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4. Nonclinical Pharmacology/Toxicology

In their review of the original application, the nonclinical pharmacology/toxicology reviewers 
found the NDA to be approvable; there are no new nonclinical pharmacology/toxicology data.

5. Clinical Pharmacology/Biopharmaceutics 

In their review of the original application, the clinical pharmacology/biopharmaceutics 
reviewers recommended approval of epinephrine based on its effect on mean arterial pressure 
(MAP) in septic shock patients.  The proposed dosing regimen in septic shock patients is 0.05 
to 2.0 μg/kg/min continuous intravenous (IV) infusion titrated to achieve a target MAP.

A summary of key features from Dr. Hariharan’s review:
! When administered intravenously, epinephrine rapidly disappears from plasma with an 

effective half-life of < 5 minutes.   Time to pharmacokinetic steady state following 
continuous intravenous (IV) infusion is about 10 minutes.

! Following intravenous (IV) infusion, epinephrine has a quick onset of blood pressure 
response (< 5 minutes).   The time to offset of effect is about 10-15 minutes.

! There is a trend for dose-dependent increase in blood pressure and heart rate with 
increasing doses of epinephrine (0.001 to 0.2 μg/kg/min) in healthy subjects.

! In septic shock patients, there is an increase in MAP with IV infusions of epinephrine.  
However, results of a naïve-pooled analysis suggest a high degree of inter-patient 
variability.

! Intrinsic factors such as age, body weight and disease severity may affect 
pharmacokinetics of epinephrine. However, due to the rapid onset and offset 
characteristics, close monitoring, and dose titration to a target response, no dose 
adjustments are warranted.

6. Clinical Microbiology

The microbiology reviewer recommended approval based on the original submission; there is 
no new microbiology information.
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7. Clinical/Statistical- Efficacy

Dr. Moreschi recommended approval of epinephrine for the treatment of hypotension in septic 
shock.   The basis of her approval recommendation was the consistent increase in mean 
arterial blood pressure supported by publication-based evidence.  Dr. Moreschi had no 
recommendations for postmarketing requirements or commitments.

Dr. Bai concluded that the literature-based evidence was exploratory.  I concur with Dr. Bai, 
but conclude that the consistent results in different publications over time support a role for 
epinephrine to increase mean arterial blood pressure in hypotensive patients with septic shock.

8. Safety

In reviewing the original application, Dr. Moreschi used the Twinject label, published 
literature provided by the sponsor, and references cited in Goodman and Gilman and 
Ellenhorn’s Medical Toxicology to find case reports of the side effects from the use of 
epinephrine for longer periods of time.

In her review, Dr. Moreschi noted the high background mortality rate in septic shock and the
resulting difficulty of calculating deaths from epinephrine use.  She has also noted the lack of 
safety data with prolonged use of intravenous epinephrine.  I concur.   Intravenous pressors are 
routinely used in the intensive care unit, under close monitoring and telemetry. Moreover,
intravenous epinephrine has a short half-life; thus, the drug can be stopped with rapid 
disappearance of plasma levels in the event of an adverse effect.

Epinephrine use was associated with palpitations (Illi 1995), tachycardia (Myburgh 2008), and 
cardiac arrhythmias (Mackie 1991, Brock 2003, Annane 2007) and metabolic effects such as 
lactic acidosis (Day 1996, Myburgh 2008), increase in blood sugar (Beck 1985) and increase 
in insulin requirement (Myburgh 2008).

Other events from published literature included: limb ischemia, stroke, myocardial ischemia 
and infarction, pulmonary edema, renal insufficiency.  While these events could have been 
related to underlying conditions and/or concomitant medications, it is also plausible that these 
events resulted from epinephrine’s pharmacologic effects and appropriate mention should 
appear in labeling.

9. Advisory Committee Meeting 

This application was not presented to an advisory committee.
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10. Pediatrics

In the Complete Response letter, the Agency requested that the applicant submit information 
from all available sources, including literature, to appropriately label this product for the 
pediatric population.

The applicant has submitted 5 published studies in infants and children, along with clinical 
practice guidelines for hemodynamic support of pediatric and neonatal septic shock from the 
American College of Critical Care Medicine (ACCM). A pharmacokinetic study in ill infants 
and children (Fisher 1993), some of whom had septic shock, revealed linear dose-proportional 
pharmacokinetics of epinephrine infusion that correspond with the pharmacokinetics observed 
in adult septic shock patients.

Table 1. Studies in pediatric patients provided by the applicant
Study Design Epinephrine 

dose
Duration of 
dosing

Results Population/N
exposed to 
epinephrine

Heckmann 
2002

Retrospective chart 
review

0.05 to 2.6 
μg/kg/min for 
first 24 hours

Median 
17.25 (range: 
3-124 hours)

↑ MABP +7 
(-1 to 13) mm 
Hg, p < 
0.001; ↑ HR 
+10 (-10 to 
42) bpm, p < 
0.001

Very low birth 
weight 
infants/31

Ceneviva 
1998

Case series 0.13 + 0.04 
μg/kg/min 
(inotrope) or 
0.48 + 0.22 
μg/kg/min 
(vasopressor)

Not stated No results 
specific to 
epinephrine

Fluid-refractory 
septic shock/9 
(vasopressor) + 
9 (inotrope)

Han 2003 Retrospective cohort 
study

Not stated; epinephrine was included in 
treatment guidelines and not the primary 
intervention

Septic shock

De Oliveira 
2008

Unblinded, 
randomized 
(ACCM/PALS 
guidelines with and 
without goal-
directed therapy to 
achieve ScvO2

* >
70%)

Not stated; epinephrine was included in 
treatment guidelines and not the primary 
intervention

Severe sepsis 
or fluid-
refractory 
septic shock

Brierley 
2008

Unblinded 
observational study

Not stated; epinephrine was included in 
treatment guidelines

Fluid-resistant 
septic shock/12

*ScvO2 = superior vena cava oxygen saturation
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13. Recommendations/Risk Benefit Assessment

! Recommended Regulatory Action 

Pending acceptance of the revised carton and container labels and labeling, I recommend
approval of epinephrine to increase mean arterial blood pressure in adult patients with septic 
shock.

The available literature appears insufficient to support efficacy and safety and provide 
guidance for dosing in pediatric patients.    I think that it would be challenging for the 
applicant to conduct a randomized controlled clinical trial of epinephrine in this population.   I 
therefore recommend that the sponsor be granted a waiver from the requirement for pediatric 
studies.

! Risk Benefit Assessment

The main benefit of epinephrine lies in its ability to increase mean arterial blood pressure and 
thereby maintain hemodynamic stability and adequate tissue perfusion in hypotensive patients 
with septic shock. Known risks of epinephrine appear to be related to its pharmacologic
activity (e.g., hypertension, arrhythmias, tachycardia, hyperglycemia).   Providers could
monitor for these risks as intravenous pressors are routinely administered in intensive care 
units.

! Recommendation for other Postmarketing Requirements and Commitments:

None other than the stability study as agreed to by the applicant and CMC reviewers.

! Recommended Comments to Applicant:

Revised labeling should be sent to the applicant.
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