, the facts 
as reported as well as the reporting physician’s opinion that causality was “much possible” 
supports that we cannot exclude the role of IV dantrolene.   
 
Cases Coded with the PT Convulsion (n=11) or other convulsion-related PT terms (n=9) 
Labeling for IV dantrolene states, under Adverse Reactions, “None of the serious reactions 
occasionally reported with long-term oral Dantrium use, such as hepatitis, seizures, and pleural 
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effusion with pericarditis, have been reasonably associated with short-term Dantrium 
Intravenous therapy.” 
 
The FAERS search identified 20 unique cases coded with convulsion or a convulsion-related PT 
term, including 4 cases coded status epilepticus.  Confounding factors, such as progression of the 
condition being treated or electrolyte disturbances, incongruent temporal relationship, or lack of 
clinical information preclude attributing the seizures to intravenous dantrolene in most reports.  
However, 2 cases support a possible association; these cases are summarized below. 
 
(Case 3592499)  A 49-year-old female with schizophrenia and a history of convulsive seizures 
developed seizures during treatment with IV dantrolene to treat NMS.  IV dantrolene was started 
on .  On , the patient had a convulsive seizure.  For several days, 
she was treated with phenobarbital and diazepam for recurrent seizures.  When she developed 
respiratory failure, the other anticonvulsants were replaced with phenytoin. IV dantrolene was 
gradually decreased and replaced with oral dantrolene and phenytoin dose was decreased. No 
seizures occurred after IV dantrolene was discontinued.    
 
(Case 5180661) A 54-year-old female was admitted to the hospital with hyponatremia and 
hypokalemia.  Her sodium and potassium levels were corrected and, 3 days later, she showed 
signs of NMS.  She had received haloperidol intramuscularly 2-3 weeks before admission.  
Intravenous dantrolene was initiated and the patient “immediately” began to have tonic-clonic 
seizures.  She was treated with diazepam and phenobarbital. Phenobarbital was administered 
prior to each subsequent dose of dantrolene and the seizures “abated.” 
 
Reviewer comment:  Both cases above lack desired detail.  However, each suggests a temporal 
relationship between the development of seizures and the initiation of IV dantrolene.  The 
termination of the seizures may have been due to discontinuation of dantrolene or to the use of 
other anti-convulsant medications. 
 
Cases coded with the PT Shock (n=10) 
Dantrolene is not labeled for shock.  Ten cases were coded with the PT shock.  All were 
confounded by medical conditions that may have precipitated shock.   When reviewing these 
cases, we noted three cases of anaphylactic shock.  These cases are discussed below.  
 
Cases coded with the PT Anaphylactic Shock or Anaphylactoid Reaction (n=3) 
Dantrolene for injection labeling says, under Adverse Reactions, “There have been rare reports 
of urticaria and erythema possibly associated with the administration of i.v. Dantrium. There has 
been one case of anaphylaxis.”  
 
Three unique cases were coded with the PTs anaphylactic shock or anaphylactoid reaction.  Two 
cases were confounded by other drugs that are known to be associated with anaphylaxis.  In the 
final case, the reporting physician was not certain whether the observed events were anaphylaxis 
or progression of the patient’s underlying poor condition. 
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Cases coded with PT Ventricular Fibrillation (n=7) 
There were five unique cases and two duplicate reports coded with the PT ventricular fibrillation.  
In four of the cases, ventricular fibrillation is attributed to an underlying condition or progression 
of NMS.  In the fifth case, cardiovascular collapse with ventricular fibrillation is attributed to an 
interaction with amlodipine.  Interaction with calcium channel blockers is included in the 
labeling for IV dantrolene.  (see Cases coded with PT Drug Interaction, below.) 
 
 
Remaining Unlabeled Adverse Events for all indications 
 
Considering all indications (Table 4), for the remaining unlabeled events (hypotension [17], 
pneumonia [15], apnoea [10], cough [8], sepsis [8], bradycardia [7], and oedema peripheral [7]), 
cases were confounded or the events were related to underlying disease. 
 
Unlabeled Adverse Events for the indication of Malignant Hyperthermia (MH) only 
 
The following is a more detailed summary of the remaining unlabeled adverse events specifically 
for the indication of malignant hyperthermia or prophylaxis of malignant hyperthermia (Table 6).  
 
Five cases are coded for hypotension.  Hypotension can be attributed to malignant hyperthermia 
which progressed to cardiac failure and death (case 4878043), anaphylaxis (case 4819971), and 
uterine hemorrhage (case 5244583) in three cases.  The remaining two cases lack clinical 
information required for evaluation. 
 
Sixteen cases of cardiac failure, cardiac arrest, or cardiac disorder were reported.  In these cases, 
the cardiac events were related to progression of malignant hyperthermia or a drug interaction 
with a calcium channel blocker. 
 
Four cases were coded as drug interactions.  Three of the cases involved labeled interactions, two 
with calcium channel blockers and one with vecuronium.  The fourth case reported 
second-degree atrioventricular block resulting in bradycardia with thiopental (case 5243159). 
Because thiopental can independently produce cardiac depression, it is unclear whether 
dantrolene contributed.  
 
Four cases of peripheral edema were reported.  All of the cases had localized limb edema.  The 
edema could be attributed to extravasation in two cases and infusion site reaction and phlebitis in 
one case each.  All of these adverse events are labeled under Adverse Reactions. 
 
Three cases of bradycardia were reported.  The primary reported events in these cases are cardiac 
arrest, drug interaction with verapamil, and drug interaction with thiopental.  All of these cases 
are discussed above. 
 
Three cases of brain damage were reported and coded as dementia.  One case was attributed to 
asystole that preceded dantrolene administration; a second was attributed to malignant 
hyperthermia.  In the third case, during follow-up after successful treatment of a malignant 
hyperthermia crisis, IV dantrolene was “infused with another [unspecified] IV solution, possibly 
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resulting in precipitation of the IV solution.”  The patient later developed cerebral palsy.  Brain 
damage cannot be directly attributed to IV dantrolene in this case.   
 
Three cases coded as medication errors were reported.  The Division of Medication Error 
Prevention and Analysis (DMEPA) will provide a separate review of medication errors with IV 
dantrolene, including cases in which IV dantrolene was combined with incompatible fluids. 
 
Cases Coded with an Outcome of Death (n=29) 
Among the 113 cases in which IV dantrolene is used for malignant hyperthermia treatment or 
prophylaxis, there were 29 unique FAERS cases coded with an outcome of death. Analysis of 
these reports did not find any reports of death that could be attributed to IV dantrolene.  Death 
could be attributed to: 
• malignant hyperthermia in 24 cases; 
• internal bleeding after a subclavian vein was punctured during an attempt to insert a central 

line in 1 case; 
• cardiac failure secondary to arrhythmia in a 10-year-old female who had an unspecified ECG 

abnormality before dantrolene was administered and who was receiving nicardipine for an 
unspecified indication in 1 case. 

The remaining 3 cases lack information required for evaluation. 
 
Designated Medical Events (DME) 
Designated Medical Events (DMEs) are events that are inherently serious, severe, and often 
drug-product related.  The Office of Surveillance and Epidemiology (OSE) created the DME list 
for working purposes; it has no regulatory significance.  DMEs reported with dantrolene 
injection for malignant hyperthermia or prophylaxis of malignant hyperthermia include: renal 
failure (11); disseminated intravascular coagulation (6); ventricular fibrillation (2); anaphylaxis 
and anaphylactoid reactions (1); seizure (1); rhabdomyolysis (1); and deafness(1).   
 
Anaphylaxis and anaphylactoid reaction, ventricular fibrillation, and seizure are discussed above. 
 
Renal failure, disseminated intravascular coagulation, and rhabdomyolysis are associated with 
malignant hyperthermia.  The case reporting the DME deafness, coded with the PT deafness 
transitory, lacks sufficient information for evaluation.   

3.2 LITERATURE SEARCH 

Search:  On May 12, PubMed was searched using the following key words:  Dantrolene, 
Dantrium, Adverse, Safety.  The search identified 519 publications.  Filtering for those that were 
in English and published during the last 10 years reduced the list to 118.  Titles were reviewed.  
If the title suggested that a safety signal might be covered in the publication, the abstract, and, 
then, if indicated, the entire publication was reviewed.  
 
Results:  Thirteen publications, including letters to the editor, were identified via the process 
described above.  The vast majority of excluded articles described use of dantrolene for 
malignant hyperthermia. 
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Of the 13 publications that were reviewed, most described well known (and labeled) adverse 
events including pleural effusion and pericardial effusion with eosinophilic infiltration, hepatic 
dysfunction, and acneiform lesions which were associated with the long term use of oral 
dantrolene.  
 
For purposes of this review, the most significant publication is by Barbara Brandon et al.1  This 
paper reviews over 300 reports  of adverse events associated with the administration of  IV 
dantrolene that were submitted to the North American Malignant Hyperthermia Registry. 
Brandon concludes: 
 

In summary, we report a 24% rate of complications associated with the administration 
of dantrolene in 349 cases.  The most common complications observed were muscle 
weakness, phlebitis and gastrointestinal upset.  In cases where serious underlying 
medical conditions were also present, respiratory failure, pulmonary edema, and 
hyperkalemia were additionally noted as complications.  These severer complications 
were most likely due to the patient’s underlying medical conditions rather than 
dantrolene administration itself.  The likelihood of a complication ...increased as the 
dose of dantrolene increased, was variably affected by the type of surgery, and could be 
greatly increased by fluid administration....When dantrolene is administered, clinicians 
should exercise vigilance for changes in intravascular fluid volume and subsequent 
development of cardiorespiratory complications.  
 

In general, the published medical literature over the past 10 years does not identify any new 
safety signals, but underscores the importance of carefully monitoring the respiratory state in 
patients treated with IV dantrolene.   
 

4 DISCUSSION 

Overall, we note that the proposed Ryanodex and the current Dantrium Intravenous labels no 
longer meet regulatory requirements and that more changes are likely to be effected by other 
members of the review team, such as SEALD.    
 
Most FAERS cases identified in this review were confounded by the underlying indications of 
malignant hyperthermia and neuroleptic malignant syndrome, which are life-threatening 
conditions that can progress rapidly to multi-organ failure and death.  Many reports were further 
confounded by concomitant drugs.   
 
While this review did not find new adverse events that could be attributed directly to dantrolene, 
it did identify two adverse events, respiratory depression and seizures, for which current labeling 
could be improved.   Although these events are mentioned in the current labeling, both are 
described in contexts that minimize their possible association with injectable dantrolene. 
 

                                                 
1 Complications Associated with the Administration of Dantrolene 1987 to 2006:  A Report from the North 
American Malignant Hyperthermia Registry of the Malignant Hyperthermia Association of the United States.  
Anesth Analg. 201 May; 112(5): 1115-1123. 
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7.2 APPENDIX B.  FDA ADVERSE EVENT REPORTING SYSTEM (FAERS) 

FDA Adverse Event Reporting System (FAERS) 
 
The FDA Adverse Event Reporting System (FAERS) is a database that contains information on 
adverse event and medication error reports submitted to FDA. The database is designed to 
support the FDA's post-marketing safety surveillance program for drug and therapeutic biologic 
products. The informatic structure of the database adheres to the international safety reporting 
guidance issued by the International Conference on Harmonisation. Adverse events and 
medication errors are coded to terms in the Medical Dictionary for Regulatory Activities 
(MedDRA) terminology.  The suspect products are coded to valid tradenames or active 
ingredients in the FAERS Product Dictionary (FPD).    
 
FDA implemented FAERS on September 10, 2012, and migrated all the data from 
the previous reporting system (AERS) to FAERS.    Differences may exist when comparing case 
counts in AERS and FAERS.   FDA validated and recoded product information as the AERS 
reports were migrated to FAERS.  In addition, FDA implemented new search functionality based 
on the date FDA initially received the case to more accurately portray the follow up cases that 
have multiple receive dates.   
 
FAERS data have limitations. First, there is no certainty that the reported event was actually due 
to the product. FDA does not require that a causal relationship between a product and event be 
proven, and reports do not always contain enough detail to properly evaluate an event. Further, 
FDA does not receive reports for every adverse event or medication error that occurs with a 
product. Many factors can influence whether or not an event will be reported, such as the time a 
product has been marketed and publicity about an event. Therefore, FAERS data cannot be used 
to calculate the incidence of an adverse event or medication error in the U.S. population. 
 
 
Data Mining of FAERS using Empirica Signal 
 
Empirica Signal refers to the software that OSE uses to perform data mining analyses while 
using the Multi-item Gamma Poisson Shrinker (MGPS) data mining algorithm.  “Data mining” 
refers to the use of computer algorithms to identify patterns of associations or unexpected 
occurrences (i.e., “potential signals”) in large databases.  These potential signals can then be 
evaluated for intervention as appropriate.  In OSE, the FDA Adverse Event Reporting System 
(FAERS) database is utilized for data mining.  MGPS analyzes the records in FAERS and then 
quantifies reported drug-event associations by producing a set of values or scores that indicate 
varying strengths of reporting relationships between drugs and events.  These scores, denoted as 
Empirical Bayes Geometric Mean (EBGM) values, provide a stable estimate of the relative 
reporting of an event for a particular drug relative to all other drugs and events in FAERS.  
MGPS also calculates lower and upper 90% confidence limits for EBGM values, denoted EB05 
and EB95, respectively.  Because EBGM scores are based on FAERS data, limitations relating to 
FAERS data also apply to data mining-derived data.  Further, drug and event causality cannot be 
inferred from EBGM scores. 
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7.3 APPENDIX C.  FAERS CASE NUMBERS, FAERS VERSION NUMBERS, AND 
MANUFACTURER CONTROL NUMBERS 

Reports for Dantrolene Injection Received by FDA from January 1, 1969 to April 11, 2014 
(N=354) 

 
Case # Vrsn MFR Control #  Case # Vrsn MFR Control # 

3001771 1 317098  3206914 1 318976 
3066820 1 316727  3224248 1 319090 
3072510 1 316022  3240859 1 319225 
3072556 1 316915  3242577 2 319224 
3072559 1 316407  3255142 1 319256 
3072561 1 316350  3255153 1 319258 
3072563 1 316333  3264542 1 319354 
3137584 1 500671  3282548 1 319445 
3161933 1 318625  3293145 2 319532 
3166074 1 318661  3300450 2 319603 
3166897 1 318695  3304179 2 319604 
3169704 1 318623  3307896 1 319640 
3169741 1 318608  3616573 1 CAP01000122 
3169753 1 318614  3616582 2 CIP01000321 
3169758 1 318603  3679864 2 CIP01001304 
3170062 1 318622  3728205 2 CIP01002208 
3170071 1 318621  3772125 2 CIP02000307 
3170076 2 318611  3808550 1 CIP02000901 
3170183 1 318590  3810844 1 CIP01000500 
3170192 1 318596  3810846 1 CIP01000530 
3170211 1 318620  3810849 1 CIP01002043 
3172367 1 318739  3813420 1 GRP02000107 
3180410 1 318676  3825931 2 CIP02001142 
3180413 1 318677  3864781 1 CIP0201142 
3181058 1 318666  3874932 1 CIP02002590 
3181065 1 318652  3940992 1  
3181074 1 318669  3946938 1 CIP03001368 
3187410 1 318837  3984998 1 2003031047 
3195568 1 318884  3986803 3 CIP03002157 
3200254 1 318917  3986820 2 YITD20030052 
3203455 2 318945  3990600 1 CIP03002193 
3204987 1 318879  4160935 1 CIP04001230 
3204992 2 318954  4169876 1 ERP04000241 
3205501 1 318977  4346500 1  
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Case # Vrsn MFR Control #  Case # Vrsn MFR Control # 
4348840 1 DIVOOO6  4486743 1 DIV00059 
4348852 1 DIV00001  4505752 1 DIV00064 
4358723 1 DIV00009  4508433 1 DIV00063 
4368637 1   4513359 1 DIV00065 
4368643 1   4519162 1 DIV00062 
4368644 1   4519163 1 DIV00066 
4368645 1   4519164 1 DIV00067 
4368646 1   4519165 1 DIV00068 
4368647 1   4519191 1 DIV00060 
4368648 1   4519192 1 DIV00061 
4369350 1 DIV00024  4522028 1 DIV00069 
4369834 1   4530435 1 DIV00070 
4369835 1   4533712 1 DIV00071 
4369836 1   4545786 1 DIV00078 
4369837 1   4547058 1 DIV00079 
4369838 1   4549059 1  
4385661 1 DIV00034  4554034 1 DIV00083 
4386075 1 DIV00032  4555821 1 DIV00082 
4389673 1 DIV00031  4569309 1 DIV00089 
4394032 1 DIV00038  4569708 1 DIV00086 
4400491 1 DIV00040  4569717 1 DIV00085 
4402287 1 DIV00022  4569738 1 DIV00072 
4408207 1 DIV0042  4569770 1 DIV00088 
4409706 1 DIV00044  4570926 1 DIV00091 
4411617 1   4572874 1 DIV00073 
4415910 1   4573124 1 DIV00075 
4421097 1 DIVPPP46  4573130 1 DIV00077 
4421659 1 DIV00047  4573131 1 DIV00081 
4421666 1 DIV00047  4576169 1 DIV00093 
4421917 1 DIV00041  4579985 1 DIV00094 
4437617 1 DIV00051  4589029 1  
4455400 1 18264  4590170 1 DIV00097 
4458591 1 DIV00054  4590171 1 DIV00096 
4464803 1 DIV50  4629574 1 DIV00108 
4465461 1 DIV52  4630549 1 DIV00112 
4469486 1 DIV00055  4649070 1 DIV00121 
4480031 1 DIV00056  4649471 1 DIV00120 
4483132 1 DIV00057  4681759 1 DIV00129 
4484746 1 DIV00058  4686485 1 DIV00124 
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Case # Vrsn MFR Control #  Case # Vrsn MFR Control # 
4686486 1 DIV00122  4928567 1 DIV00192 
4686487 1 DIV00118  4929589 1 DIV00188 
4686488 1 DIV00110  4932525 1 DIV00170 
4686489 1 DIV00109  4932526 1 DIV00182 
4687471 1 DIV00123  4932527 1 DIV00179 
4687472 1 DIV00113  4932528 1 DIV00177 
4730497 1 DIV00134  4933195 1 DIV00171 
4749649 1 DIV00139  4936302 1 DIV00196 
4755663 1 DIV00142  4938703 1 DIV00202 
4768530 1 DIV00135  5056619 1 306124 
4769422 1 DIV00131  5062995 1 306111 
4769423 1 DIV00130  5064993 1 313698 
4769424 1 DIV00132  5065048 1 313711 
4769425 1 DIV00133  5065207 1 313715 
4769438 1 DIV00136  5067533 1 306113 
4769439 1 DIV00140  5068287 1 313346 
4769440 1 DIV00141  5068288 1 313345 
4769441 1 DIV00138  5069935 1 313704 
4786399 1 DIV00151  5072395 1 313734 
4789824 1 DIV00150  5072405 1 313735 
4791115 1 DIV00147  5099528 1 500048 
4797937 1 DIV00153  5111449 1 313836CINP 
4798272 1 DIV00148  5173880 1 314221CINP 
4810735 1 DIV00158  5173881 1 314253CINP 
4816722 1 DIV00160  5179439 1 314257CINP 
4819971 1 DIV00161  5179505 1 314357CINP 
4840465 1 DIV00164  5179630 1 314251CINP 
4840500 1 

 
 5179759 1 314346CINP 

4840501 1 DIV00154  5179760 1 314359CINP 
4840502 1 DIV00146  5179764 1 314355CINP 
4851409 1 DIV00169  5179765 1 314229CINP 
4851473 1 DIV00167  5179766 1 314352CINP 
4873385 1 DIV00174  5180605 1 314366CINP 
4878043 1 DIV00175  5180661 1 314379CINP 
4899424 1 

 
 5180665 1 314361CINP 

4916735 1 DIV00189  5180667 1 314360CINP 
4917276 1 DIV00185  5181323 1 314351CINP 
4917277 1 DIV00186  5184796 1 314375CINP 
4919294 1 DIV00187  5184804 1 314377CINP 
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Case # Vrsn MFR Control #  Case # Vrsn MFR Control # 
5190241 1 313797CINP  6160038 2 CIP06002401 
5190243 1 314269CINP  6211209 2 US-PFIZER INC-2006140080 
5190245 1 314169CINP  6211710 3 US-PFIZER INC-2006133114 
5190252 1 314130CINP  6224438 1 CIP06002764 
5190254 1 313733CINP  6286553 2 CIP07000562 
5190809 1 314472CINP  6294347 3 2007P1000154 
5190810 1 314469CINP  6414413 2 CIP07001658 
5199547 1 314267CINP  6436071 1  
5209183 1 314532CINP  6787410 1 CIP08001929 

5210502 1 314505CINP  
6788977 3 JP-ABBOTT-08P-087-

0480739-00 

5217506 1 314508CINP  
6879157 2 CH-RANBAXY-2009US-

20298 
5217519 1 314518CINP  6941421 2 JHP200900054 
5243159 1 314621CINP  7165456 1 DIV00128 
5244583 1 314905CINP  7211993 1 JHP200900400 
5285348 1 602015GRP  7317998 2 JHP201000059 

5292910 1 602022GRP  7363395 2 JP-ROXANE LABORATORIES, 
INC.-2010-RO-00446RO 

5300531 1 315186CINP  7378383 1 JHP200900020 
5301277 1 1100353CANP  7619506 2 JHP201000270 
5314180 1 315228CINP  7681578 1 JHP201000329 
5333202 1 314613CINP  7867583 2 JHP201100042 
5333204 1 314488CINP  8068323 1 JHP201100353 
5333231 1 315150CINP  8068325 1 JHP201100354 
5333236 1 314837CINP  8068335 1 JHP201100356 
5333243 1 314658CINP  8068357 1 JHP201100357 
5333246 1 314645CINP  8068478 1 JHP201100352 
5421362 1 315692CINP  8068484 1 JHP201100351 
5423134 1 315670CINP  8068491 1 JHP201100350 
5506048 1 316034CINP  8068527 1 JHP201100349 
5566688 1 316542  8068529 1 JHP201100348 
5576061 1 316658  8069019 1 JHP201100359 
5704940 1 CIP04002664  8069151 1 JHP201100347 
5750391 2 CIP05000312  8069250 1 JHP201100346 
5784098 1 CIP05000830  8069266 1 JHP201100340 
5885998 1 CAP05000261  8069436 1 JHP201100342 
5923507 2 CIP05002522  8069487 1 JHP201100325 
6005814 3 PHBS2006JP03603  8069574 1 JHP201100335 
6032135 2 CIP06000782  8069631 1 JHP201100337 
6045994 2 CIP06000864  8069649 1 JHP201100314 
6071970 1 CIP05002303  8070328 1 JHP201100358 
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Case # Vrsn MFR Control #  Case # Vrsn MFR Control # 

8089449 1 JHP201100355  
9113083 1 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300058 

8089832 1 JHP201100360  
9199950 1 US-JHP PHARMACEUTICALS, 

LLC-JHP201200495 

8090201 1 JHP201100317  
9199952 1 US-JHP PHARMACEUTICALS, 

LLC-JHP201200087 

8091695 4 JHP201100303  
9231277 2 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300215 

8133241 1 CIP08001121  
9331358 1 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300328 

8144819 1 JP-ASTRAZENECA-
2011SE43196 

 
9337682 1 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300336 

8299513 2 JP-MERCK-1112USA01486  
9412571 2 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300471 

8348732 3 JP-JHP PHARMACEUTICALS, 
LLC-JHP201200021 

 
9451066 1 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300505 

8356346 
6 

US-JHP 
PHARMACEUTICALS, LLC-

JHP201200025 

 

9478758 
2 FR-JHP PHARMACEUTICALS, 

LLC-JHP201300516 

8356347 
6 

US-JHP 
PHARMACEUTICALS, LLC-

JHP201200024 

 

9596003 
4 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300574 

8418559 3 JP-JHP PHARMACEUTICALS, 
LLC-JHP201200107 

 
9729994 3 US-JHP PHARMACEUTICALS, 

LLC-JHP201300736 

8480487 
1 

US-JHP 
PHARMACEUTICALS, LLC-

JHP201100062 

 

9729995 
3 US-JHP PHARMACEUTICALS, 

LLC-JHP201300734 

8480489 
1 

US-JHP 
PHARMACEUTICALS, LLC-

JHP201100412 

 

9729996 
3 US-JHP PHARMACEUTICALS, 

LLC-JHP201300732 

8527978 1 JP-JHP PHARMACEUTICALS, 
LLC-JHP201200150 

 
9199952 1 US-JHP PHARMACEUTICALS, 

LLC-JHP201200087 

8682194 3 JP-JHP PHARMACEUTICALS, 
LLC-JHP201200364 

 
9231277 2 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300215 

8999753 2 JP-JHP PHARMACEUTICALS, 
LLC-JHP201200586 

 
9331358 1 JP-JHP PHARMACEUTICALS, 

LLC-JHP201300328 
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MEMORANDUM 

REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 

Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)

Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: July 17, 2014

Requesting Office or Division: Division of Anesthesia, Analgesia, and Addiction Products

(DAAAP)

Application Type and Number: NDA 205579

Product Name and Strength: Ryanodex (dantrolene sodium for injectable suspension)

250 mg

Submission Date: January 21, 2014

Applicant/Sponsor Name: Eagle Pharmaceuticals, Inc.

OSE RCM #: 2014-431-1

DMEPA Acting Team Leader: James Schlick, MBA, RPh

1 PURPOSE OF MEMO

The Division of Anesthesia, Analgesia, and Addiction Products (DAAAP) requested that we 
review the revised container labels and carton labeling (Appendix A) to determine if it is 
acceptable from a medication error perspective.  The revisions are in response to 
recommendations that we made during a previous label and labeling review.1

2 CONCLUSIONS

The revised container labels and carton labeling is acceptable from a medication error 
perspective.  

                                                     
1

Borders-Hemphill V. Label and Labeling Review for Ryanodex (NDA 205579). Silver Spring (MD): Food and Drug 

Administration, Center for Drug Evaluation and Research, Office of Surveillance and Epidemiology, Division of 
Medication Error Prevention and Analysis (US); 2014 July 09. 13 p. OSE RCM No.: 2014-431.

Reference ID: 3595446
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APPENDIX A. LABEL AND LABELING SUBMITTED VIA EMAIL ON JULY 17, 2014
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Clinical Investigator Financial Disclosure Review 
 
Application Number: 205579 

Submission Date(s): January 22, 2014 

Applicant: Eagle Pharmaceuticals, Inc. 

Product: Ryanodex 
 
Reviewer: Arthur Simone, MD, PhD 

Date of Review: July 2, 2014 

Covered Clinical Study (Name and/or Number): Trials 1201A and 1201 
 
Was a list of clinical investigators provided:   
 

Yes    No  (Request list from 
applicant) 

Total number of investigators identified:  15 

Number of investigators who are sponsor employees (including both full-time and part-time 
employees):  NONE 
 
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):  
NONE 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study:        

Significant payments of other sorts:        

Proprietary interest in the product tested held by investigator:        

Significant equity interest held by investigator in sponsor of covered study:        

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements:   

Yes    No  (Request details from 
applicant) 
 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes    No  (Request information 
from applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) NONE 

Is an attachment provided with the 
reason:   

Yes    No  (Request explanation 
from applicant) 

 
 

Reference ID: 3541530
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Discuss whether the applicant has adequately disclosed financial interests/arrangements with 
clinical investigators as recommended in the guidance for industry Financial Disclosure by 
Clinical Investigators.1  Also discuss whether these interests/arrangements, investigators who 
are sponsor employees, or lack of disclosure despite due diligence raise questions about the 
integrity of the data: 

- If not, why not (e.g., study design (randomized, blinded, objective endpoints), 
clinical investigator provided minimal contribution to study data) 

- If yes, what steps were taken to address the financial interests/arrangements (e.g., 
statistical analysis excluding data from clinical investigators with such 
interests/arrangements) 

Briefly summarize whether the disclosed financial interests/arrangements, the inclusion of 
investigators who are sponsor employees, or lack of disclosure despite due diligence affect 
the approvability of the application.   
 
Reviewer’s Comments 
The Applicant has adequately disclosed their lack of any financial interests/arrangements 
with all of the clinical investigators as recommended in the guidance for industry, 
Financial Disclosure by Clinical Investigators.  Based on this information, there are no 
concerns about the integrity of the data or the approvability of the application. 

                                                 
1 See [web address].   
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LABEL AND LABELING REVIEW

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)

Center for Drug Evaluation and Research (CDER)

*** This document contains proprietary information that cannot be released to the public***

Date of This Review: July 9, 2014

Requesting Office or Division: Division of Anesthesia, Analgesia, and Addiction Products
(DAAAP)

Application Type and Number: NDA 205579

Product Name and Strength: Ryanodex (dantrolene sodium for injectable suspension), 
250 mg

Product Type: Single Ingredient Product

Rx or OTC: Rx

Applicant/Sponsor Name: Eagle Pharmaceuticals, Inc.

Submission Date: January 22, 2014

OSE RCM #: 2014-431

DMEPA Primary Reviewer: Vicky Borders-Hemphill, Pharm.D.

DMEPA Associate Director: Irene Z. Chan, PharmD, BCPS

Reference ID: 3539492
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the proposed package insert. Additionally, the container label and carton labeling for Ryanodex
provides the volume and diluent for reconstitution. However, we note that Section 2.1 
(  of Malignant Hyperthermia ) describes the administration of Ryanodex 
through the tubing of a freely running infusion of NS or D5W, which are incompatible diluents
for reconstitution. We are concerned that healthcare providers may consult section 2.1, 
overlook the fact that NS or D5W are not compatible diluents, and pull solution from the 
existing freely running infusion of NS or D5W bag to use for reconstitution. We provide a 
recommendation to modify the language for Section 2.1 to minimize the risk for this error. 

We assessed the risk of introducing another dantrolene product to the market with a higher 
concentration than existing dantrolene products. There is a risk of improper dose error if the 
volume of diluent and volume to be administered are confused between the proposed 
dantrolene product, Ryanodex, and the existing dantrolene products. Per discussion with the 
DAAAP Medical Officer, overdoses of dantrolene may result in muscle weakness, somnolence, 
dizziness, and fatigue.  It is also possible there may be some respiratory insufficiency due to 
weakness of the muscles used for ventilation.  We question whether the benefit of a 
introducing a dantrolene product to the market with reduced administration volume and time 
to administration outweighs this risk.  Some of the risk for improper dose medication errors 
may be mitigated by label and labeling strategies; however, labeling interventions are unlikely 
to eliminate the risk altogether. We provide recommendations for the container label and
carton labeling below.   

4 CONCLUSION & RECOMMENDATIONS

DMEPA concludes that the introduction of a higher concentration dantrolene product to the 
market will increase the risk for improper dose medication errors.  We question whether the 
benefit of a introducing a dantrolene product to the market with reduced administration 
volume and time to administration outweighs this risk.  We defer to DAAAP to make a final 
determination after a careful risk/benefit analysis.  In the event that this application goes to 
approval, we provide recommendations for the labels and labeling to provide clarification and
add important information necessary to ensure the safe use of this product.

4.1 COMMENTS TO THE DIVISION

A. Proposed Package Insert 

1. Section 2.1 (  of Malignant Hyperthermia ) describes the 

administration of Ryanodex through the tubing of a freely running infusion 

of NS or D5W, which are incompatible diluents for reconstitution.  Consider 

revising the sentence in Section 2.1 from  

.” to “After reconstituting Ryanodex with sterile water for 

injection, USP, it should be administered…” to minimize the risk of solution 

from the existing freely running infusion of NS or D5W bag being used for 

reconstitution.

Reference ID: 3539492
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4.2 COMMENTS TO THE APPLICANT

A. Container Label and Carton Labeling

1. Revise the established name to be at least ½ the size of the proprietary name 
per 21 CFR 201.10(g)(2). Ensure that the proprietary and established names 
are the most prominent information on the label and labeling.

2. Revise the strength statement from “250 mg/vial” to read “250 mg per vial” 

3. Per the Office of New Drug Quality Assessment, revise the established name 
to read “dantrolene sodium for injectable suspension”.

4. Add the amount of drug contained in each milliliter once reconstituted to the 
principal display panel (PDP) to include this important information to assist 
with dosing.  The language can read similar to “After reconstitution, each vial 
contains 50 mg/mL” and should be placed under the statement of strength.  
Consider moving the indication for use statement to the side panel to 
accommodate this information.

5. Revise the statement “  on the 
principal display panel to read “Reconstitute with Sterile Water for Injection, 
USP” and ensure it appears on one line.

B. Carton Labeling

1. Replace the statement ” with “Single Use Only - Discard 
Unused Portion”.

Reference ID: 3539492
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B.4 Description of FAERS 

The FDA Adverse Event Reporting System (FAERS) is a database that contains information on 
adverse event and medication error reports submitted to FDA.  The database is designed to 
support the FDA's postmarket safety surveillance program for drug and therapeutic biologic 
products. The informatic structure of the FAERS database adheres to the international safety 
reporting guidance issued by the International Conference on Harmonisation.  Adverse events 
and medication errors are coded to terms in the Medical Dictionary for Regulatory Activities 
(MedDRA) terminology. Product names are coded using the FAERS Product Dictionary. More 
information about FAERS can be found at: 
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/AdverseD
rugEffects/default.htm.

Reference ID: 3539492
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APPENDIX C. PREVIOUS DMEPA REVIEWS

DMEPA conducted a review of the proprietary name, Ryanodex, in OSE review # 2013-1913 

dated February 10, 2014 and found the name acceptable.

Reference ID: 3539492
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APPENDIX G. LABELS AND LABELING 
G.1 List of Labels and Labeling Reviewed
Using the principles of human factors and Failure Mode and Effects Analysis,1 along with 

postmarket medication error data, we reviewed the following Ryanodex labels and labeling 

submitted by Eagle Pharmaceuticals, Inc. on January 22, 2014.

 Container label

 Carton  labeling

 Insert labeling

G.2 Label and Labeling Images

Ryanodex Container Label (20 mL vials)

                                                     
1 Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 

Reference ID: 3539492
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****Pre-decisional Agency Information**** 

    
 

Memorandum 
 
Date:  June 30, 2014 
  
To:  Mavis Darkwah 
  Regulatory Project Manager 
  Division Anesthesia, Analgesia, and Addiction Products (DAAAP) 
   
From:   Eunice Chung-Davies, Pharm.D. 
   Regulatory Review Officer 
  Office of Professional Drug Promotion (OPDP)  
 
Subject: NDA 205579 

OPDP labeling comments for RYANODEX® (dantrolene sodium for 
injectable suspension), for intravenous use.  
 
 
 

   
In response to DAAAP’s February 24, 2014 consult request, OPDP has reviewed the 
draft Prescribing Information and carton and container labeling for RYANODEX® 
(dantrolene sodium for injectable suspension), for intravenous use.  
 
The review of the Prescribing Information (PI) is based on the proposed SCPI, entitled, 
“Working copy draft labeling text clean.doc.” obtained from emailed on June 23, 2014 
from Mavis Darwah, Pharm.D., Regulatory Project Manager.  Please see the comments 
on the marked up version attached below. 
 
The review of the carton and container labeling is based on the carton and container 
labeling obtained from the EDR (submission dated 4/1/14). We note that a partial 
indication, “For treatment of malignant hyperthermia”, is present on the proposed carton 
and the vial labeling. We recommend that the full indication (including the “along with 
appropriate supportive measures”) is presented.  
 
If you have any questions for OPDP, please contact Eunice Chung-Davies at 301-796-
4006 or eunice.chung-davies@fda.hhs.gov .  
 
Enclosure:  
Marked up Prescribing Information 
Carton and container labeling 

FOOD AND DRUG ADMINISTRATION 
Center for Drug Evaluation and Research 
Office of Prescription Drug Promotion  

Reference ID: 3534904

16 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

EUNICE H CHUNG-DAVIES
06/30/2014

Reference ID: 3534904



 

  

M E M O R A N D U M DEPARTMENT OF HEALTH AND HUMAN SERVICES 
 PUBLIC HEALTH SERVICE 
 FOOD AND DRUG ADMINISTRATION 
 CENTER FOR DRUG EVALUATION AND RESEARCH 
____________________________________________________________________________ 

DATE: June 18, 2014 
 
TO: Bob A. Rappaport, M.D. 
  Director, Division of Anesthesia, Analgesia, and 

Addiction Products (DAAAP) 
Office of Drug Evaluation II 
Office of New Drugs 

 
FROM: Hansong Chen, Ph.D. 

Pharmacologist, Bioequivalence Branch 
Division of Bioequivalence and GLP Compliance  
Office of Scientific Investigations 
and 
Xikui Chen, Ph.D. 
Pharmacologist, Bioequivalence Branch 
Division of Bioequivalence and GLP Compliance  
Office of Scientific Investigations     

 
THROUGH: Charles R. Bonapace, Pharm.D. 

Acting Branch Chief (GLP)  
Division of Bioequivalence and GLP Compliance  
Office of Scientific Investigations 
and 
William H. Taylor, Ph.D. 
Director 
Division of Bioequivalence and GLP Compliance  
Office of Scientific Investigations  
 

SUBJECT: Review of EIR Covering NDA 205-579, Ryanodex Injection 
(Dantrolene Sodium Suspension), sponsored by Eagle 
Pharmaceuticals, Inc. 

 
At the request of the Division of Anesthesia, Analgesia, and 
Addiction Products (DAAAP), the Division of Bioequivalence and 
GLP Compliance (DBGLPC) conducted inspections of the clinical 
and analytical portions of the following pharmacokinetic and 
safety study: 
 
Study Number: EGL-Dantrolene-1201 
Study Title: “Pharmacokinetics and safety of Dantrolene Sodium 

Suspension (Ryanodex) compared to Dantrolene 

Reference ID: 3527643





Page 3 - NDA 205-579, Ryanodex Injection (Dantrolene Sodium 
Suspension), sponsored by Eagle Pharmaceuticals, Inc. 

  

 
Table: Dantrolene plasma concentrations (ng/mL) 

Sub# P T/R Pre 0 1m 5m 15m 30m 45m 1h 1.5h 2h 

5001 1 T BLQ 7500 9660* 6080 6480 5610 4350 4360   
2 R BLQ 3910 3940 3940 5220* 4350 3950 3480   

5004 1 R BLQ 6040* 5260 5420 5700 5390 5030 4960 4830 5160 
2 T BLQ 272 16300* 5740 4970 4800 4910 4940   

5005 1 T BLQ 1130 10200* 5820 6540 6170 5950 5650   
2 R BLQ 3350 2990 2860 4940 4970* 4370 4070   

6001 1 T BLQ 4360 12100* 9060 7690 6640 5640    
2 R BLQ 6320 6710 6450 7110* 6330 5010 5010 5500  

6002 1 R BLQ 7320* 6660 5920 6280 5930 5510 5170   
2 T BLQ 12100* 10700 7890 6470 5930 4940 4240 5120 4940 

6003 1 T BLQ 616 8460* 5900 5180 5420 4880 4710   
2 R BLQ 2240 2340 3050 3870 4460* 4010 4400   

6006 1 T  20200* 13500 7940 6650 5490 4660    
2 R BLQ 3180 3180 4160 3830 5240*     

Note: * Maximum observed concentration (Cmax) of dantrolene in 
plasma  
 
As the table suggests, it's very difficult to assess the degree 
of hemolysis from photos of the frozen samples.  Plasma samples 
with the most reddish color were observed from immediately after 
dosing to 15 minutes after dosing, and mainly in period 2 
samples.  Two plasma samples with a Cmax value of 7,110 ng/mL for 
Subject 6001 (treated with reference product) and 12,100 ng/mL 
for Subject 6002 (treated with test product) showed distinctly 
reddish color.  However, plasma samples with reddish color did 
not correlate with high dantrolene concentrations based on 
visual observations of the limited photographs, and this 
preliminary assessment should be verified when the sponsor 
identifies hemolyzed samples after thawing the plasma samples.  
 
Conclusions: 
 
Following the above inspections, we recommend the following:  
 

1. The clinical data from study EGL-Dantrolene-1201 are 
acceptable for review.  

2. The bioanalytical data from study EGL-Dantrolene-1201 are 
acceptable for review if no significant correlation between 
hemolyzed samples and high dantrolene concentrations is 
confirmed by hemolyzed samples to be identified from the 
sponsor. 
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INTRODUCTION
This 505(b)(2) marketing application for Ryanodex (dantrolene sodium for injectable 
suspension) was submitted on January 22, 2014, by Eagle Pharmaceuticals, Inc., as a new 
formulation of dantrolene sodium for intravenous administration.  This application relies
on Dantrium intravenous (NDA 018264, approved 9/19/1979) as the reference listed drug
(RLD) for previous findings of safety and effectiveness.  Ryanodex seeks the same 
indications as Dantrium: 

1. of malignant hyperthermia , and to
2. Prevent 

malignant hyperthermia.
Both dantrolene sodium formulations are injectables and have orphan drug designation.  
Ryanodex received orphan drug designation on August 16, 2013.  

Due to ethical considerations, the clinical development program of Ryanodex was mainly 
conducted in malignant hyperthermia-sensitive Pietrain pigs.  Clinical safety and 
pharmacokinetics profiling were conducted in a single study of conscious human 
volunteers.

The review division, Division of Anesthesia, Analgesia, and Addiction Products 
(DAAAP), requests input from the Pediatric and Maternal Health Staff - Maternal Health 
Team (PMHS-MHT) for the proposed full prescribing information.  The review, 
therefore, provides recommended revisions and structuring of proposed information 
related to the Pregnancy and Nursing Mothers sections of labeling in order to provide 
clinically relevant information for prescribing decisions and to comply with current 
regulatory requirements.

BACKGROUND 
Malignant Hyperthermia
Malignant hyperthermia (MH) is the result of a rare, autosomal-dominant inherited 
disorder of skeletal muscle metabolism, which causes a life-threatening hypermetabolic 
response to “triggering agents”:  halogenated inhalational anesthetic agents (i.e. 
isoflurane, sevoflurane, desflurane) and depolarizing muscle relaxants (e.g., 
succinylcholine). The disorder leading to MH is caused by dysfunctional calcium 
channels in the sarcoplasmic reticulum that allow the uncontrolled influx of calcium into 
muscle cells when “triggered”.1  Patients in MH crisis demonstrate signs and symptoms 
of hyperthermia, muscle rigidity, myoglobinuria, tachypnea, respiratory acidosis, 
metabolic acidosis, tachycardia, cardiac arrhythmias with the potential for cardiac 
arrest.1,2,3  MH is most common in the first three decades of life, with half of all cases 

                                                          
1 Halloran LL, Bernard DW. Management of drug-induced hyperthermia. Curr Opin Pediatr. 2004 
Apr;16(2):211-5.
2 Krause T, Gerbershagen MU, Fiege M, Weibhorn R, Wappler F.  Dantrolene – A review of its
pharmacology, therapeutic use and new developments.  Anaesthesia, 2004;59:364–373.
3 Fricker FM, Hoerauf KH, Drewe J, Kress HG.  Secretion of dantrolene into breast milk after acute therapy 
of suspected malignant hyperthermia crisis during cesarean section.  Anesthesiology 1998; 89:1023-1025.

Reference ID: 3508317
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occurring in children aged 15 years or younger.4 In the 1970s, MH was the most 
common cause of death related to general anesthesia, with mortality at 70-80% in Europe 
and North America.  With the introduction of intravenous dantrolene sodium as 
treatment, the mortality rate dropped to less than 10%.  

Dantrolene sodium is the only drug approved in the U.S. for treatment of MH.  Patients 
are treated with repeated bolus infusion until the disappearance of symptoms.  This may 
take 24-48 hours.  Patients are then observed and treated with continuous intravenous
dantrolene infusion for at least 36 hours after initial response in case of recrudescence.5  
With regards to clinical management of pregnant women with known MH-susceptibility, 
the use of a non-triggering anesthetic (local, nerve block, epidural, spinal anesthesia or a 
total intravenous general anesthetic) is recommended when a non-emergent surgery is 
necessary. Due to the autosomal dominant inheritance pattern of MH-susceptibility, 
when the fetus’s father is known to be MH-susceptible (MHS) but the mother is not, 
regional anesthesia or general anesthesia without trigger agents is recommended.   In 
addition, recent guidelines discourage the use of dantrolene sodium in pregnant women 
as prophylaxis for MH during surgery or labor and delivery due to report of uterine atony 
and blood loss.5,6  

Medical Officer Comment
The concern for dantrolene sodium as MH prophylaxis in pregnant MHS women 
appears focused on the case report of uterine atony by Weingarten AE, et al., 1987, as 
well as theoretical risk for neonatal weakness and respiratory depression with in utero 
exposure to high levels of dantrolene.  Aside from this case report, the limited literature 
on dantrolene sodium use in labor and delivery has not further demonstrated these 
risks for the mother or neonate. Summaries of the literature are described below in the 
Discussion section of this document.

Ryanodex (dantrolene sodium)

 Chemical name:  hydrated 1-[[[5-(4-nitrophenyl)-2-furanyl]methylene]amino]-2,4-
imidazolidinedione sodium salt

 Molecular weight:  336 Daltons
 pH:  

                                                          
4 Halloran LL, Bernard DW. Management of drug-induced hyperthermia. Curr Opin Pediatr. 2004 
Apr;16(2):211-5.
5 Rosenberg H, Sambuughin N, Riazi S, et al. Malignant Hyperthermia Susceptibility. 2003 Dec 19 
[Updated 2013 Jan 31]. In: Pagon RA, Adam MP, Ardinger HH, et al., editors. GeneReviews® [Internet]. 
Seattle (WA): University of Washington, Seattle; 1993-2014. 
http://www ncbi.nlm.nih.gov/books/NBK1146/  Accessed May 1, 2014.
6 Weingarten AE, Korsh JI, Neuman GG, Stern SB.  Postpartum uterine atony after intravenous dantrolene.
Anesth Analg. 1987 Mar;66(3):269-70.
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2. Glassenberg R, et al., 1984.8

The authors describe prophylactic use of intravenous dantrolene sodium in 
preparation for labor.  At delivery, maternal and neonatal dantrolene levels were 
measured at 4.3 μg/ml and 2.1 μg/ml, respectively.  There was no MH crisis 
experienced by the mother.  No respiratory depression or muscle weakness in the 
neonate.

3. Shime J, et al., 1988. 9

The authors report on a small study of twenty MHS pregnant patients who received 
oral dantrolene sodium for 5 days before delivery and 3 days after delivery. Mother 
and neonate dantrolene levels were measured and found to be correlated (r=0.86).  
The mean maternal pre-delivery dantrolene level was 0.99 ± 0.5 μg/ml and the mean 
neonatal cord blood dantrolene level was 0.68 ± 0.3 μg/ml.  Triggering agents were 
avoided if Caesarean section was required. The authors report no MH crises and no 
adverse effects in the neonate.  

In summary, there is insufficient evidence to determine whether treatment with 
dantrolene poses a risk to the mother or fetus.  Agents known to trigger MH are to be 
avoided in pregnant women and, although practiced in the 1980’s, MH prophylaxis with 
dantrolene sodium is now discouraged. The three published studies in MHS pregnant 
women demonstrate that the fetal drug levels may achieve 30-70% of maternal levels
and, although there is theoretical risk of muscle weakness, no adverse events have been 
reported in the neonates.  

PMHS-MHT agrees with the classification of Ryanodex as a Pregnancy Category C drug 
because there are no formal studies in pregnant patients and no adequate animal 
reproduction studies.   PMHS-MHT has revised and reformatted Section 8.1 to comply 
with the proposed PLLR.

Lactation Data and Literature Review
There are no formal studies of dantrolene sodium in lactating women; however, there is 
limited published scientific information on dantrolene levels in breastmilk.  A case report 
by Fricker RM, et al., describes an apparent MH crisis during Caesarean section.10  
Intravenous dantrolene was initiated after the umbilical cord was cut and continued for 
three days in divided doses.  Total daily dosages of dantrolene to the mother were 720 mg 
on Day 1, 320 mg on Day 2, and 80 mg on Day 3. Dantrolene concentrations in 
breastmilk were 1.2 μg/mL on Day 2 (after a total of 640 mg given intravenously), and
0.05 μg/mL on Day 4 (~ 35 hours after the last dose). The dantrolene half-life in 
breastmilk was calculated to be 9.2 hours.  The authors mention no serious adverse events 

                                                          
8 Study summarized in Briggs GG, Freeman RK, Yaffe SJ. (2008).  Drugs in Pregnancy and Lactation.  
Eighth edition.  Philadelphia.  Lippincott Williams & Wilkins.
9 Shime J, Gare D, Andrews J, Britt B.  Dantrolene in pregnancy: lack of adverse effects on the fetus and 
newborn infant.  Am J Obstet Gynecol. 1988 Oct;159(4):831-4. (Abstract)
10 Fricker RM, Hoerauf KH, Drewe J, Kress HG.  Secretion of dantrolene into breast milk after acute 
therapy of suspected malignant hyperthermia crisis during cesarean section.  Anesthesiology 1998; 
89:1023-1025.
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with the breastfed newborn, but consider potential adverse events to be similar to those in 
adults:  nausea, vomiting, fatigue, and muscle weakness.

The LactMed database refers to the case report by Fricker RM, et al., regarding
breastfeeding and short-term dantrolene use, stating that the drug is to be eliminated from 
breastmilk in 1 to 2 days.  LactMed advises against long term dantrolene use during 
lactation due to the lack of information in such circumstances.  The LactMed database 
provides information for FDA-approved drugs when available on maternal levels in 
breastmilk, infant blood levels, any potential effects in the breastfed infants if known, 
alternative drugs that can be considered, and the American Academy of Pediatrics 
category indicating the level of compatibility of the drug with breastfeeding.  

Many, but not all, drugs transfer to breast milk.  The transport of a drug into breast milk 
is largely a function of the drug’s physicochemical properties and its concentration in 
maternal plasma.  All of the following factors influence the amount of drug transfer into 
human milk:  plasma and milk protein binding, molecular weight, mechanism of 
transport, degree of ionization, and clearance pathways.  Factors that tend to produce 
higher human milk levels of drugs include:  higher maternal plasma concentration, higher 
lipid solubility, higher pKa, lower protein binding, and lower molecular weight.  The 
mean pH of human milk is 7.2, about 0.2 units lower than that of plasma.  This difference 
influences the transfer of drugs into milk, more so for drugs that are weak bases with pKa 
values in that range.  Drugs that are more lipid soluble may accumulate in the lipid 
fraction of the milk, leading to higher concentrations of drug in human milk than in 
maternal plasma.  Most drugs move between maternal serum and human milk based on 
equilibrium forces.   Drugs with higher molecular weights, especially those with weights 
greater than 800 Daltons, must generally be actively transported or dissolved in the cells 
lipid membranes.  Protein drugs with very high molecular weights (e.g., Insulin, Heparin) 
are usually excluded from breast milk. 11

In summary, the limited information available regarding dantrolene sodium transfer via
breastmilk demonstrates that dantrolene sodium is present in breastmilk. Due to the 
required continuous infusion of dantrolene sodium for at least 36 hours to avoid MH 
recrudescence, the potential for adverse effects from dantrolene sodium transferred via 
breastmilk are to be considered for the infant.  The concentration of dantrolene sodium in 
breastmilk is expected to decrease to low levels in 1 to 2 days after the last dose.  Based 
on this information, PMHS recommends that nursing mothers should delay breastfeeding 
to reduce infant exposure to dantrolene sodium.

PMHS-MHT agrees with the proposed language for Section 8.3 of the Ryanodex 
labeling.  A formal lactation study in MH-susceptible patients is not recommended at this 
time because the susceptibility to MH is rare and the anticipated use of dantrolene sodium 
during pregnancy infrequent.

                                                          
11 Hale T. (2012)  Medications and Mothers’ Milk, 12th edition.  Hale Publishing.
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 Advisory Committee Meeting needed? 

Comments: 

If no, for an NME NDA or original BLA , include the 
reason.  For example:

o this drug/biologic is not the first in its class
o the clinical study design was acceptable
o the application did not raise significant safety 

or efficacy issues
o the application did not raise significant public 

health questions on the role of the 
drug/biologic in the diagnosis, cure, 
mitigation, treatment or prevention of a 
disease

  YES
Date if known: 

  NO
  To be determined

Reason: 

 Abuse Liability/Potential

Comments: 

  Not Applicable
  FILE
  REFUSE TO FILE

  Review issues for 74-day letter

 If the application is affected by the AIP, has the 
division made a recommendation regarding whether 
or not an exception to the AIP should be granted to 
permit review based on medical necessity or public 
health significance? 

Comments: 

  Not Applicable
  YES
  NO

CLINICAL MICROBIOLOGY

Comments: 

  Not Applicable
  FILE
  REFUSE TO FILE

  Review issues for 74-day letter

CLINICAL PHARMACOLOGY

Comments: 

  Not Applicable
  FILE
  REFUSE TO FILE

  Review issues for 74-day letter

 Clinical pharmacology study site(s) inspections(s) 
needed?

  YES
  NO

BIOSTATISTICS

Comments: 

  Not Applicable
  FILE
  REFUSE TO FILE

  Review issues for 74-day letter
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NONCLINICAL 
(PHARMACOLOGY/TOXICOLOGY)

Comments: 

  Not Applicable
  FILE
  REFUSE TO FILE

  Review issues for 74-day letter

IMMUNOGENICITY (BLAs/BLA efficacy 
supplements only)

Comments: 

  Not Applicable
  FILE
  REFUSE TO FILE

  Review issues for 74-day letter

PRODUCT QUALITY (CMC)

Comments: proposed established name issues

  Not Applicable
  FILE
  REFUSE TO FILE

  Review issues for 74-day letter

Environmental Assessment

 Categorical exclusion for environmental assessment 
(EA) requested? 

If no, was a complete EA submitted?

If EA submitted, consulted to EA officer (OPS)?

Comments: 

YES
  NO

YES
  NO

YES
  NO

Quality Microbiology (for sterile products)

 Was the Microbiology Team consulted for validation 
of sterilization? (NDAs/NDA supplements only)

Comments: 

  Not Applicable

YES
  NO

Facility Inspection

 Establishment(s) ready for inspection?

 Establishment Evaluation Request (EER/TBP-EER) 
submitted to OMPQ?

Comments: 

  Not Applicable

  YES
  NO

  YES
NO
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Update the PDUFA V DARRTS page (for NME NDAs in the Program)
BLA/BLA supplements: Send the Product Information Sheet to the product reviewer and 
the Facility Information Sheet to the facility reviewer for completion. Ensure that the 
completed forms are forwarded to the CDER RMS-BLA Superuser for data entry into 
RMS-BLA one month prior to taking an action  [These sheets may be found in the CST 
eRoom at:  
http://eroom.fda.gov/eRoom/CDER2/CDERStandardLettersCommittee/0 1685f ]
Other
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