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Early mortality after hip fracture surgery in COVID-19 patients: A 
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Objective: The aim of this systematic review and meta-analysis was to assess the risk of early mortality in hip 
fracture patients with COVID-19 infection who undergo surgical intervention. 
Data sources: MEDLINE (PubMed) and CINAHL (Cumulative Index to Nursing and Allied Health Literature) 
databases. 
Study selection: Studies were included in the systematic review if they reported postoperative mortality in patients 
with COVID-19 infection who underwent operative intervention for hip fracture. From this selection of studies, 
only investigations that reported postoperative mortality in a COVID-positive and a non-COVID group were 
included in the meta-analysis. 
Data extraction: Data regarding patient demographics, age, and sex were recorded. Additional data that was 
extracted included study location, data collection period, length of follow-up, COVID testing methodology, 
COVID testing results, and number of patients who underwent operative versus nonoperative management. The 
primary outcome of interest was postoperative mortality. 
Data synthesis: Random effects meta-analyses were performed to assess the pooled relative risk of postoperative 
mortality according to COVID status. Odds ratios and 95% confidence intervals (CI) were calculated. 
Conclusions: The overall pooled mortality rate in the early postoperative period for hip fracture patients with 
concomitant COVID-19 infection was 32.6%. The relative risk for postoperative mortality in COVID-positive 
patients compared to non-COVID patients was 5.66 (95% CI 4.01–7.98; p < 0.001). The currently available 
literature demonstrates that COVID-19 infection represents a substantial risk factor for early postoperative 
mortality in the already susceptible hip fracture population. Further investigations will be needed to assess 
longer-term morbidity and mortality in this patient population. 
Level of evidence: Therapeutic Level IV.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) - 
also known as 2019 novel coronavirus or COVID-19 - first emerged on 
December 31, 2019 in China, and has since rapidly spread to become a 
world-wide pandemic. The impact of this pandemic has been wide-
spread, but healthcare systems have been uniquely affected. In the field 
of orthopaedic surgery, there has been a significant decline in the vol-
ume of surgical cases.1 In some instances, hospitals have become over-
whelmed with COVID-19 patients and cancelled elective procedures to 
stem the spread of COVID-19 and conserve healthcare resources. Over-
all, there has also been a decrease in patients seeking elective or 
non-emergent medical care due to anxiety and fears evoked by the 

ongoing pandemic.2,3 

Orthopaedic trauma services, however, have maintained a signifi-
cant portion of their previous volume throughout the pandemic. Spe-
cifically, hip fractures in the elderly population have continued to 
present to hospitals at levels comparable to before the pandemic, even in 
regions that were the hardest hit by COVID-19 outbreaks.4–6 These pa-
tients require prompt evaluation and treatment, as mortality rates from 
hip fractures without appropriate surgical intervention are extremely 
high.7–10 Urgent and emergent surgical cases – which include hip frac-
tures – have been proceeding at the majority of medical centers world-
wide,2 and while many protocols for operating room procedures during 
the pandemic have been instituted,11 reports on the impact of COVID-19 
infection on postoperative outcomes are just beginning to emerge. 
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The impact of COVID-19 infection on hip fracture patients is 
important to understand because of the overlap in characteristics be-
tween patients at high risk for poor outcomes from COVID-19 infection 
and those at high risk for poor outcomes from sustaining a hip 
fracture.12–14 Because of its significant potential to adversely affect 
outcomes, COVID-19 status is an important variable to consider in 
developing treatment algorithms for hip fracture patients in the setting 
of the ongoing pandemic.15 The objective of this study was to perform a 
systematic review and meta-analysis of the current literature reporting 
on the early outcomes of hip fracture patients with COVID-19 infection 
who underwent surgical intervention. The meta-analysis aimed to assess 
the risk of mortality in this patient population compared to non-COVID 
hip fracture patients. We hypothesized that there would be a signifi-
cantly elevated rate of early mortality in COVID-positive (COVID+) 
patients who underwent hip fracture surgery. 

2. Materials and methods 

Literature Search. A systematic review of publicly available litera-
ture regarding the outcomes of hip fracture patients during the COVID- 
19 pandemic was conducted on September 10, 2020 adhering to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.16 The databases queried were MEDLINE 
(PubMed) and CINAHL (Cumulative Index to Nursing and Allied Health 
Literature). The MEDLINE (PubMed) search strategy was as follows:  

● Search 1: “fracture” [MeSH Terms] OR “fracture” [All Fields]  
● Search 2: “coronavirus” [MeSH Terms] OR “coronavirus” [All Fields] 

“COVID” [MeSH Terms] OR “COVID” [All Fields]  
● Search 3: search 1 AND search 2 

Only results with a publication year of 2020 were included in the 
search. These parameters were repeated in the CINAHL database. 

All studies were initially screened by title and abstract, followed by 
full text review. The exclusion criteria included non-English-language 
studies, letters to the editor, and studies without any COVID+ pa-
tients. Level I, II, III, or IV evidence was acceptable (as per the Oxford 
Centre for Evidence-Based Medicine guidelines).17 In the event of 
disagreement on study inclusion, discussion and group consensus 
determined the final decision. 

Patient demographics, age, and sex were extracted from the included 
studies. Additional data that was extracted included patient selection 
criteria, data collection period, length of follow-up, COVID testing 
methodology, COVID testing results, and number of patients who un-
derwent nonoperative management. The primary outcome of interest 
was postoperative mortality. 

Meta-Analysis. All included studies that reported postoperative 
mortality for a COVID+ and non-COVID group were included in the 
meta-analysis. These were assessed for quality using the Office of Health 
Assessment and Translation (OHAT) risk of bias tool. Data from each 
study was reviewed to remove outcomes from patients who underwent 
nonoperative treatment. In cases where mortality data for the COVID+
and non-COVID groups were unclear from the published manuscript, the 
corresponding author for the respective publication was contacted for 
clarification. The initial analysis stratified between COVID+ patients 
and non-COVID patients (patients with a negative COVID test result and 
patients who were not tested for COVID). Patients without COVID 
testing results were then excluded in a subsequent analysis. Separate 
analyses were conducted for studies with 30-day follow-up versus less 
than 30-day follow-up. For studies that reported on patients with frac-
tures that were not hip fractures, all non-hip fractures were excluded 
from the meta-analysis. Case series and studies without COVID+ pa-
tients who underwent operative intervention were excluded from the 
meta-analysis. 

Publication Bias. Publication bias was determined to be unlikely on 
this topic given the potential high impact of a study demonstrating zero 

or negative effects of COVID-19 infection on postoperative mortality. 
Nonetheless, the results of each included study were displayed in funnel 
plots, which were qualitatively evaluated to assess for asymmetry. No 
quantitative analyses were conducted. 

Heterogeneity. Heterogeneity between studies was assessed quanti-
tatively with the Cochrane Q test and the I2 test.18 

Pooled Effect. Included studies in which hip fracture mortality was 
the primary reported outcome were analyzed to determine the pooled 
relative risk. Because of varying testing protocols, the groups in the 
primary analysis were defined as COVID+ (positive COVID-19 swab test 
result) versus non-COVID (negative COVID-19 test result or did not meet 
criteria to warrant a COVID-19 test). The relative risk of mortality was 
initially calculated for these two groups. However, there were varying 
testing protocols utilized during the height of the pandemic. As such, a 
secondary analysis was conducted excluding patients who did not un-
dergo COVID-19 testing. The relative risk for postoperative hip fracture 
mortality was then determined based on COVID-19 test status (positive 
versus negative). Further sub-analyses of these groups were performed 
to evaluate the relative risk of mortality based on studies with 30-day 
follow-up or less than 30-day follow-up. For pooled estimation, a 
random-effects model was chosen based on the significant variability 
between included studies from variables such as the type of medical 
management, treating institution, and patient population. Data analysis 
was performed using Review Manager (RevMan) version 5.4 (The 
Cochrane Collaboration). A p-value <0.05 was considered to be statis-
tically significant. 

3. Results 

Literature Search. The initial literature search identified 155 
studies. After removal of duplicates, 151 unique studies were identified 
and 43 potentially relevant titles were selected for abstract review. One 
was excluded because it was a Letter to the Editor. Twenty-one studies 
were eliminated after abstract screening. After full text review of the 
remaining 21 studies, a total of 16 studies were included for analysis 
(Fig. 1).4,5,19–32 No additional potentially relevant titles were identified 
from screening the reference lists of the included studies. There were 5 
case series, 8 retrospective cohort studies, and 3 prospective cohort 
studies (Table 1). There were 2 studies from Asia (1 from China and 1 
from Iran), 3 studies from the United States (all from New York City), 
and 11 studies from Europe (7 from the United Kingdom, 2 from Spain, 
and 2 from Italy). 

Demographics. Table 1 outlines the patient demographics from the 
16 included studies. There were a total of 2248 hip fracture patients, 
including 397 patients who were COVID+ and 1851 patients who were 
not COVID+. Of the non-COVID patients, 1011 were COVID-negative 
(COVID-) and 840 had unknown COVID-19 status. 

Mortality. The primary outcome of interest was inpatient or early 
mortality. All 16 included studies reported mortality rates (Table 2). The 
overall early postoperative mortality rate in COVID+ hip fracture pa-
tients across all of the included studies was 32.6% (119/365). 

Meta-analysis. Of the included studies, 10 reported mortality for a 
COVID+ and non-COVID cohort, and were included in the meta- 
analysis. One of these studies did not provide clear differentiation be-
tween COVID- and untested patients, and was excluded from the COV-
ID+ versus COVID- sub-analysis.24 Five studies reported 30-day 
follow-up,24–27,31 and 4 studies reported less than 30-day 
follow-up.5,19–21,28 One study reported on both inpatient and 30-day 
mortality, and the 30-day data was utilized in the meta-analysis.4 

Pooled Effect. The relative risk for mortality for COVID+ compared 
to non-COVID patients was 5.66 (95% CI 4.01–7.98; p < 0.001) (Fig. 2). 
After excluding patients without COVID-19 test results from the non- 
COVID cohort, the relative risk for mortality for COVID+ patients was 
4.68 (95% CI 3.12–7.04; p < 0.001) (Fig. 3). There was a greater effect of 
COVID-19 infection on mortality in studies with less than 30-day follow- 
up (RR 7.74; 95% CI 3.27–18.31; p < 0.001) compared to those studies 
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with a minimum 30-day follow-up (RR 4.17; 95% CI 2.56–6.80; p <
0.001) (Fig. 4 and 5). 

Publication Bias. The funnel plot for the included studies showed no 
apparent publication bias on qualitative evaluation as demonstrated in 
Fig. 6. 

Heterogeneity. There were multiple potential sources of heteroge-
neity among the included studies. COVID-19 testing criteria varied 
among studies, with some studies reporting testing of all included pa-
tients and others reporting limited testing based on symptomatology. 
Additionally, testing algorithms were noted to have evolved even within 
individual studies due to the rapidly changing nature of the pandemic. 
The included studies also represented heterogeneous patient pop-
ulations from different geographic locations. Despite these potential 
sources of heterogeneity, the I2 index in our primary analysis was 30% 
(p = 0.17), which did not demonstrate a statistically significant amount 
of heterogeneity between reported risks of mortality. 

Risk of Bias. The risk of bias in each of the included studies as 
determined using the OHATS criteria is outlined in Fig. 7. 

4. Discussion 

In this systematic review and meta-analysis, COVID+ patients with 
hip fractures who underwent surgical intervention had more than 5 
times higher risk of early mortality compared to hip fracture patients 
without COVID-19 infection. The overall mortality rate of COVID+ hip 
fracture patients in the early postoperative period was 32.6%. This 
exceeded the mortality rate previously reported in patients with a hip 
fracture or COVID-19 infection in isolation, suggesting that there may be 
an effect modification of COVID-19 infection on mortality in hip fracture 
patients who undergo surgical treatment.33 

Elderly patients who become infected with COVID-19 have a re-
ported mortality rate between 15% and 30%, with mortality risk being 
correlated with increasing age.33,34 A recent meta-analysis demon-
strated less than 1% mortality in patients aged <50 years, compared to 
an exponential increase in mortality after age 50.35 Patients aged ≥80 
years had the highest mortality rate at nearly 30%, which was 6-fold 
higher than the mortality rate of patients aged <80 years.35 

Independent of COVID-19 infection, hip fracture patients have sig-
nificant morbidity and mortality, with 1-year mortality rates estimated 
between 8.5% and 36%.36,37 Many medical comorbidities have been 
identified as risk factors for adverse outcomes after hip fracture surgery, 
including obesity, hypertension, heart failure, active smoking, and 
chronic obstructive pulmonary disease.37 Preoperative disease burden 
plays a significant role in hip fracture outcomes, and COVID-19 infection 
likely represents an additional risk factor that further contributes to the 
pre-existing comorbidity burden in this patient population. A recent 
study using a modification to the Score for Trauma Triage in the Geri-
atric and Middle-Aged tool to evaluate the significance of COVID-19 
infection as an independent factor for predicting mortality supports 
this assertion.15 

Overall, the majority of included studies in this meta-analysis 
consistently reported high early postoperative mortality rates >30% 
for COVID+ hip fracture patients. However, one case series reported a 
lower mortality rate of 10% in 10 patients.21 The authors noted that 
nearly all of the COVID+ hip fracture patients in their series were 
asymptomatic or had only mild COVID-19 symptoms on admission. This 
was in contrast to other studies in which patients presented with clear 
evidence of symptomatic COVID-19 infection.22 The relatively low 
mortality rate observed in this case series was therefore attributed to the 
lack of severe COVID-19 symptomatology on presentation.21 Consistent 

Fig. 1. PRISMA flow diagram outlining the search strategy.  
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with this, another study reported a mortality rate of 30% and 12.5% in 
symptomatic and asymptomatic COVID+ hip fracture patients, respec-
tively.15 Symptomatology and severity of COVID-19 infection are 

therefore important factors to consider in managing and treating COV-
ID+ hip fracture patients. 

The body’s response to trauma is often thought of in terms of a two- 

Table 1 
Study characteristics and patient demographics.  

Study Study Design Study 
Location 

Mean Age 
(Range) 

COVID-19 Test Method Overall 
Female (%) 

COVID +
Female (%) 

Non-COVID 
Female (%) 

Data Collection 
Period 

Follow-up 

LeBrun et al. Retrospective 
cohort 

NYC 85 (65–100) PCR 44 (74.6%) 6 (66.7%) 38 (76%) 3/20/2020–4/ 
25/2020 

Inpatient 

Munoz Vives 
et al. 

Retrospective 
case-control 

Spain 85.3 
(65–101) 

PCR 102 (75%) Not 
reported 

Not reported 3/14/ 
2020–April 4, 
2020 

14 days 

Cheung & 
Forsh 

Case series NYC 79.7 
(67–90) 

PCR 8 (80%) 8 (80%) N/A 3/1/2020–5/ 
22/2020 

Inpatient 

Maniscalco 
et al. 

Retrospective 
cohort 

Italy 81.6 
(41–99) 

CT scan with 
confirmatory PCR or 
PCR-alone 

89 (73.6%) Not 
reported 

Not reported 2/22/2020–4/ 
18/2020 

21 days 

Egol et al. Retrospective 
cohort 

NYC 83.0 (Not 
reported) 

PCR 88 (63.8%) 5 (29.4%) 73 (68.2%) January 2, 
2020–4/15/ 
2020 

Inpatient 
& 30 days 

Catellani et al. Case series Italy 85 (74–90) PCR 6 (37.5%) 6 (37.5%) N/A 2/2020–4/2020 Inpatient 
Mi et al. Case series China 75.6 

(50–85) 
PCR/CT scan 4 (66.6%) 4 (66.6%) N/A January 1, 

2020–2/27/ 
2020 

Inpatient 

Hall et al. Retrospective 
cohort 

UK 80.7 
(50–101) 

PCR 211 
(66.6%) 

13 (48.1%) 198 (86.3%) 3/1/2020–4/ 
15/2020 

30-day 
minimum 

Kayani et al. Retrospective 
cohort 

UK 72.5 (Not 
reported) 

PCR 255 
(60.4%) 

51 (62.2%) 204 (60%) 2/1/2020–4/ 
20/2020 

30 days 

Thakrar et al. Prospective 
cohort 

UK 81.6 (Not 
reported) 

PCR 20 (46.5%) Not 
reported 

Not reported 3/15/2020–4/ 
14/2020 

30 days 

Segarra et al. Prospective 
cohort 

Spain 82.4 (not 
reported) 

PCR 47 (69.1%) 2 (100%) 45 (69.2%) January 2, 
2020–4/15/ 
2020 

69.7 days 

Sobti et al. Retrospective 
cohort 

UK 83.5 (Not 
reported) 

Not specified Not 
reported 

Not 
reported 

Not reported 3/1/2020–5/ 
31/2020 

Not 
reported 

Malik- 
Tabassum 
et al. 

Retrospective 
cohort 

UK 84.3 (Not 
reported) 

Not specified 43 (63.2%) 0 (0%) 43 (64.2%) 3/23/2020–5/ 
11/2020 

30 days 

Rabie et al. Case series Iran 81 (72–91) PCR 3 (75%) 3 (75%) N/A Not reported Not 
reported 

Narang et al. Prospective 
cohort 

UK 84 (Not 
reported) 

PCR 477 
(70.4%) 

53 (62.4%) 424 (71.5%) January 3, 
2020–4/30/ 
2020 

30 days 

Dupley et al. Case series UK 83 (Not 
reported) 

PCR 35 (54.7%) 35 (54.7%) N/A January 3, 
2020–4/26/ 
2020 

30 days  

Table 2 
COVID-19 status and postoperative mortality.  

Study Total Number of Hip 
Fracture Patients 

COVID-19 Test Status Number of Nonoperative 
COVID + Patients 

Overall Postoperative 
Mortality 

COVID +
Postoperative 
Mortality COVID+ COVID- Untested/Undefined 

COVID-19 Status 

LeBrun et al. 59 9 40 10 2 4 3/7 (42.9%) 
Munoz Vives 

et al. 
136 23 39 74 8 5 2/15 (13.3%) 

Cheung & Forsh 10 10 0 0 0 1 1/10 (10.0%) 
Maniscalco et al. 121 32 32 57 0 17 14/32 (43.8) 
Egol et al. 138 17 107 14 4 15 7/13 (53.8%) 
Catellani et al. 16 16 0 0 3 4 4/13 (30.8%) 
Mi et al. 6 6 0 0 3 1 1/3 (33.3%) 
Hall et al. 317 27 290 0 2 17 7/25 (28%) 
Kayani et al. 422 82 340 0 0 60 25/82 (30.5%) 
Thakrar et al.a 43 12 6 25 0 7 4/12 (33.3%) 
Segarra et al. 68 2 59 7 0 8 1/2 (50.0%) 
Sobti et al. 94 6 47 41 0 9 3/6 (50.0%) 
Malik-Tabassum 

et al. 
68 1 51 16 1 6 0/0 

Rabie et al. 4 4 0 0 3 0 0/1 
Narang et al. 682 86 0 596 0 66 30/86 (34.9%) 
Dupley et al. 64 64 0 0 6 17 17/58 (29.3%)  

2248 397 1011 840 32 237 119/365 (32.6%)  

a Data obtained from authors. 
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hit model, where trauma itself is regarded as the “first hit”. Inflamma-
tory or hypercoagulable states may then further amplify this “first hit”. 
Current reports about the immunologic response to COVID-19 infection 
indicate that there is an inflammatory response with elevations of 
proinflammatory cytokines, including interleukin-2 (IL-2), IL-6, and 
tumor necrosis factor (TNF-α).38 Systemic inflammation from COVID-19 
infection is thought to cause endothelial dysfunction, which then pre-
disposes to microangiopathy and microthrombi.39 Clinically, this can 
place patients at risk for thromboembolic events such as pulmonary 
embolism, and thereby further exacerbate hypoxemia secondary to 
COVID-related acute respiratory distress syndrome (ARDS). In addition 
to microvascular disease, COVID-19 infection has also been associated 
with a prothrombotic state characterized by elevated D-dimer levels, 
increased fibrinogen and fibrin degradation product levels, decreased 

international normalized ratio (INR) and prothrombin time, and 
disseminated intravascular coagulation (DIC).40 The hyperinflammatory 
and hypercoagulable state induced by COVID-19 infection may there-
fore amplify the initial inflammatory response to low-energy trauma 
such as a hip fracture (i.e., “first hit”), and thereby predispose this high 
risk patient population to a catastrophic “second hit”.41 

Based on a modified risk stratification tool to predict inpatient 
mortality in geriatric and middle-aged trauma patients (modified Score 
for Trauma Triage in the Geriatric and Middle-Aged-COVID inpatient 
mortality risk scores or STTGMACOVID), Konda et al. triaged 100% of 
COVID-19 patients with low-energy geriatric hip fractures to the highest 
risk quartile.15 COVID+ or COVID-suspected hip fracture patients dur-
ing the pandemic in their New York City cohort were found to have 32 
times increased risk of inpatient mortality and 5.2 times increased risk of 

Fig. 2. Forest plot of postoperative mortality in COVID+ versus non-COVID hip fracture patients.  

Fig. 3. Forest plot of postoperative mortality in hip fracture patients with COVID+ testing versus COVID- testing.  

Fig. 4. Forest plot of postoperative mortality with less than 30-day follow-up in hip fracture patients with COVID+ testing versus COVID- testing.  
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Fig. 5. Forest plot of postoperative mortality with a minimum 30-day follow-up in hip fracture patients with COVID+ testing versus COVID- testing.  

Fig. 6. Funnel plot of included studies demonstrating no apparent publication bias.  

Fig. 7. Risk of bias in the included studies according to the OHATS criteria.  
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30-day mortality, compared with COVID- patients. Furthermore, pa-
tients with higher scores on the modified risk stratification tool had 
longer LOS, greater need for ICU-level care, and longer ICU LOS. 
COVID-19 infection therefore places hip fracture patients at extremely 
high risk for morbidity and mortality, and the authors proposed that 
surgical treatment should be deferred until COVID-19 symptoms have 
improved or resolved, with downgrading of their inpatient mortality risk 
on the STTGMACOVID risk stratification tool. Inflammatory markers 
(such as erythrocyte sedimentation rate and C-reactive protein) are 
important potential adjuncts to this algorithm, which have not yet been 
well-reported in the current literature. These reports of a significantly 
higher risk of inpatient mortality associated with COVID-19 infection 
are consistent with the findings from our meta-analysis of the current 
literature, which demonstrated 7.7 times increased risk of mortality in 
studies with <30-day follow-up and 4.2 times increased risk of mortality 
in studies with a minimum 30-day follow-up. 

While this meta-analysis focused on operative outcomes, it should be 
noted that during the pandemic, there has been a higher than usual rate 
of nonoperative treatment of hip fractures in COVID+ or COVID- 
suspected patients. Konda et al. reported a 16.1% rate of nonoperative 
treatment (compared to 1.4% prior to the pandemic), which was directly 
attributable to COVID-19 symptoms on admission.15 Geriatric hip frac-
ture patients who undergo nonoperative treatment are known to have 
significantly higher mortality than patients who undergo operative 
treatment.8 In a cohort of 77 hip fracture patients who underwent 
nonoperative treatment, mortality rates during inpatient stay, at 
30-days, and at 1-year were reported to be 28.6%, 63.6%, and 84.4%, 
respectively.8 This was dramatically higher than mortality rates in a 
matched cohort of hip fracture patients who underwent operative 
treatment (3.9%, 11.0%, and 36.4%, respectively). At this time, there 
remains limited data on outcomes for hip fracture patients with 
concomitant COVID-19 infection who were treated nonoperatively. 
However, early data from limited sample sizes suggests an even higher 
early mortality rate in these patients compared to those without 
COVID-19 infection who undergo nonoperative treatment. For example, 
Mi et al. reported a 67% inpatient mortality rate (2/3), while Konda 
et al. reported a 40% inpatient mortality rate (2/5) in hip fracture pa-
tients who were deemed too sick and not appropriate for operative 
intervention during the COVID-19 pandemic.15,23 

There are several limitations to our systematic review and meta- 
analysis of early postoperative mortality in patients with concomitant 
hip fracture and COVID-19 infection. Given the relatively recent 
outbreak of the COVID-19 pandemic, studies selected for inclusion were 
largely retrospective cohort studies or case series with small sample 
sizes. No randomized controlled studies have been performed yet. The 
inter-study heterogeneity regarding patient inclusion criteria, fracture 
characteristics, and medical management presents another limitation to 
this meta-analysis. Clinical criteria for COVID testing and diagnostic 
criteria for COVID-19 infection also differed among studies. Further-
more, studies categorized patients according to COVID-19 status (i.e., 
COVID+, COVID-suspected, or COVID-), but patients were not further 
subcategorized according to symptomatology such as oxygen require-
ment. Therefore, asymptomatic COVID+ patients were not differenti-
ated from symptomatic COVID+ patients. Future investigations on 
postoperative mortality in COVID+ hip fracture patients should account 
for symptomatology and inflammatory markers, which could provide 
important prognostic markers to help guide management decisions and 
determine the appropriate timing of operative intervention in surgical 
candidates. 

In summary, the overall mortality rate in the early postoperative 
period for hip fracture patients with concomitant COVID-19 infection 
who underwent operative treatment was 32.6%. COVID+ hip fracture 
patients had greater than 5 times increased risk of early mortality 
compared to non-COVID patients. This elevated mortality risk was more 
pronounced in the immediate 30-day postoperative period. The 
currently available literature demonstrates that COVID-19 infection 

represents a substantial risk factor for early postoperative mortality in 
the already susceptible hip fracture population. Further investigations 
will be needed to assess longer-term morbidity and mortality in this 
patient population. 
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