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Abstract

Background and purpose The outbreak of the COVID-19 pandemic has resulted in an overall decline in fractures. However,
the amount of hip fractures has remained relatively stable throughout the period. The objective of this study is to investigate
the impact of perioperative COVID-19 infections on mortality among hip fracture patients.

Methods A meta-analysis was performed by collecting current data available through a systematic literature search in the
PubMed database. The search was performed Oct 18 2020.

Results The meta-analysis was conducted on a trial population consisting of 1.272 hip fracture patients with a pooled
prevalence of COVID-19 of 18%. Mortality among hip fracture patients without a perioperative COVID-19 infection was
7.49%. Mortality among hip fracture patients infected with COVID-19 perioperatively was associated with an odds ratio of
6.70 [(95% CI 4.64-9.68), p <0.00001, I>=41%]. A sensitivity analysis showed no major impact of assumptions regarding
varying definitions of COVID-19 statuses among the included studies.

Conclusion Perioperative infections with COVID-19 in hip fracture patients are correlated with a significantly increased

mortality. The meta-analysis showed a pooled odds ratio of 6.70 [(95% CI 4.64-9.68), p <0.00001, I*=41%].

Introduction

Mortality among patients infected with COVID-19 has been
shown to be correlated with older age and comorbidities
such as hypertension, obesity and diabetes [1]. During the
outbreak of the COVID-19 pandemic, a study from Italy,
based on data from 15 national Orthopaedic and Trauma
centres, found a significant decrease in both emergency sur-
gery and elective surgery during the period from the 23rd
of Feb to the 4th of Apr. However, femoral neck fractures
were the only exception, as a much lesser reduction of only
15% was observed at the end of the period [2]. Hip fractures
are most frequent among the elderly [3] and are correlated
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with a high level of comorbidity and mortality [4]. As hip
fractures are still treated surgically during the COVID-19
pandemic, it is relevant to investigate how the virus affects
the survival of this group of patients.

Several studies, with a variable number of patients, have
suggested that hip fracture patients are at a higher risk of
a fatal outcome during the COVID-19 pandemic [5-12].
The objective of this article is to investigate and discuss
the mortality among hip fracture patients who are infected
with COVID-19 perioperatively. This will be done through
a meta-analysis.

Materials and methods

The PRISMA guidelines for meta-analyses have been fol-
lowed [13].

Search strategy
Articles concerning mortality among hip fracture patients
during the COVID-19 pandemic were selected, through a

systematic literature search in the PubMed database. Thus,
only articles concerning survival outcomes of patients
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exposed to hip fracture with a recorded COVID-19 status
were selected. The following search string was used:

((“COVID-19” (Supplementary Concept) OR (“COVID-
19” OR “COVID19” OR “SARS-CoV-2” OR “severe acute
respiratory syndrome virus” OR “coronavirus”)).

AND

((“Hip Fractures”’[Mesh]) OR ((“femoral neck” AND
fractur*) OR (*trochant* AND fractur*) OR (“collum femo-
ris” AND fractur*) OR (intertrochant* AND fractur*) OR
(proximal femoral fractur®))).

The search was performed Oct 18 2020 and initially gave
32 results. The abstracts of these articles were screened, and
relevant articles were selected for full text review. Selec-
tion was made according to the criteria listed below, which
resulted in eight articles for incorporation into the meta-
analysis (Fig. 1).

The “similar articles” section in Pubmed was screened
but gave no additional results for incorporation into the
meta-analysis.

Selection criteria

The criteria for inclusion were: (1) English or Danish text,
(2) data on infection status and survival outcome, (3) trial
population larger than 20, (4) study including both con-
firmed infected and non-infected patients, (5) mortality
measured over 14-35 days postoperatively, (6) trial popula-
tion of mixed gender, (7) average age of trial population
above 65 years.

Duplicate publications and articles using data from the
same trial populations were excluded.

Fig. 1 Flowchart illustrating the
selection process
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Analysis

The selection process resulted in a trial population consisting of
1272 patients with a pooled prevalence of COVID-19 of 18%.

To perform the meta-analysis Review Manager 5.4 was
used. Odds ratios (OR) for mortality in COVID-19 infected
hip fracture patients were calculated, along with their 95%
confidence intervals. p <0.05 was set to be significant.
Review Manager automatically adjusts for zero cell counts
as in the case of the Nufiez JH study, by performing the
Haldane correction [14].

The test statistics /* was used to measure the heteroge-
neity across the studies. Due to a relatively low variation
between the studies (I>=41%), a fixed model was chosen.

A sensitivity analysis was performed to investigate the
impact of the variable definitions of COVID-19 statuses
among the articles: several of the analyzed studies include
patients who only showed typical symptoms of COVID-

Results
Included studies

Table 1 shows basic characteristics of the studies, including
first author, country, publication year, number of patients
included, average age, number of days mortality was meas-
ured postoperatively, odds ratios and p values. Figures 2—4
illustrate the odds ratios for mortality for COVID-19 posi-
tive and negative patients (COVID 4 /non-COVID), for each
study and the pooled odds ratios. Figures 3—4 furthermore
illustrate a sensitivity analysis to test the robustness of the
meta-analysis.

Table 1 Basic characteristics of the studies (all published in 2020)

19 infection (COVID-19-suspected patient) in the group First author ~ Country Patients Average age  Mortality
of confirmed positive patients. In other studies, patients included (years) measured
who did not show any signs of infection were not tested EOStl"p(‘zra' )
. . 1ve ays
for COVID-19, but still added to the group of negative Yo
patients. Egol KA USA 138 83 30
Hall AJ UK 317 80.8 30
Kayani B UK 422 72.7 30
. LeBrun DG  USA 59 85 35
Ethics Maniscalco P Ttaly 121 81.1 21
Munoz Vives Spain 136 85 14
According to Danish law, neither Ethical Review Board M Spain 36 88.4 Until dis-
approval nor informed consent is required for this type of ~ NunezJH UK 43 81.6 charged
pp . ! yp Thakrar A 30
meta-analysis.
COVID+ Non-COVID Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Egol KA 1M1 31 6 107 9.8% 9.26[3.07,27.93] —
Hall AJ 9 27 24 290 15.4% 5.54 [2.25, 13.67]
Kayani B 25 82 35 340 53.3%  3.82[2.13,6.87] —
LeBrun DG 6 10 1 49 0.8% 72.00[6.87, 754.90] >
Maniscalco P 14 32 3 89 5.0% 22.30[5.80, 85.70] -
Munoz Vives JM 7 23 6 113 8.0% 7.80[2.33, 26.17] "
Nunez JH 4 13 0 23 1.4% 22.26 [1.09, 454.99] >
Thakrar A 4 12 3 31 6.3% 4.67 [0.86, 25.31] T "
Total (95% CI) 230 1042 100.0% 6.70 [4.64, 9.68]
Total events 80 78
ity i2 = = = S 12 =419 f f i
Heterogeneity: Chi? = 11.86, df =7 (P =0.11); I?=41% 0.01 01 1 100

Test for overall effect: Z=10.15 (P < 0.00001)

Fig.2 Odds ratios for mortality in patients with COVID-19 versus non-COVID illustrated in a Forest plot. The pooled estimate was generated

using a fixed effect model
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COVID+ Non-COVID Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Egol KA 9 17 6 107 4.6% 18.94[5.38,66.70] -

Hall AJ 9 27 24 290 16.2%  5.54[2.25,13.67] - =

Kayani B 25 82 35 340 56.3%  3.82[2.13,6.87] ——

LeBrun DG 5 9 1 49  0.8% 60.00 [5.57, 646.35] —_—

Maniscalco P 14 32 3 89 53% 22.30[5.80, 85.70] -

Munoz Vives JM 7 23 6 113 8.4%  7.80[2.33,26.17] -

Nunez JH 4 13 0 23 1.5% 22.26[1.09, 454.99] 4

Thakrar A 3 11 3 31 6.8%  3.50[0.59, 20.81] N

Total (95% CI) 214 1042 100.0% 6.83 [4.70, 9.92] ‘

Total events 76 78 . . . .
i . 12 = = - )12 = 0, r T T 1

Heterogeneity: Chi? = 13.85, df =7 (P = 0.05); I = 49% 0.01 01 1 10 100

Test for overall effect: Z=10.10 (P < 0.00001)

Fig.3 Sensitivity analysis—Odds ratios for mortality in patients with COVID-19 (without COVID-19 suspected) versus non-COVID illustrated
in a Forest plot. The pooled estimate was generated using a fixed effect model

COVID+ Non-COVID Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Egol KA 11 31 6 107 9.7%  9.26[3.07,27.93] -
Hall AJ 9 27 24 290 15.3% 5.54[2.25,13.67] - =
Kayani B 25 82 35 340 53.0% 3.82[2.13, 6.87] ——
LeBrun DG 6 10 1 40 0.9% 58.50[5.56, 615.77] —_—
Maniscalco P 14 32 1 32  3.2% 24.11[2.92,198.93] . S—
Munoz Vives JM 7 23 4 39 11.6% 3.83[0.98, 14.97] - =
Nunez JH 4 13 0 23 1.4% 22.26 [1.09, 454.99] - 4
Thakrar A 4 12 1 6 5.0% 2.50[0.21,29.25] -
Total (95% ClI) 230 877 100.0% 5.94 [4.02, 8.77] ’
Total events 80 72

Ho Chi2 = - - |12 = 280, t } t i
Heterogeneity: Chi? = 9.75, df = 7 (P = 0.20); I> = 28% 0.01 01 Y 10 100

Test for overall effect: Z = 8.94 (P < 0.00001)

Fig.4 Sensitivity analysis—Odds ratios for mortality in patients with COVID-19 versus non-COVID (without patients who were not tested)
illustrated in a Forest plot. The pooled estimate was generated using a fixed effect model

Meta-analysis

The effect of COVID-19 on mortality in hip fracture patients
(Fig. 2).

The eight studies included in the analysis all showed an
increased mortality among patients infected with COVID-
19. The range of ORs was large, from 3.82 (95% CI
2.13-6.87, p=0.0) in the study by Kayani B to 72.00 (95%
CI 6.87-754.90, p=0.0004) in the study by Lebrun DG.
The analysis had an overall p value less than 0.00001, and a
pooled OR of 6.70 (95% CI 4.64-9.68).

The sensitivity analyses (Figs. 3, 4) showed slightly
altered ORs. The pooled OR was increased to 6.83 (95% CI
4.70-9.92) in the analysis, where the COVID-19 suspected
patients were deducted from the group of confirmed positive
patients (Fig. 3). The analysis excluding patients who were
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not tested (Fig. 4), showed a decreased pooled OR of 5.94
(95% CI1 4.02-8.77).

Discussion

The meta-analysis points towards an increased mortality
among hip fracture patients with perioperative COVID-19
infection. The results are consistent with the findings in
the meta-analysis by Lim MA et al., who found an increase
in relative risk of 7.45 [15].

It is possible that a change in surgical procedures during
the epidemic had an influence on the increased mortal-
ity: different safety measures were taken when treating
COVID-19-positive patients and in some areas, patients
were discharged earlier than they would have been under
normal circumstances [5]. In some cases, the epidemic
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delayed the surgical treatment [6, 7, 9], and changed fixa-
tion methods or non-operative management have even
been suggested. [16, 17] Especially, the delay of surgery
is known to affect the survival outcome of hip fracture
patients: a meta-analysis including 2,57,367 hip fracture
patients found that 30 days mortality increases by 41% if
surgery is delayed beyond 48 h [18]. The impact of delay
to surgery in hip fracture patients infected with COVID-19
is probably even greater given their additional morbidity,
making it important to avoid unnecessary delay to surgery
also in these patients.

The sensitivity analysis showed only minor changes in
odds ratios. This confirms that our assumption to put patients
who were not tested under the group of confirmed nega-
tive patients and the COVID-19 suspected patients under
the group of confirmed positive patients, did not have any
major effect on the meta-analysis. However, it is important
to note the possible difficulty in distinguishing the effect of
COVID-19 infection from similar symptoms and comorbidi-
ties, when suspected and confirmed patients are considered
as one group. This can be exemplified by the data collected
in the study by Muifioz Vives et al : only patients with res-
piratory symptoms were tested for COVID-19. The 14 day
mortality among the group of patients who had a negative
test was 10.3, and only 2.7% among the group that were
not tested. Some of the patients who had symptoms, but a
negative test may be considered “suspected” by some stud-
ies (e.g., Egol KA et al.). Due to the marked difference in
mortality, there is a risk that part of the measured excess
mortality among COVID-19 patients is linked to unspecific
respiratory symptoms, when adding the group of suspected
patients to the group of confirmed positive patients. This,
however, is done due to a lack of tests and to the low sen-
sitivity of the performed tests in the early stages of the epi-
demic, in which the data were collected [19].

During the outbreak, different diagnostic tests were used
to identify COVID-19 infections. In a study from Piacenza
[7], Italy, patients with symptoms of COVID-19 (fever, dry
cough, tiredness, etc.) were diagnosed by different types of
tests: chest CT scan, nasopharyngeal swab, CUS (carotid
ultrasound) and LUS (lung ultrasound). The most widely
used method to detect coronavirus is real-time reverse-tran-
scription polymerase chain reaction (real-time RT-PCR)
[20]. Some of the patients with symptoms in Piacenza
were only diagnosed COVID-19-positive through a chest
CT scan [7]. A retrospective study from China showed that
56% confirmed positive patients (real-time RT-PCR) had a
normal CT, imaged a few days after symptom onset [21].
“Chest CT therefore has limited sensitivity and negative
predictive value early after symptom onset, and is thereby
unlikely a reliable standalone tool to rule out COVID-
19 infection” [21]. This means that some patients in our
meta-analysis, like the patients in Piacenza, may have had

another infectious disease, due to its COVID-19 confirma-
tion through a CT scan.

Many aspects of the COVID-19 pandemic still remain
unclear. This meta-analysis including all the data currently
available on the topic shows a markedly increased mortality
among hip fracture patients supported by a low 95% con-
fidence interval (95% CI 4.64-9.68). This illustrates the
importance of further care and attention to this vulnerable
group of patients in the future.

Conclusion

Perioperative infections with COVID-19 in hip fracture
patients are correlated with a significantly increased mor-
tality. The meta-analysis showed a pooled odds ratio of
6.70 (95% CI 4.64-9.68).
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