When can an enhanced critical care team add value to equestrian related incidents?
A retrospective observational study
Abstract
Background
Helicopter Emergency Medical Services (HEMS) may be tasked to equestrian related incidents. Previous studies have suggested that majority of patients do not require HEMS specific interventions. No data has been published since 2015 so this article aims to establish the current incidence of equestrian incidents attended by one UK HEMS and identify trends that would aid the dispatch of HEMS to the patients who most need it. 
Methods
A retrospective review of the computerised record system for one UK HEMS was performed between 1st January 2015-30th June 2022. Demographic data, timings, suspected injury pattern and HEMS specific intervention details were extracted. The 20 patients with the highest confirmed injury burden were reviewed in detail.
Results
257 patients (229 female) were treated by HEMS (0.02% of all HEMS dispatches). Of those 124 dispatches were due to interrogation of the 999 calls by a clinician on the dispatch desk. Only 52% were conveyed to hospital by the HEMS team; 51% had no HEMS specific intervention. Of the 20 most severely injured patients their pathology included splenic, liver, spinal cord and traumatic brain injuries. 
Conclusion
Whilst HEMS dispatches to equestrian incidents remain a small percentage, there are four mechanisms that may benefit due to potential injury burden: fall onto head with suggestion of hyper-extension or hyper-flexion injury; kick to the torso; horse fallen or repetitively rolled onto patient and, no movement of patient since incident. In addition, age >50 years should be considered as higher risk. 

Highlights
· Equestrian related incidents represent a small proportion of HEMS dispatches.
· The majority of injuries are minor and can be safely managed by non-HEMS emergency medical services.
· Several mechanisms exist that should be considered high risk and are likely to benefit from enhanced critical care teams.
· 

Introduction
The British Horse Society estimates that 1.8 million people with the United Kingdom (UK) are regular riders and 3 million have ridden a horse in the last year.[1] In 2019-20 (prior to the COVID-19 pandemic), 3298 patients were admitted to a UK hospital due to an episode related to being either an animal rider or an occupant of an animal drawn vehicle (0.2% of all admissions due to external causes). Of the admissions 2901 (88%) patients were female, with 314 (10%) patients being aged 10-14 and 671 (20%) being between 50-60 years old respectively.[2]  
It is recognised that equestrian related accidents can cause severe injury, due to the weight of the horses and speed that the animals can move.[3] One USA study of equestrian related injuries found the most common area of injury was in the thoracic region.[4] Only 1.4% of patients presented to the emergency department with a systolic blood pressure <90mmHg but 3.58% presented with a Glasgow Coma Scale (GCS)≤8.[4] The study concluded that the patients with severe impairment were most likely to be as a result of head and neck injuries, also found to be the leading cause of death.(4) Other studies have shown that females are more commonly injured than men.[3, 5, 6] Patients that are kicked by the horse were found by one study to have higher odds for surgical therapy and/or intensive care unit admission.[6] There is also a suggestion that patients over the age of 54 have higher injury burdens and as age increases patients are more likely to require intensive care admission.[5, 6] 
Three previous studies have looked at the Helicopter Emergency Medical Service (HEMS) dispatch to equestrian related incidents.[7-9] The rate of equestrian jobs attended ranged from 3% to 6.8%.[7-9] The rate of patients requiring prehospital anaesthesia ranged from 3% to 10%.[8, 9] In one study, no patients required ketamine for analgesia or conscious sedation.[9] Another study developed injury severity markers, including “kick to the body” and “no helmet” and “unable to mobilize after accident”, although no individual marker resulted in a 100% transportation to a Major Trauma Centre (MTC).[8] All the studies suggested that the majority of patients injured in equestrian incidents do not require HEMS specific interventions and improved dispatch criteria is needed, although dispatches may not be due to injury mechanism but instead be due to the limited access for road ambulances.[7-9]
Since 2015 no further data on equestrian related incidents by HEMS teams has been published, despite recognition that improvement in helmet technology is likely to have reduced severe head injuries by 50%.[10] The aim of this study is therefore to establish the current incidence and demographics of equestrian incidents attended by one HEMS service, including the need for HEMS specific interventions (such as sedation and prehospital anaesthesia). In addition, the 20 most severely injured patients will be identified to see if trends can be identified to aid dispatch and triage to these patients. 

Materials and Methods
XXX  is dispatched mainly to incidents within the XX (a population of approximately 2.9 million) but will also attend incidents in neighbouring counties such as XX. Since the 7th October 2019 the HEMS team have operated 24 hours a day, 365 days a year, with two aircraft and night-time rapid response road vehicle. Prior to this there was a 24-hour service from a Friday to a Sunday only, with the remainder of the week being operated until 10pm. Blood has been carried by the service since 2019.[11] The HEMS team typically consists of a physician and critical care paramedic; the physician must have at least six months of anaesthetic experience and the majority are from an anaesthetic or emergency medicine background. The HEMS team are dispatched by the critical care desk (CCD) staffed by a critical care dispatcher and a HEMS paramedic. Dispatch of enhanced care assets are based on either an immediate send (based on immediate dispatch criteria), following interrogation of a call by a HEMS paramedic or following a crew request placed to CCD direct. 
A retrospective review of the computerised HEMSbase record system (HEMSbase 2.0 Medic One Systems, London, UK) was performed from the 1st January 2015 (inception) to the 30th June 2022, resulting in 7.5 years of data. All missions were reviewed for equestrian related incidents and relevant missions were extracted into Microsoft Excel in an anonymised manner. Demographic data, timings, suspected injury pattern and HEMS specific interventions were extracted. The 20 patients with the highest confirmed injury burden (based on hospital follow up) were reviewed in detail. All data was analysed using Microsoft Excel. Local research policies were satisfied; ethical approval was not required due to this being a service evaluation.[12] The Strengthening the Reporting of Observational Studies in Epidemiology checklist was completed.[13] 

Results
Between January 2015 and July 2022, the HEMS team were dispatched 294 times for equestrian related injuries, 0.02% of all HEMS dispatches (n=15491) during that period. Notably, 124 (42%) followed interrogation of the call by a HEMS paramedic, and 62 (21%) were the result of on-scene paramedic request. Of the 294 dispatches, 37 (13%) were stood down prior to patient contact, usually because of diversion to a higher priority job or the HEMS team not being required clinically. Interestingly, five of those actually occurred despite landing at scene as the HEMS clinical team was not required by the paramedics present. 
Of the patients attended, 28 were male and 229 (89%)  were female.  The mean age was 39 years (median age = 40, range 7 to 85 years). The mean time from 999 call to arrival of the HEMS team on scene was 43 minutes and 40 seconds, a median time of 34 minutes (range from 14 minutes to 2 hour 39 minutes). One hundred and thirty four (52%) of the patients were conveyed to hospital by the HEMS team (n=68 to a major trauma centre and 3 to a specialist neurosurgical centre), with the remainder being reviewed and treated on scene and left in the care of the ambulance service.   
[bookmark: _Hlk133414537]Figure 1 shows the suspected injury pattern identified by the HEMS clinicians on primary and secondary survey of the patients:
Figure 1 about here
Fifty one percent of patients required no HEMS specific interventions. Table 1 shows the breakdown of HEMS specific interventions performed on scene by the HEMS clinicians:
Table 1 about here
[bookmark: _Hlk133412356][bookmark: _Hlk133415453]Follow-up data are unavailable for 184 patients (71.6%) due to the difficulty in obtaining follow-up data from hospitals (no formal data sharing agreements as yet exist between HEMS and the surrounding hospitals). The four patients with suspected spinal cord injury secondary to spinal fractures were all confirmed on CT. Five of the suspected traumatic brain injuries were found to have no abnormalities on CT head. Three of the 12 patients who received prehospital anaesthesia were found to have no evidence of intracranial bleeding on CT scan (agitation and/or decreased GCS being the reason documented for prehospital anaesthesia). As part of the local clinical governance process and quality assurance, all these cases were discussed in our death and disability meetings to ensure any potential learning was addressed. One patient who received a prehospital anaesthetic later died due to a significant brain injury (confirmed extradural haemorrhage), the only identified death in this data set. Two liver lacerations were confirmed; one patient that was believed to have a splenic injury was instead found to have a liver laceration. One of the suspected spleen injuries (with the associated flail chest) was confirmed to have a splenic laceration. The suspected pelvic fracture with haemodynamic instability was confirmed to have an unstable pelvic fracture for which a binder was applied and tranexamic acid administered (no blood could be administered as this was prior to the HEMS team carrying blood). In total, for the follow up data available, eight patients (11%) were found to have some form of intracranial bleeding (contusions and/or subdural haemorrhage and/or extradural haemorrhage and/or traumatic subarachnoid blood). 
[bookmark: _Hlk133413851]Of the 73 patients with follow-up data available, the authors used their clinical judgement based upon the clinical information available to identify the 20 most severely injured patients. The demographics and clinical history for these patients were then reviewed in detail and the findings displayed in Table 2. The patient with a traumatic cardiac arrest could not be included as formal follow-up data were unavailable. 
Table 2 about here
The median age of the 20 most severely injured patients was 52.5 years (a mean of 48.4 years).

Discussion
Overall, the dispatch to equestrian related events in a semi-rural area account for a very small percentage (0.02%) of all the HEMS dispatches during that time. This is significantly lower than previous studies published by UK HEMS services.[7-9] This may be due to the increased focus on protective equipment for equestrian activities, such as improved helmet standards and increased utilisation of personal protective equipment such as air jackets and body protectors.[10] Alternatively, it may be due to the greater understanding previous studies have given us regarding likely severity markers in this population.[8]
The high percentage of females involved in these accidents is consistent with the previous HEMS studies.[7-9] The average age was slightly higher than described in previous studies.[7, 8] It is, however, interesting that of the 20 most severely injured patients there was a significantly higher average age (48.4 years versus 39 years overall). Indeed, of the 12 patients who received prehospital anaesthesia the average age was again higher at 48.4 years. One in-hospital study has previously shown that the length of stay in hospital increases in age following an equestrian accident, as well as the chance of requiring intensive care treatment.[6] This reinforces previous findings that increased age should be considered in dispatch criteria. 
Over half of the patients attended by the HEMS team did not require HEMS specific interventions and almost half did not require transport to hospital by a HEMS team. This is consistent with previous HEMS studies, although it should be noted that unlike the McQueen et al. study there were 24 patients who received prehospital sedation and joint manipulation.[7, 9] There were some examples, like in the McQueen study, where the HEMS team was dispatched and arrived first on scene due to the remote nature of the accident.[9] Whilst other services may benefit from teams such as Mountain Rescue, this is not possible in the very flat countryside of XX; instead the Hazardous Area Response Team (part of the ambulance service with equipment such as off-road vehicles available) may be of more benefit to these patients if no HEMS intervention is merited.[9]
In terms of injury pattern, the most common diagnosis suspected on scene was soft tissue injury (n=39) followed by ‘concussion’ (n=35). Traumatic brain injuries (greater than simple concussion) were suspected in 11 patients, spinal cord injuries in four patients, flail chest injuries in six patients, splenic injuries in five patients and liver lacerations in four patients. Twenty patients had a lower limb fracture. There is a recognition that head injuries are more common than spinal injuries, but spinal cord injuries with significant morbidity can occur, and this is consistent with previous studies.[3, 5]
Given that half of all patients did not require a HEMS intervention it is important to try and identify criteria that may facilitate appropriate HEMS dispatch. It is interesting that of the 20 most severely injured patients, six of these were crew requests and there was a huge range in HEMS arrival times (from 14 minutes from 999 call to 2 hours 39 minutes). Kent Surrey and Sussex Air Ambulance (KSSAA), which covers a similar area to XX, suggested nine severity criteria.[8] Of those, the three with the highest correlation for the patient requiring a major trauma centre were kick to the head, no helmet worn and horse landing on the patient.[8] Seven of the most severely injured patients described above were kicked or trampled on the abdomen or chest, fitting with the KSSAA criteria.[8] Three of the patients had the horse land on them and/or roll on them, again fitting with the KSSAA criteria.[8] KSSAA also suggested that landing on the head could be a severity marker criteria, and our data support this, although our data would suggest that this could be expanded further to include a hyper-flexion or hyper-extension injury, as was seen in nine of the most severely injured patients.[8] We would suggest the following as immediate HEMS dispatch criteria for equestrian related accidents:
· Fall onto head with suggestion of hyper-extension or hyper-flexion injury and a history from a witness consistent with this. 
· Kick to the torso
· Horse fallen or repetitively rolled onto patient.
· No movement of patient since incident
· [bookmark: _Hlk133415556]Age >50 years should have a lower threshold for immediate dispatch
Limitations
[bookmark: _Hlk133413456]This study is limited to a retrospective review of one service, although it does cover a seven year time period. Due to outcome data being available for only 28% of cases, the conclusions drawn from this study must be viewed with considerable caution. The data that is available is most often for those patients who transported to an MTC. The presence of serious occult injuries, subsequent deterioration and even death may have occurred in the other 72% of patients. However, it is not unreasonable to assume that those patients with a history and clinical findings (by an experienced HEMS team) justifying transport to a MTC represent the group likely to have the greatest injury burden and risk of death. However, it is recognised that the lack of formal data sharing agreements between HEMS teams and NHS organisations across the country limits the follow-up available. If these were in place it would allow greater follow-up and learning regarding all patients and may alter the dispatch criteria suggested. It would also be beneficial to gain follow-up Trauma Audit and Research Network (TARN) data, including the Injury Severity Score (ISS) for all HEMS patients to aid with recognition of the most severely injured patients. Going forward we encourage further engagement with networks such as PHEM feedback to improve this.[14]
 It is possible that there were individuals seriously injured following equestrian accidents during the study period that did not receive a HEMS response who may have benefited from one. However, the high percentage of ambulance paramedic requests (21%) for HEMS support suggests that on-scene paramedics are recognising patients that may benefit from HEMS interventions. 
Finally, the mechanisms of injuries, for example a hyper-flexion or hyper-extension injury, as reported by witnesses, are somewhat subjective and therefore to difficult to quantify accurately. Importantly, you have no idea how many patients may have had such a mechanism observed but incurred no significant injury. There may also be witness bias – where the observer is more likely to report such a mechanism when the patient appears seriously injured. Intuitively one would expect this mechanism to be a relevant marker for potentially serious injury, and there appears to be a correlation, but it remains unquantified. 
Conclusion
Whilst compromising a very small percentage of HEMS dispatches, equestrian accidents can result in a very high burden of injury that would benefit from a HEMS team. Although the vast majority can be managed safely by the standard ambulance service. In some cases, HEMS teams can provide sedation, joint manipulation, and packaging for a patient, which can then be handed over to the ambulance service if deemed clinically appropriate. Further refinement on dispatch is required but hyper-flexion or hyper-extension injuries of the neck and being kicked/trampled/fallen onto or rolled repetitively onto the abdomen/chest region by a horse are suggested as key triggers for dispatch, particularly for those aged over 50 years. 
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Figure Captions
Figure 1: Suspected injury pattern of patients by body region


Table captions
Table 1: HEMS specific intervention and the number of patients who received them
Table 2: Description of Patients with Highest Injury Burden
