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INTER-RATER AGREEMENT OF SERIAL RADIOGRAPHS TO IDENTIFY NON-PROGRESSION OF INGESTED MULTIPLE MAGNETS IN CHILDREN.
Paediatric Surgical Trainee Research Network
Multiple magnet ingestion (MMI) by children is increasing in incidence [1]. Magnets can attract one another from different locations within the gastrointestinal tract, causing fistulae, perforation and an increased risk of segmental volvulus, meaning MMI is associated with a high rate of intervention [2]. Most children are asymptomatic, so the decision to intervene is commonly determined by serial plain film radiographs (XR) demonstrating the absence of progression [3]. Current guidelines suggest repeating XRs every 6 – 12 hours [4].
This study aimed to investigate the inter-rater agreement of specialist paediatric surgeons assessing multiple magnet progression on serial XRs and to investigate whether there was variation in subsequent management. Surgeons were surveyed as they typically make the decision to intervene endoscopically or surgically.
An online survey was disseminated to paediatric surgeons. Four serial anonymised abdominal XR (AXR) from four children after MMI were shown sequentially to survey participants (Figure 1). The timing of each AXR after the first was shown in hours. After each AXR, participants were asked whether they thought the magnets had progressed (yes, no, or unknown) and their subsequent management (discharge with safety-netting, repeat AXR 6 – 12 hours, repeat AXR 12 – 24 hours, repeat AXR 24 – 48 hours, repeat AXR >48 hours, endoscopic retrieval, laparoscopic retrieval, or laparotomy and retrieval) assuming the child was asymptomatic. The outcomes (undisclosed to participants) were that two children passed the magnets without intervention and two children developed intestinal fistulae requiring surgical treatment and retrieval. 
Agreement of the assessment of progression and subsequent management were evaluated using Krippendorff’s alpha (KA) coefficient with bootstrapped 95% confidence intervals (CI). KA >0.8 indicates strong agreement and <0.6 indicates low agreement. 
Thirty paediatric surgeons completed the survey: 10 (33%) consultants, 17 (57%) ST5 – ST7 trainees, and three (10%) junior trainees (≤ST4). Experiences of MMI varied, with 9/30 (30%) involved in <10 cases, 19/30 (63%) involved in 10 – 50 cases, and 2/30 (7%) involved in >50 cases. 
For each individual AXR reviewed there was low agreement between respondents for both assessment of multiple magnet progression, KA=0.544 (CI 0.345 – 0.724) and subsequent management, KA=0.431 (CI 0.215 – 0.666). Classifying subsequent management as discharge, repeat AXR or intervention also showed low agreement, KA=0.578 (CI 0.341 – 0.781). In the two children who developed a fistula and underwent surgery, non-progression was identified by the fourth AXR by 27/30 (90%) and 24/30 (80%) surgeons respectively, and surgical retrieval was suggested by 25/30 (83%) and 22/30 (73%) (Table 1).
In this study, low agreement was observed for the assessment of multiple magnet progression on serial XRs. However, ≥80% of surgeons identified non-progression in the children who developed complications by the end of the series. This suggests that assessment of multiple magnet progression is a useful diagnostic tool, but there is no consensus on its definition. Objectively defining progression would allow for earlier diagnosis and treatment of complications, and reduce radiation exposure. We also observed low agreement for subsequent management. Further work should include defining multiple magnet progression, and creating an evidence-based investigation and treatment pathway for MMI.  
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Figure 1 – The abdominal plain film radiograph series for patient one.

Table 1 – Proportion of surgeons classifying magnets as non-progressing and opting for surgical removal after each radiograph. Patients one and two developed fistulae (magnets did not progress). Patients three and four passed the magnets without intervention. AXR – abdominal plain film radiograph.
	
	First to Second AXR
	Second to Third AXR
	Third to Fourth AXR 

	
	Not progressing
	Surgical Removal
	Not progressing
	Surgical Removal
	Not progressing
	Surgical Removal

	Patient One 
	17/30 (57%)
	3/30 (10%)
	26/30 (87%)
	25/30 (83%)
	27/30 (90%)
	25/30 (83%)

	Patient Two 
	0/30 (0%)
	2/30 (7%)
	22/30 (73%)
	10/30 (33%)
	24/30 (80%)
	22/30 (73%)

	Patient Three 
	0/30 (0%)
	0/30 (0%)
	6/30 (20%)
	3/30 (10%)
	0/30 (0%)
	0/30 (0%)

	Patient Four
	12/30 (40%)
	3/30 (10%)
	0/30 (0%)
	0/30 (0%)
	0/30 (0%)
	0/30 (0%)
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