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This report consolidates work undertaken under a previous ORUK grant (541), studying outcomes following hip
fracture (including COVID-19) and young adult hip surgery, with a project undertaken to study outcomes of
revision hip replacement (grant 544) in collaboration with the British Hip Society. Work completed under both
grants will be included in my final PhD thesis.

1. Impact - tell us how your research is going to expand orthopaedic knowledge, support those

working within MSK and ultimately benefit patients.

My PhD encompasses research into outcomes following hip surgery using linked national datasets for hip
arthroplasty, hip fracture, and hip preservation surgery. This research will have an impact for:

Patients:

e By providing evidence for discussions with clinicians and informed consent regarding the specific
risks of complications (e.g., Re-revision surgery, COVID-19, surgical site infection (SSI), re-
operation) and resultant sequelae (e.g. increased mortality), allowing patients to ‘weigh up’
benefits vs. risks.

e By allowing potential interventions if any key modifiable risk factors are identified — e.g., surgical
volume vs outcome associations.

e Generating evidence on outcomes following complex revision hip replacement surgery will
provide much needed information to support the delivery of this type of surgery in the UK.

Healthcare providers:

e Data from this project concerning revision hip arthroplasty numbers will be valuable to surgical
healthcare delivery networks in configuring their services.

e Recent output from our work has demonstrated that new consultant surgeons may take
considerable time to develop expertise in revision hip replacement which has implications for
training pathways, recruitment, and job planning.

e Provide evidence to support informed discussions with patients and relatives regarding the above.

Personal impact:
e Connecting with new people and working with supervisors and a charity at the forefront of
orthopaedic research.
e Completion of a higher degree and advancing my understanding of epidemiology and data science
through projects with patient benefit as their principal objective.
e The above will build a foundation for a clinical academic career as a consultant.
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2. What are the aims and objectives of your research?

Please see table below. Each aim is the principal focus of a single manuscript. Items where work is
complete (or almost complete) are highlighted in green. ltems which are the focus of current work are
highlighted in orange.

#

10.

11.

12.

Aim Analysis Write-up
HIP FRACTURE
Describe the impact of COVID-19 on Complete Complete

mortality after hip fracture using a

national cohort (National Hip Fracture

Database).

Apply cox modelling to describe the Complete Complete
impact of COVID-19 on mortality

displacement following hip fracture, with

results then extrapolated to general

population excess death figures.

YOUNG ADULT HIP

Describe the early outcomes of hip Complete Complete
arthroscopy for femoroacetabular

impingement (FAI) using data from the

UK Non-Arthroplasty Hip Registry

(NAHR).

Describe early outcomes following Complete Complete
arthroscopic chondral procedures in the

hip using data from the UK Non-

Arthroplasty Hip Registry (NAHR).

Describe and compare early outcomes of =~ Complete Complete
arthroscopic labral repair and

debridement using data from the UK

Non-Arthroplasty Hip Registry (NAHR).

Describe sexual function outcomes Complete Complete
following periacetabular osteotomy

Describe the impact of surgeon volume Complete In

on outcomes following hip arthroscopy progress
using data from the UK Non-Arthroplasty

Hip Registry (NAHR).

ARTHROPLASTY

Describe the numbers (volume) of hip Complete Complete
revision surgery operations undertaken

in the UK with a focus on volumes

undertaken by individual consultants and

hospital trusts.

Describe the impact of surgeon and Complete In
centre volume on outcome (focused on progress
post-operative mortality and re-revision

risk) following revision hip surgery using

data from the National Joint Registry

linked to hospital episode statistics.

Describe the indications for 2nd revision Complete In

of 1st time revision of primary hip progress
replacement by time-period.

Modelling outcome of revision hip To be

replacement performed at Major Knee completed

Revision Centres

Describe the impact of surgeon and To be

centre volume on the risk of medical completed
complications following revision hip

Current status

Published in Bone and Joint Journal
and available

Published in BMC medical research
methodology.

Published in KSSTA journal.
Available

Manuscript under review at PLOS
ONE

Published in Bone and Joint Journal
Open. Available

Manuscript under review at
American Journal of Sports
Medicine

Analysis complete. Writing up
manuscript.

Published in Bone and Joint Journal

Analysis complete. Presented at
British Hip Society 2023 & 2024
(mortality outcomes added).

Manuscript submitted to BJJ.

Aiming to submit to journal April
2024.

Aiming to complete work in 2024

Aim to complete work in 2024.

Submitted
to journal

Accepted
or
published
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surgery using data from the National
Joint Registry linked to hospital episode
statistics.

3. Describe in detail your research progress over the last 6 months.

Revision hip replacement (RHR)

1.

Research | undertook to describe surgeon volumes of revision hip replacement in the UK has now
been

published (October 2023) in the Bone and Joint Journal (see lay project summary in section 7).
https://doi.org/10.1302/0301-620X.105B10.BJJ-2023-0311.R1

| have completed a study examining the relationships between surgeon and centre volume and
clinical outcomes including early post-operative death (within 90 days of surgery) and re-revision
(within 2 years) following first-time revision hip replacement for aseptic loosening (the most
common reason for failure of a primary hip replacement in the National Joint Registry).

This manuscript has been submitted to the Bone and Joint Journal.

| have completed a study describing the indications for 2nd revision of 1st time revision of primary
hip replacement and how these vary (1) by time-period and (2) by indication of the 1st revision.
Such description is helpful to contextualize period specific risks of re-revision and aid in patient
communication. This study found that for non-infected 1st time RHR, dislocation was the most
frequently recorded reason for subsequent 2nd revision and responsible for approximately half of
all RHR which occurred within the first 3 months. For infected 1st time RHR, infection was the
most frequently recorded reason for early 2nd revision and was the most frequently occurring
indication at all observed time points.

This work was presented (poster) at the British Hip Society Annual meeting in Belfast in
February 2024 and was selected as one of the top 20 posters. A manuscript is being written,
aiming to be complete by the end of April 2024.

Hip Preservation

1.

| have completed an analysis describing sexual function following periacetabular osteotomy for
hip dysplasia using data from the Non-arthroplasty Hip Registry (NAHR). This is an important topic
as most such patients are female, of child-bearing age, and the surgery itself alters pelvic
biomechanics which may have implications for pregnancy and the birth canal. This topic is scantily
reported in the literature making our study unique. Our work has found that both female and
male patients saw significant improvement in their sexual function and that this was an important
contributor to their overall quality of life.

This manuscript is under review at the American Journal of Sports Medicine.

| have completed an analysis of the impact of surgeon volume on outcomes following hip
arthroscopy using data from the UK Non-Arthroplasty Hip Registry (NAHR). | applied the same
methodology | learnt as part of my study of the association between revision hip volume and
outcomes.

This work is being written up, aided by a medical student, for submission to peer reviewed
journals.
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PhD Thesis
Ongoing, following feedback from supervisors. Aiming to complete within the next 6 months.

4. Describe in detail your research plan for the next 6 months.

| have now returned to clinical practice however continue research work during available time. Whilst |
have finished the main body of work contributing my PhD, over the next 6 months | aim to:

1. Achieve publication of the above-mentioned manuscripts under peer review.

2. | will complete subsequent analyses on the impact of surgeon and centre volume on key peri- and
post-operative complications following revision hip replacement — focused on medical
complications and/or dislocation which our work has confirmed is the most common reason for
the 2" revision of a first-time revision hip replacement.

3. 1 will undertake a further piece of analysis with the British Hip Society, modelling the impact of
implementing a revision hip arthroplasty network analogous to the revision knee arthroplasty
network already established and led by the British Association for Surgery of the Knee (BASK).

4. Complete PhD thesis. This is well underway and will include all published work to date.

5. Have you submitted any papers/abstracts on your research project to any journals or

conferences recently? If so, please provide details.

Summary of published work from this project/PhD to date:
[1] R. Holleyman et al., ‘Hip arthroscopy for femoroacetabular impingement is associated with
significant improvement in early patient reported outcomes: analysis of 4963 cases from the UK
non-arthroplasty registry (NAHR) dataset’, Knee Surg Sports Traumatol Arthrosc, vol. 31, no. 1, pp.
58-69, Jan. 2023, doi: 10.1007/s00167-022-07042-y.
[2] R. J. Holleyman et al., ‘Comparison of early outcomes of arthroscopic labral repair or
debridement : a study using the UK Non-Arthroplasty Hip Registry dataset’, Bone Jt Open, vol. 3,
no. 4, pp. 291-301, Apr. 2022, doi: 10.1302/2633-1462.34.BJ0-2022-0003.R1.
[3] R. J. Holleyman et al., ‘The impact of COVID-19 on mortality after hip fracture: a population
cohort study from England’, The Bone & Joint Journal, vol. 104-B, no. 10, pp. 1156-1167, Oct.
2022, doi: 10.1302/0301-620X.104B10.BJJ-2022-0082.R1.
4] Holleyman RJ, Barnard S, Bauer-Staeb C, Hughes A, Dunn S, Fox S, et al. Adjusting expected
deaths for mortality displacement during the COVID-19 pandemic: a model based counterfactual
approach at the level of individuals. BMC Medical Research Methodology [Internet] 2023 [cited 19
Dec 2023];23(1):241.
[5] Holleyman RJ, Jameson SS, Reed M, Meek RMD, Khanduja V, Hamer A, et al. Consultant
revision hip arthroplasty volumes and new consultant volume trajectories in England, Wales,
Northern Ireland, and the Isle of Man: a study using the National Joint Registry dataset. The Bone
& Joint Journal [Internet] Bone & Joint, 2023 [cited 18 Oct 2023];105-B(10):1060-1069.
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6. The creation of Intellectual Property (IP) is an important outcome of the innovation process, in
which good ideas develop into new products. Will your project lead to the creation of IP in the
future? If so, explain how you are planning to achieve this.

Further information on the value of turning research projects into IP can be found here.

None / not applicable.

7. Please provide us with an up to date, lay summary of your research for general publication

and marketing purposes. Please also provide relevant (high resolution) photos of you and
your team and the research you are undertaking.

Below | include 1) a lay summary of our project, and 2) lay summaries for each of the published
papers from my project to date.

Project summary

Lay summary for Revision Hip Arthroplasty project:

Hip replacement is one of the most common and successful operations performed in the UK for patients
with arthritis. Whilst a hip replacement lasts many years for most patients, some (up to 5% after 10 years)
may require complex ‘re-do’ surgery such as when infection develops, the components become loose, or
the bone around the implant fractures. Revision is often more complex than primary surgery and
associated with greater technical demands, costs, and higher complication rates. Furthermore, in the UK
there is great disparity in what constitutes a ‘revision practice’ with some surgeons and centres
performing many, and some performing very few such surgeries annually which may adversely impact
learning curves and outcomes according to evidence emerging from other countries and surgical
specialties. Thus, there is a need to investigate these associations and other determinants of outcome in
the UK to inform the delivery of high-quality care for patients.

This project will use national datasets to explore in detail the volume of revision hip arthroplasty currently
performed in the UK by surgeons and hospitals, and will look in detail at the variation in practice
nationally. We will then describe the numbers of patients who experience rare but serious (for example,
risk to life) or more common but less serious complications. Finally, we will look to model the relationship
between patient and health system factors to see if risks are greater in certain groups, or where
operations are done in low numbers by hospitals. This will help provide information for patients to make
more informed choices about risk, and also for hospitals and surgeons so they are able to ensure that
surgery is as safe as possible for patients.

PUBLICATIONS/MANUSCRIPT LAY SUMMARIES

Adjusting Expected Deaths for Mortality Displacement During the COVID-19 Pandemic: A Model Based
Counterfactual Approach at the Level of Individuals. (recently accepted by BMC Medical Research
Methodology)

Disruptive events, such as the COVID-19 pandemic, can cause many more deaths than would otherwise be
expected. In situations like this, many deaths take place earlier than they otherwise would otherwise done
had the event not occurred. This is termed mortality displacement because the timing of deaths has been
brought forward.

Investing in our
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The calculation of weekly excess mortality in England is based on comparing actual deaths with those
expected based on historic trends prior to the COVID-19 pandemic. Displacement due to a disruptive event,
like a pandemic, distorts this method of monitoring excess deaths as the calculation of expected deaths is
no longer accurate, given that many of the people who were expected to die later are already dead
(displaced). Without making any adjustment to the number of expected deaths, these dead people will still
be included in the later expected deaths. For example, based on historic trends in death rates if some of
the people who were expected to die in 2025, actually died prematurely in 2020 during the COVID-19
pandemic. As such, they can no longer die in 2025 as previously expected. It therefore becomes important
to adjust the expected deaths in 2025 to have an accurate picture of how many people are expected to die
in 2025, taking into consideration that the disruptive event occurred. Otherwise, the number of excess
deaths in the future is likely to be underestimated because the number of expected deaths is
overestimated.

Our article describes the development of a novel method to account for mortality displacement and adjust
the expected deaths. This is most relevant for public health however has potential applications for any
circumstance where there is a disruptive health event.

“Consultant revision hip replacement volumes and new consultant volume trajectories in England,
Wales, and Northern Ireland: a study using the national joint registry dataset” (recently accepted by
Bone and Joint Journal)

This study used data from the National Joint Registry for England, Wales, Northern Ireland and the Isle of
man (which captures >95% of hip replacement operations) to describe the variation in the annual volumes
of revision hip replacement (RHR, complex ‘re-do’ hip replacements) undertaken by consultant surgeons
nationally between 2011 and 2019. It also looks at the rate at which new consultants entering practice
gain experience of this complex surgery.

The key findings of this work were:

e The majority of revision hip replacements were undertaken by higher-volume surgeons, with the
top 20% of consultants by volume contributing almost three-quarters of total RHR case volume.

e Analysis of consultant volume by geographical region showed, reassuringly, that access to higher-
volume RHR surgeons existed in all regions, rather than being confined to a particular location.

e There was considerable variation in consultant RHR volumes by day of the week and between
consultants nationally, with half of all consultants who had ever recorded a RHR between 2012
and 2019 maintaining a trailing annual volume of 1 or fewer RHR and collectively contributing less
than 3% of the total case volume.

e The rate of accrual of RHR experience by new hip arthroplasty consultants is extremely low, and
those who eventually undertake >15 RHR/year may take more than 5 years to begin to
consistently maintain this volume. This has crucial implications for establishing an experienced
RHR consultant workforce.

“The Impact of COVID-19 on Mortality after Hip Fracture: a Population Cohort Study From England”
Most hip fractures occur in frail older people — the same population who have experienced a high burden
of morbidity and mortality from COVID-19 infection. Adjusted analyses from retrospective case series
have identified advancing age and certain chronic medical problems as risk factors. However, these have
been relatively small series, heterogenous in how they diagnose, investigate and report COVID-19
infection, and shed no light on how these factors combine with COVID-19 infection to portend poor
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survival. Furthermore, there are still no consistent data reporting longer-term survival.

Hip fracture care is delivered through complex multidisciplinary pathways of care, making it an ideal
marker condition with which to examine the outcomes of healthcare delivery for older people during the
COVID-19 pandemic, as findings are likely generalisable to other frail inpatient populations. Our research
represents the largest study of COVID-19 and hip fracture in the world to date. It has for the first time,
linked data for a national hip fracture cohort derived from two databases (National Hip Fracture
Database, Hospital Episode Statistics) to surveillance data from Public Health England’s SARS-CoV-2
diagnostic testing programme. This has allowed us to characterise the impact COVID-19 infection and
other risk factors influencing mortality up to one year following hip fracture, in a vulnerable and frail
population in the UK. This is the first study to show that most COVID-19 infections in the UK hip fracture
population were hospital-acquired highlighting the importance of infection control procedures.

Implications

COVID-19 infection occurring around the time of hip fracture was independently associated with a more
than doubling of the 90-day mortality. Advancing age, comorbidities, male sex, malnutrition and not
having surgery, profoundly influenced mortality in COVID-19 positive individuals, the latter two factors
being potentially modifiable. Decisions not to operate on COVID-19 positive patients with a hip fracture
are not supported by this study, and non-operative management of COVID-19 positive patients should
therefore be critically assessed.

“Hip arthroscopy for femoroacetabular impingement is associated with significant improvement in early
patient reported outcomes”

Results from recent research studies has demonstrated that patients who undergo keyhole hip surgery to
treat femoroacetabular impingement (FAI — a condition where parts of the bones around the ball and
socket joint of the hip come into contact inappropriately, causing pain and loss of function) do better than
those treated with physiotherapy alone. However, there is a lack of information regarding which factors
influence outcomes after this surgery, particularly whether there are differences in patient reported
outcomes measures (PROMs) between different impingement patterns.

There are three common patterns of FAI:

Cam impingement — whereby the ball (head) of the femur is too prominent and impinges on the normal
hip socket. This pattern is commonly seen in male athletes.

Pincer impingement — whereby there is prominent bone on the edge of the hip socket which causes
impingement against the normal ball (head) of the femur. This pattern of FAl is more commonly seen in
female patients.

Mixed impingement — where both a cam and pincer lesion are present.

Our study is one of the largest in the world to investigate this problem and showed that there were
measurable improvements in patient outcomes in all three impingement subtype groups in both younger
(<40 years) and older (>40 years) ages, however outcomes in the pincer group improved to a lesser
extent. Damage to the hip cartilage was also associated with poorer patient outcomes.

“Comparison of early outcomes of arthroscopic labral repair or debridement”

The labrum is a soft-tissue structure projecting from the outer edge of the hip socket. It plays an
important role in the maintenance of normal hip stability, cartilage health, and in lubricating the hip
joint. These functions are compromised in the event of a labral tear, and the tear itself may contribute
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directly to pain. Labral injury is common and may occur in up to half of patients who present with hip
symptoms related to movement. Ultimately, a labral tear may progress to cartilage damage and
subsequent osteoarthritis at an earlier age than would be expected.

There is debate about how labral injuries should be treated. Some surgeons favour trying to repair a
damaged labrum by using sutures to repair the torn part and to anchor it back onto the bone from which
it came. Other surgeons trim away the torn part expecting that this will reduce pain and improve function
by stopping it getting caught in the hip. There has been a significant trend in favour of surgeons repairing
labral tears in recent years.

Our study compared the outcome of 2,025 labral debridements (55%) and 1,659 labral repairs (45%)
performed through a keyhole operation (hip arthroscopy), using data from the UK Non-arthroplasty hip
registry, making it one of the largest clinical studies to date. Both procedures were successful in
significantly improving early functional outcome in patients, regardless of age or sex. Overall, two thirds of
patients achieved meaningful improvement in their outcome scores.

When we compared the two procedure types directly, labral repair was associated with superior
outcomes compared to debridement, however when we adjusted for important patient characteristics
(which were different between groups, for example patients who underwent repair tended to be younger
which also affects outcomes) the difference was less marked and not statistically different. Further
research is required to definitively answer whether repair is more effective than debridement, but our
study shows that both procedures appear to be associated with good outcomes in the majority of cases.

8. Any further comments?

Thank you again for funding my research and PhD. | look forward to updating you on my progress in my
report later in 2024 and with a copy of my PhD thesis.




