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ABSTRACT

Objectives: Studies have demonstrated high rates of mortality in people with
proximal femoral fracture and SARS-CoV-2, but there is limited published data on the
factors that influence mortality for clinicians to make informed treatment decisions.
This study aims to report the 30-day mortality associated with peri-operative infection
of patients undergoing surgery for proximal femoral fractures and to examine the

factors that influence mortality in a multi-variate analysis.

Setting: Prospective, international, multicentre, observational cohort study.

Participants: Patients undergoing any operation for a proximal femoral fracture from
1st February to 30" April 2020 and with perioperative SARS-CoV-2 infection (either 7-

days prior, or 30-days post-operative).

Primary outcome: 30-day mortality. Multivariate modelling was performed to

identify factors associated with 30-day mortality.

Results: This study reports included 1063 patients from 174 hospitals in 19
countries. Overall 30-day mortality was 29.4% (313/1063). In an adjusted model, 30-
day mortality was associated with male gender (OR 2.29, 95% CI 1.68-3.13,
p=0.000), age >80 years (OR 1.60, 95% CI 1.1-2.31, p=0.013), pre-operative
diagnosis of dementia (OR 1.57, 95% CI 1.15-2.16, p=0.005), kidney disease (OR
1.73, 95% CI 1.18-2.55, p=0.005) and congestive heart failure (OR 1.62, 95% CI
1.06-2.48, p=0.025). 30-day mortality was lower in patients with a pre-operative
diagnosis of SARS-CoV-2 (OR 0.6, 95% CI 0.6 (0.42-0.85), p=0.004). There was no
difference in mortality in patients with an increase to delay in surgery (p=0.220), or

type of anaesthetic given (p=0.787).

Conclusions: Patients undergoing surgery for a proximal femoral fracture with a
peri-operative infection of SARS-CoV-2 have a high rate of mortality. This study
would support the need for providing these patients with individualised medical and
anaesthetic care, including medical optimisation before theatre. Careful pre-operative
counselling is needed for those with a proximal femoral fracture and SARS-CoV-2,

especially those in the highest risk groups.
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ARTICLE SUMMARY

Strengths and limitations of this study

This is a large, international, multicentre cohort study from which the results
are generalisable across populations in other countries.

This study described specific risk factors for mortality, which patients and
those who care for them should use to make informed decisions regarding
care.

To our current knowledge, this is the largest cohort of patients undergoing
surgery for a proximal femoral fractures with SARS-CoV-2 infection
diagnosed peri-operatively

There is not control arm to assess contemporaneous patients with
undergoing an operation for proximal femoral fractures without SARS-CoV-2
infection during the height of the pandemic. However with high-quality data

present pre-pandemic strongly suggests a substantial increase in mortality.
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MAIN TEXT

Background

The rapid worldwide spread of Coronavirus Disease-2019 (COVID-19), caused by the
Severe Acute Respiratory Syndrome CoronaVirus-2 (SARS-CoV-2) has had a severe
effect on the elderly and frail population. A fracture of the proximal femur (neck of
femur fracture) is a critical event in the elderly, frail population, with a high rate of
death despite medical and surgical intervention [1]. Since 2007, there has been a
steady improvement in mortality after a proximal femoral fracture with 6.1% of
patients dying within 30 days of injury in the UK in 2018 [2]. However, the
emergence of COVID-19 presents a new and unquantified risk to this particularly

vulnerable group.

Proximal femur fractures represent a large international burden with incidence
between 43 and 920 per 100,000 population [3]. As most fractures of the proximal
femur happen as a result of trips or falls in the home, people have continued to present
with this injury despite social restrictions [4, 5]. These patients typically have
multiple co-morbidities and frailty is common [1]. Resultantly, they are particularly
vulnerable to pulmonary complications [1, 6]. It is widely accepted that elderly
patients with existing co-morbidities are at higher risks of critical illness and mortality
due to COVID-19, potentially due to a higher preponderance to release pro-

inflammatory cytokines that result in severe disease [7-9].

Clinicians have been swift to respond to this pandemic with large re-organisation of

service provision [10, 11]. In response to this, the COVIDSurg collaborative
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(www.globalsurg.org/covidsurg) has collected an international, large volume dataset

to inform the global community of the safety of surgery in patients with peri-operative
SARS-CoV-2 infection. The first report has demonstrated a 30-day mortality of
23.8% across patients undergoing any type of surgery [12]. Data published so far has
reported a high mortality rate in a small cohort of patients with proximal femoral
fractures positive for SARS-CoV-2 infection, with a maximum cohort size of 114
patients (range 10-114 patients) [13-20]. However few reports have the sample size
sufficient to explore the factors that influence outcome. Further, large-scale data are
required to explore pre-operative and operative variables that influence outcomes in

order to inform the clinical decision-making processes.

Aims

The primary aim of this study is to determine the mortality rate observed in patients
undergoing surgery for proximal femoral fracture with peri-operative SARS-CoV-2
infection. Secondarily, we aim to explore the patient and treatment factors associated

with these outcomes.
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Methods

Setting

This is an international, multicentre cohort study including consecutive patients who
underwent surgery for proximal femoral fracture from 15t February 2020 to 30% April
2020. This study is a pre-planned sub-analysis of a larger, ongoing study designed to
assess outcomes following all surgery for patients with perioperative SARS-CoV-2

infection [12].

The COVIDSurg collaborative is an international, multicentre, multidisciplinary team
with individual collaborators collecting data locally, which is collated centrally. The
collaborative methodology, which is well described and validated was used for this
project [21]. The study protocol was registered online (ClinicalTrials.gov identifier:

NCT04323644).

Ethics Review Board

This observational study collected anonymised routine clinical data, using an
established international trainee collaborative model [22]. Within the United
Kingdom this was registered as a clinical audit or service evaluation at each
participating trust following individual hospital policies and procedures, prior to
initiating data collection at that site. In other countries, the principal investigator was
responsible for obtaining local approval in line with local and/or national guidelines.
In some participating countries, informed patient consent was taken, whilst in others

the requirement was waived by local research committees. Country-specific
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guidelines for site set-up were published on a dedicated study website

(www.globalsurg.org/covidsurg).

Inclusion Criteria

Participating hospitals included consecutive patients undergoing surgery for proximal
femoral fractures that had SARS-CoV-2 infection diagnosed either 7 days pre-
operatively, or up to 30-days post-operatively. For those patients who underwent
multiple procedures, the procedure closest to the time of confirmation of SARS-CoV-

2 infection was defined as the index procedure.

Patients received laboratory confirmation of SARS-CoV-2 using quantitative Reverse
Transcription Polymerase Chain Reaction (QRT-PCR). As qRT-PCR is not available
in all participating hospitals, patients were included if their diagnosis was made by
clinical or radiological findings. Clinical diagnosis was made in patients presenting
with symptoms and a clinical pattern of COVID-19. These included cough, fever
and/or myalgia [23]. Radiological diagnosis was made through computed tomography
(CT) scanning of the thorax according to local protocols. All patients who were
included solely on clinical or radiological suspicion but had a subsequent negative test

were excluded from the database by individual collaborators.

Diagnosis
This study includes all patients identified as having an operation for a proximal
femoral fracture. The diagnosis was established pragmatically by the local site teams

according to their assessment of the fracture. The reported data was screened by a
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central dedicated data cleaning team, with only confirmed proximal femoral fractures

included in the cohort.

Patient Identification

Researchers at participating centres screened consecutive patients undergoing surgery
to ensure all patients were identified. The study was initiated in some countries after
their peak of infection, and therefore retrospective identification and data collection

was permitted, as long as the data collection was consecutive at that site.

To reduce selection bias, a variety of written materials were distributed to site leads to
highlight possible methods of identifying patients ensuring all eligible patients were
included. Investigators were invited to social media groups and online teleconferences
to trouble-shoot recruitment issues, share learning and ensure consistent recruitment

into the wider cohort.

Outcome measures

The primary outcome measure was 30-day all-cause mortality, with the day of surgery
defined as day zero. The secondary outcome measure was rate of pulmonary
complications, which is a composite outcome defined previously from the Prevention
of Respiratory Insufficiency after Surgical Management (PRISM) randomised

controlled trial [24, 25].

Pulmonary complications were defined as pneumonia, acute respiratory distress

syndrome (ARDS), and/or unexpected post-operative ventilation; these have been

identified as the most frequent COVID-19-related pulmonary complications in
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medical patients [23]. Unexpected post-operative ventilation was defined as either (i)
any episode of non-invasive ventilation, invasive ventilation, or extracorporeal
membrane oxygenation after initial extubation following surgery, or (ii) unexpected

failure to extubate following surgery [12].

Data collection and quality assurance

Data was collected online using the Research Electronic Data Capture (REDCap) web
application [26]. Demographic variables recorded consisted of age, sex, and American
Society of Anesthesiologists physical status classification (ASA). Age was collected
as a categorical variable by deciles of age. ASA at the time of surgery was
dichotomized to (i) grades 1-2 and (i1) grades 3-5 for the purpose of analysis, time to
surgery to (i) under 24 hours, (i) 24-48 hours, and (iii) over 48 hours, and surgery to
(1) hemiarthroplasty, (ii) total hip replacement, (iii)) dynamic hip screw, (iv)
cannulated screws and (v) intramedullary nail. The timing of SARS-CoV-2 diagnosis

was recorded as either preoperative or post-operative.

Before data was entered into analysis, site principle investigators were required to
confirm all consecutive eligible cases had been completed and uploaded. Where

diagnosis was unclear, authors were contacted for clarification.

Statistical analysis

The study was reported according to STROBE (Strengthening the Reporting

of Observational Studies in Epidemiology) guidelines [27]. Proportions are expressed
with 95% confidence intervals and the mean and 95% confidence intervals were used

where data were assumed to be approximately normally distributed. Fishers exact test
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was used for categorical data. Non-parametric data was summarised with the median

and interquartile ranges. Statistical significance was assessed at the 5% level.

The risk of death at 30 days was chosen as the primary outcome for the study. Mixed-
effects logistic regression analysis was used to assess the strength and significance of
associations between a number of explanatory variables and death within 30-days.
Random effects were included in the mixed-effects model to account for the
hierarchical structure of the data (individual hospital effects are naturally nested
within country effects) and fixed effects were included to adjust for a range of pre-
operative variables that may influence mortality in this population, and relevant
factors related to the injury or treatment (e.g. type of operation, time from admission
to operation, type of anaesthetic). An additional analysis of the same factors was
undertaken using the same model structure for the secondary outcome of pulmonary
complications. All analyses were implemented in R (R Core Team (2020). R: A
language and environment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. URL https://www.R-project.org/.).

Patient and Public Involvement

Patients were not involved in the design, conduct or reporting of this study.
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Results

Population

This study returned 30-day follow up for 1063 patients with proximal femoral
fractures. Data was collected in 174 hospitals from 19 countries (Supplementary
Table S1). Of these, 65.5% were female (696/1063). 7.8% (83/1063) patients were
<70 years old, 17.8% (189/1063) were between 70-79 years, 47.7% (507/1063) were

between 80-89 and 26.7% (284/1063) were 90+ years old.

Mortality
Overall 30-day mortality was 29.4% (313/1063). With each decile of age, mortality

significantly increased, being highest in those patients >90 years old (38.7%

[110/284], p=0.001).

In an adjusted model (Figure 1), 30-day mortality was associated with male gender
(OR 2.29, 95% CI 1.68-3.13, p=0.000), age >80 years (OR 1.60, 95% CI 1.1-2.31,
p=0.013), diagnosis of dementia (OR 1.57, 95% CI 1.15-2.16, p=0.005), chronic
kidney disease (OR 1.73, 95% CI 1.18-2.55, p=0.005) and congestive heart failure
(OR 1.62, 95% CI 1.06-2.48, p=0.025). 30-day mortality was lower in patients with a
pre-operative diagnosis of SARS-CoV-2 (OR 0.60, 95% CI 0.42-0.85, p=0.004).

Non-adjusted values are presented in Table S2.

Pulmonary complications

In an adjusted model (Figure 2), respiratory complications were associated with male

gender (OR 1.7, 95% CI 1.27-2.28, p=0.000), diagnosis of dementia (OR 1.34, 95%
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CI 1.01-1.79, p=0.044) and congestive heart failure (OR 1.76, 95% CI 1.17-2.63,
p=0.006). Chronic Obstructive Pulmonary Disorder (COPD) showed a signal to be a
risk factor, however was not significantly associated, (OR 1.42, 95% CI 0.96-2.09,

p=0.076)

Diagnosis

The majority of diagnosis of SARS-CoV-2 was made via PCR swab testing 93.3%
(992/1063) (Table S1 & S3) and there was no difference in mortality between those
diagnosed clinically (p=0.668). The majority of patients received a diagnosis post-

operatively 69% (733/1063).

Pre-operative variables

Pre-operative symptoms (Table S4), including breathlessness, cough and fever (>38 °
Celsius) were not significantly different in patients who were alive or dead at 30 days
post-operatively. On examination of pre-operative observations, a high respiratory
rate was predictive of mortality (OR 1.73 95% CI 1.18-2.55, p=0.025) (Figure 1).
However, there was no significant difference in patient’s heart rate, systolic or
diastolic blood pressure (Table S5, Figure S1) between those who were alive or dead

at 30 days.

Those patients with ASA grade 3-5 had a significantly higher mortality of 31.4%

(281/899) versus ASA of 1-2 of 18.5% (28/151), p=0.001.

Procedures
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The operations were carried out under a general anaesthetic in 49.6% (527/1063) of
patients (Table S6). 67.2% (714/1063) of patients did not require any pre-operative
oxygen therapy. 31.8% (338/1063) of patients had their operation within 24 hours of
presentation to hospital, 21.1% (224/1063) had their operation between 24-47 hours
and 19.2% (205/1063) of patients had their operation after 48 hours of presentation to

hospital.

45.1% (479/1063) of patients underwent hemiarthroplasty with a further 4.2%
undergoing total hip replacement (45/1063). For patients who underwent fixation,
26% (276/1063) underwent Dynamic Hip Screw (DHS) fixation, 22.9% (243/1063)
patients underwent intramedullary fixation, 0.5% (5/1063) underwent cannulated

screw fixation whilst a further 1.4% (15/1053) underwent internal fixation.

There was no difference in mortality between patients undergoing general and
regional anaesthesia (29.9% [157/527 versus 29.0% [152/524], p=0.787). However,
there was an increased mortality in those patients requiring pre-operative oxygen

therapy (34.3% [115/336] versus 27.2% [194/714], p=0.031)

There was no significant difference in mortality for patients with delayed operation.
The highest mortality was for patients operated between 24-47 hours of admission
(34.4%, [77/224]) but was not significantly higher than less than those operated after

48 hours (p=0.220).

Mortality was highest in March (33.7%, 159/474) compared to April (27.0%,

150/558), and February (11.5%, 3/26), p=0.007 (Table S1).
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Data Sharing
No additional data available. Requests for raw data can be requested via the

corresponding author.
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Discussion

The 30-day mortality rate for patients with a peri-operative diagnosis of SARS-CoV-2
infection undergoing surgery for proximal femoral fracture is substantial. An overall
rate of 29.4% compares to the reported 30-day mortality for fracture neck of femur in
the UK National Hip Fracture Database of 6.1% in 2018 [2]. Further, elderly patients,
and those with medical comorbidities such as dementia, chronic kidney disease and
congestive heart failure were associated with higher risk of 30-day mortality. Notably,
patients with a pre-operative diagnosis of SARS-CoV-2 infection had lower rates of
30-day mortality, likely reflecting early recognition and closer management of these
patients. Findings from this study will be useful in guiding clinicians to identify high-
risk patients that may warrant closer medical and surgical input during the COVID-19

pandemic.

Considering this high mortality, it is critical that patients with proximal femoral
fractures are protected from contracting SARS-CoV-2 in the peri-operative period. A
study by Kayani et al. has suggested that half of infections in patients with proximal
femoral fractures occur in hospital, as denoted by having negative pre-operative
samples [17]. Similarly, a study by Hall et al. has suggested nearly half of cases were
due to nosocomial transmission [28]. Within this study, 733 (69%) of infections were
diagnosed post-operatively. This may infer that infections have been transferred in
hospital, although due to incubation period of the virus, it is hard to know the
proportion that contracted the virus prior to presentation or in hospital. [7, 29] Higher
mortality was observed in people who had a post-operative diagnosis, which

emphasises the critical importance of avoiding in-hospital transmission. Hospitals
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should consider implementation of careful infection control processes to minimise
and prevent transmission of SARS-CoV-2 infection. Within the elective setting, the
creation of COVID-19-free surgical pathways for elective patients has been shown to
reduce infection and subsequent mortality [30-32] and whilst only some of the
principles are transferrable to the emergency setting, it demonstrates the value of

meticulous infection control processes throughout the hospital stay.

With the added risk associated with SARS-CoV-2 infection, and the need to continue
managing this injury despite the ongoing pandemic, it is important for data to be used
as part of the informed consent process. In patients with multiple high-risk factors
such as those who are more elderly, have respiratory and cardiac co-morbidities, non-
operative management may be considered following an appropriate discussion with
the patient and/or their family. Every year in the UK, 2.5% of hip fractures are treated
non-operatively [33]. A study performed before the pandemic reported that the
mortality within thirty days for conservatively treated patients was 31.3% [34]. We do
not know the mortality from non-operative management during the pandemic for
patients with SARS-Cov-2, but the particularly high mortality associated with surgery
in high-risk groups may change the balance of benefit and harm towards conservative

treatment and this should be considered.

The 30-day mortality of 29.4% identified within this study is comparable to published
literature, in the UK (range from 16.3%-35.6%) [15-17, 19, 28, 35], Italy (18.75%)
[14], Spain (30.4%) [13] and the USA (range from 35.3%-56%) [18, 20]. From a
study within the UK, the authors also found a correlation between male sex and

increased mortality (OR 2.69), which is similar to that demonstrated in this study (OR
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2.29) [16]. Additionally, another UK study reported having more than three co-
morbidities as a risk factor for mortality [17]. This study has specifically delineated a
diagnosis of dementia, chronic kidney disease and congestive heart failure as being
independent risk factors for mortality. In a study from USA, the authors found those
patients who died were older with multiple co-morbidities and this was reflected in
statistically significant higher ASA scores in comparison to their negative

counterparts [20].

This study found that there was no significant increase in mortality with delay to
surgery. Current guidelines suggest early surgery should be undertaken [36] and this
is associated with lower mortality [37]. This would suggest that those patients at the
highest risk of mortality can have medical optimisation if appropriate and will not
result in a higher mortality from SARS-CoV-2 infection. Similarly, previous studies
have found a higher rate of mortality in patients undergoing general versus regional
anaesthesia for proximal femoral fractures [38, 39]. This study reports no difference
between general and regional anaesthetic (29.9% versus 29.0%, p=0.787). As a result,
anaesthetic decisions in this population should not be influenced by a positive test for
SARS-CoV-2. Out of all clinical features, respiratory rate at presentation was
associated with higher mortality. Clinicians should focus on this as an important

finding when counselling patients of their peri-operative mortality.

To our knowledge, this is the largest cohort of patients undergoing surgery for a
proximal femoral fractures with SARS-Cov-2 infection diagnosed peri-operatively.
This study was conducted in multiple centres, internationally, allowing it to be

generalisable across populations in other countries.
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Limitations

This study was conducted in hospitals in the early to mid-phase of the pandemic
where routine testing was not available in all participating centres. As such, to be
pragmatic, patients were included if a clinical diagnosis was made by the treating
physician. Protocols were not standardised for clinical diagnosis and were left the
senior treating physician. Laboratory diagnosis was made by qRT-PCR, from which
false-negative results may have excluded patients from analysis. Indeed, the
sensitivity of qRT-PCR testing for has shown to be as low as 32% for throat swabs
[40]. However, in patients with negative results and high clinical suspicion of SARS-
CoV-2 infection, multiple samples are often taken, including broncho-alveolar lavage.
Thus, the number of patients excluded is expected to be low. Whilst this study reports
a higher mortality from post-operative diagnosis of SARS-CoV-2 infection, it is
unclear whether the infection was contracted pre-operatively or not, as has been

discussed above.

This study does not have a control arm, assessing contemporaneous patients with
undergoing an operation for proximal femoral fractures without SARS-CoV-2
infection during the height of the pandemic. However, comparison with high-quality
pre-pandemic data strongly suggests a substantial increase in mortality. Patients and
those who care for them should consider this carefully when making decisions in this

common and challenging clinical scenario.

Conclusion
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Patients undergoing surgery for a proximal femoral fracture with a peri-operative
infection of SARS-CoV-2 have a high rate of mortality. The study would support the
approach of providing these patients with individualised medical and anaesthetic care,
including medical optimisation before theatre. It is imperative to prevent transmission
of coronavirus in the hospital setting. Careful pre-operative counselling is needed for
those with a proximal femoral fracture and SARS-CoV-2, especially those in the

highest risk groups.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 38



Page 21 of 38

oNOYTULT D WN =

428
429
430
431
432
433
434
435
436
437
438

439
440
441
4472
443
444
445
446
447

448

BMJ Open

Tables & Figures

Fig. 1 Mixed-effects logistic regression model for 30 day mortality

Fig. 2. Mixed-effects logistic regression model for pulmonary complications
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?o 5 Table S1. Baseline characteristics (sex, age, ASA grade, cardiac risk, time of diagnosis, method of diagnosis and month study participant
11 6  recruited) of the full study population (n = 1063), and dead (n = 313) and alive (n =746) groups; p-values are for Fisher’s exact tests
12 7  comparing groups for each characteristic.

13 8

14 Characteristic Full Alive Dead Dead
15 (n=1063)| (n=746)| (n=313) (%)
1? Sex (p-value = <0.001 ***)

18 Female 696 (65.5%) 526 168 24.2
19 Male 367 (34.5%) 220 145 39.7
20 Missing 0 (0.0%) 0 0 0.0
;; Age (p-value = 0.001 **)

23 20-29 years 3(0.3%) 3 0 0.0
24 30-39 years 2 (0.2%) 1 1 50.0
25 40-49 years 4 (0.4%) 3 1 25.0
20 50-59 years 24 (2.3%) 21 3 12.5
28 60-69 years 50 (4.7%) 39 11 22.0
29 70-79 years 189 (17.8%) 145 43 22.9
30 80-89 years 507 (47.7%) 360 144 28.6
g; 90+ years 284 (26.7%) 174 110 38.7
33 Missing 0(0.0%) 0 0 0.0
34 ASA (p-value = 0.001 **)

22 1-2 151 (14.2%) 123 28 18.5
37 3-5 899 (84.6%) 615 281 314
38 Missing 13(1.2%) 8 4 30.8
39

40

41

42
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Cardiac risk (p-value = <0.001 ***)

0 487 (45.8%) 372 114 23.5
1 349 (32.8%) 238 110 31.6
2 169 (15.9%) 106 61 36.5
3 44 (4.1%) 23 21 47.7
4 8 (0.8%) 5 3 37.5
S 1(0.1%) 0 1 100.0
Missing 5 (0.47%) 2 3 60.0
Time of diagnosis (p-value = 0.006 **)

Post-op 733 (69%) 499 231 31.6
Pre-op 266 (25%) 205 60 22.6
Missing 64 (6.0%) 42 22 344
Diagnosis (p-value = 0.668)

Clinical 62 (5.8%) 42 20 323
Swab 992 (93.3%) 696 292 29.6
Missing

Month (p-value = 0.007 **)

February 26 (2.4%) 23 3 11.5
March 474 (44.6%) 313 159 33.7
April 558 (52.5%) 406 150 27.0
Missing 1(0.09%) 0 1 100.0

Table S2. Comorbidity data summaries by dead (n = 313) and alive (n =746) groups. Data tabulated are counts, with estimated odds
ratios (OR), with 95% confidence intervals, and p-values from Fisher’s exact tests for each comorbidity.
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(n=1746) (n=313) (95% CI)
Y:N (%Y) Y:N (%Y)

Current smoker 34:712 (4.6%) 9:304 (2.9%) 0.62 (0.26, 1.34) 0.235 -
Asthma 53:693 (7.1%) 21:292 (6.7%) 0.94 (0.53, 1.62) 0.895 -
Current cancer diagnosis 57:689 (7.6%) 24:289 (7.7%) 1.00 (0.58, 1.68) 0.999 -
Chronic kidney disease (moderate/severe) 106:640 (14.2%) 71:242 (22.7%) 1.77 (1.25, 2.51) 0.001 **
Chronic obstructive pulmonary disease (COPD) 95:651 (12.7%) 57:256 (18.2%) 1.53 (1.05,2.21) 0.027 *
Congenital abnormality - cardiac 4:742 (0.5%) 1:312 (0.3%) 0.60 (0.01, 6.04) 0.999 -
Congenital abnormality - non-cardiac 0:746 (0.0%) 4:309 (1.3%) - - -
Congestive heart failure 81:665 (10.9%) 58:255 (18.5%) 1.87 (1.27,2.73) | <0.001 ***
Dementia 248:498 (33.2%) 133:180 (42.5%) 1.48 (1.12, 1.96) 0.005 **
Diabetes mellitus 142:604 (19.0%) 63:250 (20.1%) 1.07 (0.76, 1.51) 0.671 -
Hypertension 387:359 (51.9%) 186:127 (59.4%) 1.36 (1.03, 1.79) 0.026 *
Myocardial infarction or ischemic heart disease 103:643 (13.8%) 63:250 (20.1%) 1.57 (1.09, 2.25) 0.012 *
Peripheral vascular disease 34:712 (4.6%) 21:292 (6.7%) 1.51 (0.82, 2.72) 0.172 -
Stroke/ TIA 107:639 (14.3%) 57:256 (18.2%) 1.33 (0.92, 1.92) 0.114 -
Other (including other lung disease) 377:369 (50.5%) 158:155 (50.5%) 1.00 (0.76, 1.31) 0.999 -
Table S3. Diagnosis data summaries by dead (n = 313) and alive (n =746) groups. Data tabulated are counts, with estimated odds ratios
(OR), with 95% confidence intervals, and p-values from Fisher’s exact tests for each diagnosis method.
Diagnosis Alive Dead OR p-value

(n=746) (n=313) (95% CI)

Y:N (%Y) Y:N (%Y)

Pre-op 4-7days

CT thorax scan (negative for SARS-CoV-2)

10:736 (1.3%) |

2:311 (0.6%)

| 0.47(0.05,2.24)| 0.526 | -
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CT thorax scan (positive for SARS-CoV-2)

12:734 (1.6%)

0:313 (0%)

0.00 (0.00, 0.85)

0.023 | *

Swab (negative for SARS-CoV-2)

17:729 (2.3%)

3:310 (1%)

0.42 (0.08, 1.45)

0.215 | -

Swab (positive for SARS-CoV-2)

31:715 (4.2%)

8:305 (2.6%)

0.61 (0.24, 1.37)

0.283 | -

Pre-op 1-3days

CT thorax scan (negative for SARS-CoV-2)

8:738 (1.1%)

3:310 (1%)

0.89 (0.15, 3.75)

0.999 | -

CT thorax scan (positive for SARS-CoV-2)

10:736 (1.3%)

3:310 (1%)

0.71 (0.13, 2.79)

0.765 | -

Swab (negative for SARS-CoV-2)

41:705 (5.5%)

9:304 (2.9%)

0.51 (0.22, 1.08)

0.080 | -

Swab (positive for SARS-CoV-2)

86:660 (11.5%)

15:298 (4.8%)

0.39 (0.20, 0.69)

<0.001 | *

Pre-op surgery

CT thorax scan (negative for SARS-CoV-2)

0:746 (0%)

0:313 (0%)

0.999 | -

CT thorax scan (positive for SARS-CoV-2)

4:742 (0.5%)

0:313 (0%)

0.00 (0.00, 3.61)

0.326 | -

Swab (negative for SARS-CoV-2)

13:733 (1.7%)

2:311 (0.6%)

0.36 (0.04, 1.62)

0.254 | -

Swab (positive for SARS-CoV-2)

18:728 (2.4%)

7:306 (2.2%)

0.93 (0.32, 2.35)

Post-op Admission

CT thorax scan (negative for SARS-CoV-2)

4:742 (0.5%)

1:312 (0.3%)

0.60 (0.01, 6.04)

0.999 | -

CT thorax scan (positive for SARS-CoV-2)

8:738 (1.1%)

4:309 (1.3%)

1.19 (0.26, 4.50)

0.756 | -

Swab (negative for SARS-CoV-2)

51:695 (6.8%)

12:301 (3.8%)

0.54 (0.26, 1.05)

0.064 | -

Swab (positive for SARS-CoV-2)

317:429 (42.5%)

143:170 (45.7%)

1.14 (0.87, 1.50)

0.342 | -

Discharge 30days

CT thorax scan (negative for SARS-CoV-2)

4:742 (0.5%)

0:313 (0%)

0.00 (0.00, 3.61)

0.326 | -

CT thorax scan (positive for SARS-CoV-2)

0:746 (0%)

1:312 (0.3%)

Swab (negative for SARS-CoV-2)

8:738 (1.1%)

0:313 (0%)

0.00 (0.00, 1.39)

0.114 | -

Swab (positive for SARS-CoV-2)

75:671 (10.1%)

27:286 (8.6%)

0.85 (0.51, 1.36)

0.496 | -

Diagnosis

Positive SARS-CoV-2 swab - before surgery

122:624 (16.4%)

31:282 (9.9%)

0.56 (0.36, 0.86)

0.007 | *

Positive SARS-CoV-2 swab - after surgery

409:337 (54.8%)

177:136 (56.5%)

1.07 (0.82, 1.41)

0.636 | -
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CT scan of the chest confirming SARS-CoV-2 - before surgery 20:726 (2.7%) 2:311 (0.6%) 0.23 (0.03,0.97) | 0.033
CT scan of the chest confirming SARS-CoV-2 - after surgery 9:737 (1.2%) 5:308 (1.6%) 1.33(0.35,4.46) | 0.569
Clinical diagnosis or chest x-ray - suspected before time of surgery 39:707 (5.2%) 12:301 (3.8%) 0.72(0.34,1.43) | 0.432
Clinical diagnosis or chest x-ray - suspected after time of surgery 67:679 (9%) 31:282 (9.9%) 1.11 (0.69, 1.77) | 0.643
Table S4. SARS-CoV-2 symptoms data summaries by dead (n = 313) and alive (n =746) groups. Data tabulated are counts, with
estimated odds ratios (OR), with 95% confidence intervals, and p-values from Fisher’s exact tests for each symptom.
Symptom Alive Dead OR p-value
(n=746) (n=313) (95% CI)
Y:N (%Y) Y:N (%Y)
Abdominal pain 11:735 (1.5%) 1:312 (0.3%) 0.21 (0.01, 1.49) 0.124 -
Breathlessness (dyspnoea) 54:692 (7.2%) 31:282 (9.9%) 1.41 (0.86, 2.28) 0.172 -
Cough 73:673 (9.8%) 35:278 (11.2%) 1.16 (0.73, 1.81) 0.505 -
Diarrhoea 8:738 (1.1%) 1:312 (0.3%) 0.30 (0.01, 2.22) 0.295 -
Fatigue 21:725 (2.8%) 10:303 (3.2%) 1.14 (0.47, 2.56) 0.695 -
Fever (>38 celsius) 61:685 (8.2%) 25:288 (8%) 0.98 (0.57,1.61) 0.999 -
Haemoptysis 0:746 (0.0%) 0:313 (0.0%) - - -
Myalgia 10:736 (1.3%) 3:310 (1%) 0.71 (0.13, 2.79) 0.765 -
Nausea/vomiting 13:733 (1.7%) 7:306 (2.2%) 1.29 (0.43, 3.52) 0.623 -
Sputum 8:738 (1.1%) 4:309 (1.3%) 1.19 (0.26, 4.50) 0.756 -
Other 311:435 (41.7%) 136:177 (43.5%) 1.08 (0.82, 1.42) 0.633 -

Table S5. Pre-surgery measures data (n, mean and sd) for the full study population (n = 1063), and dead (n = 313) and alive (n =746)
groups, and the difference in means between groups, with 95% confidence interval, and p-values from unpaired t-tests.
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Measure Full Alive Dead Difference (95%CI) | p-valuc
(n=1063) (n=746) (n=313)
n Mean (SD) n Mean (SD) n Mean (SD)
Respiratory rate (breaths/minute) 996 17.75 (3.52) | 706 17.65 (3.68) | 289 18.02 (3.09) -0.37 (-0.85,0.11) | 0.132
Heart rate (bpm) 1022 81.10 (14.63) | 723 81.16 (14.59) | 298 80.95 (14.77) 0.22 (-1.76,2.20) | 0.830
Systolic blood pressure (mmHg) 1023 138.15(26.04) | 724 138.33 (25.85) | 298 137.61 (26.53) 0.72 (-2.80, 4.24) | 0.687
Diastolic blood pressure (mmHg) 1021 72.97 (13.89) | 723 73.07 (13.86) | 297 72.70 (14.00) 0.37 (-1.52,2.25) | 0.703
Haemoglobin (g/L) 1062 117.94 (19.22) | 745 118.35(19.21) | 313 116.93 (19.26) 1.41 (-1.13,3.95) | 0.276
White cell count (10"9/L) 1060 10.33 (4.26) | 744 10.33 (4.36) | 313 10.34 (4.04) -0.01 (-0.57,0.56) | 0.976
C-reactive protein (mg/L) 738 54.70 (66.26) | 514 54.84 (67.68) | 221 54.63 (63.34) | 0.21 (-10.28, 10.70) | 0.969
Table S6. Operation details for the full study population (n = 1063), and dead (n = 313) and alive (n =746) groups; p-values are for
Fisher’s exact tests comparing groups for each characteristic.
Characteristic Full Alive Dead | Dead (%)
(n=1063) (n=746)| (mn=313)
Anaesthesia (p-value = 0.787)
General 527 (49.6%) 368 157 29.9
Regional 524 (49.3%) 372 152 29.0
Missing 12 (27.8%) 6 4 333
Pre-op respiration (p-value = 0.031 *)
None 714 (67.2%) 520 194 27.2
Oxygen 336 (31.6%) 220 115 343
Ventilated 2 (0.2%) 2 0 0.0
Missing 11(1.03%) 4 4 364

Pre-op delay (p-value = 0.220)
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< 6 hours 16 (1.5%) 11 5 31.2
6-23 hours 322 (30.3%) 232 88 27.5
24-47 hours 224 (21.1%) 147 77 344
48-71 hours 82 (7.7%) 61 21 25.6
72+ hours 123 (11.6%) 94 29 23.6
Missing 296 (27.8%) 201 93 314
Procedure (p-value = 0.015 *)

LIMB - lower limb - total hip replacement 45 (4.2%) 41 4 8.9
LIMB - lower limb fracture - Cannulated Screws 5(0.5%) 5 0 0.0
LIMB - lower limb fracture - Reduction and Internal Fixation 15 (1.4%) 10 5 333
LIMB - lower limb fracture - Dynamic Hip Screw 276 (26%) 195 81 29.3
LIMB - lower limb fracture - Reduction and Intramedullary Fixation 243 (22.9%) 169 73 30.2
LIMB - lower limb fracture - Partial Hip Replacement (Hemiarthroplasty) 479 (45.1%) 326 150 31.5
Missing 0 (0.0%) 0 0 0.0

Figure S1. Boxplots showing distributions of pre-surgery measures by outcome status (dead or alive). Boxes show interquartile range
(IQR), bars medians and whiskers are 1.5 times IQR.
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1 &
abstract 2
(b) Provide in the abstract an informative and balanced summary of what was
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 3
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 6
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 7
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 8
Study size 10 Explain how the study size was arrived at N/A
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 8
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8
confounding
(b) Describe any methods used to examine subgroups and interactions
(¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 9
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Report numbers of outcome events or summary measures over time 9
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 9-12
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 9-12
analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 13
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 16
Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 13-
multiplicity of analyses, results from similar studies, and other relevant evidence 15
Generalisability 21 Discuss the generalisability (external validity) of the study results }2'

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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ABSTRACT

Objectives: Studies have demonstrated high rates of mortality in people with
proximal femoral fracture and SARS-CoV-2, but there is limited published data on the
factors that influence mortality for clinicians to make informed treatment decisions.
This study aims to report the 30-day mortality associated with peri-operative infection
of patients undergoing surgery for proximal femoral fractures and to examine the

factors that influence mortality in a multi-variate analysis.

Setting: Prospective, international, multicentre, observational cohort study.

Participants: Patients undergoing any operation for a proximal femoral fracture from
1st February to 30" April 2020 and with perioperative SARS-CoV-2 infection (either 7-

days prior, or 30-days post-operative).

Primary outcome: 30-day mortality. Multivariate modelling was performed to

identify factors associated with 30-day mortality.

Results: This study reports included 1063 patients from 174 hospitals in 19
countries. Overall 30-day mortality was 29.4% (313/1063). In an adjusted model, 30-
day mortality was associated with male gender (OR 2.29, 95% CI 1.68-3.13,
p<0.001), age >80 years (OR 1.60, 95% CI 1.1-2.31, p=0.013), pre-operative
diagnosis of dementia (OR 1.57, 95% CI 1.15-2.16, p=0.005), kidney disease (OR
1.73, 95% CI 1.18-2.55, p=0.005) and congestive heart failure (OR 1.62, 95% CI
1.06-2.48, p=0.025). Mortality at 30-days was lower in patients with a pre-operative
diagnosis of SARS-CoV-2 (OR 0.6, 95% CI 0.6 (0.42-0.85), p=0.004). There was no
difference in mortality in patients with an increase to delay in surgery (p=0.220), or

type of anaesthetic given (p=0.787).

Conclusions: Patients undergoing surgery for a proximal femoral fracture with a
peri-operative infection of SARS-CoV-2 have a high rate of mortality. This study
would support the need for providing these patients with individualised medical and
anaesthetic care, including medical optimisation before theatre. Careful pre-operative
counselling is needed for those with a proximal femoral fracture and SARS-CoV-2,

especially those in the highest risk groups.
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ARTICLE SUMMARY

Strengths and limitations of this study

This is a large, international, multicentre cohort study from which the results
are generalisable across populations in other countries.

This study described specific risk factors for mortality, which patients and
those who care for them should use to make informed decisions regarding
care.

There is not control arm to assess contemporaneous patients with
undergoing an operation for proximal femoral fractures without SARS-CoV-2
infection during the height of the pandemic. However with high-quality data

present pre-pandemic strongly suggests a substantial increase in mortality.
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MAIN TEXT

Background

The rapid worldwide spread of Coronavirus Disease-2019 (COVID-19), caused by the
Severe Acute Respiratory Syndrome CoronaVirus-2 (SARS-CoV-2) has had a severe
effect on the elderly and frail population. A fracture of the proximal femur (neck of
femur fracture) is a critical event in the elderly, frail population, with a high rate of
death despite medical and surgical intervention [1]. Since 2007, there has been a
steady improvement in mortality after a proximal femoral fracture with 6.1% of
patients dying within 30 days of injury in the UK in 2018 [2]. However, the
emergence of COVID-19 presents a new and unquantified risk to this particularly

vulnerable group.

Proximal femur fractures represent a large international burden with incidence
between 43 and 920 per 100,000 population [3]. As most fractures of the proximal
femur happen as a result of trips or falls in the home, people have continued to present
with this injury despite social restrictions [4, 5]. These patients typically have
multiple co-morbidities and frailty is common [1]. Resultantly, they are particularly
vulnerable to pulmonary complications [1, 6]. It is widely accepted that elderly
patients with existing co-morbidities are at higher risks of critical illness and mortality
due to COVID-19, potentially due to a higher preponderance to release pro-

inflammatory cytokines that result in severe disease [7-9].

Clinicians have been swift to respond to this pandemic with large re-organisation of

service provision [10, 11]. In response to this, the COVIDSurg collaborative
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(www.globalsurg.org/covidsurg) has collected an international, large volume dataset

to inform the global community of the safety of surgery in patients with peri-operative
SARS-CoV-2 infection. The first report has demonstrated a 30-day mortality of
23.8% across patients undergoing any type of surgery [12]. Data published so far has
reported a high mortality rate in a small cohort of patients with proximal femoral
fractures positive for SARS-CoV-2 infection, with a maximum cohort size of 114
patients (range 10-114 patients) [13-20]. However few reports have the sample size
sufficient to explore the factors that influence outcome. Further, large-scale data are
required to explore pre-operative and operative variables that influence outcomes in

order to inform the clinical decision-making processes.

Aims

The primary aim of this study is to determine the mortality rate observed in patients
undergoing surgery for proximal femoral fracture with peri-operative SARS-CoV-2
infection. Secondarily, we aim to explore the patient and treatment factors associated

with these outcomes.
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Methods

Setting

This is an international, multicentre cohort study including consecutive patients who
underwent surgery for proximal femoral fracture from 15t February 2020 to 30% April
2020. This study is a pre-planned sub-analysis of a larger, ongoing study designed to
assess outcomes following all surgery for patients with perioperative SARS-CoV-2

infection [12].

The COVIDSurg collaborative is an international, multicentre, multidisciplinary team
with individual collaborators collecting data locally, which is collated centrally. The
collaborative methodology, which is well described and validated was used for this
project [21]. The study protocol was registered online (ClinicalTrials.gov identifier:

NCT04323644).

Inclusion Criteria

Participating hospitals included consecutive patients undergoing surgery for proximal
femoral fractures that had SARS-CoV-2 infection diagnosed (laboratory, clinical or
radiologically) either 7 days pre-operatively, or up to 30-days post-operatively. For
those diagnosed pre-operative, this represents the timeframe where the majority of
patients still active disease [22]. For those patients who underwent multiple
procedures, the procedure closest to the time of confirmation of SARS-CoV-2

infection was defined as the index procedure.
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Patients received laboratory confirmation of SARS-CoV-2 using quantitative Reverse
Transcription Polymerase Chain Reaction (QRT-PCR). As qRT-PCR is not available
in all participating hospitals, patients were included if their diagnosis was made by
clinical or radiological findings. Clinical diagnosis was made in patients presenting
with symptoms and a clinical pattern of COVID-19. These included cough, fever
and/or myalgia [23]. Radiological diagnosis was made through computed tomography
(CT) scanning of the thorax according to local protocols. All patients who were
included solely on clinical or radiological suspicion but had a subsequent negative test

were excluded from the database by individual collaborators.

Diagnosis

This study includes all patients identified as having an operation for a proximal
femoral fracture. The diagnosis was established pragmatically by the local site teams
according to their assessment of the fracture. The reported data was screened by a
central dedicated data cleaning team, with only confirmed proximal femoral fractures

included in the cohort.

Patient Identification

Researchers at participating centres screened consecutive patients undergoing surgery
to ensure all patients were identified. The study was initiated in some countries after
their peak of infection, and therefore retrospective identification and data collection

was permitted, as long as the data collection was consecutive at that site.

To reduce selection bias, a variety of written materials were distributed to site leads to

highlight possible methods of identifying patients ensuring all eligible patients were
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included. Investigators were invited to social media groups and online teleconferences
to trouble-shoot recruitment issues, share learning and ensure consistent recruitment

into the wider cohort.

Outcome measures

The primary outcome measure was 30-day all-cause mortality, with the day of surgery
defined as day zero. The secondary outcome measure was rate of pulmonary
complications, which is a composite outcome defined previously from the Prevention
of Respiratory Insufficiency after Surgical Management (PRISM) randomised

controlled trial [24, 25].

Pulmonary complications were defined as pneumonia, acute respiratory distress
syndrome (ARDS), and/or unexpected post-operative ventilation; these have been
identified as the most frequent COVID-19-related pulmonary complications in
medical patients [23]. Unexpected post-operative ventilation was defined as either (i)
any episode of non-invasive ventilation, invasive ventilation, or extracorporeal
membrane oxygenation after initial extubation following surgery, or (ii) unexpected

failure to extubate following surgery [12].

Data collection and quality assurance

Data was collected online using the Research Electronic Data Capture (REDCap) web
application [26]. Demographic variables recorded consisted of age, sex, and American
Society of Anesthesiologists physical status classification (ASA). Age was collected
as a categorical variable by deciles of age. ASA at the time of surgery was

dichotomized to (i) grades 1-2 and (i1) grades 3-5 for the purpose of analysis, time to
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surgery to (1) under 24 hours, (ii) 24-48 hours, and (iii) over 48 hours, and surgery to
(1) hemiarthroplasty, (ii) total hip replacement, (iii) dynamic hip screw, (iv)
cannulated screws and (v) intramedullary nail. The timing of SARS-CoV-2 diagnosis

was recorded as either preoperative or post-operative.

Before data was entered into analysis, site principle investigators were required to
confirm all consecutive eligible cases had been completed and uploaded. Where

diagnosis was unclear, authors were contacted for clarification.

Statistical analysis

The study was reported according to STROBE (Strengthening the Reporting

of Observational Studies in Epidemiology) guidelines [27]. Proportions are expressed
with 95% confidence intervals and the mean and 95% confidence intervals were used
where data were assumed to be approximately normally distributed. Fishers exact test
was used for categorical data. Non-parametric data was summarised with the median

and interquartile ranges. Statistical significance was assessed at the 5% level.

The risk of death at 30 days was chosen as the primary outcome for the study. Mixed-
effects logistic regression analysis was used to assess the strength and significance of
associations between a number of explanatory variables and death within 30-days.
Random effects were included in the mixed-effects model to account for the
hierarchical structure of the data (individual hospital effects are naturally nested
within country effects) and fixed effects were included to adjust for a range of pre-
operative variables that may influence mortality in this population, and relevant

factors related to the injury or treatment (e.g. type of operation, time from admission
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to operation, type of anaesthetic). An additional analysis of the same factors was
undertaken using the same model structure for the secondary outcome of pulmonary
complications. This was an exploratory analysis with the significance level set at 5%,
with no specific adjustments made for model testing. All analyses were implemented
in R (R Core Team (2020). R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-

project.org/.).

Patient and Public Involvement

Patients were not involved in the design, conduct or reporting of this study.
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Results

Population

This study returned 30-day follow up for 1063 patients with proximal femoral
fractures. Data was collected in 174 hospitals from 19 countries (Supplementary
Table S1). Of these, 65.5% were female (696/1063). 7.8% (83/1063) patients were
<70 years old, 17.8% (189/1063) were between 70-79 years, 47.7% (507/1063) were

between 80-89 and 26.7% (284/1063) were 90+ years old.

Mortality
Overall 30-day mortality was 29.4% (313/1063). With each decile of age, mortality

significantly increased, being highest in those patients >90 years old (38.7%

[110/284], p=0.001).

In an adjusted model (Figure 1), 30-day mortality was associated with male gender
(OR 2.29, 95% CI 1.68-3.13, p<0.001), age >80 years (OR 1.60, 95% CI 1.1-2.31,
p=0.013), diagnosis of dementia (OR 1.57, 95% CI 1.15-2.16, p=0.005), chronic
kidney disease (OR 1.73, 95% CI 1.18-2.55, p=0.005) and congestive heart failure
(OR 1.62, 95% CI 1.06-2.48, p=0.025). 30-day mortality was lower in patients with a
pre-operative diagnosis of SARS-CoV-2 (OR 0.60, 95% CI 0.42-0.85, p=0.004).

Non-adjusted values are presented in Table S2.

Pulmonary complications

In an adjusted model (Figure 2), respiratory complications were associated with male

gender (OR 1.7, 95% CI 1.27-2.28, p<0.001), diagnosis of dementia (OR 1.34, 95%
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CI 1.01-1.79, p=0.044) and congestive heart failure (OR 1.76, 95% CI 1.17-2.63,
p=0.006). The presence of Chronic Obstructive Pulmonary Disorder (COPD) showed

no significant association (OR 1.42, 95% CI 0.96-2.09, p=0.076).

Diagnosis

The majority of diagnosis of SARS-CoV-2 was made via PCR swab testing 93.3%
(992/1063) (Table S1 & S3) and there was no difference in mortality between those
diagnosed clinically (p=0.668). The majority of patients received a diagnosis post-

operatively 69% (733/1063).

Pre-operative variables

Pre-operative symptoms (Table S4), including breathlessness, cough and fever (>38 °
Celsius) were not significantly different in patients who were alive or dead at 30 days
post-operatively. On examination of pre-operative observations, a high respiratory
rate was predictive of mortality (OR 1.73 95% CI 1.18-2.55, p=0.025) (Figure 1).
However, there was no significant difference in patient’s heart rate, systolic or
diastolic blood pressure (Table S5, Figure S1) between those who were alive or dead

at 30 days.

Those patients with ASA grade 3-5 had a significantly higher mortality of 31.4%

(281/899) versus ASA of 1-2 of 18.5% (28/151), p=0.001.

Procedures

The operations were carried out under a general anaesthetic in 49.6% (527/1063) of

patients (Table S6). 67.2% (714/1063) of patients did not require any pre-operative
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oxygen therapy. In this cohort, 31.8% (338/1063) of patients had their operation
within 24 hours of presentation to hospital, 21.1% (224/1063) had their operation
between 24-47 hours and 19.2% (205/1063) of patients had their operation after 48

hours of presentation to hospital.

In this cohort, 45.1% (479/1063) of patients underwent hemiarthroplasty with a
further 4.2% undergoing total hip replacement (45/1063). For patients who underwent
fixation, 26% (276/1063) underwent Dynamic Hip Screw (DHS) fixation, 22.9%
(243/1063) patients underwent intramedullary fixation, 0.5% (5/1063) underwent

cannulated screw fixation whilst a further 1.4% (15/1053) underwent internal fixation.

There was no difference in mortality between patients undergoing general and
regional anaesthesia (29.9% [157/527 versus 29.0% [152/524], p=0.787). However,
there was an increased mortality in those patients requiring pre-operative oxygen

therapy (34.3% [115/336] versus 27.2% [194/714], p=0.031).

There was no significant difference in mortality for patients with delayed operation.
The highest mortality was for patients operated between 24-47 hours of admission
(34.4%, [77/224]) but was not significantly higher than less than those operated after

48 hours (p=0.220).

Mortality was highest in March (33.7%, 159/474) compared to April (27.0%,

150/558), and February (11.5%, 3/26), p=0.007 (Table S1).
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Discussion

The 30-day mortality rate for patients with a peri-operative diagnosis of SARS-CoV-2
infection undergoing surgery for proximal femoral fracture is substantial. An overall
rate of 29.4% compares to the reported 30-day mortality in the literature for proximal
femoral fractures ranging between 3.5-6.8% [2, 28-32]. This rate is higher than found
at the one year time point [33]. Further, elderly patients, and those with medical
comorbidities such as dementia, chronic kidney disease and congestive heart failure
were associated with higher risk of 30-day mortality. Notably, patients with a pre-
operative diagnosis of SARS-CoV-2 infection had lower rates of 30-day mortality,
likely reflecting early recognition and closer management of these patients. Findings
from this study will be useful in guiding clinicians to identify high-risk patients that

may warrant closer medical and surgical input during the COVID-19 pandemic.

Considering this high mortality, it is critical that patients who present without a
diagnosis SARS-CoV-2 with proximal femoral fractures are protected from
contracting SARS-CoV-2 in the peri-operative period. A study by Kayani et al. has
suggested that half of infections in patients with proximal femoral fractures occur in
hospital, as denoted by having negative pre-operative samples [17]. Similarly, a study
by Hall et al. has suggested nearly half of cases were due to nosocomial transmission
[34]. Within this study, 733 (69%) of infections were diagnosed post-operatively.
This may infer that infections have been transferred in hospital, although due to
incubation period of the virus, it is hard to know the proportion that contracted the
virus prior to presentation or in hospital. [7, 35] Higher mortality was observed in

people who had a post-operative diagnosis, which emphasises the critical importance
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of avoiding in-hospital transmission. Hospitals should consider implementation of
careful infection control processes to minimise and prevent transmission of SARS-
CoV-2 infection. Within the elective setting, the creation of COVID-19-free surgical
pathways for elective patients has been shown to reduce infection and subsequent
mortality [36-38] and whilst only some of the principles are transferrable to the
emergency setting, it demonstrates the value of meticulous infection control processes
throughout the hospital stay. Furthermore, patients should be reinforced of methods to
reduce risk of transmission in the community after discharge, including (but not

limited to) social distancing, isolation and hygiene.

For those patients presenting with SARS-CoV-2 (either existing diagnosis or clinical
findings suggestive of) and a proximal femoral fracture, it is important for data to be
used as part of the informed consent process. In patients with multiple high-risk
factors such as those who are more elderly, have respiratory and cardiac co-
morbidities, non-operative management may be considered following an appropriate
discussion with the patient and/or their family. Every year in the UK, 2.5% of hip
fractures are treated non-operatively [39]. A study performed before the pandemic
reported that the mortality within thirty days for conservatively treated patients was
31.3% [40]. We do not know the mortality from non-operative management during
the pandemic for patients with SARS-Cov-2, but the particularly high mortality
associated with surgery in high-risk groups may change the balance of benefit and

harm towards conservative treatment and this should be considered.

The 30-day mortality of 29.4% identified within this study is comparable to published

literature, in the UK (range from 16.3%-35.6%) [15-17, 19, 34, 41], Italy (18.75%)
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[14], Spain (30.4%) [13] and the USA (range from 35.3%-56%) [18, 20]. From a
study within the UK, the authors also found a correlation between male sex and
increased mortality (OR 2.69), which is similar to that demonstrated in this study (OR
2.29) [16]. Additionally, another UK study reported having more than three co-
morbidities as a risk factor for mortality [17]. This study has specifically delineated a
diagnosis of dementia, chronic kidney disease and congestive heart failure as being
independent risk factors for mortality. In a study from USA, the authors found those
patients who died were older with multiple co-morbidities and this was reflected in
statistically significant higher ASA scores in comparison to their negative

counterparts [20].

This study found that there was no significant increase in mortality with delay to
surgery. Current guidelines suggest early surgery should be undertaken [42] and this
is associated with lower mortality [43]. This would suggest that those patients at the
highest risk of mortality can have medical optimisation, if appropriate, and will not
result in a higher mortality from SARS-CoV-2 infection. This includes correction of
concurrent medical issues often found in this population, examples of which include
correction of acute renal failure, electrolyte disturbances and/or anticoagulation
related issues. With regards to recovery from SARS-CoV-2 infection, it is important
to consider that an increased risk of mortality for those undergoing surgery persists
until seven weeks after diagnosis [44]. This risk reduces gradually after two weeks

after diagnosis and should be considered.

Similarly, previous studies have found a higher rate of mortality in patients

undergoing general versus regional anaesthesia for proximal femoral fractures [45,
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46]. This study reports no difference between general and regional anaesthetic (29.9%
versus 29.0%, p=0.787). Whilst this was not the primary outcome of this study, this
suggests that a positive test for SARS-CoV-2 should not have a large influence on
anaesthetic decisions. This should be interpreted with caution in the light of this being
an exploratory study. Out of all clinical features, respiratory rate at presentation was
associated with higher mortality. Clinicians should focus on this as an important

finding when counselling patients of their peri-operative mortality.

This study has also found an increased mortality during the month of March 2020.
This corresponds to the peak of caseload of infections internationally [47, 48].
Increased circulation of SARS-CoV-2 within countries has shown to increase
mortality through higher viral loads [47, 49]. This study validates that surgical

patients are particularly susceptible during surge of cases.

This is a large, varied cohort of patients undergoing surgery for a proximal femoral
fractures with SARS-Cov-2 infection diagnosed peri-operatively. This study was
conducted in multiple centres, internationally, allowing it to be generalisable across

populations in other countries.

Limitations

This study was conducted in hospitals in the early to mid-phase of the pandemic
where routine testing was not available in all participating centres. As such, to be
pragmatic, patients were included if a clinical diagnosis was made by the treating
physician. Protocols were not standardised for clinical diagnosis and were left the

senior treating physician. Laboratory diagnosis was made by qRT-PCR, from which
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false-negative results may have excluded patients from analysis. Indeed, the
sensitivity of qRT-PCR testing for has shown to be as low as 32% for throat swabs
[50]. However, in patients with negative results and high clinical suspicion of SARS-
CoV-2 infection, multiple samples are often taken, including broncho-alveolar lavage.
Thus, the number of patients excluded is expected to be low. Whilst this study reports
a higher mortality from post-operative diagnosis of SARS-CoV-2 infection, it is
unclear whether the infection was contracted pre-operatively or not, as has been

discussed above.

This study does not have a control arm, assessing contemporaneous patients with
undergoing an operation for proximal femoral fractures without SARS-CoV-2
infection during the height of the pandemic. However, comparison with high-quality
pre-pandemic data strongly suggests a substantial increase in mortality. Patients and
those who care for them should consider this carefully when making decisions in this

common and challenging clinical scenario.

Conclusion

Patients undergoing surgery for a proximal femoral fracture with a peri-operative
infection of SARS-CoV-2 have a high rate of mortality. The study would support the
approach of providing these patients with individualised medical and anaesthetic care,
including medical optimisation before theatre. It is imperative to prevent transmission
of coronavirus in the hospital setting. Careful pre-operative counselling is needed for
those with a proximal femoral fracture and SARS-CoV-2, especially those in the

highest risk groups.
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Tables & Figures

Fig. 1 Mixed-effects logistic regression model for 30 day mortality

Fig. 2. Mixed-effects logistic regression model for pulmonary complications
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Medical Center Utrecht, Utrecht, Netherlands); Uittenbogaart M, Leclercq WKG*, Sijmons JML, Vancoillie
PJ (Maxima Medical Center, Netherlands); Konsten J*, Van Heinsbergen M (VieCuri Medisch Centrum,
Netherlands); Dekker NAM, den Boer FC (Zaans Medisch Centrum, Zaandam, Netherlands); Akinmade
A*, Adeyeye A, Enoch E, Fayose S (Afe Babalola University Multi-System Hospital, Nigeria); Okunlola
Al*, Adeniyi AA, Adeyemo OT, Adebara |O, Bakare A, Babalola OF, Abiyere OH, Banjo OO (Federal
Teaching Hospital, Ido Ekiti, Nigeria); Olori S*, Akaba OG, Agida ET, Abdullahi IH (University of Abuja
Teaching Hospital, Nigeria); Egbuchulem IK, Olulana D, Lawal TA*, Ogundoyin O, Oyelakin OA*,
Nwaorgu OG, Sule SO (University College Hospital, Nigeria); Makwe CC, Afolabi BB, Seyi-Olajide JO*,
Ademuyiwa AO, Bode CO, Atoyebi O, Elebute OA, Okunowo AA (Lagos University Teaching Hospital,
Nigeria); Williams OM*, Eke NG, Oshodi OA, Faboya OM, Adeniran AS, Omisanjo OA, Oshodi YA,
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Ogunyemi AA, Atobatele KM (Lagos State University Teaching Hospital, Nigeria); Adeyeye A, Aremu |,
Olasehinde O, Abdur-Rahman L*, Bello J, Popoola A, Sayomi TO, Raji HO, Adeleke N, Lawal B, Habeeb
O, Agodirin O (University of llorin Teaching Hospital, Nigeria); Tolani MA*, Sholadoye TT*, Nwabuoku
SE, Abubakar M (Ahmadu Bello University Teaching Hospital, Nigeria); Risteski T*, Cvetanovska
Naunova V, Jovcheski L, Lazova E (University Clinic for Pediatric Surgery, North Macedonia); Agledahl I
(Hammerfest Hospital, Norway); Breuer RG* (Soerlandet Hospital Kristiansand, Kristiansand, Norway);
Massoud J* (Khoula Hospital, Oman); Waqar SH*, Rashid I, Ayubi A (Pakistan Institute of Medical
Sciences, Pakistan); Bhatti ABH* (Shifa International Hospital, Pakistan); Younis MU (Jinnah post
graduate medical center, Karachi, Pakistan); Ghouri A, Ayub B, Sayyed RH* (Patel Hospital, Pakistan);
Saleem A, Turk K*, Alvi A, Abassy J*, Khan S, Arshad M, Ahmed K, Siddiqui T, Pirzada A (Aga Khan
University, Pakistan); Kerawala AA*, Jamal A (Cancer Foundation Hospital, Pakistan); Rai L*, Nafees
Ahmed R, Memon AS* (Dr Ruth K.m. Pfau Civil Hospital, Pakistan); Qureshi AU*, Ayyaz M*, Umar M,
Butt U*, Kashif M, Khan WH*, Waris Farooka M*, Wasim T* (Services Hospital Lahore, Pakistan); Talat
N, Tahir W, Naseem J (The Children's Hospital & The Institute of Child Health Lahore, Lahore, Pakistan);
Akbar A*, Afroze S, Ali L,Sultan A, Ali HB (Doctors Hospital, Pakistan); Janjua MH*, Janjua A, Asghar S,
Farooq MS, Sarwar MZ, Naqi SA, Gondal KM (King Edward Medical University, Mayo Hospital, Lahore,
Pakistan); Bukhari SI* (Lady Reading Hospital, Pakistan); Tarig M (North West General Hospital and
Research Centre, Pakistan); Javed S*, Yaqoob E, Ashraf M, Mahmood U, Raja Shabbir K (Holy Family
Hospital, Pakistan); Abukhalaf SA, Amro A (Palestine Medical Complex, Palestine); Cabada Lee JM
(Complejo Hospitalario Caja Seguro Social, Panama); Aguilar A (Hospital De Especialidades Pediatricas
Css, Panama); Rodriguez E (Hospital Santo Tomas, Panama); Castillo K (Hospital Irma De Lourdes
Tzanetatos CSS, Panama); Cukier M*, Rodriguez-Zentner H, Arrue E (Pacifica Salud Hospital, Panama);
Isaacs Beron R (Hospital Regional Rafael Hernandez Css, Panama); Rodriguez Gonzalez A (Hospital de
Clinicas, Il Catedra de Clinica Quirurgica, Universidad Nacional de Asuncion, Asuncion, Paraguay);
Panduro-Correa V*, Cornelio DK (Hospital Hermilio Valdizan Medrano, Peru); Otiniano Alvarado CE*,
Caballero Sarabia VD (Arzobispo Loayza National Hospital, Peru); Vasquez-Ojeda XP, Lizzetti-Mendoza
G, Niquen-Jimenez M, Shu-Yip SB, Leodn Palacios JL, Borda-Luque G* (Cayetano Heredia National
Hospital, Peru); Zegarra SA*, Huaman Egoavil E, Suazo Carmelo C (Guillermo Almenara National
Hospital, Peru); Castro de la Mata R*, Rivas D, Targarona J (Clinica Delgado Auna, Peru); Truijillo Y*,
Olivera Villanueva M (Hospital Nacional Daniel Alcides Carrién, Peru); Lahoud-Velaochaga A*, Cabillas
K, Castafieda W, Colina Casas J (Hospital Nacional Sergio E. Bernales, Lima, Peru); Betalleluz Pallardel
J*, Camacho Zacarias F, Vélez Segura E, Cruz Condori DL (Hospital De Emergencias Jose Casimiro
Ulloa, Peru); Huaman E* (Hospital Guillermo Kaelin de la Fuente, Lima, Peru); Ugarte Oscco R, Vergel
Cabrera C, Huaman Egoavil E (Hospital Emergencia Ate Vitarte, Lima, Peru); Carpio Colmenares YT*,
Garcia Barrionuevo LA, Cardenas Ruiz de Castilla D, Mansilla Doria P, Li Valencia MR (Clinica El Golf -
Sanna, Peru); Salazar A, Sarmiento A, Diaz C, Morales E, Ore E, Zegarra H, Siccha J, Guardia M,
Sandoval M, Mendiola GC*, Mimbela M (Hospital Santa Rosa De Lima, Peru); Diaz-Ruiz R*, Zeta LA,
Cordova-Calle E, (Hospital Regional de Piura, Jose Cayetano Heredia , Peru); Nufiez HM (Hospital 11-2
Tarapoto, Tarapoto, Peru); Ortiz-Argomedo MR* (Hospital Belén de Trujillo, Trujillo, La Libertad, Peru);
Caballero-Alvarado J, Salazar-Tantalean A, Espinoza-Llerena R (Hospital Regional Docente de Truijillo,
Truijillo, Peru); Aliaga-Ramos M* (Hospital Alberto Hurtado Abadia, La Oroya - Yauli, Peru); Asodisen O*,
Jabagat E, Tedoy CM (Cebu City Medical Center, Cebu City, Philippines); Ramos RA, Lopez MPJ*,
Violago KLE, Aram R (Ospital Ng Makati, Philippines); Carlos Santos P, Filarca RF*Carlos A*, Santos P,
Filarca RL* (Medical Center Manila-ManilaMed, Manila, Philippines); Domingo EJ, Khu KJO, Lapitan MC,
Sacdalan MDP*, Kho MJN, Baticulon RE, Bravo SLR (Philippine General Hospital, University of The
Philippines Manila, Philippines); Cueto, MAC*, Ramos, CL*, Fuentes, JR (José R. Reyes Memorial
Medical Center, Manila, Philippines); Sadian H, Gumarao A, Barraquio A, Cruz EM, Gonzales AD (Pasig
City General Hospital, Philippines); Reyes JAS*, Salud JA, Tancinco EG, Rivera RD, Lim JA (The
Medical City, Philippines); Barcelon JC*, Chiu JA, Carballo Ml (Cardinal Santos Medical Center,
Philippines); Major P*, Gawron I*, Jach R* (Jagiellonian University Medical College, Poland); Borges F*,
Matos Costa P, Henriques S, Rodrigues SC (Hospital Garcia de Orta, Portugal); Gongalves N* (Hospital
De Braga, Portugal); Curvas JM (Hospital de Bragancga, Braganca, Portugal); Cabeleira A, Branco C,
Serralheiro P*, Alves R, Teles T (Hospital De Cascais - Dr. José De Almeida, Portugal); Lazaro A*,
Canhoto C, Simbes J, Costa M, Almeida AC, Nogueira O, Oliveira A, Athayde Nemésio R, Silva M,
Lopes C, Amaral MJ, Valente da Costa A, Andrade R, Martins R,Guimaraes A, Guerreiro P, Ruivo A,
Camacho C, Duque M, Santos E, Breda D, Oliveira JM, De Oliveira Lopez AL, Garrido S, Colino M, De
Barros J, Correia S, Rodrigues M (Centro Hospitalar E Universitario De Coimbra, Portugal); Cardoso P*,
Martins R, Teixeira J, Soares AP, Morais H*, Pereira R, Revez T, Manso MI, Domingues JC, Henriques
P, Ribeiro R, Ribeiro VI, Cardoso N, Sousa S, Martins dos Santos G (Centro Hospitalar Universitario do
Algarve - Unidade De Faro, Portugal); Carvalho L, Osério C, Antunes J, Lourengo S, Balau P, Godinho
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M, Pereira A (Centro Hospitalar Entre o Douro e Vouga, Santa Maria da Feira, Portugal); Silva N*, Kam
da Silva Andrade A, Pereira Rodrigues A, Borges N*, Correia J, Vieira |, Ribeiro T, Catarino J, Correia R,
Pais F, Carreira Garcia R, Bento R, Cardoso J, Luis M, Santos E, Henriques J, Patena Forte J, Maciel J,
Pinheiro Santos J, Silva M, Silva TP, Branquinho A (Centro Hospitalar Universitario Lisboa Central,
Portugal); Caiado A* (Instituto Portugués De Oncologia De Lisboa Francisco Gentil, Portugal); Miranda
P, Garrido R*, Peralta Ferreira M, Ascenséao J, Costeira B, Cunha C, Rio Rodrigues L, Sousa Fernandes
M, Azevedo P, Ribeiro J, Lourenco |, Gomes H, Mendinhos G*, Nobre Pinto A (Hospital Beatriz Angelo,
Portugal); Ribeiro A, Gil CG, Lima-da-Silva C, Pereira C, Tavares F, Ferraz |, Aimeida JI, Marialva J,
Lopes L, Costa MJMA, Nunes-Coelho M, Teixeira MJ, Machado N, Alfonso JP, Saraiva P, Silva RL,
Santos R, Almeida-Reis R*, Correia-de-Sa T, Fernandes V, Almeida-Pinto J, Gongalves JP (Centro
Hospitalar do TAmega e Sousa, Portugal); Santos-Sousa H*, Cavaleiro S, Leite-Moreira AM, Pereira A,
Pereira-Neves A, Faria CS, Monteiro JM, Nogueiro J, Sampaio-Alves M, Magalhdes Maia M, Vieira P,
Pina-Vaz T, Jacome F, Devezas V, Almeida A, Silveira H, Vaz S, Castanheira Rodrigues S (Centro
Hospitalar E Universitario De Sdo Jodo, Portugal); Costa Santos D, Grilo JV, Abreu da Silva A*, Claro M,
Deus AC (Hospital Do Litoral Alentejano, Portugal); Branquinho R* (Centro Hospitalar Medio Tejo,
Portugal); Santos PMDD*, Patricio B, Vieira Paiva Lopes AC (Hospital De Torres Vedras - Centro
Hospitalar Do Oeste, Portugal); Mendes JM, Carvalho MF, Oliveira CM* (Centro Hospitalar do Médio
Ave, Portugal); Tojal A*, Pinto J (Centro Hospitalar Tondela-Viseu, Portugal); Abutaka A, Zarour A*,
Abdelkareem M, Ali SM, Al Tarakji M, Altkey R, Mukhtar K, Wani IR, Singh R, Ahmed K, Bouchiba N,
Mahdi H, Abdelaziem Mustafa S, Al Ansari A (Hamad General Hospital, Qatar); Drasovean R, Caziuc A
(Clinica Chirurgie |, Spitalul Clinic Judetean de Urgenta, Cluj-Napoca, Romania); Galliamov E, Agapov
M*, Kakotkin V, Semina E, Kubyshkin V, Kamalov A (Moscow Research and Educational Center,
Lomonosov Moscow State University, Russian Federation); Efetov SK, Kochetkov VS, Garmanova T,
Tsarkov P*, Tulina |, Rodimov S, Markaryan D, Kazachenko E (Clinic of Coloproctology and Minimally
Invasive Surgery, Sechenov Medical State University, Moscow, Russian Federation); Yanishev A*,
Abelevich A, Bazaev A, Kokobelyan A, Zarubenko P (Privolzhsky Research Medical University, Nizhny
Novgorod Regional Clinical Hospital, Russian Federation); Zakharenko A*, Novikova A (Pavlov First
State Medical University of St. Petersburg, Russian Federation); Kim G*, Shmatov D, Stoliarov M,
Kamenskikh M (Saint Petersburg State University Hospital, Saint Petersburg, Russian Federation);
Nambi G (University Hospital, Saudi Arabia); Aimulhim AS, Madkhali T, Alzouhir A, Alissa A (King Fahad
Hospital Hofuf, Saudi Arabia); Alameer E*, Badedi M, Alnami AQ, Darraj H (Jazan University - King Fahd
Central Hospital - Sabia General Hospital - Baish General Hospital, Saudi Arabia); Alkhuzaie A*,
Khadwardi F, Abualjadayel M, Tashkandi W (King Abdulaziz Hospital and Oncology Center, Saudi
Arabia); Farsi A, Malibary N*, Trabulsi N, Farsi S (King Abdulaziz University Hospital, Saudi Arabia); Said
bayazeed A*, Nasser M*, Siddiqui MS*, Al Awwad S* (King Fahad General Hospital, Saudi Arabia);
Alshahrani M, Alsharif F, Fahmi MW (Aseer Central Hospital, Saudi Arabia); Gudal A*, Alasmari A,
Algahtani S (King Abdullah Medical Complex - Jeddah, Saudi Arabia); Majrashi S*, Mashat A, Al
Raddadi R (East Jeddah General Hospital, Saudi Arabia); Alharbi A*, Nasser Y, Hamayel H, Alhojaili A,
Aljohani R (King Fahad General Hospital, Saudi Arabia); Sogair O* (Ohud Hospital, Saudi Arabia);
Alfarhan O, Alzahrani A, Alzomaili B*, Tashkandi W (Hera General Hospital, Saudi Arabia); A Azab M*
(King Abdullah Medical City Makkah, Saudi Arabia); Alotaibi M*, Maashi A, Zowgar A, Alsakkaf M (King
Faisal Hospital, Saudi Arabia); Alnemary M*, Khayat S, Felmban S, Aimhmadi A (Alnoor Specialist
Hospital, Saudi Arabia); Algannas M, Cortés Guiral D, Alyami M*, Elawad A (King Khalid Hospital,
Najran, Saudi Arabia); Alhefdhi A*, Alresaini F, Kurdi W, Tulbah M, Aldakheel M, Alsahan N, Koussayer
S, Elsheikh H, Al-gattan M, Alshanafey S, Rafique A, Mahabbat N, Saeed B (King Faisal Specialist
Hospital, Saudi Arabia); Al-Kharashi E*, Alsowaina K, Arab N, Aljaber F, Al Hasan I, Alghamdi A,
Badahdah F, Alghuliga A, Abdulfattah F, Alanazi F, Albagami F, Alsuhaibani A (Prince Sultan Military
Medical City, Saudi Arabia); AlFakhri A*, Algasem S, Alajaji N (King Fahad Medical City, Saudi Arabia);
Nouh T*, Bin Nasser A, Alowais J, Alburakan A, Alamri O, Albdah A, Alawi K, Alshalhoub M (King Saud
University, Saudi Arabia); EISanhoury K*, Almofarreh A, Ibrahim S, Elshafie H, Osman I, Guzman T,
Mutair H, Siddiqui A, Chowdhury S*, Alghamdi R, Almutrafi S, Alfaifi J, D'Souza J, Alshitwi A, Alkreedees
N, Alramadhan M, Alshehri M (King Saud Medical City, Saudi Arabia); Alzahrani A*, Alobaysi S, Badr H,
Alshahrani A (Security Forces Hospital, Saudi Arabia); Alshehri A*, Alrashed M, Altahan T, Alsabahi T,
Alhossaini R, Sbaih M (Prince Mohammed Bin Abdulaziz Hospital, Saudi Arabia); Alalawi Y, Alnwijy K, Al
Ayed A (King Salman Armed Forces Hospital, Tabouk, Saudi Arabia); Ghedan S, Alharthi R, Awad S*, |
Sharara M, Abdelrhman S, Althobaiti W (King Faisal Medical Complex, Saudi Arabia); Srbinovic L,
Perovic M, Mikovic Z, Nikolic B, Vasiljevic M, Pazin V, Mandic Markovic V, Dimitrijevic D, Zecevic N
(Clinic for Gynecology and Obstetrics Narodni Front, Serbia); Gregoric P*, Micic D, Loncar Z, Doklestic
K, Ivancevic N (Clinic for Emergency Surgery, Emergency Center, Clinical Center of Serbia, Serbia);
Djukic V*, Stojakov D, llic R, Savic P, Pijanovic N, Milanovic M, Radosavljevic M, Dejanovic T, Kostic M,
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Paskas J, Bojic S, Stevanovic P, Djuric M (KBC Dr Dragisa Misovic-Dedinje, Serbia); Kadija M*, Tulic G,
Glisovic Jovanovic | (Clinic for Orthopaedic Surgery and Traumatology, Clinical Center of Serbia,
Belgrade, Serbia); Lieske B* (National University Hospital, Singapore, Singapore); Kayombo E, Kruger |,
De Kock M, Malan A, Ferreira C, Du Preez H, Mulder W, Noel C*, Le Grange S, Lusawana O
(Universitas Academic Hospital Complex, South Africa); Kies C, Steyn E, Janson J, Buitendag JJP, Chu
K*, Mihalik M, Nel R, Naidoo S (Tygerberg Hospital, South Africa); Kloppers C*, Nel D, Jonas E, Pickard
H, Bernon M, Almgla N*, Rayamajhi S, Mugla W* (Groote Schuur Hospital, South Africa); Carapinha C
(Netcare Clinton Hospital, Johannesburg, South Africa); Hyman GY, Fourtounas M, Moore R* (Chris
Hani Baragwanath Academic Hospital, South Africa); Sanchez Mozo A (Complejo Hospitalario
Universitario De Albacete, Spain); Aguado Lopez H* (Hellin Hospital, Spain); Zarate Pinedo A (Hospital
Germans Trias i Pujol, Badalona, Spain); Jimenez Toscano M*, Alonso de la Fuente N, Mancebo G,
Cecchini L, Munarriz M, Cazador Labat M, Lépez Campillo A, Martorell P, Espinosa CA (Hospital Del
Mar, Spain); Caja Vivancos P*, Villalabeitia Ateca I*, Prieto Calvo M, Marin H, Martin Playa P*, Gainza A,
Aragon Achig EJ, Rodriguez Fraga A, Melchor Corcéstegui I, Mallabiabarrena Ormaechea G*, Garcia
Gutierrez JJ, Barbier L, Pesantez Peralta MA*, Jiménez Jiménez M, Municio Martin JA, Gdmez Suarez
J, Garcia Operé G, Pascua Gomez LA, Onate Aguirre M (Hospital Universitario Cruces, Spain);
Fernandez-Colorado A, De la Rosa-Estadella M*, Gasulla-Rodriguez A, Serrano-Martin M, Peig-Font A,
Junca-Marti S, Juarez-Pomes M, Garrido-Ondono S, Blasco-Torres L, Molina-Corbacho M, Maldonado-
Sotoca Y, Gasset-Teixidor A, Blasco-Moreu J (Corporacié Sanitaria Parc Tauli, Spain); Gomez
Fernandez L*, Cayetano Paniagua L (Consorci Sanitari De Terrassa, Spain); Izquierdo O, Ventura D,
Castellanos J (Parc Sanitari Sant Joan de Déu, Sant Boi de Llobregat, Barcelona, Spain); Ballester
Vazquez E, Sanchez Lopez A*, Balague Ponz C, Targarona Soler EM, Sanchez Cabus S, Molina Santos
V, Gonzalez Lopez JA, Medrano Caviedes R, Moral Duarte A (Hospital De La Santa Creu | Sant Pau,
Spain); Espin-Basany E*, Pellino G, Blanco-Colino R (Vall D'hebron University Hospital, Spain); Turrado-
Rodriguez V*, Lacy AM, de Lacy FB, Morales X, Carreras-Castarier A*, Torner P, Jornet-Gibert M,
Balaguer-Castro M, Renau-Cerrillo M, Camacho-Carrasco P, Vives-Barquiel M, Campuzano-Bitterling B,
Gracia I, Pujol-Muncunill R (Hospital Clinic de Barcelona, Spain); Martin-Sole O*, Rubio-Palau J, Tarrado
X, Garcia-Aparicio L, De Haro Jorge |, Martin A, Rojas-Ticona J, Perez-Bertolez S, Cuesta Argos M,
Capdevila Vilaro B, Coronas Soucheiron M, Riba Martinez M, Saura Garcia L, Prat Ortells J, Bejarano
Serrano M, Parri P, Massaguer C, Vicario F, Palazon Bellver P, Moraleda Gudayol | (Hospital Sant Joan
de Deu de Barcelona, Spain); Lara A, Escobar D, Arrieta M, Garcia de cortazar U*, Villamor Garcia |
(Hospital Universitario De Basurto, Spain); Landaluce-olavarria A*, Gonzalez De miguel M, Fernandez
Gomez Cruzado L, Begofa E, Lecumberri D (Hospital Urduliz, Spain); Acosta Mérida MA*, Yepes Cano
AF* (Hospital Universitario De Gran Canaria Doctor Negrin, Spain); Estaire Gomez M*, Padilla-Valverde
D*, Sanchez-Garcia S, Sanchez-Pelaez D, Jimenez Higuera E, Picon Rodriguez R, Fernandez
Camunias A, Martinez-Pinedo C, Garcia Santos EP, Mufioz-Atienza V, Moreno Pérez A, Lépez de la
Manzanara Cano CA (Hospital General Universitario De Ciudad Real, Spain); Ugarte-Sierra B, Ibafez-
Aguirre FJ, De Andres Olabarria U, Fernandez Pablos FJ, Duran Ballesteros M, Sanz Larrainzar A
(Hospital Universitario De Galdakao, Spain); Jiménez Carneros V*, Valle Rubio A, Alonso-Lamberti L,
Salazar A, Garcia-Quijada J, Leon R, Rodriguez JL, Jimenez Miramén J, Jover JM, Martin Salamanca
MB*, Assaf M, Pérez Simén V, Landeo Agliero SA, Baeza Pintado N, Huertas Fernandez MA, Carabias
A (Getafe University Hospital, Spain); Sosa MV*, Lora-Cumplido P, Lanuza L (Hospital de Cabuefies,
Spain); Galipienso Eri M, Garcia Montesino JD, Dellonder Frigolé J, Noriego Mufioz D* (Hospital
Universitari De Girona Dr. Josep Trueta, Spain); Navarro-Sanchez A* (Complejo Hospitalario
Universitario Insular-Materno Infantil de Gran Canaria, Spain); Enjuto D*, Perez Gonzalez M, Diaz Pefa
P, Gonzalez J, Marqueta De Salas M, Martinez Pascual P, Rodriguez Gémez L, Garcés Garcia R,
Ramos Bonilla A, Herrera-Merino N, Fernandez Bernabé P, Cagigal Ortega EP, Hernandez I, Garcia de
Castro Rubio E, Cervera | (Severo Ochoa University Hospital, Spain); Sanchez-Guillén L, Ferndndez-
Candela A, Curtis-Martinez C, Soler-Silva A, Oller A, Triguero-Canovas D, Bosch-Ramirez M, Lillo C,
Lario S, Arroyo A (Universidad Miguel Hernandez, Elche, Alicante, Spain); Espino Segura-llla M,
Sanchez Aniceto G*, Castafio-Leon AM*, Jimenez-Roldan L, Delgado Fernandez J, Pérez Nufez A,
Lagares A, Garcia Perez D, Santas M, Paredes |, Esteban Sinovas O, Moreno-Gomez L, Rubio E*, Vega
V, Vivas Lopez A, Labalde Martinez M, Garcia Villar O, Pelaéz Torres PM, Garcia - Borda J, Ferrero
Herrero E, Gomez P, Eiriz Fernandez C, Ojeda-Thies C*, Pardo Garcia JM (12 De Octubre University
Hospital, Spain); Di Martino M*, De la Hoz Rodriguez A, Garcia Septiem J, Maqueda Gonzalez R,
Delgado Burdalo L, Correa Bonito A, Martin-Perez E (Hospital Universitario De La Princesa, Spain);
Garcia Villayzan JE*, Albi Martin B (Fundacion Jimenez Diaz University Hospital, Spain); Lozano
Lominchar P, Martin L, Fernadez M, Rey-Valcarcel C*, Tousidonis M, Martin-Albo Caballero L, Lowy A,
Alonso Ortufio P, Ayuso Herrera E, Cano Velasco J, Aragon-Chamizo J, Perez Diaz MD, Mateo-Sierra
O, Quintana-Villamandos B, Barrio JM, Fanjul M, Sanchez- Perez C, Fernandez ML, Hernandez-
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Kakauridze S, Rio J (Hospital General Universitario Gregorio Marafién, Spain); Diaz Pérez D, Serrano
Gonzélez J*, Colao Garcia L, Gutierrez Samaniego M, Hernandez Bartolome MA, Galindo Jara P,
Esteban Agusti E (Hospital Universitario De Torrejon De Ardoz, Spain); Ripollés-Melchor J*, Abad-Motos
A, Abad-Gurumeta A, Martinez-Hurtado E, Ruiz-Escobar A (Infanta Leonor University Hospital, Spain);
Brogly N, Guasch E, Hernandez Gutierrez A, Bartha Rasero JL, Perez Y, Garcia-Pineda V, Gracia M,
Siegrist Ridruejo J, Diestro MD, Sanchez-Mendez JI, Marti C, Melendez M, Moreno-Palacios E, Loayza
A, Frias L, Zapardiel I*, Rubio-Perez I*, Prieto Nieto MI, Guevara J, Gegundez Simon A, GortazarS,
Chavarrias N, Alvarez E, Saavedra J, Ramos-Martin P, Urbieta A, Gomez Rivas J, Toribio-Vazquez C,
Yebes A (Hospital Universitario La Paz, Spain); Hernandez-Garcia M, Losada M*, Diéguez B, Garcia-
Conde M, Alonso Poza A (Hospital Universitario Del Sureste, Spain); Marquez L*, Becerra R, Martin M,
Jorgensen T (Hospital Central De La Cruz Roja San Jose Y Santa Adela, Spain); Muguerza JM*,
Dziakova J, Sanchez del Pueblo C, Saez Carlin P, Camarero E, Picazo S, Pizarro MJ, Avellana R,
Catalan V, Lopez Antofianzas L, Cano O, Anula R, Sanz Lopez R, Sanz Ortega G, Garcia Alonso M,
Torres AJ, Martin Antona E,Garcia Botella S (Hospital Clinico San Carlos De Madrid, Spain); Ramos D*,
Barranquero AG, Ocaria J, Nufiez J, Cerro Zaballos C (Hospital Universitario Ramén Y Cajal, Spain);
Crego-Vita D*, Huecas-Martinez M (Hospital Central De La Defensa Gomez Ulla, Madrid, Spain); Diez
Alonso M*, Mendoza-Moreno F, Vera Mansilla C, Ovejero Merino E, Hernandez P, Blazquez Martin A,
Ruiz Grande F, Morales Palacios N*, Garcia-Loarte Gomez E, Garca Rico E (Hospital Universitario
Principe De Asturias, Spain); Minaya-Bravo AM*, San Miguel Méndez C, Galvan Pérez A, Gonzalez-
Gonzalez E, Robin Valle de Lersundi A, Calcerrada Alises E, Garcia-Urefia MA, Cruz Cidoncha A
(Hospital Del Henares. Universidad Francisco de Vitoria. , Spain); Troncoso Pereira P*, Alcaide Matas F,
Garcia Pérez JM (Hospital Mateu Orfila, Spain); Mufioz Vives JM, Osorio A, Gomez Diaz CJ, Guariglia
CA, Soto Montesinos C*, Sanchon L, Xicola Martinez M, Guardia N, Collera P, Diaz Del Gobbo R,
Sanchez Jimenez R, Farre Font R, Flores Clotet R (Fundacié Althaia - Xarxa Assistencial Universitaria
de Manresa, Spain); Calvo Espino P*, Guillamot Ruano P (Hospital Universitario De Méstoles, Spain);
Rey-Biel J*, Pingarron-Martin L, Ruiz Martin | and Moliner Sanchez C (Rey Juan Carlos University
Hospital, Spain); Carrasco-Prats M*, Giménez-Francés C, Ruiz-Marin M, Fernandez-L6pez AJ, Garcia-
Escudero D, Garcia-Porcel V, Lax-Pérez R, Sanchez-Robles M, Valero-Soriano M, Medina-Manuel E,
Garcia-Soria V, Gurrea-Almela E, Marco-Garrido A, Martinez-Alonso JA, Gonzalez-Valverde FM,
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Fig. 1 Mixed-effects logistic regression model for 30 day mortality
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Supplementary Material

Table S1. Baseline characteristics (sex, age, ASA grade, cardiac risk, time of diagnosis, method of diagnosis and month study participant
recruited) of the full study population (n = 1063), and died (n = 313) and alive (n =746) groups; p-values are for Fisher’s exact tests
comparing groups for each characteristic.

BMJ Open

Characteristic Full Alive Died | Died (%)
(n=1063) | (n=746)| (n=313)

Sex (p-value = <0.001 ***)

Female 696 (65.5%) 526 168 24.2
Male 367 (34.5%) 220 145 39.7
Missing 0 (0.0%) 0 0 0.0
Age (p-value = 0.001 **)

20-29 years 3(0.3%) 3 0 0.0
30-39 years 2 (0.2%) 1 1 50.0
40-49 years 4 (0.4%) 3 1 25.0
50-59 years 24 (2.3%) 21 3 12.5
60-69 years 50 (4.7%) 39 11 22.0
70-79 years 189 (17.8%) 145 43 22.9
80-89 years 507 (47.7%) 360 144 28.6
90+ years 284 (26.7%) 174 110 38.7
Missing 0(0.0%) 0 0 0.0
ASA (p-value = 0.001 **)

1-2 151 (14.2%) 123 28 18.5
3-5 899 (84.6%) 615 281 31.4
Missing 13(1.2%) 8 4 30.8
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Cardiac risk (p-value = <0.001 ***)

0 487 (45.8%) 372 114 23.5
1 349 (32.8%) 238 110 31.6
2 169 (15.9%) 106 61 36.5
3 44 (4.1%) 23 21 47.7
4 8 (0.8%) 5 3 37.5
S 1(0.1%) 0 1 100.0
Missing 5 (0.47%) 2 3 60.0
Time of diagnosis (p-value = 0.006 **)

Post-op 733 (69%) 499 231 31.6
Pre-op 266 (25%) 205 60 22.6
Missing 64 (6.0%) 42 22 344
Diagnosis (p-value = 0.668)

Clinical 62 (5.8%) 42 20 323
Swab 992 (93.3%) 696 292 29.6
Missing

Month (p-value = 0.007 **)

February 26 (2.4%) 23 3 11.5
March 474 (44.6%) 313 159 33.7
April 558 (52.5%) 406 150 27.0
Missing 1(0.09%) 0 1 100.0

Table S2. Comorbidity data summaries by died (n = 313) and alive (n =746) groups. Data tabulated are counts, with estimated odds
ratios (OR), with 95% confidence intervals, and p-values from Fisher’s exact tests for each comorbidity.
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(n=1746) (n=313) (95% CI)
Y:N (%Y) Y:N (%Y)

Current smoker 34:712 (4.6%) 9:304 (2.9%) 0.62 (0.26, 1.34) 0.235 -
Asthma 53:693 (7.1%) 21:292 (6.7%) 0.94 (0.53, 1.62) 0.895 -
Current cancer diagnosis 57:689 (7.6%) 24:289 (7.7%) 1.00 (0.58, 1.68) 0.999 -
Chronic kidney disease (moderate/severe) 106:640 (14.2%) 71:242 (22.7%) 1.77 (1.25, 2.51) 0.001 **
Chronic obstructive pulmonary disease (COPD) 95:651 (12.7%) 57:256 (18.2%) 1.53 (1.05,2.21) 0.027 *
Congenital abnormality - cardiac 4:742 (0.5%) 1:312 (0.3%) 0.60 (0.01, 6.04) 0.999 -
Congenital abnormality - non-cardiac 0:746 (0.0%) 4:309 (1.3%) - - -
Congestive heart failure 81:665 (10.9%) 58:255 (18.5%) 1.87 (1.27,2.73) | <0.001 ***
Dementia 248:498 (33.2%) 133:180 (42.5%) 1.48 (1.12, 1.96) 0.005 **
Diabetes mellitus 142:604 (19.0%) 63:250 (20.1%) 1.07 (0.76, 1.51) 0.671 -
Hypertension 387:359 (51.9%) 186:127 (59.4%) 1.36 (1.03, 1.79) 0.026 *
Myocardial infarction or ischemic heart disease 103:643 (13.8%) 63:250 (20.1%) 1.57 (1.09, 2.25) 0.012 *
Peripheral vascular disease 34:712 (4.6%) 21:292 (6.7%) 1.51 (0.82, 2.72) 0.172 -
Stroke/ TIA 107:639 (14.3%) 57:256 (18.2%) 1.33 (0.92, 1.92) 0.114 -
Other (including other lung disease) 377:369 (50.5%) 158:155 (50.5%) 1.00 (0.76, 1.31) 0.999 -
Table S3. Diagnosis data summaries by died (n = 313) and alive (n =746) groups. Data tabulated are counts, with estimated odds ratios
(OR), with 95% confidence intervals, and p-values from Fisher’s exact tests for each diagnosis method.
Diagnosis Alive Died OR p-value

(n=746) (n=313) (95% CI)

Y:N (%Y) Y:N (%Y)

Pre-op 4-7days

CT thorax scan (negative for SARS-CoV-2)

10:736 (1.3%) |

2:311 (0.6%)

| 0.47(0.05,2.24)| 0.526 | -
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CT thorax scan (positive for SARS-CoV-2)

12:734 (1.6%)

0:313 (0%)

0.00 (0.00, 0.85)

0.023

Swab (negative for SARS-CoV-2)

17:729 (2.3%)

3:310 (1%)

0.42 (0.08, 1.45)

0.215

Swab (positive for SARS-CoV-2)

31:715 (4.2%)

8:305 (2.6%)

0.61 (0.24, 1.37)

0.283

Pre-op 1-3days

CT thorax scan (negative for SARS-CoV-2)

8:738 (1.1%)

3:310 (1%)

0.89 (0.15, 3.75)

0.999

CT thorax scan (positive for SARS-CoV-2)

10:736 (1.3%)

3:310 (1%)

0.71 (0.13, 2.79)

0.765

Swab (negative for SARS-CoV-2)

41:705 (5.5%)

9:304 (2.9%)

0.51 (0.22, 1.08)

0.080

Swab (positive for SARS-CoV-2)

86:660 (11.5%)

15:298 (4.8%)

0.39 (0.20, 0.69)

<0.001

Pre-op surgery

CT thorax scan (negative for SARS-CoV-2)

0:746 (0%)

0:313 (0%)

0.999

CT thorax scan (positive for SARS-CoV-2)

4:742 (0.5%)

0:313 (0%)

0.00 (0.00, 3.61)

0.326

Swab (negative for SARS-CoV-2)

13:733 (1.7%)

2:311 (0.6%)

0.36 (0.04, 1.62)

0.254

Swab (positive for SARS-CoV-2)

18:728 (2.4%)

7:306 (2.2%)

0.93 (0.32, 2.35)

Post-op Admission

CT thorax scan (negative for SARS-CoV-2)

4:742 (0.5%)

1:312 (0.3%)

0.60 (0.01, 6.04)

0.999

CT thorax scan (positive for SARS-CoV-2)

8:738 (1.1%)

4:309 (1.3%)

1.19 (0.26, 4.50)

0.756

Swab (negative for SARS-CoV-2)

51:695 (6.8%)

12:301 (3.8%)

0.54 (0.26, 1.05)

0.064

Swab (positive for SARS-CoV-2)

317:429 (42.5%)

143:170 (45.7%)

1.14 (0.87, 1.50)

0.342

Discharge 30days

CT thorax scan (negative for SARS-CoV-2)

4:742 (0.5%)

0:313 (0%)

0.00 (0.00, 3.61)

0.326

CT thorax scan (positive for SARS-CoV-2)

0:746 (0%)

1:312 (0.3%)

Swab (negative for SARS-CoV-2)

8:738 (1.1%)

0:313 (0%)

0.00 (0.00, 1.39)

0.114

Swab (positive for SARS-CoV-2)

75:671 (10.1%)

27:286 (8.6%)

0.85 (0.51, 1.36)

0.496

Diagnosis

Positive SARS-CoV-2 swab - before surgery

122:624 (16.4%)

31:282 (9.9%)

0.56 (0.36, 0.86)

0.007

Positive SARS-CoV-2 swab - after surgery

409:337 (54.8%)

177:136 (56.5%)

1.07 (0.82, 1.41)

0.636

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




oNOYTULT D WN =

18
19
20
21
22
23
24

25
26
27

BMJ Open

Page 48 of 53

CT scan of the chest confirming SARS-CoV-2 - before surgery 20:726 (2.7%) 2:311 (0.6%) 0.23 (0.03,0.97) | 0.033
CT scan of the chest confirming SARS-CoV-2 - after surgery 9:737 (1.2%) 5:308 (1.6%) 1.33(0.35,4.46) | 0.569
Clinical diagnosis or chest x-ray - suspected before time of surgery 39:707 (5.2%) 12:301 (3.8%) 0.72(0.34,1.43) | 0.432
Clinical diagnosis or chest x-ray - suspected after time of surgery 67:679 (9%) 31:282 (9.9%) 1.11 (0.69, 1.77) | 0.643
Table S4. SARS-CoV-2 symptoms data summaries by died (n = 313) and alive (n =746) groups. Data tabulated are counts, with
estimated odds ratios (OR), with 95% confidence intervals, and p-values from Fisher’s exact tests for each symptom.
Symptom Alive Died OR p-value
(n=746) (n=313) (95% CI)
Y:N (%Y) Y:N (%Y)
Abdominal pain 11:735 (1.5%) 1:312 (0.3%) 0.21 (0.01, 1.49) 0.124 -
Breathlessness (dyspnoea) 54:692 (7.2%) 31:282 (9.9%) 1.41 (0.86, 2.28) 0.172 -
Cough 73:673 (9.8%) 35:278 (11.2%) 1.16 (0.73, 1.81) 0.505 -
Diarrhoea 8:738 (1.1%) 1:312 (0.3%) 0.30 (0.01, 2.22) 0.295 -
Fatigue 21:725 (2.8%) 10:303 (3.2%) 1.14 (0.47, 2.56) 0.695 -
Fever (>38 celsius) 61:685 (8.2%) 25:288 (8%) 0.98 (0.57,1.61) 0.999 -
Haemoptysis 0:746 (0.0%) 0:313 (0.0%) - - -
Myalgia 10:736 (1.3%) 3:310 (1%) 0.71 (0.13, 2.79) 0.765 -
Nausea/vomiting 13:733 (1.7%) 7:306 (2.2%) 1.29 (0.43, 3.52) 0.623 -
Sputum 8:738 (1.1%) 4:309 (1.3%) 1.19 (0.26, 4.50) 0.756 -
Other 311:435 (41.7%) 136:177 (43.5%) 1.08 (0.82, 1.42) 0.633 -

Table S5. Pre-surgery measures data (n, mean and sd) for the full study population (n = 1063), and died (n = 313) and alive (n =746)
groups, and the difference in means between groups, with 95% confidence interval, and p-values from unpaired t-tests.
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Measure Full Alive Died Difference (95%CI) | p-valuc
(n=1063) (n=746) (n=313)
n Mean (SD) n Mean (SD) n Mean (SD)
Respiratory rate (breaths/minute) 996 17.75 (3.52) | 706 17.65 (3.68) | 289 18.02 (3.09) -0.37 (-0.85,0.11) | 0.132
Heart rate (bpm) 1022 81.10 (14.63) | 723 81.16 (14.59) | 298 80.95 (14.77) 0.22 (-1.76,2.20) | 0.830
Systolic blood pressure (mmHg) 1023 138.15(26.04) | 724 138.33 (25.85) | 298 137.61 (26.53) 0.72 (-2.80, 4.24) | 0.687
Diastolic blood pressure (mmHg) 1021 72.97 (13.89) | 723 73.07 (13.86) | 297 72.70 (14.00) 0.37 (-1.52,2.25) | 0.703
Haemoglobin (g/L) 1062 117.94 (19.22) | 745 118.35(19.21) | 313 116.93 (19.26) 1.41 (-1.13,3.95) | 0.276
White cell count (10"9/L) 1060 10.33 (4.26) | 744 10.33 (4.36) | 313 10.34 (4.04) -0.01 (-0.57,0.56) | 0.976
C-reactive protein (mg/L) 738 54.70 (66.26) | 514 54.84 (67.68) | 221 54.63 (63.34) | 0.21 (-10.28, 10.70) | 0.969
Table S6. Operation details for the full study population (n = 1063), and died (n = 313) and alive (n =746) groups; p-values are for
Fisher’s exact tests comparing groups for each characteristic.
Characteristic Full Alive Died | Died (%)
(n=1063) (n=746)| (mn=313)
Anaesthesia (p-value = 0.787)
General 527 (49.6%) 368 157 29.9
Regional 524 (49.3%) 372 152 29.0
Missing 12 (27.8%) 6 4 333
Pre-op respiration (p-value = 0.031 *)
None 714 (67.2%) 520 194 27.2
Oxygen 336 (31.6%) 220 115 343
Ventilated 2 (0.2%) 2 0 0.0
Missing 11(1.03%) 4 4 364

Pre-op delay (p-value = 0.220)
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< 6 hours 16 (1.5%) 11 5 31.2
6-23 hours 322 (30.3%) 232 88 27.5
24-47 hours 224 (21.1%) 147 77 344
48-71 hours 82 (7.7%) 61 21 25.6
72+ hours 123 (11.6%) 94 29 23.6
Missing 296 (27.8%) 201 93 314
Procedure (p-value = 0.015 *)

LIMB - lower limb - total hip replacement 45 (4.2%) 41 4 8.9
LIMB - lower limb fracture - Cannulated Screws 5(0.5%) 5 0 0.0
LIMB - lower limb fracture - Reduction and Internal Fixation 15 (1.4%) 10 5 333
LIMB - lower limb fracture - Dynamic Hip Screw 276 (26%) 195 81 29.3
LIMB - lower limb fracture - Reduction and Intramedullary Fixation 243 (22.9%) 169 73 30.2
LIMB - lower limb fracture - Partial Hip Replacement (Hemiarthroplasty) 479 (45.1%) 326 150 31.5
Missing 0 (0.0%) 0 0 0.0

Figure S1. Boxplots showing distributions of pre-surgery measures by outcome status (died or alive). Boxes show interquartile range
(IQR), bars medians and whiskers are 1.5 times IQR.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1 &
abstract 2
(b) Provide in the abstract an informative and balanced summary of what was
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 3
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 6
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 7
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 6
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 8
Study size 10 Explain how the study size was arrived at N/A
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 8
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8
confounding
(b) Describe any methods used to examine subgroups and interactions
(¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 9
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 9
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Report numbers of outcome events or summary measures over time 9
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 9-12
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 9-12
analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 13
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 16
Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 13-
multiplicity of analyses, results from similar studies, and other relevant evidence 15
Generalisability 21 Discuss the generalisability (external validity) of the study results }2'

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtml



