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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

The submitted NDA application is acceptable from a clinical perspective, therefore I 
recommend approval of Corphedra for the indication of treatment of clinically
important hypotension occurring in the setting of anesthesia.

1.2 Risk Benefit Assessment

The Sponsor submitted an NDA 208943 for Ephedrine Sulfate Injection (USP, 50 
mg/mL) for the indication of increasing blood pressure in adults with clinically important 
hypotension in the setting of anesthesia. Originally, the Sponsor intended to support the 
safety and efficacy of this product using information available in the published literature, 
including randomized controlled trials supporting the efficacy and safety of ephedrine in 
treating hypotension in patients undergoing multiple types of surgical procedures.  On 
December 2, 2016, the Sponsor changed their approach, requesting to rely on the 
Agency’s previous findings of safety and efficacy of NDA 208289 (Akovaz), which was 
approved on April 29th, 2016. In addition, the Sponsor submitted an amendment to 
modify their proposed product label to reflect the language in the approved Akovaz 
product label.

Dr. Amelia Luckett’s overall determination in her NDA 208289 review dated April 28, 
2016, was that clinical trials in the publications submitted to support the efficacy of 
Akovaz demonstrated ephedrine’s ability to increase blood pressure. In addition, 
Akovaz  appeared to be safe for the treatment of hypotension in the setting of 
anesthesia. No deaths and only one serious adverse event was noted in the
publications submitted to support the safety of Akovaz.  Dr. Luckett states the following 
in her review:

“Even though ephedrine has been associated with the risk of hypertension and 
tachycardia, an episode of perioperative hypotension is associated with 
increased morbidity and mortality, whereupon the use of ephedrine in this 
situation results in a favorable risk: benefit assessment.”

(Source: NDA 208289 Clinical Review, page 6)

I concur with Dr. Luckett’s assessment, which is also applicable to this NDA, as the 
Sponsor requested and was granted a biowaiver that established that their product 
contains the same active ingredient, in the same concentration, and dosage form as the 
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reference listed drug, Akovaz (refer to Chemistry, Manufacturing, and Control review, as 
well as, Biopharmaceutics review).  

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

No safety issues identified in the review of this application require postmarket risk
evaluation and mitigation strategies.

1.4 Recommendations for Postmarket Requirements and Commitments

Although a pediatric study plan was originally submitted to the Sponsor’s IND 126012 
on October 13, 2015, it was later determined that PREA would no longer be triggered 
due to approval of Akovaz.  Flamel Ireland, the holder of the Akovaz NDA, will be 
required to perform pediatric studies.  To ensure that adequate pediatric information is 
addressed in the label, the Sponsor of this NDA should submit a labeling supplement 
once adequate data are available to inform a pediatric indication.

From a nonclinical pharmacology toxicology perspective and chemistry, manufacturing 
and controls perspective, postmarketing study requirements will be issued.  
For more information, see the Pharmacology Toxicology review and Chemistry, 
Manufacturing and Controls review of this submission.

2 Introduction and Regulatory Background

2.1 Product Information

At the time this NDA was received, Ephedrine sulfate was a marketed unapproved drug. 
However, Akovaz (NDA 208289) was approved on April 29th, 2016 for the same 
indication.

Ephedrine sulfate has the chemical name (1R,2S)-(-)-2-methylamino-1-phenylpropan-1-
- -adrenergic agonist. The Sponsor 

intends to make this drug available in single-dose a 1 mL vial that contains 50 mg/ml of 
ephedrine sulfate. The proposed package insert recommends dilution of Ephedrine 
sulfate to 5 mg/mL with 9 mL of 5% Dextrose Injection or 0.9% Sodium Chloride 
Injection prior to intravenous bolus administration.

The Sponsor proposes the trade name of Corphedra and the proposed indication of 
treatment of clinically important hypotension in the setting of anesthesia. The proposed 
population is in adults and the dosing regimen is to be bolus intravenous
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injection 5 mg to 10 mg as needed, not to exceed 50 mg.

2.2 Currently Available Treatments for Proposed Indications

NDA 208289 Flamel Ireland Ephedrine sulfate (Akovaz) was approved for the indication 
of “of treatment of clinically important hypotension in the setting of anesthesia.” (Flamel 
Ireland Limited April 2016)

NDA 203826 West-Ward Phenylephrine is approved for the indication of “increasing
blood pressure in adults with clinically important hypotension resulting primarily from
vasodilation, in such settings as septic shock or anesthesia.” (West-Ward 
Pharmaceuticals December 2012)

NDA 204300 Éclat Vazculep (phenylephrine hydrochloride injection) has the indication
of “treatment of clinically important hypotension resulting primarily from vasodilation in
the setting of anesthesia.” (Eclat Pharmaceuticals June 2014)

2.3 Availability of Proposed Active Ingredient in the United States

NDA 208289 (Akovaz) was approved on April 29, 2016.

2.4 Important Safety Issues With Consideration to Related Drugs

The safety of ephedrine is discussed in section 7.0 of this review. Pseudoephedrine is
an isomer of the drug product (-)-ephedrine. Pseudoephedrine is marketed as a nasal
decongestant and is present in the Final Monograph 21 CFR 341. Product labels of 
pseudoephedrine contain the following warnings:

1. Do not take pseudoephedrine concomitantly with a monoamine oxidase 
inhibitor or for 2 weeks after discontinuing a monoamine oxidase inhibitor.

2. If you have heart disease, high blood pressure, thyroid disease, diabetes, or
trouble urinating from an enlarged prostate, ask a doctor before taking
pseudoephedrine.

Source: Product packaging for:

The proposed Corphedra package insert states that the pressor effect of
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stereoisomer composition and formulation. 
If such drug information is unavailable, the 
Sponsor must provide justification for why 
data from cited literature is acceptable as 
a source of information to support their
submission.

For the efficacy section of the NDA, it is 
acceptable to include data only from 
studies in which the stereoisomeric 
composition of the ephedrine used is 
known. However, for the safety section of 
the NDA, the Sponsor may include data 
from studies in which the stereoisomeric 
composition of ephedrine is unknown.

To the extent possible, the Sponsor should 
compare the safety findings to determine if 
there are any differences between 
ephedrine that may be composed of the (-)
stereoisomer versus data that may reflect 
both the (-) and (+) isomers. The data from 
literature that does not provide information 
on the composition and purity of the 
ephedrine should be clearly identified.

Sponsor must provide justification based 
on robust rationale with supporting 
information on why pediatric studies 
should be waived/deferred.

Sponsor must address risk of QT-
prolongation using adequate published 
literature.

IND 126012 submission received/October 
13, 2015

A Phase I, Randomized, Double-Blind, 
Placebo-Controlled, Pharmacokinetic and 
Pharmacodynamic Study of Ephedrine 
Sulfate in Healthy Volunteers. (Study 
DCR15239).  This study was deemed safe 
to proceed.

NDA Submission/March 18, 2016 NDA received.
NDA Filing/May 17, 2016 NDA filed. 
Teleconference/June 15, 2016 Discussion of review issues identified in 

the 74-day letter and the recent approval 
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of Akovaz. Sponsor acknowledged the 
possibility of converting their application to 
become “b2” to Akovaz.    

E-mail from Sponsor/July 12, 2016 Sponsor indicated that they will continue to 
pursue their own NDA and not rely on 
approved drug Akovaz.  

Teleconference/July 21, 2016 Sponsor confirmed that they will not 
convert their application to become “b2” to 
Akovaz.  The Division communicated that 
the Sponsor must work on deficiencies 
identified in the 74-day letter and send 
them in as soon as possible.  Particular 
emphasis was placed on the importance of 
identifying the (-) enantiomer in the 
literature articles and the documentation of 
the process of identification.

Information Request (IR)/August 18. 2016 Request for a formal biowaiver to be
submitted.  

Response to IR(SD6)/August 18, 2016 Biowaiver request provided, however, 
deemed inadequate by review team.

IR/September 7, 2016 Requested Sponsor to provide the most 
updated list of articles where the proper 
enantiomer was identified, as well as 
information on how the information on the 
enantiomer was identified (i.e., source of 
information).

Response to IR(SD7)/September 8, 2016 Sponsor provided list of 12 articles in 
which they were able to make contact with
at least one of the authors, however, not 
all of the authors were able to confirm the 
proper enantiomer or the manufacturer of 
the ephedrine used in their study. 

Response to IR(SD8)/September 22, 2016 Sponsor provided an updated table of 
articles where any information about the 
enantiomer and/or the manufacturer was 
identified.  Table identified 17 articles for 
treatment of hypotension and 17 articles 
for prophylaxis of hypotension.  Since 
Sponsor only seeks indication for 
treatment, the 17 articles for treatment of 
hypotension were reviewed by CMC and 
only eight were identified as having 
adequate proof of the (-) enantiomer.  

IR/October 12 and 17, 2016 Requested Sponsor to provide an update 

Reference ID: 4046966



Clinical Review
Bazini
505(b)(2) NDA 208943
Corphedra (Ephedrine Sulfate Injection)

11

on outstanding 74-day letter items. 
E-mail from Sponsor/October 17, 2016 Sponsor indicated that they have 

exhausted their efforts in identifying the 
enantiomer in the articles and asked the 
Division as to whether they have an 
adequate amount of articles for review to 
occur.  

Response to IR(SD9)/October 18, 2016 Sponsor provided response to non-clinical 
IR items.  

Teleconference/November 3, 2016 Sponsor was briefed on which articles are 
considered acceptable for review of 
efficacy, however, the Division noted that 
the Sponsor has not provided the ISS and 
the ISE, which are essential for review to 
occur.  In addition, the Sponsor was 
informed that they would need to provide a 
robust rationale why such low number of 
subjects (202), particularly low numbers of 
subjects receiving general anesthesia (12),
and low numbers of male subjects (13),
are adequate to support approval for their 
proposed indication.  Sponsor indicated 
they understood the urgency to submit this 
information as soon as possible, and 
would inform the Division of a timeline in 
which this information will be provided, in 
addition to other outstanding 74-day letter 
issues. 

Response to IR(SD10)/November 7, 2016 Sponsor provided partial responses to the 
non-clinical items identified in the 74-day 
letter.  

E-mail from Sponsor/November 18, 2016 Sponsor indicated they wish to change 
course and rely on Agency’s previous 
findings of safety and efficacy for the listed 
drug Akovaz.

E-mail from FDA to Sponsor/November 
21, 2016

The Division provided a list of items that 
would be necessary for Sponsor to submit 
if they would like to rely on Agency’s 
previous findings of safety and efficacy for 
the listed drug Akovaz.

Teleconference/November 29, 2016 The Division notified the Sponsor 
regarding outstanding chemistry, 
pharmacology/toxicology, and clinical 
requirements, including supportive 
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documents that are required if they chose 
to rely on Akovaz.  

Communication from Sponsor (SD 
12)/December 2, 2016

Sponsor submitted labeling, waiver 
request for bioequivalence, and new 356h 
form in order to rely on Agency’s previous 
findings of safety and efficacy for the listed 
drug Akovaz.

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

The Sponsor has chosen to rely on approved Akovaz labeling for both efficacy and 
safety.  Therefore, no additional information was submitted for clinical review.

3.2 Compliance with Good Clinical Practices

Clinical studies were not performed for this NDA submission. The Sponsor is relying on 
the Agency’s previous finding of safety and efficacy for NDA 208298.

3.3 Financial Disclosures

No clinical studies were conducted by the Sponsor in support of this NDA.  Therefore, 
financial disclosures were neither required nor submitted.  

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines

4.1 Chemistry Manufacturing and Controls

4.1.1 Drug Product
The description of the drug prodcut summarized as follows in the OPQ review:

Cophedra (Ephedrine Sulfate Injection, USP) is administered intravenously for the 
treatment of hypotension associated with anesthesia. It is a  sterilized 
aqueous solution for injection, consisting of ephedrine sulfate as the drug 
substance. The drug product is in a concentration of 50mg/ml. The only excipient 
used in the preparation of the drug product is water. It is supplied in a  clear 
glass vial stoppered with a  Stopper with a yellow flip-
off cap. The product pH is 4.5- 7.0 and nothing is added to adjust pH. The data 
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provided in this NDA satisfactorily supports the drug substance, drug product and 
the manufacturing process. All manufacturing facilities are recommended as 
adequate by the Office of Compliance and the Office of Process and Facilities. 
Sufficient stability data is provided to support an expiry of 24 months, for the 
product when stored at 25C, in its carton, away from light. Therefore this NDA is 
recommended for approval.

4.1.2 Biowaiver 
The Sponsor submitted a biowaiver request to the NDA on the basis that the proposed 
drug ephedrine is an intravenous solution for injection, and the drug contains the same 
active ingredient, in the same concentration and dosage form, as the approved listed 
drug Akovaz. This request was granted by the Agency.  Refer to biopharmaceutics 
review for more information regarding the biowaiver.

4.2 Clinical Microbiology

Clinical microbiology data were not submitted to this NDA because Corphedra is not a
therapeutic antimicrobial drug.

4.3 Preclinical Pharmacology/Toxicology

No nonclinical studies of ephedrine were conducted for this NDA. The Sponsor relied
upon relevant pharmacology, pharmacokinetics, and toxicology information
in the approved label of the listed drug, Akovaz. The Pharmacology/ Toxicology team 
intends to recommend approval of Corphedra with Postmarketing Requirements. For 
further information, see the Pharmacology Toxicology review of this submission.

4.4 Clinical Pharmacology

4.4.1 Mechanism of Action

-adrenergic receptor and an indirect agonist at the
-adrenergic receptor.

4.4.2 Pharmacodynamics

Ephedrine increases heart rate and usually blood pressure. The proposed package
insert states:

“Ephedrine stimulates heart rate and cardiac output and variably increases 
peripheral resistance; as a result, ephedrine usually increases blood pressure. 

-adrenergic receptors of smooth muscle cells in the bladder 
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base may increase the resistance to the outflow of urine. Activation of ß-
adrenergic receptors in the lungs promotes bronchodilation.

The overall cardiovascular effect from ephedrine is the result of a balance among 
-1 adrenoceptor-mediated vasoconstriction, ß-2 adrenoceptor-mediated 

vasoconstriction, and ß-2 adrenoceptor-mediated vasodilatation. Stimulation of 
the ß-1 adrenoceptors results in positive inotrope and chronotrope action.

Tachyphylaxis to the pressor effects of ephedrine may occur with repeated 
administration.”

(Source: NDA 208943 applicant’s proposed package insert)

This section of labeling is identical to the Akovaz package insert. 

4.4.3 Pharmacokinetics

(-)-Ephedrine taken orally is metabolized into norephedrine. Ephedrine and
norephedrine are subsequently excreted in urine. A similar pathway for intravenous
ephedrine is supported by limited data. Oral ephedrine has a plasma elimination half-life
of about 6 hours.

The proposed package insert states:

“Publications studying pharmacokinetics of oral administration of (-)-ephedrine 
support that (-)ephedrine is metabolized into norephedrine. However, the 
metabolism pathway is unknown. Both the parent drug and the metabolite are 
excreted in urine. Limited data after IV administration of ephedrine support 
similar observations of urinary excretion of drug and metabolite. The plasma 
elimination half-life of ephedrine following oral administration was about 6 hours.
Ephedrine crosses the placental barrier.”

(Source: NDA 208943 applicant’s proposed package insert)

This section of labeling is identical to the Akovaz package insert.

5 Sources of Clinical Data
No safety and efficacy clinical trials were performed in support of this NDA submission. 
The Sponsor is relying entirely on Agency’s previous finding of safety and efficacy for 
NDA 208298 (Akovaz).   

Reference ID: 4046966



Clinical Review
Bazini
505(b)(2) NDA 208943
Corphedra (Ephedrine Sulfate Injection)

15

5.1 Review Strategy

The Sponsor is fully relying on the Agency’s previous finding of safety and efficacy for 
the Akovaz NDA.  However, the Sponsor did conduct one study, a Phase I,
pharmacokinetic and pharmacodynamic study of ephedrine sulfate in healthy volunteers
under IND 126012.  The Sponsor collected data on secondary pharmacodynamic 
endpoints in this study, and this data will be discussed in Section 6 (Review of Efficacy) 
of this review. The safety results of this study will be discussed in Section 7 (Review of 
Safety).  

5.2 Discussion of Individual Studies/Clinical Trials

Study DCR15239 was submitted for review to IND 126012 and is titled “A Phase I, 
Randomized, Double-Blind, Placebo-Controlled, Pharmacokinetic and 
Pharmacodynamic Study of Ephedrine Sulfate in Healthy Volunteers.”

The primary study endpoint was the PK profile of ephedrine in plasma.

The secondary study endpoints were:
PD changes from baseline in blood pressure (systolic blood pressure [SBP],
diastolic blood pressure [DBP], and mean arterial pressure [MAP]) and heart 
rate, (HR)
Time to onset of response and time to maximal response, and the duration of 
response, in BP and HR
PK profile for circulating metabolites in plasma
Assessment of dose proportionality
Safety evaluations (adverse events [AEs], continuous 12-lead cardiac telemetry, 
vital signs, clinical laboratory parameters and physical examinations)

Table 2 Secondary Endpoint Definitions

(Source: NDA 208943 Page 38 Clinical Study Report: DCR15239)

If the maximum response occurred more than once (i.e., at multiple time points during 
the 1st 60 minutes post-dosing), then the first time to maximal response was to be 
considered. For heart rate, the time to onset of response, time to maximum response, 
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6.1 Indication

For increasing blood pressure in patients with clinically important hypotension in the
setting of anesthesia.

6.1.1 Methods

Subjects were randomly assigned to four different treatment groups as outlined in Table 
3 above. 

Study drug was delivered as a single IV bolus over approximately 10 sec, followed by 
24-h post-dose follow-up.

Plasma samples for pharmacokinetic analyses were collected at pre-dose and 1, 3, 6, 
10, 20, 30, 60, 90, 120, 240, 480, and 600 minutes post-dose on Day 1 and at 24 hours 
post-dose (Day 2).

Vital sign assessments included blood pressure (SBP and DBP) and HR measurements 
recorded pre-dose and through 24-hours post-dosing. The following time points were 
used for obtaining post-dose vital signs:

± 60 sec through 15 min post-dose
± 5 min for 20 to 120 min post-dose
± 30 min for 240 to 480 min post-dose
± 60 min for 10 and 24 h post-dose

Continuous 12-lead cardiac telemetry monitoring and recording were initiated 1 h (± 10 
min) pre-dose on Day 1 and continued through 24 h (±20 min) post-dose on Day 2.

Continuous data from monitoring were analyzed for heart rate variability (HRV) and
arrhythmia findings for the entire recording. Arrhythmia findings included (but were not
limited to) the number of PVCs normalized for 24 hours, change in the number of 
premature ventricular contraction (PVCs) from baseline, the incidence, duration and 
maximum rate of episodes of supraventricular tachycardia, ventricular tachycardia, and 
any other relevant arrhythmia finding of note.

6.1.2 Demographics

Demographic data is summarized in the tables below. 
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Table 4 Demographic Characteristics Summary (Randomized Population)

(Source: NDA 208943 Table 11.1 Page 43 Clinical Study Report: DCR15239)

The different dose groups of ephedrine except Group D had male to female ratio of 1:1. 
The placebo group consisted of 87.5% females and 12.5% males. The majority of 
subjects were white (70.8%); 20.8% were African Americans. The majority (83.3%) 
were non-Hispanic or Latino.

Overall mean age was 35.8 ± 8.11 years (range 23 to 50 years), and appeared to be 
well-balanced across the different treatment groups. Overall mean weight was 76.5 ± 
10.28 kg; overall mean height was 170.0 ± 8.62 cm. 

Four subjects 1 in Group A, 1 in Group C, and 2 in the placebo group reported taking at 
least 1 concomitant medication. The majority of medications taken concomitantly were 
contraceptives.  Other medications included acetaminophen and ondansetron.  
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Table 5 Exposure to Ephedrine Summary 

(Source: NDA 208943 Table 12.1 Page 60 Clinical Study Report: DCR15239)

6.1.3 Subject Disposition

Table 6 Subject Disposition Summary

(Source: NDA 208943 Table 10.1 Page 41 Clinical Study Report: DCR15239)

6.1.4 Analysis of Primary Endpoint(s)

As noted above, there were no efficacy-related primary endpoints.

6.1.5 Analysis of Secondary Endpoints(s)

PD variables were analyzed using descriptive statistics only. No adjustment for 
covariates and for multiple comparisons were planned or performed. No subgroup 
analyses were performed.
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Groups A, B, C, and D started with similar baseline PD variables (mean values of SBP, 
DBP, MAP and HR), and tended to have higher mean values in all PD variables 
compared to placebo starting at 2 min post-dose. This was especially evident for SBP, 
DBP and MAP, and less for HR. The values generally reverted back to baseline levels 
at the 24-h follow-up, and for most individual subjects, the values returned to near 
baseline levels by 20 to 60 minutes post-dosing.

Table 7 Summary of Maximum Change from Baseline in PD Variables

(Source: NDA 208943 Table 11.5 Page 54 Clinical Study Report: DCR15239)

Maximum changes from baseline were generally higher in the ephedrine groups 
compared to placebo. The greatest mean maximum % change observed was similar in 
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magnitude (~20%) for all four PD variables. There appeared to be no clear difference 
between the PAR ephedrine and the REF ephedrine of the same dose (0.2 mg/kg; 
Groups C and D, respectively).

Table 8  Summary of Time to Onset and End of Response in PD Variables 

(Source: NDA 208943 Table 11.6 Page 56 Clinical Study Report: DCR15239)

The mean time to onset of response ranged from 2 to 3.7 min for SBP and from 2 to 12 
min for DBP in the ephedrine groups. The mean time to onset of response for MAP was 
2 min for all ephedrine groups and the mean time to onset of response for HR was from 
4 to 5 min for all ephedrine groups. The time to end of response was highly variable 
across subjects in the ephedrine treatment groups, with ranges of 9 to 480 min for SBP, 
7 to 600 min for DBP, 20 to 240 min for MAP, and 9 to 480 min for HR. A low number of 

also met the response criteria. Due to the relatively low number 
of ephedrine treated subjects, formal interpretations with respect to dose-response 
relationships were not possible.
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Table 9 Summary of Duration and Maximal Response in PD Variables

(Source: NDA 208943 Table 11.7 Page 57 Clinical Study Report: DCR15239)

Across active treatment groups, the mean duration of response was highly variable 
across subjects, with ranges of 7 to 478 min for SBP, 5 to 598 min for DBP, 18 to 238 
min for MAP, and 5 to 471 min for HR. The Sponsor hypothesized that the high 
variability was largely driven by a small number of subjects whose PD response tended 
to remain slightly above baseline for a prolonged period. One example of such a 
response was Subject 2003, who exhibited an initial rise in SBP (18.8% above baseline 
at 2 min) that appeared to return towards baseline by 20 min (6.3% above baseline) but 
then remained slightly elevated until 480 minutes (3.6% above baseline).

The mean time to maximal response exhibited less variability across active treatment 
groups, ranging from 2.5 to 4.3 min for SBP, 3 to 17 min for DBP, 3 to 5.5 min for MAP, 
and 5.7 to 17 min for HR. A also met the 
response criteria. 
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6.1.6 Pharmacodynamic Conclusions

Subjects receiving ephedrine tended to have higher mean values in all PD variables 
compared to placebo starting at 2 min post-dose. This was especially evident for BP 
measurements and less so for HR. PD values generally reverted back to baseline levels 
at the 24-h follow-up, and most reverted back to baseline levels within approximately 60 
minutes post-dosing. The mean maximum % changes from baseline were generally 
higher in the ephedrine groups compared to placebo. Increasing doses of PAR 
ephedrine tended to result in greater maximum % changes in SBP, though the small 
sample size limits these analyses. Across PD parameters, there appeared to be no 
meaningful differences in the physiological response to PAR ephedrine vs. REF 
ephedrine at the same dose.

7 Review of Safety
Safety Summary
The discussion below only pertains to Study DCR15239, a Phase I, randomized, 
double-blind, placebo-controlled, pharmacokinetic and pharmacodynamic study.

There were no new safety signals identified.

7.1 Methods

Safety evaluation included the assessment of adverse events (AEs), continuous 12-lead
cardiac telemetry (ECG), vital signs, clinical laboratory parameters, concomitant
medications, and physical examination.

7.1.1 Categorization of Adverse Events

All AEs were coded using the MedDRA version 18.0.

7.2 Adequacy of Safety Assessments

Given the small sample size and the study design, the safety assessments performed 
were limited.  The safety data collected discussed in Sections 7.2-7.4 below does not 
present new safety findings that are not already in the listed drug, Akovaz, labeling. 

7.2.1 Explorations for Dose Response

The number of subjects per dose group (n = 4) was too small to enable formal analysis
of dose-response relationships.  However, there was a trend for increasing mean 
maximum % change in SBP with increasing dose of Par ephedrine (8.80%, 12.60%, 

Reference ID: 4046966



Clinical Review
Bazini
505(b)(2) NDA 208943
Corphedra (Ephedrine Sulfate Injection)

24

and 19.70% for 0.05, 0.1, and 0.2 mg/kg, respectively), though the mean maximum % 
change for the 0.05 mg/kg group (8.80%) was similar to that seen for the placebo group 
(7.30%).

7.3 Major Safety Results

A total of 5 treatment emergent adverse events (TEAEs) were reported by 3 subjects, 2 
TEAEs in 2 active subjects and 3 TEAEs in 1 placebo subject. Two subjects had at least 
1 TEAEs that was assessed as related to study treatment. No TEAEs that were serious, 
fatal or that led to discontinuation were reported during the study.

Table 10  Summary of Number of Subjects with TEAEs by SOC and PT and 
Severity (Safety Population)

(Source: NDA 208943 Table 12.4 Page 62 Clinical Study Report: DCR15239)

One subject (3002) in the placebo group reported 3 TEAEs (headache, nausea and 
vomiting). One subject (1001) in Group A (PAR ephedrine 0.05 mg/kg) reported 1 case 
of diarrhea, and one (3001) in Group C (PAR ephedrine 0.2 mg/kg) reported 1 case of 
headache. No TEAEs were reported from Group B (PAR ephedrine 0.1 mg/kg) and 
Group D (REF ephedrine 0.2 mg/kg). Two TEAEs (headache and diarrhea) were 
assessed as related to study treatment; 3 were assessed as unrelated (headache, 
nausea and vomiting). Three TEAEs (2 cases of headache and 1 case of diarrhea) were 
assessed as mild and 2 were assessed as moderate (nausea and vomiting). No severe 
AEs were reported.

One subject (3003) in Group C (PAR ephedrine 0.2 mg/kg) presented with mild 
vasovagal syncope at Day -1 before dosing.  This event was not considered treatment
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emergent and is not included in the list of TEAEs in the table above. The event resolved 
and the subject was treated and completed the study.

7.3.1 Deaths

No deaths were reported during the study.

7.3.2 Nonfatal Serious Adverse Events

There were no SAEs reported in this study.

7.3.3 Dropouts and/or Discontinuations

No AEs leading to withdrawal were reported.

7.3.4 Significant Adverse Events

No AEs were considered of clinical significant in this study.

7.4 Supportive Safety Results

7.4.1 Laboratory Findings

Laboratory assessments were performed for screening purposes and repeated on Day 
1 to re-confirm eligibility.  There were no abnormal laboratory values that were reported 
as AEs.

7.4.2 Vital Signs

No clinically significant vital signs abnormalities were observed. No TEAEs related to 
vital signs were reported. Vitals signs (SBP, DBP, MAP and HR) were analyzed as PD 
variables and discussed in Section 6.0 above.  

7.4.3 Electrocardiograms (ECGs)

ECG and arrhythmia data were collected using continuous ECG collection over 24 
hours. Triplicate 10 second 12-lead ECGs were assessed at frequent timepoints early in 
the post-dose period and for up to 24 hours post-dose. Arrhythmia and heart rate 
variability assessments were made from continuous recordings over the entire 24-hour 
period post-dose.
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Mean changes of HR from baseline were minimal, overall between -7.0 bpm for placebo 
at 15 min, and 7.8 bpm for Group C at 5 min. Group C (PAR ephedrine; 0.2 mg/kg) had 
the highest mean changes at nearly all observations. Group B (PAR ephedrine; 0.1 
mg/kg) had the most variable responses, between -6.8 bpm at 60 min and 2.0 bpm at 
15 min.

The two ephedrine 0.2 mg/kg dose groups had consistently higher mean changes than 
those for the other groups. Over the course of the observations, no consistent trends 
were noted within dose groups. Individual subject changes of HR ranged between -29
bpm, PAR ephedrine 0.1 mg/kg at 60 min, and 25 bpm, PAR ephedrine 0.2 mg/kg at 24 

bpm. Likewise, there were no subjects with increases of HR > 30 bpm.

During the continuous recordings of HR parameters, values of minimum, maximum and 
mean HR for subjects over the course of their continuous ECG records were in ranges 
expected for normal findings and showed little differences between dose groups. 
Maximum HR means were nearly identical, between 121 and 135 bpm. No trends were 
evident for rankings of these findings by treatment assignment.

There were normal values of mean PR (normal range 110 to 210 msec) for all dose 
groups and observation times, between 138.3 and 157.0 msec. Differences between the 
groups were small at baseline. There were no trends for these values to increase or 
decrease consistently over the observations post-dose. Mean changes were minimal at 
all observations and were similar for all dose groups. 
220 msec.

There were normal values of mean QRS (normal range 60 to 110 msec) for all dose 
groups and observation times between 88.3 and 101.0 msec. Differences between the
groups were small at baseline. There were no trends for these values to increase or 
decrease consistently over the observations post-dose. Mean changes were minimal at 
all observations and were similar for all dose groups. There were no instances of QRS
120 msec.

There were normal values of mean QTcF (normal range 360 to 450 msec) for all dose 
groups and observation times between 386.8 and 420.0 msec. Differences between the
groups were small at baseline and there were no trends for these values to increase or 
decrease consistently over the observations post-dose.  A single subject (Subject 2002) 
in the PAR ephedrine 0.1 mg/kg group had an elevated value of QTcF, 473 msec at 
baseline and values remained > 450 msec through 120 min, minimum in this time 
period, 452 msec. The values gradually returned to normal levels.  There were no 
values of QTcF >480 msec. No changes of QTcF were >30 msec.

Heart rate variability remained similar in all dose groups with no strong trends toward 
any particular dose group.  
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Extrasystoles were infrequent overall.  A single subject (Subject 3005) in the PAR 
ephedrine 0.2 mg/kg group had 1286 PACs/24h while all other subjects had no more 
than 14 PACs/24h. Counts of PVCs were small with a single subject (Subject 2003) in 
the PAR ephedrine 0.1 mg/kg group having 122 PVCs/24h. No other subjects had

recorded. Since no data were available to determine whether the two subjects (Subject 
3005 and Subject 2003) had a high baseline rate of extrasystoles, it is difficult to 
ascertain whether these events were drug-related or if these individuals had an 
underlying pathophysiologic propensity for arrhythmias.  Given the small number of 
subjects, no definitive conclusions can be made regarding arrhythmogenic potential of 
Par’s ephedrine.  

There were 3 incidental ECG findings on continuous monitoring. A subject (Subject 
1004) in the PAR ephedrine 0.05 mg/kg group had 1st degree AV block; a subject 
(Subject 2002) in the PAR ephedrine 0.1 mg/kg group had 2nd degree AV block of Type 
I (Wenckebach); and a subject (Subject 4006) in the REF ephedrine 0.2 mg/kg group 
had intermittent ectopic atrial rhythm. These are arrhythmias are common and given the 
small sample size, no definitive conclusions about causality can be established. 

7.4.4 Drug-Disease Interactions

This study was not designed to examine drug-disease interactions.

7.4.5 Drug-Drug Interactions

This study was not designed to examine drug-drug interactions.

8 Postmarket Experience

Prior to approval of Akovaz on April 29. 2016, ephedrine was as a marketed 
unapproved drug. FAERS data was submitted by Flamel and an analysis of FAERS 
data was conducted for the purpose of NDA 208289 (Akovaz) review by the Division of 
Pharmacovigilance (DPV). A search of the recent medical literature did not identify any 
evidence of stroke or cardiac events resulting from ephedrine injection.  The medical 
literature search did identify publications describing fetal acidosis, which is already 
included in the listed drug’s label.  Search of FAERS database revealed eleven unique 
cases describing a fatal outcome with ephedrine injection use, however, analysis of the 
reports did not find any of the deaths linked to ephedrine injection alone.  The most 
common events reported with ephedrine injection were renal (13 unique cases) and 
cardiac (28 unique cases).  However, since ephedrine is indicated for treatment of 
hypotension, DPV concluded that adverse events associated with cardiovascular 
outcomes are to be expected. Given the recent nature of the FAERS review by DPV, 
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and the fact that the Sponsor is relying on the Agency’s safety findings for Akovaz, no 
additional FAERS review is warranted at this time. For further information on the 
analysis of FAERS data, see the review of ephedrine FAERS data performed by the 
DPV available under Akovaz NDA.

Reference ID: 4046966



Clinical Review
Bazini
505(b)(2) NDA 208943
Corphedra (Ephedrine Sulfate Injection)

29

9 Appendices

9.1 References

Eclat Pharmaceuticals. June 2014. "US Vazculep Package Insert." In.

Flamel Ireland Limited.  April 2016.  “US Akovaz Package Insert.” In.

West-Ward Pharmaceuticals. December 2012. "US Phenylephrine
Hydrochloride Package Insert." In.

9.2 Labeling Recommendations

The package insert for Corphedra will have identical clinical sections as the approved 
package insert for NDA 208289 (Akovaz).

9.3 Advisory Committee Meeting

No advisory committee meeting was conducted for this application.
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