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Abstract

Background

We sought to define the prevalence and nature of patient-reported drug allergies, determine their

impact on prescribing, and explore drug allergy knowledge and attitudes amongst anaesthetists.
Methods

Prospective cross-sectional study in 213 UK hospitals. Elective surgical patients interviewed, with a
detailed allergy history taken in those self-reporting drug allergy. Self-completed questionnaire for

anaesthetists.
Results

Of 21,219 patients , 6214 (29.3 %) [95% Cl 28.7- 29.9] reported drug allergy. Antibiotics, non-steroidal
anti-inflammatory drugs and opioids were the most frequently implicated agents. Of a total 8755
reactions, 2462 (28.1 %) [95% CI 29.2- 31.1] were categorised as high-risk for representing genuine
allergy following risk stratification. A history suggestive of chronic spontaneous urticaria significantly

increased the risk of reporting drug allergy (OR 2.68, 95% Cl 2.4-3) p <0.01).

Of 4756 anaesthetists, 1473 (31%) [95% Cl 29.7-32.3] routinely discuss perioperative allergy risk with
patients. Prescribing habits in the presence of drug allergy labels differ depending on the implicated
agent. Most anaesthetists (4678/4697, 99.6%) [ 95% Cl 99.4 - 99.8] prescribe opioids when reactions
are consistent with side effects, although 2269/ 4697 (48%) [95% Cl 46.9 -49.7] would avoid the

specific opioid reported.
Conclusions

Approximately 30% of UK elective surgical patients report drug allergies but the majority of reported
reactions are likely to be non-allergic in nature. Allergy labels can impact on perioperative prescribing
through avoidance of important drugs and use of less effective alternatives. We highlight important
knowledge gaps about drug allergy amongst anaesthetists, and the need for improved education

around allergy.
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Background

The World Allergy Organization classifies adverse drug reactions (ADRs) as predictable reactions
related to the pharmacological actions of the drug (side effects), or idiosyncratic and unpredictable
reactions (such as a patient with infectious mononucleosis developing a rash with ampicillin), or drug
allergy.>? Idiosyncratic reactions may be severe or recur on re-exposure to the drug. Drug allergy is a
specific term referring to IgE-mediated type 1 hypersensitivity or, more rarely, delayed type 4 T-cell
mediated reactions such as toxic epidermal necrolysis. However, the term ‘allergy’ is frequently
applied to reactions which lack any clinical features of allergy, and which have not been subject to
specialist investigation. The consequences of an incorrect allergy diagnosis may be significant if
important drugs are avoided and less effective alternatives used. The potential for harm has been

demonstrated for the penicillin allergy label. 3

The prevalence of patient-reported drug allergy is high. In a study of the electronic healthcare records
of 1.7 million patients in the USA, 35.5% of records indicated an allergy to at least one drug ’. Other
studies suggest a prevalence ranging from 7-38%, with antibiotics, non-steroidal anti-inflammatories
(NSAIDs) and opioids the most frequently reported culprits. 84 It is widely accepted that a significant
proportion of drug allergy labels are incorrect, with side effects or other non-allergic phenomena
misattributed to allergy by patients or their healthcare providers.’>' We aimed to determine the
prevalence of patient-reported drug allergies in the UK elective surgical population and risk stratify
the reported reactions for likelihood of genuine allergy. We further examined the impact of penicillin
and opioid allergy labels on perioperative prescribing. The results of the penicillin sub-study have been
reported previously . This paper covers all reported drug allergies and opioid prescribing. We also
examined the use of wristbands to denote drug allergy, to determine whether there was variation in
use across the UK. We sought to understand anaesthetists’ knowledge and attitudes towards

perioperative drug allergy, including prescribing habits in the presence of specific allergy labels.

Methods

Study design and participants



A UK-wide cross-sectional observational study was conducted across 213 NHS hospitals (referred to
below as sites). Participating sites were identified through the Research and Audit Federation of
Trainees (RAFT) '° network. Individual sites selected three data collection days between 215 March
and 31°* August 2018. The study comprised a semi-structured patient interview, a site survey detailing
local guidelines and practices, and an anaesthetist survey. For inclusion and exclusion criteria, see
Supplementary Materials 1. Study data were collected using Research Electronic Data Capture
(REDCap) % hosted by Anaesthesia.Audit on Scotland’s Health on the Web (SHOW) secure servers.
The study gained ethics (REC reference 17/L0/2106) and HRA approval (IRAS ID 232512). Electronically
verified informed consent was gained. The STROBE checklist for cross-sectional studies was used to

guide reporting of this study. 2

1. Patient study

A semi-structured interview was conducted using an electronic device (typically a mobile phone or
tablet) held by the data collector. Questions were logic-gated and further stems presented according
to the previous response. The term ‘sensitivity’ was taken to indicate allergy, since these terms are
used interchangeably by patients and healthcare professionals. In our subsequent analysis we use
the term ‘allergy’ to indicate type | (IgE mediated) hypersensitivity reactions. We collected data on
age, sex, history of atopy, urticaria and/or angioedema, and self-reported drug allergies. For the

patient interview and follow-up data collection tool, see Supplementary Materials 2 and 3.

Patients reporting an opioid allergy were followed up on the day of surgery, except those
undergoing cataract surgery because opioid use is rare for this procedure. Anaesthetic charts were
examined postoperatively by local investigators using a structured proforma, to determine whether
opioids had been administered intraoperatively and whether any degree of significant perioperative
hypersensitivity was likely to have occurred. This was defined as the use of epinephrine, steroids or
antihistamines, unplanned admission to intensive care, documentation on the anaesthetic chart that
an allergic reaction was suspected to have occurred, or evidence of perioperative mast cell tryptase

sampling.

Drug allergy histories were subsequently risk stratified by the study team according to criteria
defined a priori (Supplementary Materials 4). Adverse reactions were defined as being at low risk of
genuine allergy where reported symptoms were consistent with known side-effects of the drug and
included no clinical features of allergy. If a patient reported symptoms consistent with genuine
allergy or severe delayed type IV hypersensitivity reactions such as Stevens-Johnson syndrome, they

were categorised as high-risk. A third category was used for patients who described non-allergic but



nevertheless serious adverse reactions, for example, malignant hyperthermia, or avoidance of
NSAIDs in the presence of renal impairment. Patients could list multiple symptoms or reasons for
wishing to avoid a particular drug, but if they reported any high risk symptoms they were
categorised as high risk irrespective of other adverse reactions. The options for reporting a reaction
varied with the culprit drug to reflect variation in side-effects, and an expanded list of options was
available for beta-lactams to allow further reporting on penicillin allergy (reported elsewhere). The
option of reporting a reaction as anaphylaxis or another life threatening reaction was given

consistently.

2. Site survey

Baseline data were collected from 213 sites on the number of patients eligible for inclusion on study

days and on the use of wristbands for patients with drug allergies (Supplementary Materials 5).
3. Anaesthetist study

All anaesthetists working on elective surgery lists on study days were invited to complete the
anaesthetist survey. See Supplementary Materials 6. Knowledge about drug allergy was explored using
closed and scenario-based questions. Prescribing habits in the presence of opioid allergy labels were
identified. All responses were anonymised and linkage to patient data collected during the study was

not attempted.

Statistical analysis and data management

Patient characteristics were summarised and differences between groups compared using chi-
squared tests. Univariable logistic regression was used to assess associations between predictor
variables and binary outcomes. All statistical analyses were carried out in R 2. Significance tests
were two-sided, and p-values < 0.05 were considered significant. For information on REDCap and

data handling see Supplementary Materials 7.

Results

Patient data

From 21,770 uploads, complete data were obtained from 21,219 patients. See Supplementary
Materials 8 for patient characteristics and study flowchart. The age range and sex distribution of

patients who reported allergies is shown in Figure 1.



Classification of reactions

Amongst 6,214 (29.3 %) patients there were 9,487 separate reports of a reaction to a drug or
dressing. Reactions to penicillin, non-steroidal anti-inflammatory drugs (NSAIDSs) and opioids were
the most commonly reported. For a complete list of all reported allergies, see Supplementary
Materials 9. There was sufficient information to enable risk stratification of 8,755 reactions. Of
these, 28.1% (2,462) reactions were high risk of genuine allergy, 69.3% (6,066/8,755) were classified
as low risk of genuine allergy and 2.6 % (227/8,755) reactions were reported as serious, non-allergic
reactions (or potential serious non-allergic adverse reactions). Table 1 shows the most frequently

reported drugs and other drugs of specific interest to anaesthetists.

Univariable logistic regression identified that increasing age was associated with increased likelihood
of reporting a reaction, with those in the 26-50 yrs (odds ratio (OR) 1.57, 95% CI 1.3-1.8), 51-75 yrs
and >75 yrs age groups (OR 1.57, 95% Cl 1.3-1.8 for both groups) more likely to report an allergy
than those in the 18-25 yrs age group. Patients in the 51-75 yrs age group were more likely to report
high risk reactions than those in the 18-25 yrs age group (OR 1.41,95% Cl 1.13-1.79). Females were
more likely to report an allergy than males (OR 2.31, 95% Cl 2.2-2.5) and more likely to report a high-
risk reaction than males (OR 2.11, 95% Cl 1.92-2.33). The reporting of multiple (two or more)
allergies was more common among females (OR=1.92, 95% Cl 1.69-2.18, p-value <0.001), with 34%
of females but only 21% of males reporting multiple allergies. The likelihood of reporting multiple
allergies also increased with age; OR 1.48 (95% Cl 1.05-2.13) in the 26-50 yrs age group, 1.82 (95% ClI
1.30-2.59) in the 51-75 yrs age group and 1.95 (95% Cl 1.38-2.81) in the > 75 yr age group.

Urticaria/angioedema and atopy

We identified patients who reported a tendency to develop urticaria (hives) and/or angioedema.
This history indicates a possible underlying diagnosis of chronic spontaneous urticaria, a common
condition resulting in episodes of urticaria/angioedema which are non-allergic in origin, with flares
typically precipitated by infection, heat or stress. 2 It is extremely common for these symptoms to
be misattributed to allergy by patients and clinicians. We found that a history consistent with

chronic spontaneous urticaria was reported by 5.7% of the total study population (1215 of 21,219)



and was associated with a more than doubling of the risk of reporting drug allergy (OR 2.68, 95% ClI
2.4-3) p <0.01).

We also sought to determine the incidence of self-reported drug allergy in the presence of atopy
(defined as hayfever, eczema, rhinitis, asthma or dust allergy), in order to explore the widely held
belief that atopy increases the likelihood of drug allergy. Of all patients, 35.0 % (7419 of 21,219) gave
a history of atopy and within this group the likelihood of reporting a drug allergy was increased (OR

1.5, 95% Cl 1.4-1.6).

The effect of reported reactions on perioperative prescribing

One thousand and two patients reported 1316 reactions to opioid drugs, with many reporting
allergies to multiple drugs within the opioid family. The most frequently reported culprits were
codeine (434, 32.9%), tramadol (291, 22.0 %), morphine (275, 20.9%) and co-codamol (147, 11.2%).
A total of 37 patients reported reactions which were high-risk for genuine allergy. Of these, 29 were
reports of anaphylaxis or a potentially life-threatening reaction and 10 were reports of blistering or

skin peeling. See Table 2 for the nature of reported opioid reactions.

Among 916 patients eligible for follow-up, data were returned for 832 (91.0 %). Of these, 655
(78.7%) received an opioid perioperatively and within this group 76 (9.1 %) were given the specific
opioid to which they had reported a previous reaction. Of the 37 patients (4.4 %) who had reported
a previous life-threatening reaction, 32 (86.5%) were given an opioid perioperatively. Following
structured chart review, no patient with a reported opioid allergy suffered suspected anaphylaxis

perioperatively.
Terminology used to describe reactions

We recorded the terminology used by patients when describing their reactions to drugs or dressings.
Of the 2462 reactions which were stratified as high risk, 2409 were reported as either allergy or
sensitivity. Of the 2409, 2305 (96%) were reported as an allergy and 104 (4%) were reported as a
sensitivity. Of the 6066 reactions which were stratified as low risk, 5715 were reported as either
allergy or sensitivity. Of the 5715, 4459 (78%) were reported as allergy, and 1256 (22%) were

reported as a sensitivity.

Site data on wristband use



The National Patient Safety Agency has issued guidance around the use of wristbands to denote
patient alerts, including allergy. ?* Of 213 sites, 112 (52.6 %) used wristbands to indicate an allergy
but without displaying the reported allergen on the wristband; 56 (26.3 %) used wristbands
displaying a named allergen and 45 sites (21.1 %) did not use wristbands to indicate allergy. At
165/168 (98%) sites which use the wristband to indicate allergy, wristbands are red, but at 3 (1.8 %)

these are white.

Anaesthetist data

Questionnaire responses were returned by 4798 anaesthetists. Not all questions were answered by
all anaesthetists; where variation occurs in the denominator this represents the number answering
the question. There were no additional unreported responses e.g. ‘don’t know’. Of 4793 returning
data on seniority, 63.6 % (3051) were consultant grade, 23.6 % (1129) were in training posts, 12.3 %

(590) were in non-training posts and 0.49% (23) were anaesthetic practitioners.

Variation existed in the preoperative discussion of allergy. Of 4756 anaesthetists, 31.0 % (1473)
stated they routinely discuss the risk of allergy with patients, 29.6 % (1407) discuss this only if
describing rare complications of anaesthesia, and 39.4 % (1876) only discuss this if a patient

specifically asks about allergy.

Anaesthetists were asked how they would convey the risk of perioperative allergy. Of 4763
respondents, 42.8 % (2052) describe the risk as ‘rare’ and of 4752 respondents, 38.5% (1831)
describe the risk as less than 1:10,000. See Figure 2.

Anaesthetists’ prescribing habits in the presence of egg, soy and nut allergies were explored. There
are historical reports linking these food allergies to anaesthetic drug allergies, subsequently proven
to be incorrect. 2°> Nevertheless, 1537/4745 (32.4 %) respondents would avoid propofol in the

presence of these specific food allergies.

Anaesthetists were asked about prescribing habits in the context of patients undergoing a painful
procedure who report an opioid allergy where reported symptoms are consistent with side effects

(nausea, constipation, or minor itching). Of 4697 respondents, 2382 (50.7%) would prescribe opioids



but with additional prophylaxis such as an antiemetic, 48.3% (2269) would ‘always’ avoid the specific
opioid(s) detailed but would prescribe alternative opioids, 39.4% (1850) would prescribe opioids as
usual, 13.2% (619) would prescribe synthetic / semi-synthetic opioids, and 19 (0.4%) would avoid all

opioids regardless of the nature of the allergy label.

Discussion

This study identifies for the first time the incidence and potential impact of patient-reported drug
allergies in a large elective surgical cohort in the UK. We determined that nearly one third of elective
surgical patients carry a drug allergy label and that even using a cautious risk assessment process, the
majority of reported allergies are at low risk of being genuine. This supports previous work suggesting
that many or most reported allergies are not found to be genuine when tested.’>*” Drug allergies were
most commonly reported to antibiotics, NSAIDs and opioids and were more common in older, female
patients. These findings are in keeping with previous studies ®* but the reasons for them are
unknown. One possibility is that older patients have had a greater number of potentially sensitising
drug exposures, with antibiotics and analgesics some of the most frequently used drugs. Once a label
has been applied to a patient it is unlikely to be removed and therefore drug allergy labels tend to
accumulate over a patient’s lifetime. In addition, older patients are more likely to be subject to
polypharmacy which increases the likelihood of adverse drug reactions. We also found that reactions
were more commonly described as a sensitivity rather than an allergy by patients if the reaction was

subsequently stratified as being at low risk of representing genuine allergy.

We aimed to determine how drug allergy labels affect patient outcomes by examining the specific
impact of opioid allergy labels on perioperative prescribing. We found that the majority of
anaesthetists still administer opioids to patients with an opioid allergy label who are undergoing a
painful surgical procedure, although half would avoid the specific opioid to which the patient has
reported a reaction. In contrast, penicillin allergy labels are almost always upheld and alternative non-
penicillin antibiotics used. ' This might reflect the greater familiarity anaesthetists have with common
opioid side effects such as nausea and transient, localised flushing at the injection site secondary to
histamine release, combined with a lack of suitable alternatives for painful surgery. By comparison,
there is usually a readily available alternative for penicillin and therefore few immediately obvious

downsides to avoiding it.

We found that almost 6% of our study population gave a history suggestive of chronic spontaneous
urticaria, in keeping with the literature. 2 Amongst this group, the likelihood of reporting drug allergy

was more than doubled. In such patients, reported drug allergies typically result from non-allergic
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triggers for the symptoms of their underlying condition, such as concurrent infection or stress. Chronic
spontaneous urticaria is widely unrecognised by patients and their healthcare providers, with
symptoms commonly misattributed to allergy. Our findings illustrate the potential impact of this
diagnosis on false reporting of drug allergy and highlights the need to improve awareness of the
condition. We also found increased reporting of drug allergy amongst those with a history of atopy.

The reasons for this are not clear, since atopy is not a risk factor for drug allergy. !

Of the 213 sites, 112 (52.6 %) use wristbands to indicate the presence of allergy, but not to detail the
allergen or nature of reaction. This is in line with NICE and NPSA guidance. However, we found
potentially dangerous variation in practice across the UK, in particular the inconsistent use of red

wristbands to denote this serious patient safety issue.

Knowledge and behaviour around drug allergy have been demonstrated to be poor amongst
healthcare professionals, with deficiencies in education at all levels. 2528 In this study, we found
variation in anaesthetists’ discussion of the risk of allergy with patients, with only 31% doing so
routinely. The incidence of anaphylaxis is typically quoted as 1:10,000 but this is likely to be a

significant underestimate.?

We explored other key attitudes and behaviours among one third of
practising anaesthetists in the UK and identified important knowledge gaps, for example, the
persistent belief that particular food allergies preclude the use of propofol. This historical concern has
long been proven to be unfounded, yet perpetuates within anaesthetic practice. ?° This may reflect
the length of time required for knowledge to disseminate through the anaesthetic community or may
indicate disproportionate concern about perioperative drug allergy. Our findings highlight the need
for education around this and other aspects of perioperative drug allergy. This adds to findings from

the 6™ National Audit Project 3 in which knowledge gaps such as the relative risk of allergy from

different drugs and various aspects of anaphylaxis management were identified.

When making prescribing decisions in the presence of a drug allergy label, there is an apparent
discrepancy in the perception of risk between different drugs. Our data suggest that nearly 80% of
patients with an opioid allergy label are prescribed intraoperative opioids, although often a different
one to the suspected culprit. In contrast, data from this study presented elsewhere demonstrates that
only 6% of patients with a penicillin allergy label received penicillin when this was the first-line
prophylactic antimicrobial choice. It is of note that no patient receiving either penicillin or opioid, in

the presence of an allergy label to this, suffered a suspected perioperative allergic reaction.

Limitations
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The most significant limitation is the lack of long-term follow-up data to determine the impact of
allergy labels on patient outcomes. Secondly, the risk stratification process was necessarily brief,
lacking sufficient detail to confirm or refute any diagnosis of hypersensitivity in the participants. The
options for reporting a reaction in the patient study varied to reflect varying drug-specific side effects
and there is the possibility of misclassification. Only with further diagnostic evaluation by an allergist
could the true incidence of allergy be determined. However, it is probable that an even greater
proportion of labels would be identified as false following investigation. Thirdly, we were unable to
risk stratify all reported allergic reactions since some drugs/substances were not included within the

patient questionnaire.
Conclusions

The prevalence of patient-reported drug allergy in the UK elective surgical population is almost 30%,
with antibiotics and analgesics the most commonly implicated drugs. The majority of labels are
incorrect, but their presence may nevertheless impact negatively on perioperative prescribing in
ways which have not yet been fully elucidated. Prescribing behaviour amongst anaesthetists appears
to vary depending on the drug reported and the nature of the reaction, and this inconsistency has
the potential to lead to unsafe prescribing. Further research is needed to understand the long term
impact of drug allergy labels in the surgical population and to identify effective pathways for

preoperative allergy testing.
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Figure 1: Age and sex distribution of patients reporting allergies to drugs or dressings

Implicated substance | Number of Number (%) of | Number (%) Number (%) of
patients high risk of low risk serious non-allergic
reporting a reactions reactions reactions or
reaction avoided

Penicillin 2,626 1,418 (54) 1,208 (46) 0

Non-steroidal anti- 1,044 389 (34) 540 (47) 211 (19)

inflammatory drugs’

Opioids” 1,002 70 (5) 1,244 (94) 2(0.2)

Other antibiotics” 923 142 (13) 966 (86) 3(0.3)

Dressings or tapes 844 3(0.4) 841 (99.6) 0

Latex 261 116 (44) 145 (56) 0

Other analgesics” 173 42 (24) 131 (74) 3(2)

Statins 143 4(3) 139 (97) 0

Angiotensin 134 36 (27) 98 (73) 0

converting enzyme

(ACE) inhibitors

lodine ™" 101 66 (65) 35 (35) 0

Further drugs of anaesthetic interest

Antihistamines 62 6 (10) 56 (90) 0
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Contrast media 46 34 (74) 11 (24) 1(2)
Local anaesthetics 30 18 (60) 12 (40) 0
Neuromuscular 21 7 (26) 16 (59) 4 (15)
blocking agents *

Medical dyes 20 14 (70) 6 (30) 0
Chlorhexidine 15 11 (73) 4 (27) 0
Intravenous 14 2 (20) 7 (70) 1(10)
anaesthetics ™

Colloids 3 0 3 (100) 0
Syntometrine 1 0 1 (100) 0
Sugammadex 0 0 0 0

Table 1: Number of reactions reported by drug or dressing categories; 10 most frequently reported

agents and further drugs of anaesthetic interest. “patients reported reactions to more than one

drug in this group , " patients reported reactions which could not be reliably classified. ™" iodine

source was unidentified.

Nature of opioid reaction Frequency of report
Gl Symptoms 571
Confusion and hallucinations 269
Other reaction 182
Rash or itching 154
Anaphylaxis or potentially life-threatening reaction 29
Unknown reaction 22
Respiratory depression 22
Blisters or skin peeling 10
Advised to avoid 8

Table 2: The nature of reported opioid reactions
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Figure 2a and b. Anaesthetist’s use of phrases (a) and numerical descriptions (b) to convey the risk
of perioperative allergy.



