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What’s in a name?
• 1910: Sir Henry Dale published that anaphylaxis 

was due to the host-response to the toxin, and not 
the toxin itself.

• 1906: Dale wrote a paper on the pharmacological 
effects of ergot alkaloids

• including experiments with adrenaline.

• Henry Wellcome objected to “adrenaline” because Adrenalin was a registered 
trade-name of Parke, Davis & Co, suggesting that Dale should use “epinephrine”

• Dale argued (successfully) that “adrenaline” was used to describe the 
physiologically active principle of the adrenal glands, and did not imply a specific 
commercial preparation. Furthermore, epinephrine was a different substance and 
therefore refused to change his manuscript, threatening to withdraw it altogether.



Letter from Henry Dale to Henry Wellcome, 1906:

“There is among English medical men and particularly among 
physiologists, a strongly marked prejudice against any connection with 
commerce. That prejudice I am earnestly and constantly trying to break 
down on my own behalf, and on that of any pharmacological workers in 

your laboratories. I have great hope of success: but the position I am 
striving for, on your behalf as well as my own, would be seriously 

imperiled by a breath of suspicion that the publication of my work was 
hampered or modified by other than scientific considerations”



• Poppy Harvey died in 2010 after accidentally eating 
some cake containing peanut, despite using both 
her Epipens.

• The Coroner raised a concern that the Epipens
resulted in a subcutaneous injection, which might 
have contributed to the outcome. 





2018

• Natasha Ednan-Laperouse died from anaphylaxis 
while on board a flight to France

• Both her Epipens were administered
• The coroner concluded that:

“the use of needles which access only subcutaneous tissue and 
not muscle is in my view inherently unsafe… 

“The combination of … an inadequate dose of adrenaline and an 
inadequate length needle raises serious safety concerns.”



Does epinephrine work?



“The only trial[s]… have been undertaken in patients who 
were at the time not experiencing anaphylaxis. Taken 
together with the methodologically lower quality evidence 
from case-series and fatality registers, there is some 
evidence to support the use of adrenaline for the 
emergency management of anaphylaxis.”

Allergy 2014;69:168–17



BMJ 2003

BMJ, 2003

US Parachute Association reported 
821 injuries and 18 deaths out of 
2.2 million jumps in 2007 

Relative risk reduction:
….> 99.9 % (1/100,000)



BMJ 2003
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But anaphylaxis/epinephrine is different…

• People die despite getting timely epinephrine…

One third of UK 
fatalities were 
administered epi 
correctly and in a 
timely manner 

Pumphey & Gowland, JACI 2007;119(4):1018-9.
Pumphrey & Sturm, Advances in Anaphylaxis Management, Future Medicine 2014.



Significant underuse of epinephrine, yet…

UK survey of 869 teenagers1

• 83% of (245) teenagers with anaphylaxis don’t use their EAI

European Anaphylaxis Registry2

• 59 centres reported 3333 cases of anaphylaxis… 
• Only 13.7% of lay- or self-treated reactions to food and 27.6% of insect 

anaphylaxis received epinephrine. 

1Noimark et al, CEA 2012;42:284-92.
2Worm et al, Allergy 2014;69:1397-1404



Mild, localized
symptoms

Generalized skin reaction
+/- tummy symptoms

Severe anaphylaxis

De
at

hANAPHYLAXIS

Emergency hospital 
visit due to a motor 

vehicle accident

Death
due to an
accident

Death
(any cause)

Death
due to
a fire

1 in 10                        1 in 100                       1 in 1000                     1 in 10,000                 1 in 100,000                  1 in 1 million  

Most people having anaphylaxis do not die…

Umasunthar et al, Clin Exp Allergy. 2013;43:1333-41. 



Yet some tragically do…







Elicitors, Co-factors

Insufficient
treatment

Impaired
compensation

Severe anaphylaxis

Anaphylaxis

Mild-moderate reaction

What are the drivers of severity?



So what really happens during anaphylaxis?







Brown et al, JACI 2013;132:1141-9

• 315 episodes of acute anaphylaxis
• 97 severe reactions:

• 45 (46%) hypotensive (sBP<90mmHg/LOC/incontinence)
• 23 (24%) hypoxemic (O2 sats < 92%)
• 29 (30%) mixed

Not all anaphylaxis is the same…



Brown et al, JACI 2013;132:1141-9

Not all anaphylaxis is the same…



Turner & Campbell. Curr Opin Allergy Clin Immunol. 2016;16:441-50.



Turner & Campbell. Curr Opin Allergy Clin Immunol. 2016;16:441-50.



All cause (n=315) Food only (n=123)



Perioperative anaphylaxis, n=227
• 204 cases had sBP <40mmHg

1. Arrhythmia
2. Cardiac (myocardial) dysfunction
3. Plasma extravasation: serial Hb measurements (n=22)
 loss in circulating volume of up to 35%



Posture and fatal anaphylaxis

Pumphrey & Sturm 2014



Hypotension (<80mmHg) with lactic acidosis (7.7mM)

Diffuse hives noted ~30mins later

Drug-induced reaction (oral route)



What about more typical anaphylaxis?



Blood flow

Objective
symptoms IM Adrenaline



What about more typical anaphylaxis?

Ruiz-Garcia et al, JACI 2020
doi: 10.1016/j.jaci.2020.06.033



Ruiz-Garcia et al, JACI 2020
doi: 10.1016/j.jaci.2020.06.033

What about more typical anaphylaxis?



What’s driving
reactions?

DBPCFC
2 hours

Affymetrix HTA 2.0 platform 
(>6million probes)

Children Adults

n 57 37

% male 54% 43%

SPT to peanut 8mm (7 - 11) 11mm (9½ - 13)

sIgE to:  • Peanut
• Ara h 1
• Ara h 2
• Ara h 3
• Ara h 8

38.7  (5.1-136)
4.9   (0 - 40.3)

18.0   (2.3-68.7)
0.4    (0 - 11.7) 
0.1    (0 - 5.5)

10.7  (3.3-41.7)
0.7   (0 - 10.7)
6.2  (1.6-17.9)
0.1    (0 - 3.7) 
0.1    (0 - 1.5)

ED at index DBPCFC 143mg (43-443) 133mg (33-433)

Anaphyalxis at FC:
• NIAID
• Respiratory/CVS

27 (47%)
17 (30%)

31 (84%)
17 (46%)



p=0.1

p=0.01

p=0.001

p=0.0001

Changes in gene expression with anaphylaxis: 



Results: unpaired analysis
Grade Reaction 

vs baseline
2hrs post 

vs baseline
2hrs post 

vs reaction

❶
n=11 nil nil nil

❷
not anaphylaxis               n=35 nil 4449 genes 4927 genes

❷
anaphylaxis (NIAID)        n=20 nil 646 genes 2042 genes

❸
n=16 nil 2646 genes 1343 genes

❹
n=19 nil 2505 genes 1751 genes

(Placebo)
n=20 nil



What’s driving reactions?



Brown et al, Emerg Med J 2004;21:149-54

Efficacy of epinephrine in human anaphylaxis



Why doesn’t epinephrine (always) work?

Smith et al, J Clin Invest 1980;66:1072-80



Does needle length matter?

Injection site Dose Cohort
A Mid thigh 300mcg, Anapen ♂ normal BMI
B Mid thigh 300mcg, needle ♂ normal BMI
C Mid thigh 500mcg, needle ♂ normal BMI
D Inferior 300mcg, Anapen ♂ normal BMI
E Inferior 300mcg, Anapen ♀ overweightJACI IP 2018;6:1257-63
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Site Dose
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JACI IP 2018;6:1257-63

E: 10/12 injections
were subcut Site Dose

A Mid 300mcg, Anapen ♂
B Mid 300mcg, needle ♂
C Mid 500mcg, needle ♂
D Inferior 300mcg, Anapen ♂
E Inferior 300mcg, Anapen ♀



JACI IP 2018;6:1257-63

“…needle length alone was insufficient to predict 
bioavailability and that intramuscular injections might 
not be a critical prerequisite for the successful 
administration by autoinjectors in anaphylaxis.”



Does dose matter?

• International guidelines recommend 500 mcg in adults…



Anapen 300 vs 500 (separate studies)
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Duvauchelle 2018, doi: 10.1016/j.jaip.2017.09.021 Duvauchelle 2023, doi: 10.1111/bcp.15545



Emerade 300 vs 500

PIMAT Study
NCT03366298

n=12
Cross-over



So how important is dose?

• For any given AAI device, a higher dose results in more 
favourable PK profile

• But how do devices compare to each other?



The picture can't be displayed.

n=12



Emerade vs Epipen/Jext
STMD: <15mm 15-20mm >20mm

Emerade 300
Emerade 500

Epipen 300 Jext 300





Stress  (Takotsubo)  cardiomyopathy

• FDA Black box warning in Epipen SmPC from April 2017
• 113 cases (4 deaths) reported in patients receiving adrenaline 

administration
• 10 following Epipen use (all hospitalized, 1 critical)

• At ‘low and medium’ doses, adrenaline is a positive 
inotropes via β1AR-Gs and β2AR-Gs signalling but are high 
doses it becomes a negative inotrope via β2AR-GI signalling

• this is probably why adrenaline can cause Takotsubo syndrome.



What about epinephrine given during anaphylaxis?

Ruiz-Garcia et al, JACI 2020
doi: 10.1016/j.jaci.2020.06.033



doi: 10.1016/j.jaip.2020.08.041 



So what can we conclude?

• IM epinephrine is preferable to subcutaneous
• Subcut associated with delayed peak, but data limited

• Where STMD>20mm, injection (presumably subcutaneous) still 
results in relatively good absorption

• Is this due to vascularization of subcut tissue?

• Concern over –ve inotropic effect of some AAI?

• Studies need to evaluate ”proper” PD data, not just PK-equivalence
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