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Paediatric Multisystem Inflammatory Syndrome temporally associated with SARS-CoV-2 (PIMS-TS) causes prolonged hospitalisation and morbidity.  The longer term neurological and health outcomes in children following PIMS-TS are largely unknown.
Methods:
In this single-institution study, we evaluated the domains of daily living, physical, emotional, and quality of life outcomes at 6 months following PIMS-TS. Data were collected by telephone questionnaire interviews with parents and children and also using standardized assessment tools –PedsQL-Multidimensional Fatigue Scale, and Paediatric Symptom Checklist (PSC). 
Results
Data were obtained from 81 children admitted with PIMS-TS between April and August 2020. 49 were males (60%) and 52 (63%) non-white. Median age was 9 years (8-17 years) with length of stay of 6 days (range 1-22 days) 
On admission, 34 children (42%) had difficulties with activities of daily living whereas only 5 (6%) persisted on 6 months follow up.  Exercise intolerance/mobility difficulty was observed in 40 children (9%) on admission compared to 20 (25%) 6 months later.
Predictors associated with difficulty in exercise tolerance/mobility were obesity (OR=4.0; p=0.03) and older age (OR=1.1; p=0.086). Sex and length of stay did not influence worse outcome. Inflammatory markers on admission (CRP, fibrinogen, D-dimer and ferritin) did not correlate with worse outcome at follow-up. The PedsQL-Multidimensional Fatigue Scale revealed a median score of 94 (IQR 83-100) indicating an overall average range quality of life.
The PSC were in line with population prevalence of behavioural/emotional difficulties: 10% had difficulties with attention; 7% and 4% of patients had internalizing and externalizing difficulties, respectively
Conclusion:
Overall, patients with PIMS-TS have good short-term outcomes at 6 months with respect to daily functioning, quality of life, and behaviour. One in four had some difficulty with mobility/pain requiring rehabilitation, with main risk factors being obesity and older age. Further studies are required to evaluate long-term sequelae.
Paediatric inflammatory multisystem syndrome: neurological, quality of life and adaptive functioning outcomes and predictors

Introduction
Background
From March 2020 during the coronavirus pandemic it became apparent that there was a significant minority of paediatric patients requiring hospital admission with fever and multi organ system involvement (Toubiana  et al., 2020) (Riphagen et al 2020). This emerging condition was to be labelled as ‘paediatric multisystem inflammatory syndrome temporally associated with COVID-19’ (PIMS-TS), ultimately becoming a familiar entity to the paediatric population following the third wave of the SARS-CoV-2 pandemic.  PIMS-TS can present with a wide range of multi-organ dysfunction which can include fever, shock, abdominal pain, vomiting, breathing difficulties and cardiac involvement (Flood et al., 2020). However, as many of these symptoms can present with other illnesses early recognition can be a challenge which may impact commencing appropriate early supportive management.  
Although initial studies have found PIMS-TS to have a low mortality (Davies et al., 2020), with some understanding of the immediate neurological morbidity (Sa et al., 2021), what is less know is the adaptive functioning and patient health outcomes. There is minimal information that looks at the long term effect PIMS-TS has on children which is likely to have an unforeseen impact on the wider family who have experienced the ongoing symptoms the child is experiencing. Through understanding more on the long term impact PIMS-TS has on children and by having early intervention from a multi-disciplinary team with timely resource provision, we can aim to minimise the effect this can have on the child’s quality of life, school attendance and everyday functioning. The aim of this study was to understand the longer term neurological and health outcomes and their predictors in children following PIMS-TS by identifying physical and psychological impact on children and families following admission for PIMS TS.

Methods
A retrospective cross-sectional review of patients with PIMS-TS admitted to Evelina London Children's Hospital was performed to identify any ongoing concerns in resuming normal daily activities following an acute admission for PIMS-TS and signpost to resources or therapy interventions that may help.
Patients younger than 18 years and admitted between April and August 2020 Evelina Children’s ward and PICU who met the Royal College of Paediatrics and Child Health case definition (REF) (persistent fever, inflammation, and evidence of single or multiorgan dysfunction and exclusion of other microbial causes) following review by a multidisciplinary team comprising of at least 1 each of infectious diseases, intensive care, cardiology, rheumatology, and general paediatric specialists, were identified from secure locally created databases and cross referenced with clinical records. A record for each patient was set up prior to the call with wider demographic information, developmental history and a list of comorbidities. Follow up data was obtained by means of a telephone interview from children and parents using standardized assessment questionnaires and a structured interview.
The questionnaire was completed either over the telephone or via MS teams as part of a scheduled outpatient consultation, with either a therapist or member of the medical team. Details of the consultation were stored in the patient’s notes and the questionnaires were uploaded electronically to the patients file. Data was also entered on the patient database which was stored securely.
The following standardised assessments were used: The children’s impact of event scale (CRIES) (Perrin e al 2005), Paediatric Symptom Checklist (Jellinek et al 1999), PEDS QL Fatigue Scale (Varni et al 2022). Consent for use of the scales both clinically and for publication was obtained from the authors.
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Results
Data were obtained from 81 children admitted with PIMS-TS between April and August 2020.  Initially 82 had outcome data but 1 was excluded as had cerebral palsy with epilepsy. 49 were males (60%) and 52 (63%) non-white. Median age was 9 years (range 8-17 years, IQR 5-13) with length of stay of 6 days (range 1-22 days, IQR 5-9). 	Comment by Lim Ming: see Table 2 of Sa et al – that is the data that you need  - Sonia will be able to generate this data from the database 
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Inflammatory markers were taken on admission (CRP, fibrinogen, D-dimer and ferritin). The mean fibrinogen was 6 (ref range 1.4-4 g/dl), with a SD of 2, 95% lower CL of mean of 6, and 95% upper CL of mean of 6. The mean D-dimer was 8 (ref range <0.5mg/l), with a SD of 14, 95% lower CL of mean of 5, and 95% upper CL of mean 12. The mean CRP was 193 (ref range <5.0mg/l), with a SD of 101, 95% lower CL of mean of 169, and 95% upper CL of mean 218. The mean Ferritin was 965 (ref range 12-200ug/l), with a SD of 2062, 95% lower CL of mean of 458, and 95% upper CL of mean 1472. 
The Paediatric symptom checklist for psychosocial screen was completed for 69 patients and this indicated marginal difficulties with 10% (7) of children suffering for lack of attention and ability to focus on given tasks. 7% (5) of children appeared to be internalising their problems and 4% (3) were externalizing their difficulties.
From the PaedsQL assessment, 25% of children scored 83, 75% scored 100. The higher the score is indicative of a good quality of life.  This PedsQL-Multidimensional Fatigue Scale revealed a median score of 94 (IQR 83-100), indicating an overall average range quality of life. Amongst the subscales, it was noted that sleep was affected the most with an average overall score of 96. 


Table 4 – Exercise intolerance/ mobility difficulty
	
	No exercise mobility difficulty  (n=61)
	exercise mobility difficulty (n=20)
	Odds ratio (95% CI)
	significance

	Age (median IQR)
	8 (4-13)
	12 (8-15)
	1.1 (0.99-1.3)
	P=0.086

	Sex (Female %)
	27 (44%)
	5 (25%)
	0.43 (0.13-1.5)
	P=0.43

	Ethnicity (white)
	22 (36%)
	7 (35%)
	2.1 (0.59-7.7)
	P=0.25

	Obesity
	14 (23%)
	10 (50%)
	4.0 (1.1-13.7)
	P=0.03

	Length of stay (median IQR)
	6 (5-9)
	8 (6-10)
	-
	-



Discussion
In this single-institution study, we evaluated the domains of daily living, physical, emotional, and quality of life outcomes at 6 months following PIMS-TS from 81 children.  Upon admission, 42% (34) struggled with activities of daily living such as getting in and out of the bathtub, washing, toileting and eating/drinking. However, only 5 (6%) of children had some difficulties at follow up. This indicates an overall good outcome in these children with minimal patients having long term impact in carrying out daily activities. 
The key finding of our study was having a greater understanding that exercise intolerance and mobility difficulty was reported by almost half the children (45%). On follow up, this number significantly decreased to 15%. Pain was another area that was reported on admission at 29%, with 15% of children reporting pain on follow up. This is significant in showing a health sequela of reduced exercise tolerance and pain in a portion of those impacted 6 months after PIMS-TS.  Theories as to why children have reduced exercise tolerance include possible myopathy caused by PIMS-TS, high corticosteroid doses being given to patients that led to an increased BMI (Haran et al., 2018), national lockdowns with limitations to school physical education and outdoor sports/activities, and sedentary lifestyle. This adds further evidence that reduced exercise tolerance occurs in those that have had PIMS-TS in the long term. Penner et al., (2021) study further validated this finding by noting that physiotherapists had ongoing concerns regarding persisting poor exercise tolerance in those affected by PIMS. 
Regarding predictors, children of an older age and those that were obese, generally had worse outcomes. Gender, length of stay and mean inflammatory markers did not have any prognostic value. Interestingly, Sa et al (2021) noted there were higher inflammatory markers in those with ongoing neurological involvement compared to those that had fully recovered.  An important observation in our study was that the inflammatory markers had no correlation as a predictor for quality of life and adaptive functioning in those impacted by PIMS-TS. Taking into account these predictors that obese and older child had a worst prognosis on follow up from PIMS-TS, an area to address this would be establishing multidisciplinary clinics to follow children up who are at risk of morbidities arising from admission to hospitals with critical illnesses. MDT clinics have proved successful in adults ICU follow ups (Fonsmark & Rosendahl 2018) but their use in PICU discharges lacks evidence. 
Penner et al (2021) highlighted their concerns for mental health support in those impacted with PIMS-TS. An area that was looked into was children experiencing PTSD from their PIMS-TS admission. The data collected from 24 children out of 47 (ages 8-18) using the CRIES questionnaire, indicated little or no risk for PTSD following admission with only one child exhibiting areas of concern. 10% of the children suffered from lack of attention and ability to focus on given tasks. However, assessments made on children without baseline neurocognitive testing is difficult and may be biased, working from parent’s recollection and reporting and theses externalising and internalising scores are similar to background rates of population.  
We have found with our cohort, that remote consultations, implementing patient specific tools for assessment and monitoring outcomes, as those used in this report, gives us a good assessment of the short term outcomes. This can potentially be implemented in lower income countries where setting up MDT clinics are difficult and require extra funding. It also proved beneficial in the midst of the pandemic where for patient safety, face to face visits to hospitals were discouraged. Unlike previous research, this study gives us a greater insight in the long term neurological, adaptive functioning outcomes and predictors from those affected by PIMS-TS. 
Limitations of this study include its single centre nature and bias for patients that have been most sick with PIMS-TS. PIMS-TS remains a rare condition with longer –term multi centred studies are required to validate our findings. Our study which has a holistic approach to data, highlights the importance of an MDT approach to understanding more on the long term neurological outcomes, quality of life, adaptive functioning and predictors of PIMS-TS recovery. Overall, patients with PIMS-TS have good short-term outcomes at 6 months with respect to daily functioning, quality of life, and behaviour. One in four had some difficulty with mobility/pain requiring rehabilitation, with main risk factors being obesity and older age. Further studies are required to evaluate long-term sequelae however.
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