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Abstract

Background: Hip fracture in elderly patients is associated with a significant mortality which may be worsened by
COVID-19 infection. Objective: To undertake a systematic review and meta-analysis of studies assessing the effect of
COVID-19 infection and mortality rates in hip fracture patients in the United Kingdom (UK) during the first surge of
the pandemic. Design: A systematic literature search of 9 online databases was undertaken independently by 2
reviewers using the Cochrane methodology for systematic reviews. Eligibility criteria were any study of an adult
population with a hip fracture that assessed the relationship between COVID-19 infection and 30-day mortality in the
UK. Meta-analysis was conducted using a random-effects model. Results: Out of 309 identified articles, 10 studies
reporting on 2448 hip fracture patients met the inclusion criteria. Meta-analysis showed that the estimated mortality
rate in patients with laboratory confirmed COVID- 19 infection was 32.5% (95% CI= 28.3 to 37.0) compared to 8.6%
(95% Cl= 6.3 to 11.6) in COVID-19 negative patients. Meta-analysis of 9 comparative studies showed a significantly
higher mortality in patients with laboratory confirmed COVID-I19 infection as compared to patients without
(RR=3.937, 95% Cl= 2.867 to 5.406, P<.001). Similar findings were obtained when comparing mortality in COVID-19
laboratory confirmed or clinically suspected infected vs non-infected patients (RR=4.576, 95% CI = 3.589 to 5.835, P
<.001). Conclusions: COVID- |9 infection is associated with a 4-fold increase in mortality risk in hip fracture patients.
Every effort should be made to avoid COVID- 19 infection and nosocomial exposure in this highly vulnerable patient
group.
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Introduction

Infection with COVID-19 is associated with high mortality
rates, especially in elderly male patients with comorbidities
such as diabetes, hypertension, cardiovascular and respi-
ratory disease." Similarly, in the pre-COVID-19 era, a
higher mortality in hip fracture patients has been associated
with older age, male gender, dementia, cardiovascular
disease, renal disease and malignancy.’
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In the UK, in recent years, there have been substantial
improvements in hip fracture care and reduced mortality
rates with the implementation of early orthogeriatric input,
early surgery and prompt post-operative mobilisation. The
National Hip Fracture Database (NHFD) collects data from
175 trauma units in England, Wales and Northern Ireland
and since its inception in 2007 has demonstrated a steady
decline in hip fracture mortality, with a 30-day mortality of
6.1-6.9% during 2016-2018.> Similarly, in Scotland, the
Scottish Hip Fracture Audit (SHFA) reported a 7.7% 30-
day mortality in 2019.*

The NHFD and SHFA has largely standardised care,
enabling a more uniform assessment of the effect of
COVID-19 on mortality. We have undertaken a systematic
review and meta-analysis to assess the early mortality rate
of hip fracture patients in the UK, with and without
COVID-19 infection.

Methods

A systematic literature search was performed following
the Cochrane methodology for systematic reviews on
19™ October 2020. The following bibliographic data-
bases and COVID-19 resource sites were searched with
no publication or language limit: Pubmed, EMBASE,
CINAHL, CENTRAL (Cochrane Library), COVID-19
research database WHO, Lancet COVID-19 research
centre, JAMA network, NEJM, COVID-19 Open Re-
search Dataset Challenge. The November 2020 issues of
the Bone and Joint Journals and Journal of Bone and
Joint Surgery (Am) were also searched. The reference
lists of included studies were examined for any addi-
tional studies. The search in all databases was per-
formed with a combination of key-words “covid” and
“fracture”.

Inclusion Criteria

e Study design: Any study design

® Population: Patients with a hip fracture
Comparators: COVID-19 infection (based on testing
or clinical suspicion) vs no infection

® Qutcomes: Studies reporting on “30-day” mortality

Exclusion Criteria

e (Case reports, reviews, editorials, commentaries,
personal opinions, surveys and case series reporting
on a total of less than 10 patients.

Based on the above eligibility criteria, 2 reviewers
independently screened the titles and abstracts of all
identified studies. Duplicates were removed. The full texts
of studies considered eligible were independently

reviewed by the 2 reviewers. Any disagreements were
discussed between the 2 reviewers and with a senior
author.

Data Extraction

Two reviewers independently extracted relevant data
(demographics and outcomes) from the included studies.
Any disagreements in the eligibility assessment or data
extraction were discussed between the 2 reviewers and
with a senior author if differences were still unresolved.
Where further clarification of data was needed, the authors
of the included studies were contacted.

The design methodology of each study was determined
using the guidelines described by Mathes and Pieper.’

Assessment of Methodological Quality of Studies

The methodological quality of the included studies was
assessed using the Methodological Index for Non-
Randomised Studies (MINORS criteria).®

Statistical Analysis

An initial descriptive analysis of the studies was per-
formed, presenting study characteristics, populations and
outcomes.

Meta-analysis was conducted using a random-effects
model, due to the inherent heterogeneity encountered in
clinical studies. Mortality rates, Risk Ratios (RRs) and 95%
confidence intervals (Cls) were calculated and reported.
Heterogeneity was assessed using tau®, 12, Q and P values.
Funnel plots were plotted for the studies comparing mortality
rates between groups with and without COVID-19 infection,
and visual assessment of these funnel plots was undertaken to
look for asymmetry. No formal testing for funnel plot
asymmetry was performed due to the small number of studies
analysed. Data were analysed with Comprehensive Meta-
analysis version 2 (Biostat, Englewood, NJ, USA).

Results

The search returned 309 articles, of which 28 were dupli-
cates and 244 failed to meet the inclusion criteria and were
excluded. Full-text review of the remaining 37 articles re-
sulted in further exclusions. Ten studies including 2448 hip
fracture patients met the inclusion criteria (Figure 1).”"'¢
The patient demographics for each study are shown in
Tables 1, 2 and 3. All studies assessed mortality during the
first surge of the pandemic, mainly in March and April of
2020 and included a wide regional distribution in the UK
(Figure 2). The majority of patients were female. Nine
studies compared mortality rates in COVID-19 infected
patients vs COVID-19 non-infected patients, while 1 study
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Figure |. Flow diagram for meta-analysis.
Table I. Demographic and treatment data.
Lead Author Study Design Sex Age (Mean)  Asa (Median) Study Period
Narang Cohort 477 F/201M NP 3 1/3/20 — 3/4/20
Dupley Retrospective case series 35 F/129M 83 3 1/3/30 - 26/4/20
Karayiannis Retrospective cohort 138 F/65M 81.3 3 18/3/20 - 27/4/20
Thakrar Prospective cohort 20 F/23M 81.6 NP 15/3/20 — 14/4/20
Malik-tabassum Prospective cohort 43 F/25M 84.3 3 23/3/20 - 11/5/20
Kayani Retrospective cohort 255 F/167M 72.5 3 1/02/20 — 20/0420
Sobti Prospective cohort NP 835 NP 1/03/20 — 31/05/20
Hall Retrospective cohort 211 F/106M 80.7 3 03/20
Ward Retrospective cohort 96 F/36M 82.1 3 1/03/20 — 31/05/2020
Rasidovic Retrospective and prospective cohort 281 F/123M 83.5 3 1/03/20 — 6/04/20

NP= information not provided.
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Table 2. Fracture type and surgical management in included studies.

Surgical Treatment/

Intracapsular/Extracapsular/

Surgical Fracture

Author Non-surgical Peri-Prosthetic fixation/Arthroplasty Time to Surgery
Narang 682 389/278/0 NP N/A
Dupley 58 36/28/0 29/0 N/A
Karayiannis 203 NP 83/120 78 pts 33 pts 48 hours
Thakrar 43 NP/NP/4 23/20 51.2 hours (mean)
Malik-tabassum 66/2 44/24/0 26/40 21.8 hours (mean)
Kayani 422 332/90/0 144/278 72 hours (mean)
Sobti 94 NP NP N/A

Hall 303 NP NP N/A

Ward 127/5 73/49/0 55/62 N/A
Rasidovic 391 189/106/0 216/173 +3-unknown 35.0 hours (mean)

N/A= Not applicable NP= information not provided.

Table 3. Definitions of 30-day mortality and of clinical suspicion of COVID-I9 status.

Reference of 30 day  Definition of Suspected

Author Mortality Negative Definition of Suspected Positive
Narang From hospital N/A N/A
admission
Dupley From fracture NP N/A
Karayiannis From surgery NP Positive imaging findings — PA chest radiograph, CT chest
Thakrar NP Absence of clinical Clinical signs/symptoms of respiratory infection, diagnostic
symptoms investigation results supportive of COVID-19 illness
Malik- NP Asymptomatic Respiratory symptoms
tabassum
Kayani From surgery N/A N/A
Sobti NP Asymptomatic N/A
Hall From hospital N/A N/A
admission
Ward From fracture N/A Clinically suspected COVID-19
Rasidovic From surgery Did not meet PHE Suspected clinical signs or symptoms of COVID-19, and/or

guidelines for testing

imaging (plain radiograph/CT)

N/A= Not applicable (all cases were swabbed), NP= information not provided.

reported mortality in COVID-19 infected patients only.
The majority of patents suffered an intra-capsular fracture
and the most common modality of treatment was a
hemiarthroplasty. All studies assessed “30-day” mortality,
but this varied in relation to duration with some using the
date of fracture occurrence, date of hospital admission or
date of surgery. Included articles also varied with regard to
the clinical parameters used to evaluate the presence or
absence of COVID-19 infection (Table 3). Mortality rates
for each included study are presented in Table 4.

Mortality

Meta-analysis showed that the estimated overall mortality
rate in patients with COVID-19 infection (laboratory con-
firmed with a positive oropharyngeal or nasopharyngeal swab
test with real-time reverse transcription polymerase chain

reaction (RT-PCR)) was 32.5% (95% CI= 28.3 to 37.0,
heterogeneity tau”=.00, °=.00, Q=3.25, P=.92) and was
higher than the estimated mortality rate in patients without
COVID-19 infection with a mortality rate of 8.6% (95% CI=
6.3 to 11.6, heterogeneity tau’=.13, °=58.71, Q=19.38,
P=.01). Mortality rates were similar when COVID-19 di-
agnosis was based on laboratory testing or clinical suspicion -
33.1%, (95% CI= 28.9 to 37.5, heterogeneity tau®=.00,
I’=.00, Q=3.41, P=91) vs 7.4% (95% CI= 5.8 to 9.4, het-
erogeneity tau’=.06, °=44.27, Q=14.35, P=.07).
Meta-analysis of the 9 studies that directly compared
mortality rates showed that COVID-19 infection (based on
laboratory RT-PCR testing) was associated with a higher
mortality risk compared with no infection, with an esti-
mated RR of 3.937 (95% CI= 2.867 to 5.406, P<.001,
heterogeneity tau®=.08, ’=35.61, Q=12.42, P=.13). This
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was similar when COVID-19 diagnosis was based on
laboratory testing or clinical suspicion (RR=4.576, 95%
CI = 3.589 to 5.835, P <.001, heterogeneity tau’=.02,
I’=13.08, Q=9.20, P=.33). (Figures 3 and 4)
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Figure 2. Location of the hip fracture hospitals described in the
included studies. (larger markers represent the hospital of the
lead author and the smaller markers represent other units
included in each multicentre study).

Table 4. Summary of mortality rates in included studies.

Funnel plot analysis did not show a small study effect
for the studies comparing laboratory confirmed cases but
suggested a small study effect for studies that combined
laboratory testing and clinical suspicion.

Assessment of Methodological Quality of
Included Studies

The MINORS assessment for bias showed a median score
of 12 (range 11-14) (Table 5).

Discussion

We show that the first surge of the pandemic COVID-19
infection was associated with a high mortality rate of about
33%, and an estimated 4-fold increase in 30-day mortality
risk in hip fracture patients in the UK.

It was reassuring that the early mortality rate in non-
COVID-19 hip fracture patients in our meta-analysis was
estimated at 8.6% which is only marginally higher com-
pared to the 30-day mortality of 6.1% in the NHFD and
7.7% in the SHFA reported in 2019.>* This may suggest
that although systemic changes in the provision of care
could be related to the observed increased mortality,
COVID-19 infection per se was the major contributor.

In the UK, the overall mortality rate of patients with a
confirmed labarotory test for COVID-19 is reported as
.8%."7 The mortality of patients admitted to hospital with
symptomatic COVID-19 infection during the first surge of
the pandemic in the UK was about 33%.'® Whilst, the hip
fracture patients included in this study were admitted to
hospital due to their fracture, and COVID-19 may have
been an incidental finding, they had a similar mortality
rate. This would suggest that hip fracture patients are a

Mortality of Swab
Positive and Suspected
Positive Cases

Mortality of Swab
Positive Cases
(Mortality/Total

Mortality of Swab
Negative and Suspected
Negative Cases

Mortality of Swab
Negative Cases
(Mortality/Total

COVID-19 Reported
Cause of Death/Total
Deaths in COVID-19

Author (Mortality/Total Cases) Cases) (Mortality/Total Cases) Cases) Infected Cases
Narang 34.9% (30/86) 34.9% (30/86) 6.0% (36/596) 6.0% (36/596) NP
Dupley 32.8% (21/64) 32.8% (21/64) N/A N/A NP
Karayiannis 19.0% (4/21) 19.0% (4/21) 1.6% (3/182) 1.6% (3/182) 2/4
Thakrar 38.4% (5/13) 33.3% (4/12) 6.7% (2/30) 1.7% (1/6) 4/5
Malik- 100% (1/1) 100% (1/1) 7.5% (5/67) 9.8% (5/51) NP
tabassum

Kayani 30.4% (25/82) 30.4% (25/82) 10.2% (35/340) 10.2% (35/340) NP
Sobti 50% (3/6) 50% (3/6) 6.8% (6/88) 10.6% (5/47) NP
Hall 33.3% (9/27) 33.3% (9/27) 8.3% (24/290) 8.3% (24/290) NP
Ward 37.0% (17/46) 36.5% (15/41) 10.5% (9/86) 10.5% (9/86) 14/17
Rasidovic 32.4% (37/114) 31.2% (34/109) 7.2% (21/290) 16% (8/50) NP

N/A= Not applicable.
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Z-Value p-Value

Risk ratio and 95% ClI

0.000
0.001
0.488
0.001
0.000
0.008
0.000
0.001
0.059
0.000

0.01 041 1

6
Study name Statistics for each study
Risk Lower Upper
ratio  limit  limit
Narang 5.775 3.762 8.865 8.020
Karayiannis 11.556 2.773 48.151 3.361
Thakrar 2.000 0.282 14.198 0.693
Malik-Tabas. 7.091 2.303 21.834 3.414
Kayani 2.962 1.883 4.659 4.697
Sobti 4700 1.485 14.871 2.633
Hall 4.028 2.088 7.768 4.158
Ward 3496 1.671 7.312 3.324
Rasidovic 1.950 0.974 3.901 1.886
3.937 2.867 5406 8.468
Meta Analysis

Figure 3. Meta-analysis of studies comparing laboratory confirmed COVID-I9 infected vs non-infected patients.
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Study name Statistics for each study

Risk Lower Upper

ratio  limit limit
Narang 5.775 3.762 8.865 8.020
Karayiannis 11.556 2.773 48.151  3.361
Thakrar 5.769 1.281 25,989 2.282
Malik-Tabas. 9.273 2.988 28.772 3.855
Kayani 2962 1.883 4.659 4.697
Sobti 7.333 2412 22299 3.511
Hall 4.028 2.088 7.768 4.158
Ward 3.531 1.712 7.286 3.414
Rasidovic 4482 2747 7.314 6.004

4576 3.589 5.835 12.263
Meta Analysis

Figure 4. Meta-analysis of studies comparing laboratory confirmed or clinically suspected COVID-19 infected vs non-infected

patients.

highly vulnerable group with regards to the effects of
COVID-19 infection in the perioperative period.

Our reported relative risk is lower than the results of a
recent international meta-analysis which reported a 7-fold
increase in mortality risk in patients with hip fracture and
COVID-19 as compared to non-infected patients. How-
ever, the authors of that study, did not define the duration of
follow up with regards to mortality, and only included 4
studies in their analysis with just 1 study from the UK."

Delays to surgery has been linked to increased mortality
in hip fracture patients,”**' hence timing to surgery for hip

fracture is a main performance indictor for NHS services in
the UK. The NHFD gather data on the timing of surgery
from first presentation with a hip fracture to hospital. In the
NHFD 69% of patients in 2018 had surgery on the same
day or on the day following injury.> The average wait for
surgery was 33.1 hours in 2017 and 2018. Similarly, in
2019, in the SHFA, 72% of hip fracture patients had
surgery within 36 hours of admission. In our meta-
analysis, time to surgery was available for 5 studies,
which seemed similar to that achieved in the pre-COVID-
19 hip fracture databases.
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Table 5. Minors Criteria assessing validity of each non-randomised trial.

6. Follow-Up
I.A Period 7. Loss to

Stated 2. Inclusion of 3. Prospective 4. Endpoint 5. Unbiased =~ Appropriate to Follow up

Aim of  Consecutive  Collection of Appropriate to Evaluation of the Major Not
Author the Study Patients Data the Study Aim  Endpoints Endpoint Exceeding 5% Total
Narang 2 2 2 2 2 2 2 14
Dupley 2 | 0 2 2 2 2 I
Karayiannis 2 2 0 2 2 2 2 12
Thakrar 2 2 2 2 2 2 2 14
Malik- 2 2 2 2 2 2 2 12

tabassum

Kayani 2 2 0 2 2 2 2 12
Sobti 2 | 2 2 2 2 2 13
Hall 2 2 0 2 2 2 2 12
Ward 2 I 0 2 2 2 2 I
Rasidovic 2 0 | 2 2 2 2 13

Several possible reasons may explain the increased mor-
tality observed in our meta-analysis, including the enhanced
coagulopathy in COVID-19,%* combined with reduced mo-
bility associated with hip fractures which may increase the risk
of venous thromboembolism and disseminated intravascular
coagulation. Anticoagulation in patients with more severe
COVID-19 infection has been associated with reduced
mortality.”> The hip fracture and associated surgery per-se
may also induce the release of inflammatory cytokines which
may potentiate COVID-19 induced inflammation”* leading to
cytokine storm, acute respiratory distress syndrome and multi-
organ failure.”> Of course several factors including older age,
obesity, diabetes and cardiovascular disease commonly co-
exist in patients with hip fracture and are associated with
increased mortality of COVID-19.2*" In line with this, Mi
et al looked at 10 patients with a fracture and symptomatic
COVID-19 in the Hubei province in China. They reported
lymphopenia (<1.0 x 109 cells/L) in 6 of 10 cases, and high D-
dimer and C-reactive protein levels in 9. Four of their patients
died within 2 weeks of admission. They concluded that the
clinical characteristics and early prognosis of COVID-19 in
patients with a fracture tended to be more severe than those
reported for patients with COVID-19 without fracture and that
surgical treatment should be carried out cautiously or non-
surgical care should be chosen for such patients.?®

Given the markedly increased mortality in patients with
COVID-19 and hip fracture, every effort should be made to
avoid nosocomial COVID-19 infection. Ward et al reported
that only 19.6% of their COVID-19 infected hip fracture
patients had symptoms on admission and the timing of di-
agnosis for most of their patients (60.8%) suggested noso-
comial infection.'* Kayani et al'* reported that about 50% of
their COVID-19 cases had a negative swab on admission,
suggesting a subsequent nosocomial infection. Heneghan

et al*’ estimated at around 17.6% of COVID-19 hospitalised
cases in England fit the definition as being hospital acquired.
In a recent study we have shown substantial deficiencies in the
measures adopted to limit nosocomial COVID-19 infection in
hip fracture patients in hospitals in the North West of En-
gland.*® Public Health England (PHE) published guidelines
for hospital care with high, medium and low COVID-19 risk
pathways.*' Acute hip fracture patients would qualify as high
risk patients and therefore should be nursed in a single room or
specific area until their laboratory test results is known.

The proportion of COVID-19 cases reported in the in-
cluded studies varied substantially. Karayiannis et al showed
that 10.4% of their hip fracture patients were COVID-19
positive,” whereas in the study by Kayani'? at the proportion
was almost double at 19.4%. This may be due to different rates
of community prevalence in the country regions examined, or
due to different rates of nosocomial infection. Hall et al
compared patients who were COVID-19 infected on ad-
mission vs those who became infected post-surgery and did
not find any difference in mortality, suggesting that both
groups are similarly exposed to the detrimental effects of
COVID-19 infection."*

This meta-analysis has certain limitations, including the
retrospective nature of some of the studies and their het-
erogeneity with regards to the reference time point of the
30-day mortality and definition of the COVID-19 status.
Similarly, time to surgery was not clearly defined in our
included studies. The limited information in the publica-
tions did not allow us to identify subgroups of hip fracture
patients with more severe COVID-19 infection or deter-
mine the cause of death in patients with COVID-19.
Nevertheless, despite these limitations we feel that our
findings, through the meta-analysis of multiple studies
carried out in the UK, where hip fracture care is highly
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standardised, are robust enough to guide management of
this fracture group.

In conclusion, COVID-19 infection in hip fracture
patients in the UK is associated with a 4-fold increase in
mortality risk. Every effort should be made to minimise
infection with COVID-19 in this highly vulnerable group.
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