Title
The impact of a community liver pathway on referrals to secondary care liver services: a natural experiment using controlled interrupted time series analysis
Alexander Smith1, Rasiah Thayakaran2, Janisha Patel3, Julie Parkes1, Kate Glyn-Owen1, Ryan M Buchanan1,3*
1. Faculty of Medicine, University of Southampton
2. University of Birmingham
3. University Hospital Southampton, United Kingdom
*Corresponding author
Key messages
Community liver diagnostic pathways are emerging to identify asymptomatic liver disease and support primary care clinicians to manage abnormal liver test results.
Using interrupted controlled time-series analysis this study explores the impact an established pathway had on referrals to hospital hepatology services.
The study shows that the implementation of a pathway was associated with a significant decrease in referrals but no decrease in testing for liver fibrosis.
Community liver diagnostic pathways could reduce referrals to hospital services and should be widely implemented to identify asymptomatic disease and help to manage secondary care workload.

Abstract
Objective
To evaluate the impact of the Southampton Liver Pathway (SLP), a community-based liver disease detection programme, on hospital hepatology referrals.
Method
The SLP was implemented in Southampton City (SCCG) in January 2018. At-risk patients underwent ELF testing, with those scoring >9 referred for community based Fibroscan®. Patients with liver stiffness >10 kPa were recommended for secondary care referral. A controlled interrupted time series (CITS) design was used to compare monthly hepatology referral rates in SCCG before and after implementation with those in a control region (WHCCG) where no pathway existed. Potential system-level confounders were assessed by analysing trends in non-hepatology referrals and fibrosis testing volumes.
Results
Following implementation, 1,654 new hepatology referrals were made from SCCG over 19 months (median 37/month, range 25–57), compared to 44/month pre-SLP (range 30–64). In WHCCG, referrals remained stable (median 28/month, range 20–41 pre-SLP, 14–34 post-SLP). CITS analysis showed a significant reduction in hepatology referrals in SCCG after the SLP was introduced compared to both the control region (IRR 0.95, 95% CI 0.93–0.98, p=0.001) and the pre-implementation period (IRR 0.97, 95% CI 0.95–0.98, p<0.001). This reduction was not explained by system-level confounders: non-hepatology referrals increased and primary care fibrosis testing rose post-implementation.
Conclusion
The introduction of a structured primary care liver disease pathway was associated with a significant reduction in secondary care hepatology referrals. These findings suggest that such community-based pathways may alleviate hospital pressures, even as liver disease detection activity increases.
Funding
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Key messages
· Liver disease is increasing, and efficient early detection and triage in primary care are essential to reduce unnecessary hospital referrals.
· Evidence on the real-world impact of structured community liver pathways on secondary care demand has been limited.
· The Southampton Liver Pathway, combining ELF testing and community Fibroscan®, significantly reduced hospital hepatology referrals, despite increased primary care testing and detection.
· The reduction was confirmed through a controlled interrupted time series analysis and was not explained by broader system-level changes.
· Community-based pathways like this may alleviate hospital pressures, support primary care and inform future service planning, research, and policy on liver disease management.
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Background
The recent EASL-Lancet commission highlights the need for robust diagnostic pathways for liver disease and the importance of evaluating these to ensure long-term commissioning.1Community diagnostic pathways are a relatively new service innovation in hepatology which have been facilitated by novel non-invasive tests for liver fibrosis that replaced a historical reliance on liver biopsy and clinical features of liver disease. 
Non-invasive tests include scanning modalities that assess liver stiffness e.g. Fibroscan® (vibration controlled elastography - VCTE) and blood tests using novel bio-markers for liver fibrosis.2 The use of these tests has already identified many people with significant liver fibrosis and cirrhosis without clinical signs of liver disease and who have not had a liver biopsy. Until recently these patients would have remained undiagnosed and would not have accessed hospital-based care pathways. However, the individual benefits of an early diagnosis of liver disease come with a potential cost for the hospital system. Non-invasive tests generally have excellent negative predictive values but poor positive predictive values – especially when conducted in populations with a low prevalence of liver disease.3 There is therefore a risk that hospital-based services could get overwhelmed by a large number of referrals. 
Despite the widespread and rapidly increasing implementation of community pathways robust evaluations of their effectiveness are surprisingly few. A recent systematic review identified only 15 published evaluations of community liver pathways (one in abstract form).4 Most study designs did not include any form of control group and reported in a single arm the number of cases identified by the pathway and what happened to the patients. The paucity of evidence testing the impact of community diagnostic liver pathways is not unusual. Community service innovations are often implemented rapidly, in widespread community locations and are therefore difficult to test in the conventional controlled trial that is familiar to hospital physicians.5 Evaluations tend to rely on observational data that compare against service outcomes before the pathway is implemented or lack a comparison group entirely. These evaluations are at risk of bias associated with observational data and causal inferences where one concludes that the new pathway caused outcome ‘X’ cannot be made with confidence. 
Natural experiments are well-defined study designs that use observational data and fortuitous circumstances to minimise potential confounders and can draw conclusions with causal inferences.6 Combination with advanced statistical approaches such as the use of instrumental variables and interrupted time-series analysis can manage confounding and add further confidence.7
In this study we utilise observational data, circumstances that create a natural control and exposed population, and time-series analysis to test the impact of a community diagnostic liver pathway on hospital hepatology services. We specifically test the hypothesis that the introduction of a community liver pathway reduces rather than increases referrals to secondary care hepatology.



Methods
Study design and setting
We conducted a natural experiment study of the Southampton Primary Care Liver Pathway (SLP) using a controlled interrupted time series design. Natural experimental studies (NES) can provide a robust methodology for the evaluation of large-scale health interventions where randomised control trials are not possible.7 Interrupted time series (ITS) designs are considered one the strongest NES designs.8
In the study period, University Hospital Southampton (UHS) hepatology received over 90% of its primary care referrals from two geographically adjacent clinical commissioning groups (CCGs) – Southampton city CCG (SCCG) and West Hampshire CCG (WHCCG). Although abolished in July 2022, CCGs were groups of general practices in England with responsibility for commissioning most health and care services for patients in their local communities.9 The SLP was implemented in January 2018 in SCCG only, having been created as a collaboration between primary care and UHS hepatology services. In WHCCG throughout the study period – and in SCCG prior to the SLP implementation – there was no local pathway or guidance for primary care on community assessment and referral of patients to UHS hepatology. However, ELF testing was available to primary care and results were reported in accordance with national guidelines at the time – if a result was >10.51 the result was automatically reported with text advising further assessment. We therefore selected WHCCG and the pre-SLP period in SCCG to serve as unexposed ‘control’ systems.  
The SLP was accessed via an electronic platform and provided a decision tree and guidance document on investigation of liver disease in three circumstances: asymptomatic abnormal liver function tests, fatty liver on ultrasound and harmful alcohol use. Harmful alcohol use was defined as consuming more than 30 units of alcohol per week or an Alcohol Use Disorder Identification Test (AUDIT) score greater than 10. Patients with predefined red flags were not managed within the pathway. These were: suspected malignancy, jaundice, significantly deranged LFTs (ALT >5x ULN, ALP 5x ULN), clinical signs of cirrhosis, and signs of sepsis. 
The pathway advised all patients to undergo a non-invasive liver screen (NILS): liver enzymes (if not already done), hepatitis B surface antigen, hepatitis C antibody, immunoglobulins, liver autoimmune profile (AMA, ASMA, LKM) and ferritin. Patients with a positive NILS were referred directly to hepatology. Those with a negative NILS were advised to undergo two stage fibrosis testing – an enhanced liver fibrosis (ELF) test and (if ELF score was 9 or greater) to refer for a Fibroscan®. For the first 9 months of the SLP the Fibroscan® was performed at UHS but from October 2018 the Fibroscan® was performed in two primary care surgeries in SCCG by a visiting hepatology nurse. Patients with a Fibroscan® greater than 10kPA (or where a scan was not possible) were referred to hepatology outpatients. Those with fibrosis markers below these thresholds were advised to remain in primary care. Figure 1 shows a schematic diagram of the pathway process. A low ELF threshold was used in the SLP during the time-frame of this study due to a concern about false negatives. The pathway now uses a threshold of 9.5 and above. 
The implementation of the SLP was supported by a reminder email to primary care clinicians about the existence of the pathway every 2-3 months following its introduction. Referrals to hepatology from SCCG that had not followed the pathway (when it was appropriate to do so) were rejected and primary care clinicians requested to follow the pathway and re-refer as required. Additionally, the hepatology consultant SLP lead had meetings with primary care surgeries every 3-4 months.

Data sources
Counts of primary care referrals to UHS hepatology were obtained from a database of aggregated monthly referrals from April 2016 to August 2019 held by the UHS hepatology department. We used all months available, giving a time series of 41 individual months with 21 in the pre-SLP period and 20 in the post-SLP period. An anonymised database held by UHS hepatology of all individuals assessed for liver fibrosis with an ELF test following the implementation of the SLP was accessed to examine outcomes of the SLP. Data were accessed with full ethical approval (NHS Research Ethics Committee No. 22/SC/0222). We used publicly available Monthly Activity Return (MAR) data produced by NHS England to obtain monthly counts of primary care referrals to all general and acute specialty outpatient clinics.10

[bookmark: _Toc157763218]Data analysis
We generated summary descriptive statistics of characteristics of individuals undergoing an ELF test following implementation of the SLP in SCCG. Averages are presented as medians with interquartile range (IQR). We used segmented regression models for our interrupted time series analysis.11 We examined for both a change in level and a change in slope of the existing trend of primary care referrals to UHS hepatology following the SLP introduction. A level change indicates an immediate effect of the SLP on the trend. A slope change indicates a trend change over the whole post-intervention period, reflecting the longer-term effect of the SLP. As the outcome variable is count data, a Poisson distribution is assumed.12,13 However, our data showed over-dispersion and so a quasi-Poisson segmented regression model was used.11 The coefficients of the change in slope and level from the quasi-Poisson regression model are reported as an incidence rate ratios (IRR) and corresponding percentage to aid interpretation.14
In keeping with recognised practice15 we first performed an ITS for SCCG and WHCCG separately to examine the level change and slope change as compared to the counterfactual trend for each CCG. The regression model for each ITS included an indicator variable for time (number of months elapsed from the start of the time series), a binary indicator variable indicating presence or absence of the SLP, and an indicator variable for time after SLP (number of months elapsed from implementation of SLP). We then performed a controlled-ITS (CITS), with this model adding a binary variable for the CCG (i.e. intervention or control group) and indicator variables for the interactions of 1) CCG and time, 2) CCG and intervention and 3) CCG, time and intervention. The CITS examines the slope and level change in SCCG in relation to that in WHCCG, controlling for any difference in preintervention trends and levels between the groups. We examined our models for autocorrelation using the auto-correlation function (ACF) and partial-autocorrelation function (pACF). As the control group is geographically adjacent to the intervention group we would not expect any difference in seasonal effects between the two CCGS, hence seasonality is controlled for. All data analysis was conducted using RStudio (v2022.12.0).

Tests for confounders
We performed two sensitivity analyses to further understanding of the impact of the SLP and to specifically answer two questions:
1. Did implementation of the pathway lead to reduced testing for liver cirrhosis and therefore less referrals?
Firstly, we examined for evidence of a change in community fibrosis testing following SLP implementation. This was done by comparing the average number of ELF tests per month before and after the pathway was implemented using the Mann-Whitney U test. 
2. Did any change in the trend in rate of referral to UHS Hepatology reflect a multi-speciality change rather than a speciality specific effect?
Secondly, we conducted a further ITS for a control outcome.15 The control outcome was monthly primary care referrals made from SCCG to UHS outpatients for any specialty other than hepatology. This was obtained by subtracting the number of hepatology referrals from all general and acute specialty referral counts from the MAR dataset. This was performed to examine whether any findings of the main ITS reflected could be explained by a change in referrals that was not specific to hepatology. 
Results
[bookmark: _Toc157763221]Outcomes of liver fibrosis assessment in SCCG following SLP implementation
Post SLP implementation (Jan 2018 – August 2019) 1719 patients underwent a first ELF tests in SCCG primary care. 61% (n=1,051) were male, the median age was 51 years (IQR 40-61) and the median ELF result was 9·3 (IQR 8·7 – 9·9). 68% (n=1,164) of patients were in the two most deprived indices of multiple deprivation (IMD) quintiles. 1139 (66%) patients had an ELF result ≥9, of whom 15.4% (n=175) underwent Fibroscan® with 34% (n=60) of these having significant fibrosis by SLP criteria. Notably, had the ELF threshold in the SLP been 9.5 rather than 9.0 only 2 of the 60 patients with a liver stiffness of ≥10kpa  would have been falsely reassured and not referred on to Fibroscan® (Supplementary Figure S1).
By comparison in the 8-month pre SLP implementation period 683 ELF tests were requested by primary care and analysed. 458 were ≥9 (67%) and 53 (11.6%) went on to have a Fibroscan® and 34% had significant Fibrosis (Figure 2). 
Association between pathway implementation and referrals to secondary care
Between 1st April 2016 and 31st August 2019 a total of 1654 new patient referrals were made from SCCG primary care to UHS hepatology outpatients. The median number of referrals per month for the pre-SLP period was 44 (range 30-64) and was 37 (range 25-57) in the post-SLP period. In our WHCCG control group there was a total of 1149 referrals, with a median of 28 (range 20-41) in the pre-SLP period and 28 (range 14-34) in the post-SLP period. 
The ITS analysis of SCCG referrals demonstrated an upward trend over time in the pre-SLP period. From our model this was estimated as a 2·1% increase in referrals per month (IRR 1·02, 95% CI 1·01-1·03, p=0·001). Following the SLP, a significant decrease in slope trend of SCCG referrals was seen (IRR 0·97, 95% CI 0·95 – 0·98, p<0·001). The translates as the post-SLP period slope being a downward trend estimated as a 1·3% decrease in referrals per month. A decrease in level post-SLP was also observed but this was non-significant (Table S1 and Figure 3A). These findings translate as an estimated 554 (95% CI 275-916) fewer referrals in the post-SLP period than expected.
In our WHCCG control group, there was a flat trend observed in the pre-SLP period (IRR 1·00, CI 0·98-1·06, p=0·94) and there was no significant change slope or level change following the SLP (see Table S1 and Figure 3B).
The CITS analyses results were similar to the ITS for SCCG (see Table S1). Controlling for the slope and level change in WHCCG, a significant decrease in trend slope of SCCG referrals following the SLP was observed (IRR 0·95, 95% CI 0·93-0·98, p=0·001). This was of greater magnitude than in the ITS analysis (Table S1). The level change in the CITS analyses remained non-significant (IRR 1.01, 95% CI 0.73-1.39, p=0.96). The CITS demonstrated a difference in pre-intervention trend between the two areas (IRR 1·02, 95%CI 1·00 to 1·04, p=0·03). The result of the CITS analysis is visualised in Figure 3. 
Tests for confounders
In the 6 months prior to the SLP the median number of ELF tests per month was 66 (IQR 62-70). In the post-SLP period the median was 78 (70-81). This increase was not statistically significant (p=0.07). The time series for the ITS analysis of referrals to non-hepatology specialties at UHS was undertaken using a start month of April 2017 due to local changes in CCG NHS activities meaning data prior to this was not comparable. This change did not affect hepatology referrals. The analysis had no significant results, finding a non-significant downward trend in G&A referrals prior to SLP implementation and non-significant increases in both level and slope post-SLP (Figure 4).

Discussion
The Southampton Primary Care Liver Pathway was implemented in Southampton City in 2018. Implementation was associated with increased monthly testing for fibrosis by primary care and a marginal increase in the number of patients being diagnosed with significant fibrosis or cirrhosis. The cascade of care also improved but remained inconsistent with only a minority of eligible patients undergoing Fibroscan® within the observation period. 
The implementation of the SLP was paradoxically associated with a statistically significant reduction in new referrals to hospital Hepatology services. The overall reduction was itself a result of a gradual decrease in monthly referrals following SLP implementation. Conversely, no reduction was observed over the same time-period in the geographically adjacent area where the SLP was not implemented. 
We therefore cautiously argue that the SLP caused a reduction in secondary care referrals. Testing for confounding supports this causal inference. Firstly, the observed reduction was not a consequence of a reduction in fibrosis testing in primary care and secondly, the reduction was not observed for primary care referrals to non-hepatology outpatient services – which marginally increased.
The increased availability of non-invasive tests for liver fibrosis in community settings and greater awareness of the asymptomatic nature of liver disease has led to concerns about hospital services being overwhelmed. A recent review of community liver pathways that aim to streamline and manage referrals to hospital services identified published studies that describe the effect of implementing a community liver pathway.4 The included studies and the pathway designs they described vary. One study was a stepped wedge randomised control trial (RCT) where an automated testing algorithm led to a significant increase in diagnoses of liver disease, along with an increase in referrals to secondary care.16 The remainder used observational data to analyse the effect of their pathways. One of these used a natural control population unexposed to the pathway and showed that implementation of the pathway was associated with an increased proportion of appropriate referrals to hospital services but with a doubling of referrals to hepatology.17 Other studies used service level data before the implementation of the pathway for comparison and showed pathway use was associated with increased testing for viral hepatitis and increased diagnoses of alpha-1-antitripsin deficiency.18
In keeping with the design of the SLP, 14 out of 15 studies in the aforementioned review4 used a two-step process to assess for fibrosis but only one of the studies used the ELF test for the first stage of fibrosis assessment.19 Two stage fibrosis assessment (as compared to single fibrosis assessment) has been shown in community pathways to lead to fewer referrals to hepatology outpatient clinics through fewer false positives20,21 and is cost-effective. Our finding supports these other studies and but also adds to the literature given the SLP includes patients at risk of alcohol related steatotic liver disease.
The use of ITS analysis facilitated comparison with an estimated counterfactual. The incorporation of trend through ITS analysis addresses any potential maturation bias and controls for any characteristics that do not change, or only change slowly, over time such as population size or levels of deprivation.15 We were able to strengthen this work by conducting a controlled ITS (CITS) analysis. Results mirrored those of the ITS, adding validity to our findings and further supporting the argument that the SLP caused the effect seen.15 CITS has been used to evaluate large scale public health interventions in a range of fields including, of relevance to liver disease – the introduction of minimum unit alcohol pricing.22 To our knowledge no other studies have used time-series analysis to account for underlying trends in the outcomes of interest when evaluating a liver pathway.
A limitation of our work is that it was retrospective using observational data and so there is the potential for unmeasured confounding.6 However, to argue the SLP did not cause the reduction in referrals there would have to be unknown confounding that either 1) caused the reduction in referrals from SCCG or 2) suppressed a reduction in referrals from WHCCG. 
The lack of a decrease in non-hepatology referrals from SCCG gives confidence that there was no systemic event (outside of hepatology) altering referral practice in SCCG. It is possible that a floor effect prevented a decline in referrals in WHCCG i.e. that there is a conceptual ‘minimum’ number of monthly referrals.22 If WHCCG was at this ‘floor’ then unknown an unknown confounder that reduced referrals in both areas would only have had an effect on SCCG. However, the finding of an upward direction of slope change in WHCCG goes against the presence of such a confounder. 
A further potential limitation is our use of a geographical control group. Both WHCCG and SCCG are similar in terms of liver services but cover different populations. Evidence of a difference between the two areas is indicated in the analysis by the significant difference in the pre-intervention trends between areas, known as the absence of the parallel trend.23 The reason for the different pre-existing trends is unclear. The SCCG area had previously been involved in a community liver study that may have raised awareness among local GPs24. Alternatively, it may reflect different underlying liver disease epidemiology – driven by contrasting levels of deprivation and other risk factors. Whilst the use of location-based controls for CITS analysis is well recognised,15 the absence of parallel trend challenges the assumption that the SLP would have the same effect if implemented in WHCCG and therefore its suitability as a control. The nature of a true natural experiment means an ideal control group (as would be expected in an RCT) is often not available. However, our findings of effect were the same for our ITS analysis as in our CITS analysis and so we do not believe the use of WHCCG has weakened our conclusions.25 
If it is assumed the SLP caused the reduction in monthly referrals, a limitation of this work is in understanding the mechanism for this. The SLP represents a complex intervention with many components.26 The benefits of complementary qualitative evaluation in natural experiments are recognised5 and may have provided more understanding of the mechanism of the SLP impact. However, this is best done prospectively to minimise recall bias, something not possible given the retrospective nature of this work.27 A nested qualitative study could have provided valuable insights into why, despite the existence of a prescribed pathway, only a minority of eligible patients underwent a Fibroscan®. Based on the data available in this evaluation, it is unclear whether this was due to a lack of referral, patient non-attendance, or a combination of both. It is important to note, however, that even if all eligible patients had attended, the number of referrals to hospital services would likely not have increased, despite a substantial rise in diagnoses of advanced fibrosis and cirrhosis. In such a scenario, the community-based location of the Fibroscan® would have been critical in preventing unnecessary hospital referrals. 
The focus of this evaluation was to assess impact on secondary care workload, given concerns in the wider literature. Although our study indicated a reduction in referrals, this is only desirable (from a clinical perspective) if it reflects a reduction in unnecessary referrals. An assessment of the appropriateness of each referral and the impact of the pathway on primary care workload was not undertaken as part of this work and should be subject to further evaluation.

Conclusion
The implementation of the SLP was associated with increased testing for liver disease but a paradoxical decrease in monthly new referrals to hospital hepatology outpatient services. Based on our findings we suggest that that this relationship was causal. Our work demonstrates potential benefit of the community assessment of liver disease, supporting a further increase in commissioning of community liver services across the UK.
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Figure legends

Figure 1 Schematic diagram of the Southampton primary care liver pathway
USS – Ultrasound, LFTs – Liver function tests (including: Bilirubin, ALT, Albumin, alkaline phosphatase
*Advice and guidance:


Figure 2
Flow diagram of outcomes of patients undergoing fibrosis assessment prior to and after implementation of the Southampton primary care liver pathway. ELF, Enhanced Liver Fibrosis Score; kPa, kilopascals


Figure 3 
Graphical representation of interrupted time series (ITS) analyses of primary care referrals to University Hospital Southampton Hepatology outpatients. (A) ITS analysis of Southampton City clinical commissioning group (SCCG) referrals;(B) ITS analysis of West Hampshire clinical commissioning group (WHCCG) referrals (C) Controlled ITS analysis of SCCG referrals with WHCCG as control. Red circles = SCCG; blue triangles = WHCCG; solid lines indicate modelled trend; coloured dotted lines show modelled counterfactual trend; vertical dotted line marks the implementation of the Southampton Primary Care Liver Pathway (SLP); grey shaded area indicates post-SLP period.

Figure 4 
Graphical representation of interrupted time series (ITS) analyses of primary care referrals to University Hospital Southampton non-hepatology general and acute specialty outpatient clinics. Blue circles show monthly counts, solid line indicate modelled trend; blue dotted line shows modelled counterfactual trend; vertical dotted line marks the implementation of the Southampton Primary Care Liver Pathway (SLP); grey shaded area indicates post-SLP period.


