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Aim: The study assesses the burden and costs of recurring unexplained syncope and injuries and the effec-
tiveness of implantable loop recorders. Methods: The English national hospital database (Hospital Episode
Statistics) was retrospectively analyzed. Results: 12,002 patients were identified with repeated syncope
hospitalizations. 25% of patients were hospitalized at least once again for syncope, 9% of the patients
were hospitalized at least once for an injury, causing substantial costs. In the second analysis: 10,902 pa-
tients implanted with an implantable cardiac monitor were tracked. By year 3, hospitalizations due to
syncope had dropped by 60% versus pre-implantable cardiac monitor (ICM) levels. Conclusion: This study
shows a high rate of recurrent syncope admissions and a parallel burden of hospitalizations for injuries.
Use of an ICM appears to reduce syncope hospitalizations.
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Syncope is a transient loss of consciousness due to cerebral hypoperfusion. The prognosis ranges from benign to
life threatening, depending on the underlying cause. Its incidence increases with age, with a sharp rise after the age
of 70 years [1]. Since many countries are undergoing major demographic changes with more and more people aged
over 70, there is a pressing need to analyze current care pathways and healthcare delivery in order to monitor and
reduce healthcare costs, which will otherwise be unaffordable.

Diagnosis of the underlying cause of syncope can be challenging as patients generally do not have symptoms
when they seek medical care and diagnostic tests undertaken when they are asymptomatic may be normal. In the
elderly, syncope may also masquerade as falls [2]. Syncope remains undiagnosed in up to a third of patients after
initial clinical investigations. Irrespective of the cause of syncope, when it remains undiagnosed and untreated, it is
likely to recur, putting a strain on patients and their carers [3]. Patients’ quality of life of syncope patients has been
shown to be as severly afftected as for patients with chronic diseases such as end-stage kidney disease or structural
heart disease [4-6].

Even more importantly, studies have also shown an association between syncopal events in otherwise healthy
individuals and increased morbidity and mortality [7,8]. Cardiac syncope is estimated to double the risk of death [1].
Recurrent syncope also carries a substantial risk of falls and related injuries; 29% of syncope patients present with
injury and trauma in the ED, with 5% of patients being severe cases [9].

Recurrent syncope is likely to be a burden for healthcare systems due to emergency care, injuries and repeated
hospitalizations. The costs of evaluating syncope are further increased as diagnostic assessment has been shown to be
unstructured in many hospitals irrespective of guidelines [2,10,11]. Patients can be seen by three different specialists
and undergo 13 tests without receiving a diagnosis. Standard tests tend to be repeated many times, including
various expensive diagnostic tests which have a low diagnostic yield in unexplained syncope patients [10,11].
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In order to improve the diagnostic yield of syncope investigations, the Transient Loss of Consciousness (T-LOC)
Guidelines by the National Institute for Health and Care Excellence (NICE) as well as the Syncope Guidelines
by the European Society of Cardiology (ESC) and by the American College of Cardiology/American Heart
Association/Heart Rhythm Society present evidence and recommendations regarding which investigations are
most relevant and likely to lead to a diagnosis [2,12,13].

If the underlying cause of recurrent unexplained syncope is suspected to be cardiac, diagnostic clarification of the
underlying rhythm with an implantable loop recorder (ILR) is recommended: The 2018 ESC Syncope guidelines
recommend ILRs in these patients with class IA. Moreover ILRs are also recommended in patients with suspected
or certain reflex syncope (class 1la), in patients in whom epilepsy was suspected but the treatment has proven
ineffective and last, in patients with unexplained falls (class IIb) [2].

Syncope might be a first sign of an underlying cardiovascular disease which could carry an increased risk of
death if untreated [7,8]. Some of these patients may need treatment with cardiac implantable devices, for example,
permanent pacemakers or defibrillators. These cardiac implantable devices have been shown to favorably alter
prognosis [14,15]. ILRs enable the recording of an electrocardiogram during a syncopal event, which is considered
the gold standard to diagnose arrhythmic or cardiac syncope. Based on a recent meta-analysis, ILR are three- to
six-times more likely to reach a diagnosis than conventional testing [2].

The study assesses the burden and costs of recurring unexplained syncope by retrospectively analyzing claims
data over a period of 9 years. Separate hospitalizations for injuries that could be the result of a syncope are also
analyzed. A syncope is a well-recognized cause of injuries. However, syncope might not be properly coded in
claims data if the main reason for the hospitalization was the treatment of an injury. We therefore checked whether
patients with recurrent hospitalizations for syncope are also separately hospitalized for injuries which could have
been caused by a syncope. Analyzing the correlation between syncope and injury might help to understand the true
burden of syncope for patients. ICMs are recommended in Guidelines as a tool to support the diagnosis of patients
with unexplained syncope [2,12]. This study analyzes whether implantable loop recorders help to reduce syncope
admissions in practise and lead to treatment.

Methods

Data source

England has a National Health Service (NHS) through which medical care is accessible to all residents in England
by healthcare providers. Healthcare providers in turn, submit coded claims to the NHS to be reimbursed. The
NHS tracks healthcare resource utilization and costs of services delivered to patients through the Hospital Episode
Statistics (HES) database which contains all coded hospital claims. Longitudinal data for each individual patient in
the entire NHS can be tracked. Limitations of the HES database are that primary care, social care and secondary care
visits delivered in private clinics (~10% of patients have access to private healthcare in addition to the NHS) are
not included. This affects the reporting of certain types of treatment delivered, for example, medications prescribed
as outpatients, sick pay, remedies and medical aids. The claims submitted by the healthcare providers include three
categories of data via coding systems: the disease, the procedures performed and the discharge code which determine
the associated lumpsum payment. More specifically, the codes are ICD-10 (International Statistical Classification
of Diseases and Related Health Problems), the Classification of Interventions and Procedures (OPCS-4), as well as
Hospital Related Group (HRG) codes.

e Recurrent syncope analysis:
Patients with two syncope hospitalizations were retrospectively identified from the HES database using the
ICD-10 diagnosis code R55X — Syncope and collapse’ in the primary diagnosis code position between 2008
and 2014. To select a group of patients with a high burden of syncope, we identified patients who had at least two
hospitalizations for syncope within two consecutive years between 1 April 2008 and 31 March 2014. As the total
data available was from 2008 to 2016, such an analysis allowed us to follow individual patients longitudinally
for at least 2 years after the first two hospitalizations for syncope. As there is no ICD-10 diagnosis code for
‘unexplained’ syncope, patients with recurrent syncope hospitalizations were identified through the ICD-10
code R55 — Syncope and collapse’. Patients were excluded if they had a documented ICD-10 diagnosis code
in the baseline period which could be the cause of syncope; such codes are for example epilepsy or orthostatic
hypotension (Supplementary Table 1). The most common ICD-10 diagnosis code used with R55-X Syncope
and Collapse are shown in Supplementary Table 2. In addition, patients who received a cardiac therapeutic
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device, for example, a permanent pacemaker, implantable cardioverter defibrillator or a cardiac resynchronization
therapy device at any time during the study period (1 April 2008 and 31 March 2016) were excluded from the
analysis as it was assumed that their cause of syncope had been identified and treated. Also, patients implanted
with an ICM were excluded from the analysis as an estimated 70% of patients with ICM receive a diagnosis if
they have another event [13]. To assess the long-term burden of recurrent syncope and the costs to the healthcare
system, the following outcomes were assessed:

Number of subsequent hospital admissions for syncope

Length of stay

Number of outpatient cardiology visits

Number of separate hospital admissions due to injuries which could have been caused by a syncope.
HRG codes and tariff for the healthcare utilizations above.

Costs were approximated by the HRG tariff which are a lump-sum reimbursement. While acknowledging they
will not exactly cover the actual incurred costs for treating a patient, they do provide the best estimate available.
Injuries which could have been caused by a syncope were identified using ICD-10 codes S00-S99, T07, T14
(Supplementary Table 3).

o ILR analysis:

For this separate analysis, a cohort of patients who received an ILR between 1 April 2009 and 31 March 2012
were identified. An ICM implant was identified through the procedure code U191. These patients were then
longitudinally tracked from 1 April 2008 to 31 March 2014, thus allowing a minimum follow-up period of
1 year before and 2 years after the ILR implant. The number of syncope hospitalization post-implant were
compared with the pre-ILR period.

Patients in the ILR analysis were not directly compared with patients from the recurrent syncope analysis.
Comparing the two groups (e.g., through matching) would have had limitations because the HES data only
includes hospital records. It cannot be ensured that patients are comparable in other respects as data from primary
care is not included in the HES database. We thus decided to keep the two analyses distinct. Patients with an
ICM were excluded from Analysis 1 to prevent any patient overlap between the two analyses.

Statistics

The analysis was performed on aggregated data. Continuous data are summarized with a mean = standard deviation,
categorical data as counts and percentages. The risk of recurrence was calculated as number of patients experiencing
the specific number of hospitalizations for syncope and the 95% Cls of the binomial distribution are reported.
Comparison of the risks were undertaken by means of Chi-square tests.

Results
During the period 2008-2014, the average rate of hospital admissions for syncope was 1.02 per 1000 person-years.
This results is consistent with other epidemiological data [14].

Recurrent syncope analysis
12,002 patients (mean age: 73 = 28 years, 53% females, were identified with >2 syncope hospitalizations within
two consecutive years between 1 April 2008 and 31 March 2014.

Recurrent hospitalizations for syncope & associated costs

There were a total of 6548 hospitalizations for recurrent syncope over the follow-up period, with 55% (95%
Cl: 52.3-57.9) of patients experiencing at least one recurrent hospitalization. One quarter (24-25%) of patients
were re-hospitalized at least once in the next few months. Considering the subset of patients with at least one
hospitalization for recurrence of syncope, the mean number of recurrences per patient was 2.4 (95% CI: 2.3-2.6).
As shown in Figure 1, the more syncope admissions a patient had experienced, the higher the risk of subsequent
recurrences. This same group of patients also had frequent admissions due to injuries which could have been
caused by a syncope; however, they were not coded together with an episode of syncope. A patient with two prior
syncope admissions, for example, has a risk of 25% to be hospitalized at least once again for syncope. In addition,
patients with two prior syncope hospitalizations have a 9% risk to be hospitalized separately for an injury. There is a
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Figure 1. Correlation between admissions for recurrent syncope and admissions for injuries.

remarkably high correlation (0.998) between being hospitalized for syncope and to incur additional hospitalizations
for injuries. Of note, due to shrinking sample sizes with increasing number of recurrences, the estimated risk for
recurrences 4 and 5 have a large Cls and the values need to be interpreted with caution.

The mean cost per syncope admission was £3406 (range: £2000 — 6000) (£/US$ = 1.24) during follow-up, the
total average cost of all syncope hospitalizations was £5713/patient. The more recurrent syncope hospitalizations a
patient experienced, the higher the cost of each subsequent admission (Figure 2). The higher costs were not a result
of a longer length of stay. There were no specific trends with regard to the number of recurrences and the length of
stay. The overall mean length of stay was 1.9 & 4.1 days.

The average time between syncopal events was 5.2 £ 4.5 months, with a shorter time between events in patients
with more recurrent syncopal events. For a patient with five recurrent events, the average time between events
shortened to 3.1 = 1.3 months.

Separate admissions for injuries

One of the most striking results of the analysis was the high correlation (rho = 0.998) between admissions due
to syncope and separate admissions for injuries. Figure 1 shows the risk of experiencing an injury in relation to
recurrent hospitalizations for syncope. The burden for these patients was large as they incurred a mean of 2.3
hospitalizations for injuries (95% CI: 2.5-2.7) with an average length of stay of 5.1 &= 8.9 days at a mean cost of
£5617 (range: £3267-8949). The most common injury was to the head, followed by injuries to the hip and thigh.
The most common HRG codes applied were Orthopaedic Trauma Procedures followed by Mouth Head Neck and
Ears Procedures and Disorders. (See Figure 3 & Supplementary Tables 3 & 4 for details on diagnosis codes and
HRGs used).

Outpatient visits

In addition to the costs incurred for treatment of syncope and injuries, patients with recurrent syncope also
frequently visited cardiologists as outpatients. Typically, a patient with two prior hospitalizations for syncope saw a
cardiologist in the outpatient setting seven-times thereafter. Long-term costs for these multiple visits were substantial
(Supplementary Figure 4) with the mean cumulative costs varying from £454 to £4409 (Supplementary Figure 4).
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Overall costs to the healthcare system

The overall costs of the resulting healthcare utilizations in these patients were substantial. The cumulative inclusive
costs of hospitalizations due to syncope, injuries and outpatient visits during follow-up were £9570 per patient and
14.9 million in total. For patients with more recurrent syncope hospitalizations, the costs were significantly higher
as shown in (Supplementary Figure 5).

ICM analysis

In the second separate analysis, 10,902 patients (mean age: 67, females 50%) implanted with an ILR were tracked.
Slightly more than half (55%, 95% CI: 53.3-56.1) of these patients had been hospitalized for syncope at least
once in the year before their ICM implant. The annual rate of hospitalization due to syncope fell by 41% (95%
CI: 38-43%) each year after implant. By year 3, hospitalizations due to syncope were 14% (95% CI: 13.6-15.2)
and thus had dropped by 60% (95% CI: 57-61%) as compared with pre-ICM levels. Moreover, 27% (95% CI:
26-28%) of the cohort received a pacemaker after the ICM implant and 5% received an implantable cardiac
defibrillator or an ablation.

Discussion

This study is the first nationwide longitudinal study of syncope patients to use the English hospital database HES.
The study has shown that patients with a high burden of recurrent hospitalizations due to syncope are at risk of
incurring more syncopal events as well as injuries. The resulting hospital admissions cause substantial healthcare
costs. The true burden of recurrent syncope is likely to be underestimated in this analysis as recurrences of syncope
as healthcare utilization in primary care or the emergency department have not been captured.

Moreover, this study also documents that the incidence of recurrent syncopal events decreases after ILR implant.
The aim of implanting an ILR is to provide a diagnosis which identifies the underlying cause of the syncope so that
treatment can be initiated and future syncope events prevented. Syncope hospitaliations are expensive and often
do not result in a diagnosis. While we cannot see the diagnostic yield of the ILR in this data, the record shows that
nearly 32% of patients receive a therapeutic cardiac implantable device after the ILR.

It is key to diagnose and treat patients with recurrent syncope in order to prevent future events and injuries.
Syncope care could most likely be improved by following the ESC Syncope Guidelines or the NICE TLOC
Guidance. The observational PICTURE registry reported that an apparent lack of structured care pathways leads to
significant overinvestigation where tests are repeated many times and patients undergo various expensive diagnostic
tests with low diagnostic yield [10,11]. In contrast, standardized syncope care has been shown to lower costs per
diagnosis and admission rates [16]. Syncope units/care pathways are also recommended by the NICE TLOC
guidance as well as an EHRA position paper [12,17]. This analysis shows that the syncope hospitalization rates are
lower after ICM implant than before, and lead to treatment in approximately a third of patients at 3 years of
follow-up. Greater adoption of ICMS could possibly lower the costs per diagnosis as has been shown in clinical
practice [16].

This analysis has shown that patients with recurrent syncope hospitalizations are also likely to be hospitalized for
injuries potentially caused by a syncope. The frequency of separate admissions related to an injury was investigated
to estimate the correlation between admissions due to syncope and injuries. A syncope diagnosis code was not
documented during the same admission, and thus these injuries may or may not be directly related to a syncopal
event. However, syncope is a well-recognized cause of injuries and patients who need urgent care for an injury after
a syncope might not be investigated for the precise circumstances of the injury. Thus, careful examination and
diagnostic testing in patients with injuries and a history of syncope may improve outcomes.

Limitation

Claims data provide the possibility to follow patients over a long period of time and to document healthcare
utilization in the longer term which is generally not possible with clinical studies due to limited follow-up. The
main limitation is of course the observational nature of the study and the lack of clinical data, particularly,
electrocardiographic data.

The aim of this analysis was to understand the burden and costs of recurrent syncope. Hospital records can
unfortunately only serve as proxy for syncope events and true healthcare costs. Though syncope is a well-defined
term, the usage of the code R55X could be broader as the wording also includes ‘collapse’ or the coding could simply
be inaccurate. Additionally, R55X does not necessarily indicate a recent syncope event. For example, patients could
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also be re-hospitalized with R55X for continued examinations without having incurred another event. However,
hospitals can only claim one hospitalization per patient every 30 days and thus there are at least 30 days between each
coded hospitalization. Additionally, the average time between syncope hospitalizations in this study is 5.2 months
which appears to be too long for a continued examination. Importantly, a recent validation study has shown that the
administrative coding of syncope could accurately be used to identify patients with syncope event with a positive
predictive value of 95% [18].

The aim of implanting an ILR is to provide a diagnosis which identifies the underlying cause of the syncope so
that the treatment can be initiated and future syncope events prevented. Unfortunately, treatment could only be
identified if visible in codes and if provided during a hospitalization, such as the implant of a therapeutic cardiac
device. A large ILR registry has shown that patients also receive therapes which are not visible in codes: 11% of
syncope patients receive drug therapy and 15% receive counseling, education on counter pressure maneuvers or
similar [13]. ILRs are also used to rule out a cardiac cause in patients with recurrent syncope.

In order to evaluate the real-world effectiveness of ILRs to prevent syncope hospitalizations, syncope hospi-
talizations pre- versus post-implant were also compared. While patients need to have another syncope event in
order to establish a diagnosis with an ILR, these patients are generally taken care of in the outpatient setting and
further hospitalizations can often be avoided. Moreover, a share of patients can already be diagnosed when having
a pre-syncope.

Conclusion

Recurrent syncope in an older population carries a high clinical and financial burden. Patients with repeated
hospitalizations for syncope show a high rate of recurrent admissions with syncope and a parallel burden of
injuries, imposing a substantial burden on the NHS. Our analysis also shows that ILRs may significantly reduce
hospitalization due to syncope. ILRs can help in diagnosing as well as deciding about appropriate treatment and
may therefore lead to avoided rehospitalizations, improved patient outcomes and overall cost savings to the NHS.
The results of the study may inform clinical practice by emphasizing the need for complete history taking including
hospitalizations for injuries. It might also support the implementation of more syncope care pathways, which have
been shown to improve care and lower costs.

Summary points

e First nationwide longitudinal study of syncope patients to use the English hospital database (Hospital Episode
Statistics).

e The study assesses the burden and costs of recurring unexplained syncope and injuries by following patients over
a period of 9 years.

e The analysis documents that many patients with syncope admissions also have separate hospitalizations for
injuries which could have been caused by a syncope.

e As syncope is a well-recognized cause of injuries, it might be informative to consider the frequency of both for
the patient care pathway.

e Implantable loop recorders are recommended in guidelines as a tool to support the diagnosis of patients with
infrequent unexplained syncope.

e This study analyses whether implantable loop recorders help to reduce syncope events in practice.

e In the absence of complete data on syncope events, syncope admissions are used as a proxy.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup
pl/10.2144/cer-2020-0059
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