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1. [bookmark: _Toc179720168][bookmark: _Toc180665185][bookmark: _Toc187751164][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK62]Introduction  
Background and rationale
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK93][bookmark: OLE_LINK94]An estimated 2 million NHS patients undergoing surgery every year carry a label of drug allergy (Thomas, Clark et al. 2021). At least 70% of these patients do not have allergy at all but have experienced side-effects which were misinterpreted as allergy by the patient or a healthcare professional (Harper, Cook et al. 2018). This problem is driven by the fear of severe, life-threatening allergic reactions. As the culture of safety in healthcare has evolved, an excessively cautious approach has resulted in the widespread over-diagnosis of drug allergy and an epidemic of unsubstantiated allergy labels (Gupta, Sheikh et al. 2004). The labels oblige healthcare professionals to use alternative drugs which might be less effective and potentially more toxic (Macy and Contreras 2014, Blumenthal, Lu et al. 2018). An increasing body of evidence suggests that surgical patients labelled with drug allergies may receive sub-optimal perioperative care, leading to worse outcomes (Pool, Kass et al. 2016, Blumenthal, Ryan et al. 2018, Coxe, Wessel et al. 2022, Karimi 2023). However, a critical shortage of allergy specialists makes it impossible for every patient to undergo testing an allergy clinic, so the labels typically persist across the patient’s lifetime  (Physicians 2003, Levy, Price et al. 2004, Report 2007, Organisation 2013).

[bookmark: OLE_LINK97][bookmark: OLE_LINK98]Data from an observational study of 21,224 NHS surgical patients in 2018 found that 6224 (29%) carried a drug allergy label (Thomas, Clark et al. 2021). The commonest reported allergies were to antibiotics or analgesics. Among those reporting such allergies, 3405/5041 (68%) reactions were strongly suggestive of non-allergic side effects. Penicillin allergy was the single most prevalent label, with 12% of patients reporting this (Savic, Thomas et al. 2020). This reflects worldwide data, in which up to 40% of patients across all healthcare settings carry a drug allergy label most commonly to antibiotics and analgesics (Organisation 2013, Zhou, Dhopeshwarkar et al. 2016). Penicillin allergy is the most prevalent label worldwide, and a substantial body of evidence now suggests that the label is associated with a range of poor health outcomes. These include increased risk of infection with methicillin-resistant Staphylococcus aureus, Clostridium difficile and vancomycin-resistant enterococcus, longer hospital stays, and more frequent admissions to critical care, and increased mortality (Macy and Contreras 2014, Knezevic, Sprigg et al. 2016, Blumenthal, Lu et al. 2018, West, Smith et al. 2019, Perez-Encinas, Lorenzo-Martinez et al. 2022). A 50% increase in the absolute risk of surgical site infections (SSIs) has been demonstrated in surgical patients and in the UK, there is an increased risk of perioperative anaphylaxis attributable to teicoplanin use in patients with a penicillin allergy label (Savic, Garcez et al. 2015, Blumenthal, Ryan et al. 2018, Harper, Cook et al. 2018). As well as the impact on individuals, the overuse of alternative, broad-spectrum antibiotics is a key driver for antimicrobial resistance. The economic impact of penicillin allergy labels has also been elucidated in recent years. UK data suggest that allergy labels are associated with increased healthcare costs, while research from the USA suggests removal of incorrect allergy labels may reduce costs (Macy and Contreras 2014, Powell, Honeyford and Sandoe 2020, Dong, Zembles et al. 2023) . Whilst there are data from the UK describing an association between penicillin allergy labels and health outcomes in the general population, the impact of these labels in the surgical population has not been elucidated. 
Other drug allergy labels typically seen in surgical patients include those to non-steroidal anti-inflammatories, opioids and local anaesthetic. These labels can compromise or even preclude surgical care because of the limitation to effective analgaesia both during and after surgery.  The impact of these labels is poorly understood, partly because the majority of the potentially harmful effects occur ‘downstream’ of the surgical episode itself. 
The aim of this research is to identify whether patients with drug allergy labels experience potentially avoidable harm from increased surgical complications, and whether these associations are stronger for particular categories, or numbers, of drug allergy labels. We need to capture the full range of these potential harms in order to gain a complete understanding of the harm associated with precautionary drug allergy labelling. 


1. [bookmark: OLE_LINK99][bookmark: OLE_LINK100]Objectives
· [bookmark: OLE_LINK69]To identify any associations between the presence of a drug allergy label(s) and the incidence of any complications within 30 days after surgery.
· To describe any relationship between presence of an antimicrobial allergy label and the incidence of infective complications within 30 days after surgery
· To describe any associations between the presence of a penicillin allergy label and the incidence of infective complications within 30 days after surgery
· To describe any associations between the presence of a penicillin allergy label and the number of antimicrobial agents used within 30 days after surgery
· To describe any associations between number of drug allergy labels and the incidence of surgical complications within 30 days after surgery 

1. [bookmark: _Toc180665186][bookmark: _Toc187751165][bookmark: OLE_LINK107][bookmark: OLE_LINK108]Sample size calculation
[bookmark: OLE_LINK87]The sample size for the SAPPHIRE observational cohort study was calculated using the “simsam” package in STATA (version 17.0), which employs a simulation-based approach. An initial recruitment target of 13,720 patients was based on an estimated 10% prevalence of allergy labels in the population. However, a revised literature review indicated that the prevalence of allergy labels is approximately 29%, leading to an adjusted sample size requirement for the secondary outcome analysis of 4,732 participants to achieve 80% power.The  outcome focuses on the association between allergy labels (a binary exposure) and postoperative complications. The following assumptions were made for this analysis:
· Incidence of complications in the exposed group (patients with an allergy label): 15%.
· Incidence of complications in the unexposed group (patients without an allergy label): 10%.
· Power (β): 80% (1-β = 0.80),
· Significance level (α): 5% (two-sided test).
Using a logistic regression model, the sample size required to detect this association is 1,372 patients. Since only 29% of the cohort is expected to have an allergy label, the total cohort size required to ensure sufficient power for this analysis is 4,732 patients.
1.  Methods
 Study design and setting
The multicentre observational cohort study was conducted at 23 NHS hospitals. Ethical approval for the study was confirmed on 03/02/2022 by Yorkshire and the Humber- Bradford Leeds Research Ethics Committee (ref: 22/YH/0040). Data were collected over a 30-day period for patients undergoing a pre-defined list of surgical procedures, with only routinely collected data used. A standardised data set was collected for each patient recruited by the study investigator in all participating hospitals. The patient’s medical records were reviewed by a member of the research team, identifying significant events during admission. The primary outcome assessment occurred at 30 days after the index surgical procedure. Data were uploaded directly onto a bespoke and secure online database. There was no additional patient or primary care contact. 

Participants and data collection
Patients were aged 18 years and over at participating centres undergoing one of the below surgical procedures: 
· Colorectal resection 
· Elective Caesarean section
· Abdominal hysterectomy
· Vaginal hysterectomy
· Primary hip replacement 
· Primary knee replacement 
· Transurethral resection of prostate 
· Transurethral resection of bladder tumour 
· Open surgery for closed long bone fracture (leg or arm)  
Open, robotic, laparoscopic, laparoscopically assisted and laparoscopic procedures converted to open are all eligible versions of the above procedures


1. [bookmark: _Toc179720170][bookmark: _Toc180665188][bookmark: _Toc187751167]Exposures and outcomes 
Exposures
(1) Presence of any drug allergy label
(2) Presence of any antimicrobial allergy label
(3) Presence of penicillin allergy label
(4) Category of drug allergy label(s) reported by patient
(5) Number of drug allergy labels reported by patient
Primary outcome
All complications within 30 days after surgery 
Secondary outcomes
All infective complications within 30 days after surgery
Number of antimicrobial agents used from recruitment until 30 days after surgery 


1. [bookmark: _Toc179720171][bookmark: _Toc180665189][bookmark: _Toc187751168][bookmark: OLE_LINK63][bookmark: OLE_LINK64]Statistical analysis
Data Cleaning
A thorough data cleaning procedure will be implemented as follows:
· The database has been designed to minimise data entry errors by having various validations measures in place. The e-CRF provides a warning message and asks the user to confirm the value of any data entered which lie outside the pre-determined validity range (hard and soft ranges), e.g. if haemoglobin is less than 30 g/L or age greater than 100 years. 
· Data will be verified for duplicates and removed. 
Handling of missing data
Patients missing primary outcome measure data will be excluded from the analysis. For patients with <5% of data missing we will perform multiple imputation.

Characteristics of the cohort  
The following characteristics will be presented for all patients: 
· Age, mean (SD) and median (IQR)
· Gender, n (%)
· ASA grade (I, II, III, IV), n (%)
· Risk factors (obesity, antibiotics for pre-existing infection, immunosuppressant disease, active malignancy, current smoker, diabetes mellitus, poor nutritional state, immunosuppressant drugs, frailty, know carrier of resistant organism, chemo or radiotherapy), n (%) 
· Anaesthetic technique (general, spinal, epidural, other regional), n (%)
· Surgical procedure (colorectal resection, elective Caesarean section, abdominal hysterectomy, vaginal hysterectomy, primary hip replacement, primary knee replacement, transurethral resection of prostate, transurethral resection of bladder tumour, open surgery for closed long bone fracture), n (%)
· Wound contamination, n (%)
· Duration of surgery (<2, 2-<4, 4-<6, >6 hours), n (%)
· Proportion of all patients with one or more drug allergy label(s) (%)
The following characteristics will be presented for patients reporting drug allergy:
Category of drug allergy (any drug allergy; any antimicrobial allergy; penicillin allergy) n (%)
Analysis 
Descriptive analysis: 
A summary of descriptive data stratified by presence or absence of drug allergy label and further stratified by the presence or absence of an antimicrobial allergy label, including a penicillin allergy label. Continuous data will be presented as mean (SD) or median (IQR) and categorical data will be presented as number (%). Hypothesis testing will not be conducted on baseline data.  
Primary analysis 
Binary outcomes:
1. All complications within 30 days after surgery
To investigate associations between  the main exposure of interest (presence of drug allergy label) and the primary outcome, we will perform a mixed effects negative binomial regression or a mixed effects logistic regression model with a random intercept for site, adjusted by all other recorded variables one at a time. These effect estimates will be compared with the crude effect estimates for the main exposure. Finally, a mixed effects negative binomial model will be fitted to estimate the effect of the exposure of interest on the outcome, adjusted for any confounders. Covariates will be included in the model based on clinical plausibility using a forced simultaneous entry approach.
The baseline risk factors we will consider are as follows: age, gender, surgical procedure, current smoker, diabetes mellitus, ASA, wound contamination, duration of surgery, active cancer, liver cirrhosis, obesity, and frailty. For the analysis of mortality we will also include hypertension, heart failure, coronary artery disease, peripheral vascular disease, asthma/COPD as covariates. 

Secondary analyses
Binary outcomes:
1. All infective complications within 30 days after surgery
Count outcomes:
1. Total number of antimicrobial agents used from recruitment to 30 days after surgery
a) The analysis will be repeated using the presence of an antimicrobial drug allergy label(s) as the exposure of interest, and the outcome of incidence of infective complications. 
b)  The analysis will be repeated using the presence of an antimicrobial drug allergy label(s) as the exposure of interest, and the outcome of total number of antimicrobial agents used 
Subgroup analysis

Binary outcomes:
· All complications within 30 days after surgery
· All infective complications within 30 days after surgery
Count outcomes:
· Total number of antimicrobial agents used from recruitment to 30 days after surgery
· Number of drug allergy labels reported by patient
Categorical outcome:
· Category of drug allergy label(s) reported by patient

I. The analysis will be repeated using the presence of a penicillin allergy label as the exposures of interest and the outcomes of interest as:
a) Incidence of all complications
b) Incidence of all infective complications
c) Total number of antimicrobial agents used
II. The analysis will be repeated using the category of drug allergy label as the exposure of interest, and the outcome of all complications
III. The analysis will be repeated using the number of drug allergy labels as the exposure of interest, and the outcome of all complications.
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1. [bookmark: _Toc179720173][bookmark: _Toc179720692][bookmark: _Toc180665190]Appendix 1: Dummy tables
Table 1: Patient baseline and operative characteristics

	Patient baseline and operative characteristics
	Number of patients with available data – no. (%)
	Summary measure

	Gender – no. (%)
	
	

	   Male
	
	

	   Female
	
	

	Age (years)
	
	

	   Mean (SD)
	
	

	   Median (IQR)
	
	

	a American Society of Anaesthesiology grade – no. (%)
	
	

	   I
	
	

	   II
	
	

	   III
	
	

	   IV
	
	

	Documented drug allergies – no. (%)
	
	

	   Yes 
	
	

	   No
	
	

	b Risk factors – no. (%)
	
	

	   Obesity (BMI ≥ 30)       
	
	

	   Liver cirrhosis
	
	

	   Heart failure
	
	

	   Hypertension
	
	

	   Asthma/COPD
	
	

	   Diabetes mellitus           
	
	

	   Active cancer
	
	

	   Coronary artery disease
	
	

	   Stroke
	
	

	   Peripheral vascular disease
	
	

	   Current smoker
	
	

	Anaesthetic technique – no. (%)
	
	

	   General
	
	

	   Spinal
	
	

	   Epidural
	
	

	   Other regional
	
	



Abbreviations: SD, standard deviation; IQR, Interquartile range 
a American Society of Anaesthesiology grades are defined as follows (grade 5 patients were not eligible for inclusion): 1, a healthy patient; 2, a patient with mild systemic disease that does not limit physical activity; 3, a patient with severe systemic disease that limits physical activity; and 4, a patient with severe systemic disease that is a constant threat to life.
b Patient may have more than one risk factor. 

Table 2: Clinical care 
	Clinical characteristics
	Number of patients with available data – no. (%)
	Summary measure

	Anaesthetic technique – no. (%)
	
	

	   General
	
	

	   Spinal
	
	

	   Epidural
	
	

	   Other regional
	
	

	Surgical procedure category – no. (%)
	
	

	   Colorectal resection    
	
	

	   Elective Caesarean section
	
	

	   Abdominal hysterectomy
	
	

	   Vaginal hysterectomy
	
	

	   Primary hip replacement
	
	

	   Transurethral resection of prostate
	
	

	   Transurethral resection of bladder tumour
	
	

	   Open surgery for closed long bone fracture (leg or arm)     
	
	

	Wound contamination during surgery – no. (%)
	
	

	   Yes
	
	

	   No
	
	

	Operative time – no. (%)
	
	

	   0-<2 hours
	
	

	   2-<4 hours
	
	

	   4-<6 hours
	
	

	   > 6 hours
	
	



Table 3: Antimicrobial administration during and after surgery   
	Antimicrobial administration
	Number of patients with available data – no. (%)
	Summary measure

	Prophylactic antimicrobial use 
	
	

	     Start of surgery – no. (%)
	
	

	     Number of doses 
	
	

	Mean (SD)
	
	

	Median (IQR)
	
	

	Further antibiotics during surgery – no. (%)
	
	

	      Number of doses 
	
	

	Mean (SD)
	
	

	Median (IQR)
	
	

	After surgery – no. (%)
	
	

	      Number of doses 
	
	

	Mean (SD)
	
	

	Median (IQR)
	
	

	Therapeutic antimicrobial use to treat an infection - no. (%)
	
	

	Indication - no. (%)
	
	

	Route of antimicrobial administration - no. (%)
	
	

	   Intra-venous
	
	

	   Oral
	
	

	Patient discharged with an antimicrobial prescription - no. (%)
	
	

	Total duration of all therapeutic antimicrobials (days)
	
	

	   Mean (SD)
	
	

	   Median (IQR)
	
	

	Total number of antimicrobial doses administered 
	
	

	   Mean (SD)
	
	

	   Median (IQR)
	
	

	Antibiotic class - no. (%)
	
	

	   None
	
	

	   Cefuroxime
	
	

	   Co-Amoxiclav
	
	

	   Metronidazole
	
	

	   Gentamicin
	
	

	   Teicoplanin
	
	

	   Other
	
	



Table 4: Primary analysis    

Table 5: Secondary analysis

Table 6: Reintervention and hospital stay within 30 days of surgery




Figure 1: Patient flow chart
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