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Abstract
Background: Concerns of contracting the highly contagious disease COVID-19 have led to a reluctance in
seeking medical attention, which may contribute to delayed hospital arrival among traumatic patients.
The study objective was to describe differences in time from injury to arrival for patients with traumatic
hip fractures admitted during the pandemic to pre-pandemic patients.
Materials and Methods: This retrospective cohort study at six level I trauma centers included patients
with traumatic hip fractures. Patients with a non-fall mechanism and those who were transferred in were
excluded. Patients admitted 3/16/2019-6/30/2019 were in the “pre-pandemic” group, patients were
admitted 3/16/2020-6/30/2020 were in the “pandemic” group. The primary outcome was time from
injury to arrival. Secondary outcomes were time from arrival to surgical intervention, hospital length of
stay (HLOS), and mortality.
Results: There were 703 patients, 352 (50.1%) pre-pandemic and 351 (49.9%) during the pandemic.
Overall, 66.5% were female and the median age was 82 years old. Patients were similar in age, race,
gender, and injury severity score. The median time from injury to hospital arrival was statistically shorter
for pre-pandemic patients when compared to pandemic patients, 79.5 (56, 194.5) minutes vs. 91 (59,
420), p=0.04. The time from arrival to surgical intervention (p=0.64) was statistically similar between
groups. For both groups, the median HLOS was 5 days, p=0.45. In-hospital mortality was significantly
higher during the pandemic, 1.1% vs 3.4%, p=0.04.
Conclusions: While time from injury to hospital arrival was statistically longer during the pandemic, the
difference may not be clinically important. Time from arrival to surgical intervention remained similar,
despite changes made to prevent COVID-19 transmission. Physicians should anticipate a slightly delayed
arrival for hip fractures and provide prompt evaluation to reach definitive care in a timely manner.

Background
The United States issued national social distancing guidelines on March 16th, 2020 in response to the
coronavirus disease 2019 (COVID-19) pandemic [1, 2]. Social distancing has shown to be associated with
decreased trauma admissions, whereas in some reports hip fractures admissions remained unchanged
[3–6].
Concerns of contracting the highly contagious disease COVID-19 have led to reluctance in seeking
medical care, which may be contributing to delayed hospital arrival for patients with traumatic injuries.
The pandemic has caused psychological responses such as fear, especially in the geriatric population,
which could be attributable to increased mortality for geriatric patients who contract COVID-19 [7–12].
Fear of COVID-19 may result in delayed arrival for patients with hip fractures, and this delay may
disproportionately affect the geriatric population more than their younger cohorts [4]. Delayed time to hip
fracture intervention has been shown to increase the risk for mortality [13–15]. The mortality rate among
patients with hip fractures is already high and could be further affected by COVID-19 infection [16].
Page 3/13

The study objective was to describe differences in the time from injury to hospital arrival for patients with
traumatic hip fractures caused by a fall admitted during the pandemic to patients admitted prepandemic.

Materials & Methods
This multicenter retrospective cohort study was approved by the institutional review boards of six
participating level I trauma centers. Adult (age ≥ 18) patients with traumatic hip fractures were identified
from the trauma registry using the International Classification of Diseases (ICD) version 10 codes
beginning with ‘S72’. Patients with an injury mechanism other than a fall were excluded [23.0% of all hip
fractures (n = 247)]. Only patients directly admitted to the participating hospitals’ emergency departments
were included, patients transferred in from another treatment facility were excluded [14.5% of all hip
fractures with an injury mechanism of a fall (n = 90)]. Patients were separated into two groups:
admissions from March 16, 2019 to June 30, 2019 were in the “pre-pandemic” group and admissions
from March 16, 2020 to June 30, 2020 were in the “pandemic” group.
All data was collected from the trauma registry. The primary outcome was the time from injury to hospital
arrival (minutes). Other outcomes included: time from arrival to surgical intervention (hours), hospital
length of stay (HLOS), and mortality.
A stratified analysis was conducted for geriatric patients (aged greater than or equal to 65 years old) and
younger patients (aged less than 65 years old) because it was expected that any differences observed
during the pandemic may be greater in the geriatric population. Another stratified analysis was conducted
by in-hospital survival (alive and deceased) to examine associations between mortality and time from
injury to hospital arrival.
Continuous variables were summarized as mean (standard deviation) or median (interquartile range) and
were compared using Student’s t-test or the Kruskal-Wallis test based on the distribution of data.
Dichotomous and categorical variables were summarized using proportions (counts) and were compared
using chi-squared or Fisher’s exact test when appropriate. Logistic regression was used to identify
predictors of mortality. Covariates which were different between pre-pandemic patients and pandemic
patients at p < 0.20 were assessed for confounding. An alpha of 0.05 was used. In a post-hoc power
analysis, the actual power for this study was 83%.

Results
There was a total of 703 patients admitted, 352 (50.1%) pre-pandemic and 351 (49.9%) during the
pandemic, the proportion of admissions due to a hip fracture was similar between groups, p=0.14.
Patients were similar in age, race, and injury severity score (ISS) (Table 1). There was a higher proportion
of males admitted pre-pandemic compared to during the pandemic, 36.9% vs 30.2%, but this was not
significant, p=0.06. Admission labs and comorbidities were comparable between groups. The most
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common transportation mode was via ambulance for both groups, there were no statistical differences in
the mode of transportation. There was also no statistical differences observed for the type of hip fracture
[pertrochanteric (p=0.58), femoral neck (p=0.24), subtrochanteric (p=0.13), or unspecified (p=0.73)].
Additionally, the proportion of patients treated with surgical intervention was similar between groups,
88.4% pre-pandemic vs. 89.2% pandemic, p=0.73.
For both groups, the median HLOS was 5 days, p=0.45 (Table 2). Complication rates for myocardial
infarction (p>0.99), stroke or cerebrovascular accident (p=0.29), pulmonary embolism (p=0.50) and deep
vein thrombosis (p>0.99) were all similar between groups. Discharge dispositions were statistically
similar between groups; however, discharge destinations of skilled nursing facility and long-term acute
care were trending towards significance (p=0.06 and p=0.06). There was a higher proportion of prepandemic patients than pandemic patients who were discharged to a skilled nursing facility, 24.7% vs
18.8%. There was also a higher proportion of pre-pandemic patients than pandemic patients discharged
to long-term acute care, 10.5% vs 6.6%. There was a statistically significant difference for in-hospital
mortality rates; 1.1% of pre-pandemic patients and 3.4% of pandemic patients died in-hospital, p=0.04. Of
the six participating centers, three tracked COVID-19 diagnoses in their trauma registry; there were four
confirmed and one suspected COVID-19 cases. None of the confirmed or suspected COVID-19 cases died
in-hospital.
Among the patients who died in-hospital, the proportion of patients treated with surgical intervention was
similar between pre-pandemic and pandemic patients, 75% (n=3) vs. 67% (n=8), respectively, p>0.99. The
time to death was not statistically different between pre-pandemic and pandemic patients, 4.5 days (0.1,
13.6) vs. 3.3 days (1.1, 6.5), p>0.99. There was also no difference in the comorbidity count between
groups among patients who died in-hospital, p=0.14. Among those who died in-hospital, there was a
lower proportion of pre-pandemic patients who were geriatric than among pandemic patients, 75% vs.
100%; however, this difference was not significant, p=0.25. No pre-pandemic patients who died in-hospital
experienced myocardial infarction, stroke, cerebrovascular accident, pulmonary embolism, or deep vein
thrombosis. Whereas one pandemic patient who died in-hospital had a myocardial infarction and one
had a deep vein thrombosis.
Figure 1 displays the median time from injury to hospital arrival by study admission week for each group.
Pre-pandemic patients admitted experienced a shorter median time from injury to hospital arrival
compared to the same corresponding week during the pandemic a majority of the time. However, there
were only significant differences in the median time from injury to hospital arrival in mid-April (4/13-4/19
and 4/20-4/26) and early June (6/7-6/13).
The overall median (full range) time from injury to hospital arrival was statistically shorter for prepandemic patients when compared to pandemic patients, 79.5 (31.4-848.0) vs. 91 (33.0-2,930.0) minutes,
p=0.04 (Table 3). The median (full range) time from arrival to surgical intervention was similar between
groups, 19.5 hours (1.1-69.1) for pre-pandemic and 19.5 hours (2.0-55.5) for pandemic patients, p=0.64.
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In a stratified analysis by age, there was no statistical difference in time from injury to hospital arrival by
study period among younger patients, p=0.18, or among geriatric patients, p=0.12. The time from arrival
to the surgical intervention was significantly longer among younger pre-pandemic patients compared to
pandemic patients, 21.2 vs. 14.3 hours, p=0.01.
In a stratified analysis by mortality, patients who survived experienced a shorter time from injury to
hospital arrival pre-pandemic than during the pandemic, p=0.05. There were no differences between
groups for time from injury to hospital arrival for patients who died in-hospital, p=0.14. Time from arrival
to surgical intervention was comparable between groups for both those who survived (p=0.69) and those
who died (p=0.68). Across both pre-pandemic patients and pandemic patients, patients who survived
experienced a longer time from arrival to surgical intervention than patients who died in-hospital.
The following variables were significant predictors of mortality: arrival during the pandemic, ISS, heart
rate, Glasgow Coma Scale, and oxygen saturation (Table 4). Patients admitted during the pandemic were
3.1 (1.0, 9.6) times more likely to die in-hospital than patients admitted pre-pandemic. The time from
injury to arrival was not a significant predictor of mortality. No variables were identified as confounding
variables between the study groups (pandemic vs. pre-pandemic) and mortality.

Discussion
This study demonstrated that while the time from hip fracture injury to hospital arrival was statistically
longer during COVID-19, the difference was only 11.5 minutes and was not clinically profound.
Substantial delays have been reported in other populations during COVID-19 due to fear, however this
may not be the case for patients with traumatic hip fractures who may not be mobile after their injury [12,
17–19]. Meanwhile the time from arrival to surgical intervention was similar for pre-pandemic patients
and pandemic patients and was remarkably fast. We anticipated that the effect of a delayed time from
injury to arrival would be greater among the geriatric population due to a potentially greater hesitation
and reluctance to be an inpatient during the pandemic; however, there was no significant difference in the
median time from injury to arrival among geriatric patients.
Few studies have reported on the effect of the pandemic on the time from injury to arrival for patients
with hip fractures [4, 20]. Dolci et al. examined the time from injury to emergency department access
among all patients receiving an orthopedic and traumatology consultation, including patients with hip
fractures, and reported that a lower proportion of patients had delayed arrival (more than 48 hours)
during lockdown (2%) when compared to 2019 (8%), p < 0.0001 [20]. In contrast to Dolci et al. in our study
there was a statistically longer time from injury to arrival among patients admitted during the pandemic,
however that difference was minor. Delayed hospital arrival due to fear of COVID-19 was reported by
Minarro et al. among 19% of hip fracture patients causing an average delay of 2.5 days, considerably
larger than the 11.5 minute difference observed in this study [4]. When broken down by admission week,
only certain admission weeks showed to have a significant difference between groups for time from
injury to arrival, in mid-April (4/13 − 4/26) and early June (6/7 − 6/13). Early in the pandemic after the
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lockdowns, it is possible patients were more scared of the virus and were more likely to stay in bed sick
from the hip fracture rather than come into the hospital. As the first wave of the pandemic dissipated the
difference in time from injury to hospital arrival between groups diminished. Another significant
difference in the time from injury to arrival during the pandemic was observed in June and could be due
to the increase in COVID-19 cases during this time, that may have again caused an increased fear of
COVID-19 and hospital admission [21, 22]. While the overall difference in time from injury to hospital
arrival was statistically significant, it may be not be clinically meaningful as time from injury to hospital
arrival was not a significant predictor of mortality.
The average time from arrival to surgical intervention could also have been elongated during the
pandemic, as protocols to protect the patient and provider from COVID-19 infection have been
implemented and revised throughout the enrollment period. Preoperative testing for COVID-19 was
implemented at some centers however the testing procedures changed over time and were less common
early in the pandemic when there were testing shortages. Patients known or suspected to have COVID-19
were treated in specific operating rooms, separate from patients without COVID-19. Nevertheless, a
statistically similar time from arrival to surgical intervention was observed between pre-pandemic and
pandemic patients. In fact, younger pre-pandemic patients actually experienced a significantly longer
time from arrival to surgical intervention than younger pandemic patients. This could be because elective
procedures were cancelled, so the participating trauma centers may have had more room to conduct
surgical intervention for traumatic hip fractures more promptly during the pandemic. The shorter time
from arrival to surgical intervention for pandemic patients may only have been present among the
younger patients, and not the geriatric patients, because the younger population may be stable and ready
for surgical intervention sooner than the geriatric patients, who typically require more work up prior to
surgery. Egol et al. reported also no difference in the time from arrival to surgical intervention for hip
fracture patients during the pandemic [23]. Alternatively Narang et al. reported a significant increase in
the proportion of patients who experienced a delay to operation during the pandemic [24]. Slullitel et al.
also reported a significant increase in the time to surgery among patients admitted during the pandemic
when compared to 2019, 24 hours vs 16.5 hours, respectively p < 0.0001 [25]. Across both groups in this
study, the median time from arrival to surgical intervention was consistent at 19.5 hours, which is
exceptionally faster that the current guideline recommendations. The American Academy of Orthopaedic
Surgeons states there is moderate evidence to support the recommendation that achieving hip fracture
surgery within 48 hours of admission is associated with better outcomes [26]. The trauma centers
involved in this study aim to get patients to operating room within 24 hours and were able to maintain
that goal during the pandemic. Despite the lack of difference in time from arrival to surgical intervention
between groups, the mortality rate during the pandemic was still triple that of the pre-pandemic period.
Several studies have reported an increased mortality rate among patients with hip fractures who were
diagnosed with COVID-19 [3, 11, 16, 24, 27–31]. In this study none of the confirmed or suspected COVID19 patients died in-hospital so the COVID-19 diagnosis may not be driving this increased risk for
mortality. However only three of the six centers reported the COVID-19 diagnosis and the participating
trauma centers did not have uniform testing criteria. Test criteria also changed throughout the study
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period among individual centers. Prior studies examining mortality of hip fractures during the pandemic
report disparate findings; two other studies found a significant increase in mortality during the pandemic
[23, 25], whereas two studies reported no difference in mortality [32, 33]. We anticipated that an extended
time from injury to arrival would increase mortality, however time from injury to arrival was not identified
as a statistically significant predictor of mortality regardless of the study time period. It is possible that if
there were a longer significant delay, then the time from injury to hospital arrival could have been a
significant predictor, but in this study the difference was only 11.5 minutes. Hadfield et al. discuss how
patients treated in COVID-19 positive wards may be receiving less specialist input and reduced surgical
specialty review, this change could contribute to increased mortality rates [3]. COVID-19 related stress and
isolation during hospital course may also be contributing to lower resilience to recover. Interestingly,
patients who died had a faster time from injury to arrival and faster time from arrival to surgical
intervention than patients who lived within both populations (pre-pandemic and pandemic). This could
indicate that those who were severely ill were not postponing arrival and that physicians were providing
prompt evaluation and work up before surgery allowing for a fast time to surgical intervention. Despite
that there was a significant increase in mortality, the overall count of in-hospital deaths (n = 16) was still
relatively low. For both groups, the in-hospital mortality rate was still lower than other studies which
examined in-hospital mortality prior to the pandemic [15, 34–37]. The COVID-19 mortality rate in this
study was also lower than other similar studies which had mortality rates ranging from 4.8–12.3% during
the pandemic [23, 25, 32, 33]. Especially because of the increased risk for mortality during the pandemic,
it may be important for primary care providers should urge patients with known risk factors for falls, such
as osteoporosis, to take extra precautions at home to help reduce the risk of hip fractures [5, 38].

Limitations
This study had it’s limitations, it was a retrospective study over a short time period. COVID-19 diagnoses
were not tracked in the trauma registries at all participating centers and there were few
suspected/confirmed COVID-19 cases making investigation of COVID-19 as a predictor more difficult. The
differences observed in delayed hospital arrival and greater mortality were associated with the pandemic
period, but may not be causative or attributable to the pandemic. The time of injury may not have been
exact and could have been estimated by the patient or emergency medical services. A physician at one
trauma center involved in this study noted that COVID-19 was not causing a surge at their facility during
the study time period, the results may have been different with a different time period. This study was
conducted at level I trauma centers and may not be generalizable to other lower-level and non-trauma
facilities. Additionally, the results may be different among areas which responded differently to the
pandemic than the residing locations of the hospitals in this study. The hospitals involved also
responded to the pandemic individually and did not follow uniform procedures during the pandemic.

Conclusions
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While time from injury to hospital arrival was statistically longer during the pandemic, our hospitals
reported a similar time from arrival to hip fracture surgical intervention. In fact, among younger patients
the time from arrival to hip fracture surgical intervention was faster during the pandemic. Remaining
similar times to surgical repair was possible in spite of the pandemic and new and onerous protocols
implemented to protect both the patient and the provider. While the difference in time from injury to
hospital arrival was significantly longer it may not be clinically important and was not a predictor of
mortality. However, mortality rates were significantly higher during the pandemic. Physicians should
anticipate that patients with hip fractures may be delaying care and will need to be evaluated and
prepped for surgical intervention more promptly to reach definitive care in a timely manner.
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Figure 1
Median Time from Injury to Arrival by Week of Arrival Per Study Group
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