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�� Trauma

Mortality risk of surgically managing 
orthopaedic trauma during the 
COVID-19 pandemic

Aims
It is imperative to understand the risks of operating on urgent cases during the COVID-19 
(SARS-Cov-2 virus) pandemic for clinical decision-making and medical resource planning. 
The primary aim was to determine the mortality risk and associated variables when operat-
ing on urgent cases during the COVID-19 pandemic. The secondary objective was to assess 
differences in the outcome of patients treated between sites treating COVID-19 and a sepa-
rate surgical site.

Methods
The primary outcome measure was 30-day mortality. Secondary measures included compli-
cations of surgery, COVID-19 infection, and length of stay. Multiple variables were assessed 
for their contribution to the 30-day mortality. In total, 433 patients were included with a 
mean age of 65 years; 45% were male, and 90% were Caucasian.

Results
Overall mortality was 7.6% for all patients and 15.9% for femoral neck fractures. The mor-
tality rate increased from 7.5% to 44.2% in patients with fracture neck of femur and a COV-
ID-19 infection. The COVID-19 rate in the 30-day postoperative period was 11%. COVID-19 
infection, age, and Charlson Comorbidity Index were independent risk factor for mortality.

Conclusion
There was a significant risk of contracting COVID-19 due to being admitted to hospital. Us-
ing a site which was not treating COVID-19 respiratory patients for surgery did not identify 
a difference with respect to mortality, nosocomial COVID-19 infection, or length of stay. The 
COVID-19 pandemic significantly increases perioperative mortality risk in patients with frac-
tured neck of femora but patients with other injuries were not at increased risk.
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Introduction
The pneumonitis triggered by SARS-CoV-2, 
responsible for the COVID-19 pandemic, 
can progress to acute respiratory distress 
syndrome.1,2 The COVIDSurg Collaborative 
reported 30-day postoperative mortality 
in COVID-19-positive patients as 23.8%.3 
Studies reporting the 30-day mortality of 
patients with fractured neck of femur (NOF) 
and COVID-19 infection reported mortality 
rates of 30.5% to 35.5% and demonstrated 
that COVID-19 infection was an independent 
risk factor for mortality.4,5

Being one of the busiest managing 
COVID-19 ventilatory cases across Europe 

(University Hospitals Birmingham NHS Foun-
dation Trust), the trust moved to an emer-
gency plan to deal with the expected surge 
in COVID-19 patients in March 2020. Services 
were reconfigured to prioritize the treatment 
of viral pneumonia with a focus on maxi-
mizing intensive care capacity.6 The ortho-
paedic service was reorganized so that the 
minimum number of patients were admitted 
to the major trauma centre (MTC) and 
district general hospital (DGH, a secondary 
care facility with diagnostic and therapeutic 
facilities); the majority of the cases were redi-
rected to the local elective surgery site (ESS).
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Fig. 1

Patient flow pathway during the COVID-19 first wave. DGH, district general hospital; ED, emergency department; ESS, elective surgery site; FU, follow-up; 
MTC, major trauma centre; rRT-PCR- reverse transcriptase-polymerase chain reaction.

The MTC continued as the major trauma centre for the 
region and also dealt with cases deemed medically unfit 
for the ESS. Even though changes were implemented to 
follow the British Orthopaedic Association (BOA) guide-
lines,7 with an emphasis on using nonoperative manage-
ment where possible,6 this structure allowed for the 
timely surgical management of orthopaedic trauma.

This study primarily aimed to distinguish the mortality 
risk of undergoing urgent orthopaedic surgery during 
the first wave of COVID-19 pandemic in the UK. The 
secondary objective was to assess if there was a difference 
in outcome of surgery between sites, by diverting the 
orthopaedic trauma cases to an ESS to free up beds in a 
busy MTC and DGH. Our primary outcomes were 30-day 
mortality, and secondary measures were COVID-19 infec-
tion rate and length of stay (LOS).

Methods
A prospectively maintained trauma database identified all 
trauma and orthopaedic patients that were admitted and 
required surgery between 26 March and 20 May 2020 
emergency plan during the first lockdown. The study was 
approved by the institutional review board. Trust audit 
policies were adhered to for this study and no patients 
were directly contacted.
Inclusion and exclusion criteria.  Patients aged 18 years 
or over treated surgically across the trust were included. 
Spinal conditions and hand trauma treated by separate 
services were excluded.
Trauma pathway.  Care was diverted away from DGH ear-
ly in the primary stage of the pandemic due to capacity 
issues. The ESS is normally a specialist elective orthopae-
dic hospital (Royal Orthopaedic Hospital NHS Foundation 
Trust) which was only used for urgent surgery throughout 
the pandemic; it did not play a role in admitting patients 
who required treatment for non-orthopaedic respiratory 
COVID-19. The patient flow is shown in the Figure 1.

Data collection.  Electronic patient records (EPR) was 
used to collect patient demographics such as: age; sex; 
ethnicity; BMI; dates of admission, surgery and dis-
charge; comorbidities and Charlson Comorbidity Index 
(CCI);8 American Society of Anesthesiologists (ASA) 
Classification;9 and Clinical Frailty Scale (CFS).10 The 
following injury and treatment factors were recorded: 
surgery performed; open or closed injury; mechanism, 
fracture type (NOF vs other trauma). Nottingham Hip 
Fracture Scores (NHFS)11 were recorded for femoral neck 
fractures. All swab results for COVID-19 taken pre- and 
post-surgery were collected.
Statistical analysis.  R software (version 4.0.2; R 
Foundation for Statistical Computing, Austria) with 
a pre-determined significance level of 0.05 was used. 
Continuous variables underwent a Shapiro-Wilk test for 
normality with subsequent univariate analysis with the 
outcome of interest (response), alive or dead within 30 
days of surgery. Individual comparisons were made using 
the chi-squared test for categorical data and independent 
t-test for continuous data except where normality could 
not be assumed where a Mann-Whitney U test was used. 
To explore the influence of risk factors multiple logistic re-
gression modelling was performed. The following varia-
bles were considered for inclusion in the modelling: age; 
sex; ethnicity; ASA; BMI; CFS; hip fracture diagnosis; hos-
pital site; time to surgery; number of procedures; CCI;, 
preoperative COVID-19 status; and final COVID-19 status.

Two multiple logistic regression models were devel-
oped. Model 1 was based on variables known postop-
eratively, including the final COVID-19 status. Model 2 
included variables known preoperatively to reflect risk 
assessment in preoperative patients. Model selection was 
performed on a training subset (60%) of the data, and the 
final, minimal adequate, models cross-validated against 
the remaining data. Models were assessed by receiver 
operating curve (ROC) analysis, Hosmer-Lemeshow 
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Table I. Multiple logistic regression models.

Variable Coefficient* 95% CI OR 95% CI p-value†

Model 1
(Intercept) -12.31 -6.79 to -19.11 < 0.001

Age, yrs 0.08 0.16 to 0.02 1.09 1.02 to 1.17 0.018

Sex, male 0.70 1.77 to -0.36 2.02 0.70 to 5.87 0.189

Non-white 1.46 3.58 to -0.69 4.32 0.50 to 35.85 0.176

Clinical Frailty Scale 7 to 9 1.07 2.95 to -0.95 2.91 0.39 to 19.13 0.270

Femoral neck fracture 2.36 4.47 to 0.78 10.60 2.19 to 87.06 0.009

Hospital, MTC -3.55 -1.44 to -6.05 0.03 0.00 to 0.24 0.002

Hospital, ESS -2.91 -1.23 to -4.82 0.05 0.01 to 0.29 0.001

Charlson Comorbidity Index 0.48 0.76 to 0.24 1.62 1.27 to 2.14 < 0.001

Final COVID-19-positive status 2.50 3.66 to 1.46 12.13 4.29 to 38.90 < 0.001

Model 2
(Intercept) -11.70 -17.62 to -6.79 < 0.001

Age, yrs 0.09 0.03 to 0.15 1.09 1.03 to 1.16 0.005

Sex, male 0.45 -0.53 to 1.40 1.56 0.59 to 4.04 0.358

Non-white 2.34 0.63 to 4.07 10.39 1.88 to 58.64 0.006

Clinical Frailty Scale, 7 to 9 0.89 -0.98 to 2.62 2.45 0.38 to 13.78 0.317

Femoral neck fracture 2.41 0.86 to 4.51 11.09 2.37 to 90.68 0.008

Hospital, MTC -3.91 -6.47 to -1.86 0.02 0.00 to 0.16 < 0.001

Hospital, ESS -2.95 -4.64 to -1.47 0.05 0.01 to 0.23 < 0.001

Charlson Comorbidity Index 0.46 0.23 to 0.73 1.59 1.26 to 2.08 < 0.001

Preoperative COVID-19 suspected/positive 1.55 -0.41 to 3.56 4.71 0.66 to 35.02 0.114

*The coefficient quantifies the change in log odds corresponding to presence of, or a unit change in, the variable, while keeping the other predictors 
constant.
†Wald test from logistic regression model output in R.
CI, confidence interval; ESS, elective surgery site; MTC, major trauma centre; OR, odds ratio.

goodness of fit,12 and McFadden R2.13 The final models 
were refit against the whole dataset.

The final minimal adequate model 1 had age, sex, 
ethnicity, CFS, NOF diagnosis, treating hospital, CCI, and 
final COVID-19 status as predictors (Table I). Sex, ethnicity, 
and CFS were individually not significant in the model. 
The final model had excellent discrimination on ROC 
curve analysis (area under curve (AUC) 0.958, 95% confi-
dence interval (CI) 0.930 to 0.986), and excellent calibra-
tion (McFadden R2 0.5429; p = 0.517, Hosmer-Lemeshow 
test). Model 2 had the same predictors as model 1 in the 
final model, except that COVID-19 status was included as 
known preoperatively and included suspected cases. This 
model also had excellent discrimination (AUC 0.935, 95% 
CI 0.905 to 0.965), and was well calibrated (McFadden R2 
0.4504; p = 0.9787, Hosmer-Lemeshow test).

Results
The study included 433 patients (Table  II). CFS was 
recorded in 397 (93%) patients. The majority of cases 
were treated at the ESS (n = 308,72%), with the MTC 
treating 96 (23%).
Type of injuries and length of stay.  Most of patients sus-
tained low-energy injuries (n = 276; 64%), with the ma-
jority being femoral neck fractures (n = 189; 68.5%). 
There were 429 patients with 456 injuries, including 
16 polytrauma. The cases are detailed in Table  III. The 

majority of the patients had surgery within 24 hours of 
injury (n = 245,57%) with a median LOS of six days (inter-
quartile range (IQR) 2 to 11). This increased for patients 
with a fractured neck of femur (nine vs three days, p < 
0.001).
Overall mortality data.  Overall, there were 33 deaths; the 
30-day mortality rate was 7.6% (n = 33) (Table IV), with 
the majority of deaths occurring in patients who were 
treated for a fractured NOF (30/33, 90.9% of deaths). The 
30-day mortality rate during the previous year for the 
same period was 2.7% with 8.1% mortality for NOFs and 
1% for other trauma (259 cases with 62 NOFs in 2019).
Mortality data for NOFs.  The mortality rates for patients 
with femoral neck fractures are shown in Table  IV. The 
data are broken down by the hospital in which they were 
treated and the neck of femur patients are separated into 
whether they had a COVID-19 infection (pre- or postop-
eratively). In the 30 (15.5%) patients who died following 
treatment for a fractured NOF, nine died in hospital and 
21 died following discharge.
Mortality in other trauma cases.  The two patients who 
died and did not have a NOF were both COVID-19-
positive; one was classed as moderately frail and had a 
prosthetic hip dislocation manipulated under anaesthe-
sia, while the other was an 86-year-old male, classed 
as mildly frail who underwent reverse total shoulder 
arthroplasty.
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Table II. Patient demographics, treatment variables, and outcome 
predictors for all patients, those suffering a traumatic injury, and those 
specifically with a fragility fracture of proximal femur.

Denographic Variable
All 
patients Trauma

NOF 
fracture

Age, yrs, mean (SD) 65 (22.21) 54 (21.34) 78 (12.43)

Socioeconomic status, median (IQR) 5 (5) 3 (5) 4 (5.25)

Sex, male , n (%) 193 (45) 129 (54) 63 (33)

Ethnicity, n Caucasian 386 206 179

 �  Asian 33 23 10

 �  Afro-Caribbean 5 5 0

 �  Mixed 4 4 0

 �  Other 1 1 0

 �  Not specified 4 3 1

Clinical Frailty score, 
n (%)

Very fit 24 23 (9.5) 1 (0.5)

Well 130 113 (46.9) 17 (9)

 �  Managing well 84 36 (14.9) 48 (25.4)

 �  Vulnerable 56 16 (6.6) 40 (21.2)

 �  Mild frail 38 9 (3.7) 29 (15.3)

 �  Moderately frail 52 13 (5.4) 39 (20.6)

 �  Severely frail 11 4 (1.9) 6 (3.2)

 �  Very severely frail 1 0 1 (0.5)

 �  Not recorded 32 24 (10) 8 (4.2)

ASA grade, median (IQR) 2 (1) 2(1) 3 (1)

BMI, kg/m2, median (IQR) 28.6 (7.9) 27.6 (7.18) 24.2 (6.43)

Charlson Comorbidity Index, median 
(IQR)

3 (4) 2 (3) 5 (2)

Anaesthetic type, 
n (%)

General 99 (41.3) 26 (13.8)

 �  Regional 33 (13.8) 2 (1.1)

 �  Spinal 79 (32.9) 147 (77.8)

 �  Not recorded 29 (12.1) 14 (7.4)

Time to surgery, days, median (IQR) 1 (2) 1 (4) 1 (1)

Length of stay, days, median (IQR) 4 (9) 3 (7) 9 (7.75)

Chronic disease, n Diabetes mellitus 26 16 10

 �  Hypertension 171 71 100

 �  Dementia 49 8 41

 �  COPD 28 8 20

 �  Chronic kidney 
disease

36 9 26

COPD, chronic obstructive pulmonary disease; IQR, interquartile range; NOF, neck 
of femur; SD, standard deviation.

Table III. Orthopaedic indication for surgery during COVID-19 pandemic.

Type of injury n (%)

Clavicle fracture 5 (1.1)

Shoulder fracture/dislocation 15 (3.3)

Humerus fracture 14 (3.1)

Elbow fracture/dislocation 3 (0.7)

Olecranon fracture 5 (1.1)

Forearm fracture 7 (1.5)

Pelvic fracture 5 (1.1)

Distal radius fracture 26 (5.7)

Proximal femur low energy (NOF) 189 (41.4)

Proximal femur high energy 3 (0.7)

Femur fracture excluding proximal site 21 (4.6)

Patella fracture 3 (0.7)

Tibia plateau fracture 6 (1.3)

Tibia fracture excluding tib plateau site 24 (5.3)

Ankle fracture 26 (5.7)

Lisfranc fracture/ dislocation 2 (0.4)

Tendon injury (excluding hands) 9 (2.0)

Prosthetic joint dislocation 23 (5.0)

Soft tissue wound/infection 19 (4.2)

Periprosthetic fracture any site 16 (3.5)

Joint infection native/prosthetic 14 (3.07)

Soft tissue knee/shoulder injury managed arthroscopically 10 (2.2)

Revision fracture fixation (any site) 4 (0.9)

Other 7 (1.5)

Total 456 (100)

Comparison of NOF vs other trauma mortality.  The mor-
tality rate was significantly higher in patients with a fem-
oral neck fracture compared to the those without (15.8% 
vs 0.83%, p = 0.001, chi-squared test). Table V shows the 
sub-group analysis used to investigate patient and treat-
ment factors that influenced mortality. Increased age and 
higher estimates on validated prognostic tools were sig-
nificantly different in these groups (ASA, NHFS, CCI, and 
CFS).
Absent data.  BMI and time to surgery had missing data , 
23% and 21% respectively. Hospital site influenced pro-
portion of missing data in these fields and therefore not 
included in the modelling. CFS was missing in 32 (10.4%) 
of the ESS cases; these were imputed with the median CFS 
for the site. CFS was grouped into those with CFS 7 to 9 
and those less than 7. ASA and number of procedures did 

not significantly reduce deviance and were not included 
in the final models.

Modelling
Model 1 (postoperative COVID-19 status).  Based on mod-
el 1, risks in individual perioperative circumstances can 
be estimated. For example, for an 82-year-old white male 
with a hip fracture and CFS score of 7, CCI score of 1, 
and negative final COVID-19 status operated on at MTC, 
the 30-day mortality risk based on the model was 1.10%. 
The same patient who became COVID-19 positive has an 
11.93% 30-day mortality risk.
COVID-19 status.  At surgery, only nine (2.1%) patients 
had tested positive for COVID-19 and eight (1.85%) were 
suspected of being infected but had tested negative. 
During the follow-up, 47 patients (10.9%) tested positive 
for COVID-19 (Table  VI). In all, 19/47 patients (40.4%) 
died with mean age of 85 years (standard deviation 
11.54). In these 19 patients, there were 17 (89.5%) femo-
ral neck fractures, one (5.3%) periprosthetic hip disloca-
tion, and one (5.3%) shoulder arthroplasty. One patient 
who died was aged 50 years and was BAME (Black Asian 
and Minority Ethnic), with hypertensive kidney disease, 
and considered vulnerable on the CFS.

The mean age of patients who developed COVID-19 
postoperatively was 80 years, with three patients aged 
under 60 years. The rate of COVID-19 infection went 
up at all three sites in the 30-day postoperative period 
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Table IV. Mortality figures for all patients overall and broken down by the hospital in which they were treated.

Institution
Overall mortality, 
n (%) All, n (%)

COVID-19-negative, n 
(%)

COVID-19-positive, n 
(%)

Mean age, 
yrs

CCI, median 
(IQR)

All patients 33/433 (7.6) 30/189 (15.9) 11/146 (7.5) 19/43 (44.2) 80 5 (4 to 6)

DGH 8/25 (32) 7/10 (70) 2/4 (50) 5/6 (83) 77 6 (4.75 to 7)

MTC 3/97 (3.1) 2/26 (7.7) 1/21 (4.8) 1/5 (20) 76 5 (3 to 5.25)

ESS 22/311 (7.1) 21/153 (13.7) 8/121 (6.8) 13/32 (40.1) 81 5 (4 to 6)

CCI, Charlson Comorbidity Index; DGH, district general hospital; ESS, elective surgery site; IQR, interquartile range; MTC, major trauma centre.

Table V. Data for patients with a femoral neck fracture comparing the survivors with those who died within 30 days of surgery.

Variable Alive Dead Significance

No Data, median (IQR) No Data, median (IQR) p-value*

Age, yrs 79 12.55 (75 to 83) 85 10.787 (81 to 89) 0.012†

ASA, grade 3 IQR 1 3 IQR 0 < 0.001†

BMI, kg/m2 24 IQR 6.48 25 IQR 8 0.833

Index of multiple deprivation 4 IQR 5 4 IQR 7 0.577

Time to surgery, days 1 IQR 0 1 IQR 1 0.187

Length of stay, days 8 IQR 6 13 IQR 9 0.043†

NHFS 30-day mortality estimate 4.6 IQR 4.6 7.4 IQR 7.2 < 0.001†

Charlson Comorbidity Index 4 IQR 2.75 6 IQR 2.25 < 0.001†

Clinical Frailty Score 4 IQR 2 5 IQR 2 0.006†

*t-test for age, Mann-Whitney for other variables.
†significant difference p < 0.05.
ASA, American Society of Anesthesiologists; IQR, interquartile range; NHFS, Nottingham Hip Fracture Score.

Table VI. COVID-19 status at time of surgery and in the subsequent 30 
days.

Time of surgery
30-day postoperative 
period Hospital

COVID-19 
status No. COVID-19 status No.  �

Negative 363 Negative 298  �

Not suspected 29  �

Positive 40 DGH n = 2, 
MTC n = 1,
ESS n = 37

Not suspected 53 Negative 7  �

Not suspected 41  �

Positive 5 DGH n = 4, 
MTC n = 1

Suspected 8 Negative 6  �

Positive 2 MTC n = 2

Positive 9  �  MTC n = 4; 
DGH n = 2; ESS 
= 3

DGH, district general hospital; ESS, elective surgery site; MTC, major 
trauma centre.

(Table VI); MTC n = 4 to a total of n = 8 (4 + 4; 4% to 8%), 
DGH n = 2 to n = 8 (2 + 6; 8% to 25%), and ESS n = 3 to 
n = 40 (3 + 37; 1% to 13%). In total, 37 of the positive 
results had femoral neck fractures, three periprosthetic 
fractures, three prosthetic hip dislocations, one peripros-
thetic hip infection, one proximal humerus fracture, and 
one abscess.

Discussion
This study is the largest series looking at surgically 
managed orthopaedic trauma during the first wave of 
COVID-19 pandemic. In patients without a NOF, the 
mortality rate was 0.7% compared to 1% the previous 
year, which is comparable to 0.95% in a pre-COVID-19 
trauma series.14 The mortality risk to patients without 
a proximal femoral fracture was no greater than in 
the pre-pandemic period, even if they were to acquire 
COVID-19 infection. This information is invaluable when 
counselling patients of the risks of urgent surgery when 
they cannot wait for negative swabs and two weeks of 
isolation, as has been suggested for elective surgery.

The majority of deaths were in femoral neck fractures 
and the overall mortality rate was higher than for the 
same period in 2019 when compared to the National 
Hip Fracture Database (NHFD) data (15.9% vs 6.1%).15 
Femoral neck fractures that were COVID-19-negative 
had a lower mortality than the previous year at the MTC 
(4.8% vs 8.4%), and were comparable to the national 
average at the ESS.15 COVID-19 infection and mortality 
were found to be related to age and frailty; this could 
represent that those who died were already at a higher 
risk of mortality.16

Our data permits a direct comparison between 
patients treated under the same conditions with and 
without COVID-19. We found a higher overall mortality 
rate in COVID-19 patients than that reported by the 
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COVIDSurg collaborative;3 this is likely due to the 
strong skew towards older age in our study, particularly 
from patients sustaining femoral neck fractures. In the 
COVIDSurg study cohort, 50% of patients were aged 70 
years or over; in our study; 86% of COVID-19-positive 
patients were aged over 70 years. Our data corrobo-
rates that a COVID-19 infection was an independent 
risk factor for mortality in this group.4,5 Increased age 
is an accepted risk factor for increased morbidity and 
mortality,17 with the risk of contracting COVID-19 and 
mortality being associated with ethnicity, increased 
BMI, diabetes, and hypertension. Our analysis demon-
strated that age and CCI were independent risk factors, 
but found the other conditions identified previously 
were not significant.

We found that CFS was not significant as a predictor 
in the modelling but it did add to the model perfor-
mance, and was retained. By contrast, Hewitt et al18 
found that CFS 7 to 9 was a significant predictor of 
seven-day mortality in 1,564 heterogenous patients. In 
that study, lesser frailty was not a significant predictor 
of seven-day mortality, though there was an effect on 
time to mortality. In our study, relatively few patients 
(13/430, 3.0%) fell into that severe frailty group, which 
may account for the inability of our model to detect 
significance for CFS. This is important if health services 
need to utilize a differentiating score for rationalizing 
healthcare provision in any subsequent waves of the 
pandemic.

Concerns have been raised about potential harm to 
non-COVID-19 patients, such as delaying cancer treat-
ment, due to the national prioritization to deal with 
COVID-19. An unforeseen finding was the relatively 
higher mortality rate in patients with femoral neck 
fractures operated on at the DGH. These patients were 
all operated on at the end of March 2020, just prior to 
the hospital closing to orthopaedic trauma due to the 
pressures to treat patients with COVID-19 pneumonia. 
While these patients did not die directly from COVID-
19, it is likely that their mortality was contributed to 
by the requirement to divert services to the treatment 
of COVID-19. One contributing factor to this increased 
mortality rate may have been selection bias gener-
ated by the transfer process between DGH and the 
ESS. It was initially difficult for patients with multiple 
comorbidities to meet the criteria required for transfer. 
These criteria were relaxed as the COVID-19 pandemic 
progressed.

We found a decreased LOS in femoral neck fracture 
patients compared to the NHFD data from 2019 (nine 
vs 17 days), and also in contrast to the London, UK, 
pandemic experience.5,18 In preparation for, and during, 
the surge, the trust promoted a culture of facilitating 
discharge of patients to decrease the risk of acquiring 
COVID-19 and to provide care for new admissions. This 

was supported by trust policies of daily consultant 
reviews to ensure prompt decision-making and that 
barriers to treatment and discharge were addressed. 
Despite a number of patients dying after discharge, 
there was no increase in mortality, except where 
patients contracted COVID-19. Data was unavailable on 
any complications other than mortality that occurred in 
the community that did not require hospital treatment.

The initial BOA guidance was to reduce the surgical 
management of orthopaedic trauma.19 While this, in 
part, owed to concerns over surgical capacity it was 
also due to the uncertain risk to patients which this 
study has helped to quantify. The findings from our 
study will assist in risk-assessing patients for surgery 
during subsequent surges in COVID-19, including 
the preoperative model, which can be used to calcu-
late mortality risk.20 The risk of being admitted with 
an undetected infection is estimated at one in 7,000.21 
Our study highlights the risk of nosocomial infection 
for COVID-19 in those requiring urgent surgery who 
need to be admitted without prior isolation. These data 
support the segregation of urgent and elective surgery.

During the COVID-19 surge, there were concerns over 
how to treat patients who were negative or suspected of 
COVID-19 when they went for surgery; initially, patients 
were not tested unless they had symptoms, and this 
moved to full screening as more testing became avail-
able.22 The rates of acquiring a COVID-19 infection post-
operatively was 11% for those who initially had had a 
negative test, 9.4% in those who had not been suspected 
and so were not swabbed, and 25% in those who had 
tested negative despite displaying symptoms consistent 
with COVID-19. As it is unlikely that patients had an unde-
tected infection, it is likely that postoperative infections 
were nosocomial. The group that were not suspected 
had a postoperative infection rate of 10%, which is much 
higher than the 0.3% reported in the community,23 
suggesting that they acquired their infection while in 
hospital. Patients were not isolated unless they became 
symptomatic, risking patient-to-patient transfer. This 
may have increased the rate of nosocomial infection, and 
will need to be considered when planning resources for 
future surges.

Patients were presenting to the MTC with non-
respiratory conditions and were subsequently identified 
as having COVID-19 infections, as well as their presenting 
condition; these included, but were not limited to, ortho-
paedic patients.

In this study, there was no significant difference in the 
mortality or COVID-19 postoperative infection rate when 
comparing a site acutely dealing with COVID-19 patients 
and the site that was not. There was a significant differ-
ence in these two measures between these two hospitals, 
and the DGH that had to close to orthopaedic trauma. 
The use of a separate site to perform the majority of 



BONE & JOINT OPEN 

B. BALASUBRAMANIAN, R. S. NANDRA, H. WOFFENDEN, ET AL.336

cases proved invaluable to continuing patient flow and 
contributed to allowing the MTC to function as the major 
trauma centre. These data have implications on planning 
services for a second wave.

The main limitation of this paper was the heteroge-
neity of the population and the evolving nature of policies 
within the trust, but this is also a pragmatic review of how 
the busiest hospital in Europe for COVID-19 continued to 
provide urgent orthopaedic care during unprecedented 
times. This was not a prospective study and is therefore 
limited by the data that could be obtained from elec-
tronic records.

This paper has demonstrated a number of key lessons 
to inform clinicians and patients on the risks of oper-
ating during the COVID-19, principally that any increase 
in mortality appears limited to femoral neck fracture 
patients and is related to age, coexisting medical condi-
tions, and contracting COVID-19. The majority of urgent 
orthopaedic surgery can be carried out with little increase 
in risk to patients. There are also important messages 
for strategic planning for any subsequent surges with 
regards the utility using separate sites for surgery away 
from hospitals focused on treating COVID-19, the risks 
of hospital acquired infections and the risk of prioritising 
one group of patients over another. The majority of 
urgent orthopaedic patients were at no increased risk of 
mortality.

Take home message
- - There was no increase in mortliaty in those operated on who 

did not have a fractured neck of femur. There is therefore no 
need to rationalise othoapaedic surgery on this basis.

- - The risk of nosocomial infection needs to be taken into account when 
planning services for any future surges in the COVID-19 pandemic.

Twitter
Follow B. Balakumar @balakumar_dr
Follow R. S. Nandra @rajpalnandra
Follow A. Mahmood @Trauma_Fixer

References
	1.	 Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19 infection: origin, 

transmission, and characteristics of human coronaviruses. J Adv Res. 2020;24:91–98.
	2.	 Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. Lancet. 2020;395(10223):497–506.
	3.	 COVIDSurg Collaborative. Mortality and pulmonary complications in patients 

undergoing surgery with perioperative SARS-CoV-2 infection: an international cohort 
study. Lancet. 2020;396(10243):27–38.

	4.	 Hall AJ, Clement ND, Farrow L, et al. IMPACT-Scot report on COVID-19 and hip 
fractures. Bone Joint J. 2020;102-B(9):1219–1228.

	5.	 Kayani B, Onochie E, Patil V, Begum F, Cuthbert R, Ferguson D. The effects 
of COVID-19 on perioperative morbidity and mortality in patients with hip fractures. 
Bone Joint J. 2020;5(11):1–10.

	6.	 Tahmassebi R, Bates P, Trompeter A, Bhattacharya R, El-Daly I, Jeyaseelan 
L. Reflections from London’s Level-1 Major Trauma Centres during the COVID crisis. 
Eur J Orthop Surg Traumatol. 2020:1–4.

	7.	 Faria G, Onubogu IK, Tadros BJ, Relwani J. Change in practice due to COVID-19 
- Early experiences of a United Kingdom district general hospital in trauma & 
orthopaedics. J Orthop. 2020;22:288–290.

	8.	  Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J Chronic 
Dis. 1987;40(5):373–383. 

	9.	  Doyle DJ, Goyal A, Bansal P, et  al. American Society of Anesthesiologists 
Classification. Treasure Island, Florida, USA: StatPearls. 2020. https://www.​ncbi.​nlm.​
nih.​gov/​books/​NBK441940/

	10.	  Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and 
frailty in elderly people. CMAJ. 2005;173(5):489–495. 

	11.	  Maxwell MJ, Moran CG, Moppett IK. Development and validation of a 
preoperative scoring system to predict 30 day mortality in patients undergoing hip 
fracture surgery. Br J Anaesth. 2008;101(4):511–517. 

	12.	  Fagerland MW, Hosmer DW. A generalized Hosmer–Lemeshow goodness-
of-fit test for multinomial logistic regression models. The Stata Journal. 
2012;12(3):447–453. 

	13.	  McFadden D. Conditional Logit Analysis of Qualitative Choice Behavior. Frontiers in 
Econometrics, Academic Press. 1973: 105–142.

	14.	 Tan HB, MacDonald DA, Matthews SJ, Giannoudis PV. Incidence and causes of 
mortality following acute orthopaedic and trauma admissions. Ann R Coll Surg Engl. 
2004;86(3):156–160.

	15.	 National Hip Fracture Database. Charts and reports. ​nhfd.​co.​uk. 2020. https://
www.​nhfd.​co.​uk/​20/​NHFDcharts.​nsf/​vwcharts/​Lengthofstay?​opendocument&​org=​
QEB (date last accessed 4 July 2020).

	16.	 Hu F, Jiang C, Shen J, Tang P, Wang Y. Preoperative predictors for mortality 
following hip fracture surgery: a systematic review and meta-analysis. Injury. 
2012;43(6):676–685.

	17.	 Zhou F, Yu T, Du R, et  al. Clinical course and risk factors for mortality of adult 
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 
2020;395(10229):1054–1062.

	18.	 Hewitt J, Carter B, Vilches-Moraga A, et al. The effect of frailty on survival in 
patients with COVID-19 (cope): a multicentre, European, observational cohort study. 
Lancet Public Health. 2020;5(8):e444–e451.

	19.	 British Orthopaedic Association. Management of patients with urgent 
orthopaedic conditions and trauma during the coronavirus pandemic. ​Boa.​ac.​uk. 2020,. 
https://www.​boa.​ac.​uk/​uploads/​assets/​ee39d8a8-​9457-​4533-​9774e973c835246d/​
4e3170c2-​d85f-​4162-​a32500f54b1e3b1f/​COVID-​19-​BOASTs-​Combined-​FINAL.​pdf 
(date last accessed 6 July 2020).

	20.	 Oussedik S, Zagra L, Shin GY, D'Apolito R, Haddad FS. Reinstating elective 
orthopaedic surgery in the age of COVID-19. Bone Joint J. 2020;102-B(7):807–810.

	21.	 Kader N, Clement ND, Patel VR, Caplan N, Banaszkiewicz P, Kader D. The 
theoretical mortality risk of an asymptomatic patient with a negative SARS-CoV-2 
test developing COVID-19 following elective orthopaedic surgery. Bone Joint J. 
2020;102-B(9):1256–1260.

	22.	 Lazizi M, Marusza CJ, Sexton SA, Middleton RG. Orthopaedic surgery in a time 
of COVID-19. Bone Jt Open. 2020;1(6):229–235.

	23.	 Arteaga AS, Aguilar LT, González JT, et  al. Impact of frailty in surgical 
emergencies. A comparison of four frailty scales. Eur J Trauma Emerg Surg. 
2020;20:22.

Author information:
�� B. Balakumar, MBBS, MS Orth, MRCS, Specialist Registrar Trauma & Orthopaedics
�� R. S. Nandra, MBBS, Bsc Mres, FRCS, MRCGP, Specialist Registrar
�� H. Woffenden, MbChb, BSc (Hons), Surgeon Lieutenant, Medical officer, Royal Navy; 
Foundation Doctor

�� B. Atkin, MBChB (Hons), Medical Officer, Royal Navy; Foundation Doctor
�� A. Mahmood, MB, ChB, MRCS, FRCS (Tr&Orth), Consultant in Trauma & 
Orthopaedics

�� J. Cooper, FRCS Orth, Consultant Orthopaedic Surgeon
University Hospitals Birmingham NHS Foundation Trust, Birmingham, UK.

�� G. Cooper, BSc (Hons), BM, FRCS, Consultant Orthopaedic Surgeon, Royal 
Orthopaedic Hospital NHS Foundation Trust, Birmingham, UK.

�� P. Hindle, MBChB PhD FRCS(Tr&Orth), Consultant Orthopaedic Surgeon, University 
Hospitals Birmingham NHS Foundation Trust, Birmingham, UK; Academic 
Department of Military Surgery and Trauma, Birmingham, UK.

Author contributions:
�� B. Balakumar: Collected the data, Prepared and edited the manuscript. 
�� R. S. Nandra: Carried out statistcal assessment of results, Prepared the manuscript. 
�� H. Woffenden: Collected the data, Reviewed the manuscript. 
�� B. Atkin: Collected the data, Reviewed the manuscript. 
�� A. Mahmood: Undertool co-ordination, Prepared the manuscript. 
�� G. Cooper: Undertook second site data collection, Prepared the manuscript. 
�� J. Cooper: Undertook design and staistical assessment, Prepared the manuscript.
�� P. Hindle: Conceptualized the study, Collected the data., Interpreted the stastical 
results, Wrote the manuscript

https://www.ncbi.nlm.nih.gov/books/NBK441940/
https://www.ncbi.nlm.nih.gov/books/NBK441940/
https://www.nhfd.co.uk/20/NHFDcharts.nsf/vwcharts/Lengthofstay?opendocument&org=QEB
https://www.nhfd.co.uk/20/NHFDcharts.nsf/vwcharts/Lengthofstay?opendocument&org=QEB
https://www.nhfd.co.uk/20/NHFDcharts.nsf/vwcharts/Lengthofstay?opendocument&org=QEB
https://www.boa.ac.uk/uploads/assets/ee39d8a8-9457-4533-9774e973c835246d/4e3170c2-d85f-4162-a32500f54b1e3b1f/COVID-19-BOASTs-Combined-FINAL.pdf
https://www.boa.ac.uk/uploads/assets/ee39d8a8-9457-4533-9774e973c835246d/4e3170c2-d85f-4162-a32500f54b1e3b1f/COVID-19-BOASTs-Combined-FINAL.pdf


VOL. 2, NO. 5, MAY 2021

MORTALITY RISK OF SURGICALLY MANAGING ORTHOPAEDIC TRAUMA DURING THE COVID-19 PANDEMIC 337

Funding statement:
�� No benefits in any form have been received or will be received from a commercial 
party related directly or indirectly to the subject of this article.

ICMJE COI statement:
�� A. Mahmood reports consultancy for Stryker CMF, which is unrelated to this article.

Acknowledgements:
�� The authors would like to directly thank Miss Caroline Plant, Mr Krishnakumar Sub-
baraman, Mr Robert Jordan, and Dr Deborah Mortiboy for their assistance in data 

collection. We would also like to acknowledge the collaborative work of the staff 
within the trauma and orthoapedic departments of University Hopsitals Birmingham 
NHS Foundation Trust and the Royal Orthopaedic Hospital NHS Foundation Trust for 
all of their work during the COVID-19 pandemic.

© 2021 Author(s) et al. This is an open-access article distributed under the terms of 
the Creative Commons Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0) 
licence, which permits the copying and redistribution of the work only, and provided 
the original author and source are credited. See https://​creativecommons.​org/​licenses/​
by-​nc-​nd/​4.​0/.

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Mortality risk of surgically managing orthopaedic trauma during the COVID-19 pandemic
	Introduction
	Methods
	Results
	Modelling
	Discussion
	References
	Funding statement:
	Acknowledgements:


