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ABSTRACT

Introduction: This systematic review and meta-analysis aimed to evaluate the prevalence of coronavirus
disease 2019 (COVID-19) and its impact on mortality in patients with hip fracture.

Methods: We performed a systematic literature search in PubMed, Cochrane Central Database, and
medRvix from inception up to July 13, 2020 on research articles that enrolled hip fracture patients who
had information on COVID-19 and clinically validated definition of death.

Results: A total of 984 participants from 6 studies were included in our study. The pooled prevalence of
COVID-19 was 9% [95% CI: 7—11%]. The mortality rate in patients with concomitant hip fracture and
COVID-19 was found to be 36% (95% CI: 26—47%), whereas the mortality rate in hip fracture without
COVID-19 is 2% (95% CI: 1—3%). Meta-analysis showed that COVID-19 was associated with a seven-fold
increase in risk (RR 7.45 [95% CI: 2.72, 20.43], p < 0.001; I%: 68.6%) of mortality in patients with hip
fracture. Regression-based Harbord’s test showed no indication of small-study effects (p = 0.06).
Conclusion: The present meta-analysis showed that COVID-19 increased the risk of mortality in patients
with hip fracture.

Trial registration: This study is registered with PROSPERO, July 21, 2020, number CRD42020199618.

Available from https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020199618.

© 2020 Delhi Orthopedic Association. All rights reserved.

1. Introduction

To date, the transmission and impact of Coronavirus Disease
2019 (COVID-19) have been more devastating than that of its pre-
decessors, severe acute Respiratory Syndrome (SARS) and Middle
East respiratory syndrome (MERS).! The current pandemic has
stretched the capacity of healthcare providers worldwide in
providing medical services to the breaking point, not only due to
the surge in the numbers of patients but also because certain
groups of people are at a higher risk of worse outcomes. Patients
with hip fractures are among the highest risk groups for developing
severe COVID-19, because they are typically elderly, have dispro-
portionate body composition, lower bone mineral density, and
reduced mobility, and frequently suffer from chronic illnesses.>’

Hip fracture patients with underlying comorbidities, such as
hypertension, diabetes, chronic lung disease, and cardiovascular
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and cerebrovascular diseases, are particularly vulnerable to devel-
oping complications from COVID-19 infection, even death.®~'°
Furthermore, healthcare workers, including surgeon and staff in
the operating theatre, have a markedly increased risk of contracting
the SARS-Coronavirus-2 (SARS-CoV-2) as a result of the surgical
management of patients with this pathology.'” Moreover, consid-
ering the widespread implementation of lockdown, post-operative
follow-up and rehabilitation represent additional challenges for
both patients and healthcare providers. This systematic-review and
meta-analysis aimed to evaluate the prevalence of COVID-19 and its
impact on mortality in patients with hip fracture.

2. Methods

This study is registered with PROSPERO, July 21, 2020, number
CRD42020199618.

2.1. Eligibility criteria

Research articles that enrolled hip fracture patients who had
information on COVID-19 and the clinically validated definition of
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death were included in this study. Abstract-only publications, re-
view articles, commentaries, letters, and case reports were not
included. In addition, we excluded studies that did not report key
exposures or outcomes of interest.

2.2. Search strategy and study selection

We performed a systematic literature search in PubMed,
Cochrane Central Database, and medRvix from inception up until
July 13, 2020 using the following keywords: (“COVID-19” OR “SARS-
CoV-2" OR “Coronavirus” OR “2019-nCoV”) AND (“Fracture” OR
“Trauma”). After removal of duplicate records, two authors inde-
pendently screened the titles and abstracts of the remaining arti-
cles based on the inclusion and exclusion criteria.

2.3. Data extraction

Data extraction was carried out independently by two authors
using standardized extraction forms that included author, year,
study design, number of subjects, age, sex, hypertension, diabetes
mellitus, cardiovascular diseases, periprocedural complications,
percentage of surgery, percentage of thromboembolic events, and
mortality.

In this meta-analysis, the outcome of interest was mortality,
which is defined as non-survivor or death. The exposure in this
meta-analysis was hip fracture or proximal femur fracture, where
the diagnosis follows the included studies’ definition. In this study,
patients were identified as COVID-19-positive cases if they had a
positive oropharyngeal or nasopharyngeal swab test with real-time
reverse transcription polymerase chain reaction (RT-PCR) for SARS-
CoV-2 before, during, or after hospitalization for their hip fracture.

2.4. Statistical analysis

Meta-analysis was performed using STATA 16.0 (Statacorp LLC).
Prevalence of COVID-19 and incidence of mortality were calculated
and expressed as proportion and percentage. Risk ratios (RRs) and
its 95% confidence intervals (CIs) were calculated for calculated for
dichotomous outcomes using a random-effects model. p-value for
effect estimate was two-tailed, and the statistical significance was
set at <0.05. Heterogeneity was assessed using I,> a value of >50%
or p-value <0.10 indicated a statistically significant heterogeneity.
Regression-based Harbord’s test was used to evaluate the small
study effects.

3. Results
3.1. Baseline characteristics and study selection

A total of 627 results were obtained, 601 records were screened
after removal of duplicates. There were 13 potentially eligible re-
cords. Among them, 7 articles were excluded because they did not
contain the outcome of interest (mortality). Ultimately, 6 clinical
studies involving 984 participants were included in the systematic
review and 4 in the meta-analysis.”>~’ [Fig. 1]. The baseline char-
acteristics of the included studies is displayed in Table 1.

Prevalence of COVID-19 in patients with hip fracture.

We found that the pooled prevalence of COVID-19 was 9% [95%
Cl: 7—11%] [Fig. 2]. Moreover, the mortality rate in patients with hip
fracture and concomitant COVID-19 was found to be 36% (95% CI:
26—47%), whereas the mortality rate in hip fracture without COVID-
19 is 2% (95% CI: 1-3%).
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3.2. Mortality in patients with hip fracture

Meta-analysis showed that COVID-19 was associated with a
seven-fold increase in risk (RR 7.45 [95% CI: 2.72, 20.43], p < 0.001;
I?: 68.6%, p = 0.022) [Fig. 3] of mortality in patients with hip
fracture.

3.3. Adverse events in patients undergoing hip surgery

In patients undergoing hip surgery (n = 739), postoperative
mortality rates was found higher in those with COVID-19 positive
(28%) compared to the COVID-19 negative counterparts (10.3%).
Furthermore, those who were COVID-19 positive had increased risk
of postoperative complications (85.9%) and increased length of
hospitalization (mean 13.2 days) compared to those who were
COVID-19 negative. We only included subjects from two studies by
Cheung et al. and Kayani et al., because the remainder of the studies
did not enclose detailed data related to the COVID-19 status, sur-
gical treatment option, and post-operative adverse events.

3.4. Publications bias

Regression-based Harbord’s test showed no indication of small-
study effects (p = 0.06). Funnel plot analysis was not performed due
to lack of studies.

4. Discussion

Hip fractures, also known as proximal femur fractures, are the
most common trauma-related fractures.'® This type of fracture are
among the most commonly encountered fractures in COVID-19
cases.'” The hip joint consists of the femoral head (ball) and the
acetabulum (socket), where the femoral neck connects the femoral
head to the proximal part of the femoral shaft and attaches to the
intertrochanteric region. Fractures in any of these locations are
called hip fractures. In terms of anatomic location, hip fractures are
classified as intracapsular (femoral neck and head) and extrac-
apsular (intertrochanteric and subtrochanteric fractures). The
management usually involves a multidisciplinary approach which
includes addressing underlying medical conditions, providing
appropriate surgical fixation, and promoting early mobilization and
rehabilitation to ensure a return to basic functional mobility,
maintenance of activities of daily livings (ADLs), and indepen-
dence.?%?! Hip fractures substantially increase the risk of death and
major morbidity in the elderly.?>**

Meta-analysis demonstrated that COVID-19 was associated with
increased risk of mortality in patients with hip fracture. Worldwide,
the mortality rate of patients with COVID-19 is mostly around
3—4%, and mortality in the pooled analysis of hip fracture patients
without COVID-19 is 4%, both are markedly lower than the 36%
found for patients with hip fracture and concomitant COVID-19.
There are several possible reasons to explain this phenomenon.
Coagulopathy in COVID-19 is associated with a markedly increased
the risk of venous thromboembolism (VTE) and disseminated
intravascular coagulation (DIC).?*?> Endothelial cells dysregulation
and platelets and leukocytes activation result in excessive thrombin
generation and inhibition of fibrinolysis both locally and systemi-
cally, causing fibrin deposition with subsequent tissue damage and
microangiopathy.”® These factors, combined with lack of physical
activity and reduced mobility associated with hip fractures, pre-
dispose patients to a higher risk of thromboembolic
complications.” %%’

Injuries and associated surgical procedures associated with this
pathology can cause inflammation and subsequent release of in-
flammatory cytokines which potentiate COVID-19 induced
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Fig. 1. PRISMA flowchart.

inflammation, possibly leading to cytokine storm. Virus-driven
cytokine storm can lead to serious complications, including acute
respiratory distress syndrome (ARDS) and multiple organ
dysfunction (e.g. acute liver injury, acute kidney injury), which are
several possible causes of inpatient mortality.?® Furthermore, major
vascular injuries can deteriorate the hemodynamic conditions of
the patient, and adjacent nerve injuries can cause weakness or
paralysis which further aggravating their disability. Perioperative
blood transfusions, surgical site infection, and urinary tract infec-
tion are also associated with an increased risk of death in hip
fractures.”” Nevertheless, there are several factors that commonly
coexists in patients with hip fracture, namely advanced age,
obesity, and various comorbidities which are associated with
increased severity and mortality of COVID-19.5~ 1114152930 Becayse
of reduced functional reserves and weakened immune function,
these individuals are more adversely affected by SARS-COV-2
infection. The poor prognosis can be attributed to a combination
of these factors rather than purely attributed to a single factor.
The presence of surgery is indeed a risk factor for SARS-CoV-2
transmission to medical personnel through inhalation of infec-
tious aerosols or viable viruses in the surgical smoke. Therefore,
regardless of the presence of fever, cough, shortness of breath, or
other acute respiratory infection symptoms, all candidates for
surgery should be considered as possible COVID-19 cases. To avoid
unexpected casualties to the patient, surgeon, or staff, screening
and monitoring for COVID-19 in all surgical patients should be
mandatory. Shortages of surgeons and staff due to nosocomial
spread can be serious issue if disease prevention, mitigation, and
containment are not carried out properly. In addition to the
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presence of more than three pre-existing comorbidities, smoking,
which is associated with increased severity in COVID-19, was found
to independently increase postoperative mortality rates in COVID-
19 patients.”'# After surgery, thromboembolic events can occur in
patients due to restricted mobility. In certain cases, postoperative
pulmonary complications could be observed within a few days or
weeks after surgery.!”

Post-operative management, including follow-up and rehabili-
tation, should be arranged cautiously. Moving back and forth to
healthcare facilities increases the risk of contracting SARS-CoV-2
for susceptible individuals.**?> An online survey showed that the
need for clinical and radiological follow-up as well as sutures
removal was avoided during such pandemic, given that controlling
COVID-19 transmission has been a major focus for most countries.*
Currently, teleconsultation and telerehabilitation facilities are be-
ing utilized widely, and the clinical outcomes of this virtual option
are not inferior to the standard face-to-face appointments for the
majority of cases.>**° These audiovisual-guided sessions have been
found to improve the effectiveness of post-operative follow-up and
rehabilitation, increase patient satisfaction, and enhance Quality-
Adjusted Life Years (QALYs) gained. Furthermore, this online-
based service is more cost-effective and help reduce travel ex-
penses and save time.>®>” However, certain cases still require in-
person appointments, such as removal of plates and implants.

As hip fracture patients with concomitant COVID-19 may suffer
from hypercoagulability, the use of anticoagulants and/or anti-
platelets is crucial in preventing adverse outcomes.’**> Further-
more, limited activity and function related to the fracture side
contributes to the rise in D-dimer levels and hence the
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Table 1

Characteristics of the included studies.

Authors Study
Design

Number of Age (Mean/Median) Female

Subjects

(Years)

Hypertension

Diabetes Mellitus Cardiovascular

Diseases

Periprocedural Undergo Surgery (%) Thromboembolic Mortality (%)

Complications

Events (%)

Egol (2020) Prospective
Cohort

LeBrun (2020) Retrospective
Cohort

Vives (2020)  Retrospective
Cohort

Cheung (2020) Retrospective
Cohort

Hall (2020) Retrospective
Cohort

Kayani (2020) Retrospective
Cohort

17 vs 107 82.4vs 83.4

9 vs 40

23 vs 39

10vs 0

27 vs 290

82 vs 340

86.5 vs 84.7

87 vs 85.2*

79.7 vs O

83.6 vs 80.4

719 vs 72.7

5/17 vs 73/107

6/9 vs 38/40

8/13 vs 94/123*

8/10 vs 0/0

13/27 vs 198/290

51/82 vs 204/340

11/17 vs 67/107 7/17 vs 20/107

NJA

NJA

7/10 vs 0/0

N/A

N/A

3/9 vs 14/40

N/A

3/10 vs 0/0

N/A

N/A

8/17 vs 40/107

1/9 vs 8/40 (MI)

N/A

2/10 vs 0/0

N/A

N/A

Sepsis, bacterial 76.5 vs 100
pneumonia, viral

pneumonia,

DVT/PE, M], stroke,

acute respiratory

failure, cardiac

arrest, AKI,

decubitus ulcer,

UTI, anemia,

hypotension,

atrial fibrillation

Pneumonia (any 78 vs 100
cause), DVT/PE,

stroke, M, cardiac

arrhythmia, UTI,

decubitus ulcer,

anemia, acute

respiratory failure

N/A 38.5 vs 96.7*

Atypical pneumonia, 100 vs O
anemia, blood

transfusion, VTE,

prolonged hypoxia

requiring supple

mental O,, res

piratory failure, AKI

N/A 92.6 vs 95.9

Respiratory infection, 100 vs 100
AK]I, septic shock, MI,

ARDS, multiorgan dys

function, severe meta

bolic acidosis,

coagulation dysfunction

11.8 vs 2.8

NJA

NJA

1/10 vs 0/0

N/A

N/A

353vs 0.9

56 vs 4

304 vs 10.3

10vs 0

333 vs 82.8

30.5vs 10.3

*compares NoN-survivor group vs survivor group.

This table compares COVID-19 (+) group vs COVID-19 (—) group.

DVT/PE: Deep venous thrombosis/Pulmonary embolism; MI: Myocardial infarction; AKI: Acute kidney injury; UTI: Urinary tract infection; VTE: Venous thromboembolism.
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Prevalence of COVID-19

%

Study ES (95% Cl) Weight
LeBrun 2020 —*‘—‘— 0.20 (0.11,0.33) 19.76
Vives 2020 " ——+— 0.37(0.26, 0.50) 18.48
Egol 2020 —— 1 0.07 (0.04,0.11) 30.79
Hall 2020 —— 7 0.09 (0.06, 0.12) 30.97
Overal <> 0.16 (0.08,0.24) 100.00
I T 1 T T T T
-2 0 2 4 .6 8
Fig. 2. Prevalence of COVID-19 in patients with hip fracture.
Mortality
Study %
ID RR (95% Cl) Weight
LeBrun 2020 —é—*— 12.00 (2.84, 50.77) 21.31
Vives 2020 _°_é' 2.97 (0.97, 9.05) 25.84
Egol 2020 —oﬁ 39.18 (8.55, 179.55) 20.30
Hall 2020 —*—% 4.03(2.09,7.77) 32.56
Overall (l-squared = 68.6%, p = 0.023) <> 7.45 (2.72, 20.43) 100.00
NOTE: Weights are from random effects analydis l

T
.00557 1

T
180

Fig. 3. Forest-plot showing the association between COVID-19 and mortality in patients with hip fracture.

development of serious, life-threatening thromboembolic compli-
cations.>® Given their limited mobility, simple exercises are rec-
ommended to preserve muscle strength and flexibility and
maintain fitness level while avoiding surgery-associated compli-
cations and secondary risks due to prolonged stay in bed. Such
high-risk individuals should aim to maintain their performance of
ADLs during the rehabilitation period. Promoting rapid mobiliza-
tion while maintaining a physically active lifestyle are advised to
every patient who undergoes hip surgery as it can improve the
immune function, reduce the risk of illnesses, and eventually lower
the risk of mortality.?>2739-41

During the COVID-19 pandemic, the number of motor vehicle
accident has plummeted due to extensive lockdown, travel bans,
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and imposed quarantine which have led to a drastic reduction in
the load of fracture patients worldwide. However, patients with
lower energy and more porous bones are still seeking treatment in
emergency service with the incidence of fragility fractures remains
unaffected.”” An observational study in Spain demonstrated that
the number of osteoporotic hip fractures remained stable over the
course of the outbreak even though the frequency of most emer-
gency traumatology visits declined.*> On the other hand, an
observational study in Italy showed that the number of hip frac-
tures decreased during the outbreak, due to restrictions imposed
nationally, but the number of complications and deaths has
increased significantly.*?

Due to an emergency situation, elective surgeries have been
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suspended to limit the spread of COVID-19. Given that urgent and
emergency surgeries are still running as normal, developing con-
tingency plans for reallocating resources are required to maintain
these services even when the pandemic worsens.>>** Under such a
pandemic, the main approach of most orthopaedic surgeon was to
preserve the hospital resources, reduce the risk of in-hospital
transmission, and protect their colleagues and staff. In numerous
countries, surgical activities for various fractures are still being
abandoned despite the availability of guidelines and protocols due
to lack of experience in managing such patients, shortage of re-
sources, limited access to negative pressure operation theatres, and
stress and anxiety related to COVID-19."° Separating COVID-19 or
non-COVID-19 wards and setting up a “COVID-19” operating room
are suggested to handle surgical emergency cases with positive or
undetermined swab results.* Various risk stratification tools that
mortality and morbidity risk of patients have been developed to
predict 30-day mortality risk after surgery, with the Nottingham
Hip Fracture Score (NFHS) having reasonable discrimination and
providing the most promising results.?>

Hip surgery can contribute to the patient’s overall stability,
enhanced physiological ventilation, seated mobilization, and gen-
eral comfort in bed.*® It has been found that the reduced time to
surgery (within 24 h of emergency room admission) in elderly
patients with hip fracture significantly decreases 1-year mortality
and morbidity.*” Moreover, studies found that delays in surgery for
more than 24 h after hospital admission may increase the odds of
30-day all-cause mortality and complication in hip fracture pa-
tients.'>*®4% During the COVID-19 pandemic, any delays in
attending medical services may prove detrimental, especially in
cases related to fractures and trauma.’® Suboptimal management
may cause devastating complications such as fracture malunion or
nonunion, avascular necrosis, or fixation hardware failure.? Even
worse, the risk of poor outcomes is exacerbated by the patients’
characteristics, including advanced age and the presence of
comorbidities.® 142528 Therefore, these patients may require
priority for early surgery even more than usual, which can help
reduce the length of hospitalization and decrease the risks of
nosocomial infection, post-operative adverse events, and in-
hospital mortality.

Hip fractures are devastating injuries that frequently cause
chronic disability and may lead to premature death, especially in
the elderly. Considering the rapid growth of the elderly population,
these fractures will become one of the biggest public health prob-
lems in the future. The elderly have weaker, more porous bones and
are more prone to falls due to poor balance, side effects from
medications, and difficulty maneuvering around environmental
hazard. This study emphasizes that there is a higher mortality rate
in patients with a hip fracture and an associated positive test for
COVID-19. However, regardless of the COVID-19 status, hip fracture
patients can do well during this pandemic if given proper moni-
toring and treatment, and can eventually be discharged home.

A proper algorithm for the treatment of hip fractures during the
pandemic must be implemented, starting from the use of personal
protective equipment by patients and health workers, emergency
room isolation, hospital admission, peri-operative protocols, to
inpatient protocols.*’ Restarting elective surgery in the midst of
COVID-19 pandemic is particularly challenging and extra pre-
cautions must be taken so that the elective procedure pathways can
be safely resumed and patients can be effectively managed with a
low risk of SARS-CoV-2 infection. A two week self-isolation period
is required before elective surgery to minimize the risk of con-
tracting COVID-19, which is consistent with the observed incuba-
tion period of up to 14 days.’! Fast track or accelerated care
pathway for hip fracture patients will ultimately reduce the total
length of hospitalization without increasing the rates of mortality
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or complication in the short and long term.'
Limitation of this systematic review and meta-analysis include
limited sample size and the wide CI of the effect estimates.

5. Conclusion

The present meta-analysis emphasized that COVID-19 increased
the risk of mortality in patients with hip fracture. Physicians
treating COVID-19 positive patients should counsel the patient and
his/her families of the significantly increased risks of poor out-
comes after hip fracture. We define a new high-risk population
with a hip fracture with concomitant SARS-CoV-2 infection who
had significantly increases the rates of inpatient mortality, partly
due to older age and comorbidity profiles. Appropriate manage-
ment, including infection-control measures, hospital admission
protocols, early surgery, and adequate monitoring, follow-up, and
rehabilitation, is the best measure to minimize the risk of mortality
and other adverse events in hip fracture patients during such
pandemic.
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