Grading the severity of anaphylaxis
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Abstract
Purpose of review: 
Despite no global consensus on a definition of anaphylaxis, there is increasing recognition that just as allergic reactions lie on a spectrum of severity, the same is for anaphylaxis. A variety of severity scores exist in the literature. We review the approaches taken to develop these scores, and their relative advantages and disadvantages.
Recent findings: 
There have been four recent comparisons of published severity scores. All have highlighted the heterogeneity between scoring systems, and the lack of transferability from one approach to another. Notably, only one score has been developed using a data-driven approach, and none has undergone formal and comprehensive validation.
Summary: 
It is unclear whether a single severity score is achievable, or indeed desirable. If the aim is to guide management of acute reactions, then assignment of severity is not only unnecessary but might delay treatment and cause harm. Severity scores are needed in the research setting, but require an approach which can discriminate between reactions of similar but non-identical severity (particularly, non-anaphylaxis reactions). Any approach should be fit for purpose, informed by patient and clinician experience, and ideally be data-driven to minimize subjective bias and facilitate objective validation.
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Introduction
Anaphylaxis is a term widely used to describe a more serious/severe allergic reaction, however there is no single definition agreed worldwide (Table 1).1-6** Historically, anaphylaxis has often been described as a “life-threatening” allergic reaction, with multiorgan involvement. However, there is now increasing recognition that just as allergic reactions lie on a spectrum of severity, the same holds true for anaphylaxis (Figure 1).7,8 This is an important consideration. Evidence suggests that the vast majority of (less severe) anaphylaxis reactions can resolve spontaneously without treatment: large case series report only a minority (<20%) of anaphylaxis events are treated with epinephrine,9,10 yet fatal food-induced anaphylaxis is a very rare event (with a case fatality rate at <0.0001%)11 – although we absolutely do not recommend non-use of epinephrine as an appropriate strategy. However, severe anaphylaxis reactions are also unpredictable.12*,13 There is a need, both in terms of clinical research as well as patient management, to be able to assign severity to anaphylaxis events.14 In this review, we outline some of the approaches taken to develop severity scores, and the relative advantages and disadvantages of these different methods.

Perception of severity of anaphylaxis
The management of anaphylaxis, and in particular food allergy, at a public health level involves multiple individuals and organizations, from patients themselves, their caregivers, healthcare professionals, researchers and food businesses. The accurate assessment of severity is key for effective communication between these stakeholders. However severity has different meanings to different stakeholders, and reactions can be perceived differently (Table 2).15

Perception of severity by patients/carers and clinicians often differ, and are influenced by experience and recognition of symptoms. Patients, caregivers and healthcare professionals both under-estimate and over-estimate severity.16-23 Amongst industry and regulatory bodies, severity perception is skewed by different factors including brand reputation. A reaction that might be considered mild by healthcare professionals may be seen as being more serious with significant ramifications (such as a food recall) if, for example, a reaction results in an unintended medical encounter.24

One might hope that severity assignment by healthcare professionals might be more consistent. However, while this might be the case for reactions classified prospectively in clinical trials using a protocol-driven assignment, this does not hold true for retrospective studies where missing data among other factors are significant limitations. Perhaps the best example of this is using epinephrine (adrenaline) administration as an indicator of severity. The majority of individuals presenting to Emergency Medical Services with symptoms of anaphylaxis are not given epinephrine,8 while in both community and hospital settings, the correlation between anaphylaxis and rescue epinephrine is poor, with both non-anaphylaxis events treated pre-emptively with epinephrine in some cases, while reactions which clearly meet diagnostic criteria for anaphylaxis are not.17-23 There seems to be general consensus therefore the epinephrine use per se is not a useful marker of severity.8,14,25,26**



Grading severity
Many different severity grading systems have been described in the literature, but unfortunately, there is no consensus over which is the most appropriate system. A major problem is some systems were developed for a specific allergen type (e.g. venom) and are not necessarily appropriate to be applied to other allergen types. Eller et al. recently compared 23 different grading systems using data from a large tertiary allergy clinic which included over 2000 food challenges and almost 500 drug challenges, highlighting these key issues.27* Another comparison of severity scores for food allergy was reported by the Consensus on DEfinition of Food Allergy Severity (DEFASE) group of investigators, as part of a systematic review.26** The authors evaluated severity assignment by organ system/symptoms of 31 different grading systems, and found that there was much heterogeneity between the different scores, which precluded interchangeability; none had been validated.

Dribin et al recently undertook a Delphi exercise amongst 21 US-based allergists to develop a “new” optimum severity grading score.14 They identified 7 limitations of existing scores:

1. Lack of granularity due to a limited number of categories
2. Non-specific terminology and lack of definition over certain symptoms.
3. Non-equivalency of symptoms/signs e.g. dyspnea and shock sometimes included as equivalent symptoms in the same severity grade
4. Some grading systems base severity on the number of organ systems involved, but severe reactions can occur with only single-organ involvement
5. Use of treatment (e.g. epinephrine) is a poor indicator of severity
6. Using symptom duration to guide severity is challenging
7. Some grading systems include different degrees of severity within each organ system, but do not account for the totality of symptoms when assessing overall severity

However, some of these considerations are debatable: for example, while any epinephrine use is a poor indicator of severity, a need for multiple doses of epinephrine due to suboptimal response is arguably a useful indicator of refractory reactions.28,29 

When attempting to score the severity of an allergic reaction, there are a number of aspects to consider. These are summarized in Table 3. Moreover, it is important to consider the purpose of a severity score. For example, a score used to assess changes in severity with allergen immunotherapy may be different from a score used to guide management of an allergic reaction or define potential reaction “thresholds” that can be used to inform the allergen risk management by the food industry (for example, the need for patients to heed precautionary allergen labelling on foods).

Existing scoring systems vary in that some were designed to assess the severity of allergic reactions triggered by food,30-33 while others more suited to reactions caused by drugs34 or insect stings;35,36 the latter were often designed to assess the response to venom immunotherapy. Often, these existing scoring systems are used beyond their intended purpose, for instance that proposed by Ring and Messmer was intended to score allergic reactions to drugs,34 while both Lockey et al.36 and Mueller35 were developed to describe the severity of reactions to insect stings; both have been applied to assess severity of food-induced reactions, but this is inappropriate as all three assign greater severity to vomiting as a symptom, which is far more significant in reactions caused by non-food triggers.

Existing severity scores (Table 4) cover a spectrum of clinical presentations with a wide range of organ-specific outcomes, making interpretation and translatability challenging. Due to their heterogenous format, many of the scores are difficult to compare, leading to difficulties with application. Most use an ordinal scale, typically encompassing multiple incomparable steps (Table 4). Non-anaphylaxis reactions may be limited to just one or two severity grades,14,30-40 yet these reactions constitute the majority of food allergic reactions; this results in poor discrimination between non-anaphylaxis reactions of different severity.

To resolve the issue over granularity, some groups have developed systems which operate on a continuous numerical scale.41-44* However, these scores have not been widely applied outside the groups in which they were developed. Importantly, all but one score44 have been developed on the basis of a small group of “experts” – arguably, an approach which is subjective and prone to bias – rather than using a data-driven approach (Figure 2). Within the iFAAM collaboration, Fernández-Rivas et al used a data-driven approach based on mathematical modelling to develop a numerical score (numerical-food allergy severity score (nFASS)).44* The authors sought to validate this, both with a replication cohort of 3622 food reactions but also using epinephrine use as a marker of severity – something which as highlighted above is not necessarily a valid approach.

What is the gold standard in grading severity?
The comparisons by Eller et al27* and Dribin et al14 are helpful to a degree in identifying the limitations of grading systems, but in practice, severity assignment can be a rather artificial exercise. Trying to ‘fit’ a clinical reaction into a rigid scoring instrument does not take into account the nuances or specific features of clinical scenarios in real time. As a result, there is no gold standard or consensus as to what constitutes a severe reaction.

To address this gap, we recently reported the results from a global consensus exercise to develop such a reference which could then be used by other groups to facilitate the development of a data-driven severity score.45** Using best-worst scaling (BWS) methodology, we defined a severity ranking on the basis of 334 allergy healthcare professionals who participated from around the world. BWS is a research technique to measure robust ranking of items. Using this approach to rank severity of allergic symptoms reactions, we were able to estimate not just the absolute assessment of severity, but also how one reaction might compare to others in terms of severity assignment, while eliminating user scale bias. Respondents were asked to consider a selection of 4 real-world reaction vignettes, and select the pair that, in their opinion, reflected the maximum difference in severity. Responses were then modeled and a “preference score” determined for each scenario, which represented the assigned severity. By also evaluating the vignettes according to existing grading systems, we were able to evaluate how well these scores relate to “real-world” assignment of severity by healthcare professionals.

Using this approach, we were able to identify the following key issues which need to be addressed to improve current severity grading:
· The vast majority of ordinal grading systems poorly discriminate between non-anaphylaxis reactions of differing severity. As a result, current grading systems overestimate severity of more mild reactions, because even very mild symptoms are rated as being of the same severity as generalized but non-anaphylaxis cutaneous reactions. Grading systems which used a “continuous” scale (rather than an ordinal scale) performed better in this respect, but were less user-friendly in terms of application and often underestimated the most severe reactions, although perhaps this is less of an issue given the relative infrequency of reactions of this severity.
· Grading systems which are designed for non-food triggers are usually not applicable to those induced by food allergens, usually because the former overstate the severity of even mild gastrointestinal symptoms.
· Anaphylaxis is a poor determinant of severity: for example, severe generalized cutaneous reactions were assigned as being more severe than mild anaphylaxis reactions (for example, limited urticaria with mild wheezing).
· Assigning severity on the basis of a particular treatment being used, and the response to that treatment, is not a helpful determinant of severity. For example, epinephrine use is a poor marker of severity, since the decision to use epinephrine is highly variable. However, a lack of treatment response (as opposed to treatment itself) does seem to be important in assigning severity. 
· Most current grading systems do not reliably capture “soft” symptoms such as vasovagal syncope or laryngeal symptoms.

Of interest, the BWS exercise demonstrated that severity ranking varies between geographical regions. The differing definitions of anaphylaxis used across the globe is likely to influence this. In multiple scenarios, anaphylaxis symptoms were ranked as being of greater severity by respondents in North America than Europe. These reactions fit the NIAID/FAAN criteria for the diagnosis of anaphylaxis (often skin involvement plus gastrointestinal involvement) however they would not necessarily be classified as anaphylaxis in Europe as there has long been regional differences of opinion with respect to the inclusion of gastrointestinal symptoms as a defining feature of food-induced anaphylaxis.7 In addition, severity assignment also depended on clinician experience. Respondents ‘still in training’ did not always recognize more subtle symptoms that more experienced clinicians attributed a higher degree of severity to, for instance vocal hoarseness and itchy palms.45** In addition, respondents with less experience tended to assign a higher severity score if epinephrine was administered, even if the scenario did not describe a reaction consistent with anaphylaxis by any definition.

Conclusion and future perspectives
Given the lack of global agreement as to anaphylaxis definitions, it is perhaps not surprising that there is similarly a lack of consensus over defining what constitutes a severe reaction, and how this might be assigned in practice.

It is unclear whether a single severity score for acute allergic reactions and anaphylaxis is achievable, or indeed desirable. The score should be fit for purpose: if the aim is to guide acute management of reactions, then there are already simple aide memoirs (such as the airway/breathing/consciousness mnemonic) to guide use of epinephrine. Complicating this objective with assignment of a severity grade is not only unnecessary, but might even delay treatment and thus cause harm. In this light, using a sub-optimal response to 2 doses of epinephrine could be a useful indicator of refractory anaphylaxis and the need to escalate clinical treatment.28,29,46

The use of severity scores to evaluate the impact of a research intervention clearly does require an ability to discriminate reactions of similar severity (particular non-anaphylaxis reactions) that is better than most existing scores reported in the literature. Of note, only one score (the Consortium for Food Allergy Research (CoFAR) Grading Scale for Systemic Allergic Reactions Version 2) has included an assessment of patient perception of severity/impact in grading severity,47 but despite increasing recognition of the need for public input in research, a recently-updated version (CoFAR version 3) did not include this aspect.48 As research into new treatments for food allergy continues, the need for consistency in assigning severity to allergic reactions is going to increase. A World Allergy Organization taskforce recently suggested that “rather than developing yet another severity scoring system for allergic reactions, future research should focus on external validation of scoring systems, tailoring these models to different allergens, populations, and settings.” 26** However, severity assignment must be fit for the intended purpose, informed by patient and clinician experience, and ideally be data-driven to minimize the impact of subjectivity and provide objective validation. Perhaps a combination of the two is needed: a data-driven approach, such as nFASS, which can be comprehensively validated in multiple populations, for different food allergens and a variety of exposure settings. 



Key POINTS

· Different stakeholders (healthcare professionals, allergic consumers, food businesses etc.) perceive reaction severity in different ways
· Current severity scores are very heterogenous, and in general lack the ability to discriminate between non-anaphylaxis events of differing severity.
· With one exception, no published score has undergone any attempt at validation
· The optimal score is arguably one which is data-driven and has been validated in multiple settings. 
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Table 1: Significant differences in the literature with regard to the pathophysiology of anaphylaxis in murine models and the mechanisms which may occur in humans.

	NIAID 20051
	Anaphylaxis is a serious allergic reaction that involves more than one organ system (for example, skin, respiratory tract, and/or gastrointestinal tract). It can begin very rapidly, and symptoms may be severe or life-threatening.

	AAAAI/ACAAI 20102
	An acute life-threatening systemic reaction with varied mechanisms, clinical presentations, and severity that results from the sudden release of mediators from mast cells and basophils.

	WAO 20113
	A serious life-threatening generalized or systemic hypersensitivity reaction.

A serious allergic reaction that is rapid in onset and might cause death

	EAACI 20134
	A severe life-threatening generalized or systemic hypersensitivity reaction.

An acute, potentially fatal, multi-organ system, allergic reaction.

	ASCIA 20165
	Any acute onset illness with typical skin features (urticarial rash or erythema/ flushing, and/or angioedema), PLUS involvement of respiratory and/or cardiovascular and/or persistent severe gastrointestinal symptoms; or
Any acute onset of hypotension or bronchospasm or upper airway obstruction where anaphylaxis is considered possible, even if typical skin features are not present.

	WAO 20206
	Anaphylaxis is a serious systemic hypersensitivity reaction that is usually rapid in onset and may cause death.

Severe anaphylaxis is characterized by potentially life-threatening compromise in airway, breathing and/or the circulation, and may occur without typical skin features or circulatory shock being present.


Table 1 Definitions of anaphylaxis. Adapted from World Allergy Organization anaphylaxis guidance 20206**



Table 2 Stakeholder perceptions of severity. Adapted from Stafford et al.15

	Stakeholder
	Perception of severity and possible implications 

	Patients with allergies and their caregivers 
	May underestimate or overestimate severity: parents of children with food allergies may perceive significant skin signs (e.g. facial angioedema) as severe, whereas experienced clinicians recognize that this is a common presentation of reactions in young children.
In contrast, parents may attribute wheeze to a viral illness (particularly in a child prone to viral wheeze) and fail to recognize that this indicates anaphylaxis if it is occurring after exposure to a known allergen.

	Emergency caregivers
(e.g. paramedics, emergency department staff)
	Need to consider long lists of differential diagnoses.
May have limited experience, leading to inaccurate diagnosis or inappropriate treatment. Reactions have often resolved by arrival at the hospital, so local staff may not appreciate the potential risks of severe anaphylaxis. 

	Family medicine practitioners and pediatricians
	May have limited experience of severe reactions, thus leading to undertreatment or overtreatment of reactions.

	Allergy specialists
	Trained to evaluate the spectrum of allergic disease, often by retrospective assessment of severity. Often not involved in the provision of acute care.

	Food industry and Regulatory bodies
	Necessity for objective risk assessment; in practice, severity may be defined as an unscheduled health encounter. Thus, mild reactions presenting to hospital are classified as more severe than is anaphylaxis managed in the community.





Table 3: Features which may be incorporated into a severity score

	Symptoms
	What symptoms are elicited, how do they progress and then resolve?
The potential for the severity of reactions to change needs to be recognized. 

	Pattern
	Is there a pattern of symptoms, for instance to distinguish between primary sensitisation and pollen food allergy syndrome. Can we identify a pattern of symptoms triggered by specific allergens, for example egg tends to cause abdominal symptoms and less likely to cause anaphylaxis

	Timing of onset
	If a reaction progresses quickly, is that an indicator of a severe reaction or not. Mild symptoms persisting for four hours may be more distressing to someone than wheeze (constituting anaphylaxis) that resolves within a few minutes

	Resolution
	Do symptoms need treatment to resolve or do they settle spontaneously. What is the response to treatment?

	Cofactors 
	External factors interplay and can increase severity in individuals to react to the same trigger depending on cofactors such age, exercise, stress, menstrual cycle

	Exposure
	Severity of a reaction may be influenced by exposure dose and route

	Correlates of severity
	Are there correlates of severity such as biomarkers or potentially modifiable factors? If there was a change in a biomarker frequently seen in severe reactions then a score could feature a measurement of that biomarker

	Predictors 
	In determining a severity score, can we identify patients that may be more likely to have more severe reaction?



	
	1
	2
	3
	4
	5

	Sampson [30]
	Localized skin, OAS, mild lip swelling
	-Generalized skin
-Mild GI symptoms 
-Mild rhinitis
-Change in activity
	-Marked rhinitis
-throat itch or tightness
-repetitive vomiting
-Tachycardia, anxiety
	-Resp./laryngeal symptoms 
-Dizziness
-Mild hypotension
-Cyanosis
	-Fecal incontinence
-Respiratory arrest
-Severe CVS symptoms 
  /arrest or LOC

	Ewan&Clark [31]
	Localized skin reaction or OAS
	Generalized erythema/ urticaria/angioedema
	Skin reaction AND GI symptoms / rhinoconjunctivitis
	Mild laryngeal oedema (incl throat tightness), mild asthma 
	Marked dyspnea OR hypotensive symptoms

	Hourihane [32]
	Localized urticaria 
	Generalized urticaria 
	-Abdominal pain, Vomiting
-Angioedema 
	-Laryngeal symptoms
-Mild wheeze 
	Severe respiratory symptoms OR collapse

	Niggemann [37]
	Localized skin symptoms
	Skin OR GI symptoms 
Skin AND GI symptoms 
	Respiratory or CVS symptoms 
	
	

	Brown [38]
	Mild skin 
Urticaria
Angioedema 
	-Dyspnea/stridor/wheeze
-GI symptoms 
-Dizziness, diaphoresis
-Chest or throat tightness
	-Cyanosis or SpO2 <92%
-Hypotension
-Confusion/Collapse, LOC or incontinence
	
	

	Mueller [35]
	Generalized urticaria,
Malaise, anxiety
	Plus at least 2 of:
-oedema    
-chest tightness/wheezing
-GI symptoms   -dizziness
	Plus at least 2 of:
-dyspnea           -dysphagia
-hoarseness      -confusion
-feeling impending doom
	Plus at least 2 of:
-cyanosis     -hypotension
-collapse      -incontinence
-LOC
	

	WAO [39]
	-Skin symptoms
-Rhinitis, throat itch, cough
-Conjunctival
-nausea, headache
	-Cough, wheeze, dyspnea, responding to inhaled bronchodilator
-GI symptoms
-Uterine cramps
	- Cough, wheeze, dyspnea, not responding to inhaled bronchodilator
-Laryngeal, uvula, or tongue edema +/- stridor
	-Respiratory failure -/- LOC
-Hypotension +/- LOC

	Death

	Astier [33]
	-Abdominal pain 
-Rhinoconjunctivitis
-Urticaria <10 hives

	One organ involved
-abdo pain needing treatment
-Generalized urticaria
-angioedema
-mild asthma 
	Two organs involved

	-Three organs involved
-Asthma needing treatment 
-Laryngeal edema
-Hypotension
	Cardiac and respiratory symptoms requiring hospitalization in ICU

	Ring & Messmer [34,40]
	-Urticaria, Angioedema

	-Urticaria, Angioedema
-Nausea, cramping
-Rhinorrhea, vocal  
 hoarseness, dyspnea
-Tachycardia   -Arrhythmia
	-Urticaria, Angioedema
-Vomiting, defecation, Diarrhea
-Laryngeal edema, bronchospasm, cyanosis
-Shock
	-Urticaria, Angioedema
-Vomiting, defecation, Diarrhea
-Respiratory arrest
-Cardiac arrest
	

	Dribin et al [14]
	Mild symptoms, skin/mucosal/gut (single organ involvement)
	Mild symptoms affecting at least 2 of skin/mucosal/gut, or any moderate symptom
	Any Mild:
Cardiovascular, Neurologic, Respiratory
	Any moderate cardiovascular/neurologic/
respiratory symptom  OR
severe mucosal/angioedema
	Any severe cardiovascular, neurologic or respiratory symptom



Table 4  Representation of existing severity grading systems. Text in red implies symptoms/signs of anaphylaxis as defined by the NIAID/FAAN criteria [1]. CVS, cardiovascular; GI, gastrointestinal; LOC, loss of consciousness; OAS, oral allergy symptoms.
FIGURES
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Figure 1: Spectrum of symptom severity in allergic reactions and anaphylaxis. Indicative symptoms taken from Dribin et al.8 Reproduced under Creative Commons CC-BY-NC-ND license. 
GCS, Glasgow Coma Scale; WOB, work of breathing.
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Figure 2: Approaches taken to develop severity scores involve a balance between expert opinion (“subjectivity”) and the objective use of data. Reproduced from Stafford et al. [15]
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Anaphylactic shock, 
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Subjectivity



Objectivity



Small 
expert groups



Expert consensus
e.g. Delphi



Data-informed Data-driven



Most existing scoring 
systems were 



developed by a limited  
number of experts, and 



fit into this category



Dribin et al, 2021 [14]



This approach uses data 
to inform the otherwise 
subjective decisions by 



experts as to what 
symptoms constitute 
what level of severity



This approach uses raw 
symptom data and 



mathematical modelling
to derive a score 



independent of expert 
input e.g. nFASS score [42]
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