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retrospective cohort and literature review
Lauren Topor, BSa, Lily Wood, MDa, Julie A. Switzer, MDa,b,∗, Lisa K. Schroder, BS, MBAa,b,
Naoko Onizuka, MD, PhD, MPHa,b
Abstract
Objectives: The goal of this study was to investigate whether the COVID-19 pandemic has affected hip fracture care at a Level I
Trauma hospital. The secondary goal was to summarize the published hip fracture reports during the pandemic.

Design: A retrospective cohort study.

Setting: Level I Trauma Center.

Patients/Participants: Eighty-six operatively treated hip fracture patients age ≥65years, occurring from January 17 to July 2,
2020.

Intervention (if any): N/A.

MainOutcomeMeasurements:We defined 3 phases of healthcare system response: pre-COVID-19 (period A), acute phase
(period B), and subacute phase (periodC). The primary outcome was 30-day mortality. Clinical outcomes including time to surgery
(TTS) and length of stay (LOS) were extracted from the electronic medical record.

Results:Twenty-seven patients from Period A, 27 patients from Period B, and 32 patients fromPeriod Cwere included. The 30-day
mortality was not statistically different. The mean TTS was 20.0+/� 14.3 hours and was the longest in Period C (22.1+/� 9.8hours),
but the difference was not statistically significant. The mean LOS was 113.0+/� 66.2hours and was longest in Period B (120.9+/�
100.6hours). However, the difference was not statistically significant.

Conclusions: The 30-day mortality, TTS, and LOS were not statistically different across multiple phases of pandemic at a level 1
trauma center. Our results suggest that we successfully adapted new protocol changes and continued to provide evidence-based
care for hip fracture patients. Our results were comparable with that of other authors around the world.
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1. Introduction

Arriving at the 1st anniversary of the start of the COVID-19
pandemic in the United States provides an opportunity to reflect
on what we have learned in the care of geriatric hip fracture
patients.[1,2] To date, over 105 million people worldwide have
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been infected, and on February 22, 2021, the US surpassed
500,000 deaths due to the virus.[3] Although most cases of
orthopaedic trauma declined and stay-at-home orders were
instituted almost universally during the pandemic, reports of hip
fracture volumes were observed to remain relatively consistent
with prepandemic volumes.[4–6] These observed volume change
differences have been attributed to the fact that hip fractures due
to low-energy mechanisms occur most frequently in the patients’
home.[7,8]

There has been much interest in the effects of the COVID-19
pandemic on hip fracture outcomes and delivery of care. As
expected, those with COVID-19 infection and hip fracture have
been shown to demonstrate worse outcomes than their COVID-
19-free peers, primarily seen as increases in 30-day mortality.[9–
12] In addition to impacting 30-day mortality rates, COVID-19
impacted key healthcare delivery metrics known to impact hip
fracture outcomes, specifically time to surgery (TTS). Operating
room capacity and staffing decreased significantly in many
hospitals in response to COVID-19 patient care needs and staff
infections.[13–15] In some reports, the hip fracture management
changes during the COVID-19 pandemic impacted mortality and
morbidity even in COVID-19-negative patients.[16] However, the
evidence is conflicting, and research analyzing the COVID-19
pandemic impact on hip fracture patient care in the US is still
lacking.
The goal of this study was to assess the impact of the COVID-

19 pandemic on operative hip fracture care at aMinnesota Level I
Trauma hospital, specifically analyzing variances in TTS, length
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of stay (LOS), and 30-day mortality in geriatric hip fracture
patients. Secondarily, we sought to provide a summary of the
published reports on global hip fracture outcomes during the
COVID-19 pandemic period. Through this literature review and
summary, the authors sought to gain insight into challenges and
changes to standardized hip fracture care pathways which
occurred due to the global pandemic.
2. Materials and methods

2.1. Study design and participants

A retrospective cohort study was approved by the institutional
review board (HealthPartners IRB; Q12017), and the study was
conducted at a metropolitan Level I Trauma Center in
Minnesota. Informed consent requirement was waived by the
IRB due to the nature of the study. Included participants were
patients age ≥65years presenting with a radiographic diagnosis
of a proximal femoral fracture (31-A and 31-B according to the
OTA/AO classification[17]) from a low-energy mechanism who
were treated operatively over 24weeks from January 17, 2020 to
July 2, 2020. Exclusion criteria included patients with high-
energy trauma, periprosthetic or peri-implant fracture, greater
trochanter or lesser trochanter fracture, age less than 65years,
nonsurgical cases, or revision surgery for prior hip fracture. All
patients age ≥65years old who were admitted for a hip fracture
during the study period were screened for eligibility and inclusion
and exclusion criteria were applied.
Previously published data from our group analyzing operative

outcomes in hip fracture patients at a community hospital within
the same metropolitan area and health system were also used for
comparison in an exploratory analysis. The methods described
above (including time periods, inclusion and exclusion criteria,
and variables) are identical and approved under the same IRB.[18]

The World Health Organization officially recognized COVID-
19 as an international emergency on March 11, 2020.[19]

Subsequently, on March 13, 2020, Minnesota’s Governor Tim
Walz declared a peacetime emergency to prepare for the COVID-
19 pandemic in Minnesota.[20] We defined 3 phases of the
healthcare system response to the pandemic: prepeacetime
emergency, acute phase of the state of emergency, and subacute
phase of the state of emergency. Prepeacetime emergency (Period
A, January 7 to March 12, 2020) was defined as the 8 weeks
preceding March 13. The acute phase (Period B, March 13 to
May 7, 2020) was defined as 8 weeks after the peacetime
emergency declaration and was characterized by new protocol
development and rapidly evolving practices during the early
stages of the crisis. The subacute phase (PeriodC,May 8 to July 2,
2020) was defined as 8 weeks after the acute phase and
represented a timeframe with less frequent changes in practice
and protocols at the trauma center.

2.2. Data collection

Demographic, clinical, laboratory, treatment, and outcomes data
were extracted from electronic medical records by the site
investigators using a customized data collection form.

2.3. Variables

The primary outcome of this study was 30-daymortality after hip
fracture in our eligible participants and included in-hospital
mortality. Demographic, clinical, and functional variables were
extracted from the electronic medical record, including age at
2

presentation, sex, race, body mass index, and comorbidities. The
presence of the following comorbidities was recorded based on
documentation in the electronic medical record: diabetes,
hypertension, heart failure, cognitive impairment (including mild
dementia and more advanced diagnoses), cancer, metastatic
cancer, chronic obstructive pulmonary disease, stroke, depres-
sion, Parkinson disease, and chronic kidney disease.[21,22] In
addition, the Charlson Comorbidity Index[23] was calculated for
each patient. Injury information was extracted, including
mechanism and fracture type (OTA/AO classification[17]). The
diagnosis of COVID-19 was determined by a polymerase chain
reaction test from nares swab samples. Variables related to the
timing and delivery of care were also collected, including TTS
(defined as the number of hours from the first presentation to the
hospital to surgery), and LOS, surgical delay was defined as a
surgery occurring more than 24hours after admission. Reasons
for surgical delay were investigated.
2.4. Statistical analysis

Continuous variableswere presented as themean and the standard
deviation, and categorical variables were presented as the number
and percentage. Chi-squared tests were used to compare
categorical variables. To compare the differences between each
of 3 different periods, a pair-wise comparison was performed.
Statistical analysis of study outcomes was performed using the
independent-samples t test for continuous variables with normal
distributions, while the Mann–Whitney U test was used for
continuous variables that were not normally distributed. All
analyses were performed using standardized formulas). Statistical
tests were considered significant at P< .05 (2 tails).
2.5. Literature review method

We performed a review of the literature using PubMed and
Google Scholar. Search terms included: hip fracture AND
COVID. Studies with the publication year 2020 through
December 2020 were included. For completeness, we also
searched citations of the articles. We focused on studies that
discussed hip fracture specifically and not overall orthopaedic
trauma during the COVID-19 period. Abstracts were screened
for relevance and if determined applicable, full-text versions of
the studies were evaluated. After completing the literature search,
articles were formatted into a spreadsheet to help organize
variables and again confirm pertinence to the subject.
3. Results

A total of 86 patients met inclusion criteria: 27 patients from
Period A, 27 patients from Period B, and 32 patients from Period
C. Twenty-three patients were excluded from the study. Thirteen
were due to fracture type (i.e., greater trochanter fracture or
periprosthetic fracture) and 10 were treated nonsurgically. Of the
nonoperative patients, 6 were from period A and were not tested
for COVID-19, 2 were from period B with 1 not tested for
COVID-19 and 1 testing negative, and 2 were from period C
(both testing negative for COVID-19). The nonsurgical patients
not tested for COVID-19 did not have any reported respiratory
symptoms and potential COVID-19 infection was not part of the
reasoning behind pursuing nonsurgical care.
Demographic information for the 3 periods is presented in

Table 1. Data is presented in aggregate and broken down by
period. Overall, there was no significant difference in demo-
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Table 1

Trauma center demographics

Pairwise comparison

Variable Total (N=86) Period A (N=27) Period B (N=27) Period C (N=32) A v B A v C B v C

Age (SD) (years) 82 (± 7.9) 81.2 (± 7.95) 82.1 (± 8.4) 83 (± 7.74) 0.69 0.38 0.67
Female 65 (75.6%) 19 (70.3%) 19 (70.3%) 27 (84.4%) 1.00 0.20 0.20
Male 21 (24.4%) 8 (29.6%) 8 (29.6%) 5 (15.6%) 1.00 0.20 0.20
BMI (SD) (kg/m2) 26 (± 6.1) 27 (± 6.25) 25.7 (± 7.1) 26 (± 5.2) 0.48 0.51 0.85
Type of fracture
Femoral Neck 42 (48.8%) 13 (48.1%) 17 (63.0%) 12 (37.5%) 0.27 0.41 0.05
Trochanteric 44 (51.2%) 14 (51.9%) 10 (37.0%) 20 (62.5%) 0.27 0.41 0.05

COVID-19 test on admission
Detected 3 (3.5%) 0 0 3 (9.4%)
Not detected 45 (52.3%) 0 16 (59.3%) 29 (90.6%)
Not tested 38 (44.2%) 27 (100%) 11 (40.7%) 0

Comorbidities
≥3 57 (66.2%) 17 (63.0%) 19 (70.4%) 21 (65.6%) 0.56 0.83 0.70
<3 29 (33.7%) 10 (37.0%) 8 (29.6%) 11 (34.3%) 0.56 0.83 0.70
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graphic data between the 3 groups across the 3 time periods. The
mean age was 82years old (SD 7.9) with a minimum age of
65-years-old and a maximum of 99-years-old. Women repre-
sented 75.6% of total patients during the study period, and
86.0% were Caucasian. Mean BMI was 26kg/m2 (SD 6.1).
Forty-two (48.8%) fractures were located in the femoral neck,
and 44 (51.2%) fractures were intertrochanteric.
No patients were tested for SARS-CoV-2 during Period A due

to the pre-COVID-19 period. During Period B, 40.7% of patients
were not tested and underwent surgery without a test, while
59.3% of patients underwent testing and were negative. There
were no positive COVID-19 test results during Period B. At this
hospital, the test was not widely available during this period, and
patients who did not meet testing criteria (i.e., no respiratory
symptoms, nor fever) were not tested. By Period C, testing was
more widely available, new hospital protocols for testing were in
place, and all patients were tested for the SARS-CoV-2 virus at
the time of admission. In Period C, the virus was detected in 3
patients (9.4%), and the virus was not detected in 29 (90.6%).
Due to the low rate of viral testing in our study period and
subjects we did not compare results and outcomes in COVID-19+
hip fracture patients.
We identified a set of commonly occurring comorbidities in the

study population. These included diabetes, hypertension, heart
failure, cognitive impairment, cancer, metastatic cancer, chronic
obstructive pulmonary disease, stroke, depression, Parkinsons
disease, and chronic kidney disease. In total, 57 patients (66.2%)
had 3 or more comorbidities at baseline. The number of patients
who had 3 or more comorbidities was not statistically different
across the 3 groups. The mean Charlson Comorbidity Index for
the entire cohort was 1.0 (range 0–8). The mean Charlson
Comorbidity Index and range for each period was similar, A: 1.0
(0–7), B: 1.0 (0–7), C: 2.0 (0–8).
Table 2

Trauma center clinical outcomes

Outcomes Total (N=86) Period A (N=27) Period B (N

30-d mortality 5 (5.8%) 3 (11.1%) 1 (3.7%
TTS (SD) (hours) 20.0 (± 14.3) 18 (± 9.9) 20.8 (± 2
LOS (SD) (hours) 113.0 (±66.2) 111 (± 45.7) 120.9 (± 1

3

Clinical outcomes for patients following fixation of hip fracture
are presented in Table 2. Five patients (5.8%) died within 30 days
of surgery across the study period. The 30-day mortality was not
statistically different across 3 periods (P= .30, P= .22, P= .90).
The mean TTS was 20hours (SD 14.3) and was the longest in
Period C – 22.1hours (SD 9.8). However, the TTS difference was
not statistically significant (P= .53, P= .12, P= .78). The mean
LOS across all 3 periods was 113.0hours (SD 66.2). The longest
LOSwas in Period B—120.9hours (SD9.8), but the differencewas
not significant (P= .64, P= .79, P= .50).
In comparison with previously reported data on hip fractures

during the COVID-19 pandemic in an elderly population at a
community hospital,[18] there were no statistically significant
differences in demographics or comorbidities between patients at
the trauma center and patients at the community hospital (data
not shown). In contrast to our findings from the level 1 trauma
center, the authors found that TTS and LOS increased during the
pandemic in the community hospital. In Table 3, we compared
prepandemic to pandemic period outcomes and care metrics for
each hospital. A significant difference was found only in LOS at
the community hospital (P= .034).
3.1. Literature review results

Finally, we reviewed worldwide hip fracture and COVID-19
literature through December 2020 (Table 4).[6,9–13,24–36] We
specifically selected peer-reviewed manuscripts that reported time
to surgery, length of stay, and 30-day mortality in operatively
treated hip fracture patients during the pandemic time period.
Forty-six reports were identified during an initial search. Nineteen
reports were determined tomeet appropriate criteria for inclusion.
Themajority (12 of 19%-63%) of the reportswere fromEurope, 1
from Asia, and only 2 other studies published US data.
Pairwise comparison

=27) Period C (N=32) A v B A v C B v C

) 1 (3.1%) 0.30 0.22 0.90
1.0) 22.1 (± 9.8) 0.53 0.12 0.78
00.6) 108 (± 40.9) 0.64 0.79 0.50
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Table 4

Summary of hip fracture and COVID global literature
Covid(+) hip fractures All hip fractures

Author
Country/
region Time period

Number of
patients Mortality LOS TTS Mortality LOS TTS

Hip fx
vol

United Kingdom/England/Scotland
Cheruvu et al
(August, 2020)[24]

England March 1 to April 20,
2016–2020

288 ↑ (P< .001) ND
∗

Craig et al
(December, 2020)[13]

United Kingdom March 24 to May 23,
2015–2020

700 ↑ (P= .05) ND (P= .71) ↓
∗

ND
∗

Malik-Tabassum et al
(July, 2020)[6]

United Kingdom March 23 to May 11,
2018–2020

242 ND (P= .157) ↓ (P< .001) ND (P= .490) ↓
∗

Ogliari et al
(October, 2020)[25]

United Kingdom January 1 to March
24 j March 25 to

May 12, 2015–2020

1752 ND
∗

Chui et al
(June, 2020)[26]

United Kingdom March 31, 2020 to
April 30, 2020

47 ND (P= .097) ND (P= .059) ↑ (P= .015)

Hall et al
(July, 2020)[10]

Scotland March 01, 2020 to
April 15, 2020

317 ↑ (P< .001) ↓ (P< .001) ND
∗

ND
∗

Kayani et al
(July, 2020)[27]

United Kingdom February 01, 2020 to
April 20, 2020

442 ↑ (P< .001) ↑ (P< .001) ND (P= .918)

Mamarelis et al
(December, 2020)[28]

United Kingdom March 2020 to April
2020

41 ↑ (P= .004) ND (P= .386)

Narang et al
(August, 2020)[12]

United Kingdom March 01, 2019 to
April 30, 2019 vs
March 01, 2020 to
April 30, 2020

1346 ↑ (P< .001) ↓ (P= .001) ND (P= .67) ↑ (P< .001) ↓
∗

Rasidovic et al
(November, 2020)[29]

England March 01, 2020 to
April 06, 2020

404 ↑ (P< .001) ↑ (P< .001) ND (P= .756)

Thakrar et al
(July, 2020)[30]

United Kingdom March 15 to April
13, 2018–2020

197 ↑ (P= .002) ↑ (P= .001) ND (P= .349)

Ward et al
(November, 2020)[31]

United Kingdom March 01, 2020 to
May 31, 2020

132 ↑ (P< .000) ↑ (P< .000)

Remaining EU
Maniscalco et al
(May, 2020)[32]

Italy February 22, 2019 to
April 18, 2019 vs.

February 22, 2020 to
April 18, 2020

290 ↑
∗

↓
∗

Muñoz Vives et al
(July, 2020)[11]

Spain March 14, 2020 to
April 04, 2020

136 ↑
∗

ND (P= .844)

Segarra et al
(September, 2020)[33]

Spain February 01, 2019 to
April 15, 2019 vs

February 01, 2020 to
April 15, 2020

138 ND (P= .845) ND (P= .115) ↑ (P= .034) ND
∗

Asia
Wong et al
(June, 2020)[34]

Singapore 2 mo Pre- February
07, 2020 vs 2 mo
post- Febuary 07,

2020

111 ND (P= .084) ↓
∗

South America
Slullitel et al
(August, 2020)[35]

Argentina December 19 to May
20

160 ↑ (P= .002) ↑ (P= .001) ↑ (P= .001) ND
∗

North America
Egol et al
(May, 2020)[9]

United States Febuary 01, 2019 to
April 15, 2019 vs

Febuary 01, 2020 to
April 15, 2020

253 ↑ (P< .001) ↑ (P< .001) ↑ (P< .001) ↑ (P= .005) ND (P= .959) ND (P= .884) ↑
∗

Lebrun et al
(August, 2020)[36]

United States March 20, 2020 to
April 24, 2020

59 ↑ (P= .001) ND (P= .43) ND (P= .11)

Minneapolis/St. Paul
Community Hospital
(March, 2021)[18]

United States January 17, 2020 to
July 02, 2020

125 ND (P= .34) ↑ (P= .034) ND (P= .17) ND
∗

— Authors’ Data—
Trauma Center

United States January 17, 2020 to
July 02, 2020

86 ND (P= .16) ND (P= .83) ND (P= .42) ND
∗

Hip Fx Vol = hip fracture volumes; LOS = length of stay; ND = no finding of significant difference; TTS = time to surgery.
∗
P values not reported.

Table 3

Trauma center and community hospital[18] pre-Covid (A) to post-Covid (B/C) pair-wise comparisons

Trauma center N=86 Community hospital N=125

Outcomes A (N=27) B/C (N=59) P value A (N=41) B/C (N=81) P value

30-d mortality 3 (11.1%) 2 (3.4%) .16 3 (7.3%) 11 (13.1%) .34
TTS (SD) (hours) 18.0 (± 9.9) 21.5 (±15.8) .42 23.1 (± 13.3) 28.9 (± 24.1) .17
LOS (SD) (hours) 111.0 (± 45.7) 113.8 (±73.9) .83 109.4 (± 35.4) 135.0 (± 84.1) .03

BMI = body mass index; LOS = length of stay; SD = standard deviation; TTS = time to surgery.
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4. Discussion

We investigated the effects of the COVID-19 pandemic on
geriatric hip fracture care at a level 1 trauma center inMinnesota.
Our primary aim was to assess 30-day mortality during discrete
phases of the pandemic, and to evaluate other important
measures of healthcare outcomes, including TTS and LOS. We
also compared our data to that of a community hospital within
the same healthcare system and to previously published data from
other investigators worldwide.
The number of patients presenting with hip fractures to the

trauma center remained constant during the pandemic. We found
no statistically significant difference in 30-day mortality, TTS,
and LOS between the 3 periods of our study at the trauma center.
We examined overall 30-day mortality in patients regardless of

COVID-19 infection status. This method has been used by other
authors. Some found increased mortality in overall hip fracture
patients during the pandemic,[9,30,35] while others found no
difference in mortality pre and during the pandemic,[6,12,13,33]

similar to our results. Slullitel et al[35] reported an increase in
mortality concomitant with patients who were frailer at
baseline.[35] Other authors reported no difference in mortality
rates suggesting that their hospitals adapted rapidly to new
algorithms and continued delivering protocolized hip fracture
care despite the pandemic.[6]

TTS is an important marker of geriatric hip fracture care. Prior
to the COVID-19 pandemic, the authors have found a significant
increase in morbidity and mortality when TTS was greater than
24hours.[37] Our mean TTS was 20.0hours (SD 14.3). Although
fluctuation did occur, the TTS was within 24hours even in Period
B and Period C. Within the global literature, TTS during
the pandemic varied with some authors reporting faster,[13]

slower,[12,33] and equivalent times[6,9,10,34,35] to surgical fixation
(Table 4). In the presented report, our level 1 trauma center
preserved capacity to provide timely access to OR for hip fracture
patients notwithstanding protocol changes that included the
reduction of operating rooms for orthopaedic trauma from 4
ORs to 1. However, the number of orthopaedic providers
remained constant during the pandemic response.
In other US reports, Egol et al[9] reported no difference in TTS

for all hip fracture patients (mean=33.6hours) but increased
TTS in their COVID-19-positive hip fracture patients (64.8
hours) as compared with COVID-19 negative (26.4hours). The
authors have posited that medical optimization of COVID-19
patients and the lack of familiarity with the evolving COVID-19
protocols caused delays.[9,32] Previous authors have noted
decreases in community trauma, besides hip fractures, during
the pandemic which was also true at our trauma center. This
likely contributed to our center’s ability to adapt to new protocols
successfully while maintaining timely surgical fixation for
geriatric hip fracture patients.[25]

Length of stay (LOS) of hip fracture patients is another
important indicator of hip fracture care. The length of stay varied
widely around theworld during the pandemic. Some studies report
an increased LOS during the COVID-19 pandemic,[18,35] while
others found a decreased LOS,[10,24] or no significant difference
between periods.[9,33] We attribute these wide-ranging results to
differing hospital-by-hospital protocols and workload effects of
the pandemic. Some authors attribute decreased LOS during the
pandemic to an emphasis on rapid discharge, helping to prevent
patients fromacquiringCOVID-19 infection, alongwith increased
staff availability due to decreases in other forms of orthopaedic
trauma.[10,35] Additionally, some healthcare systems received
5

additional funding from the government to aid in expediting
discharges to free up acute care beds.[35] On the other hand, other
hospitals may have had more staffing shortages (possibly due to
staffCOVID-19 infections or redistributionof staff) that prevented
prioritizing timely discharge of hip fracture patients.
5. Limitations

Many studies, ours included, are limited in the strength of
conclusions and level of evidence by their retrospective nature
and relatively small population size.
Additionally, the burden of the pandemic was unequally

distributed, especially in the spring of 2020, which may explain
why authors in New York City found a significant increase in 30-
day and inpatient mortality for both COVID-19 (+) hip fracture
patients and COVID-19 (�) hip fracture patients, compared with
the same time period in 2019.[9] Our hospital in Minnesota was
not as severely overwhelmed as hospitals in New York City
during the same time period and indeed our state experienced
peak COVID-19 case numbers and admissions in the fall of
2020.[38] Although the spring of 2020 does not correlate with
peak case volumes in Minnesota, our system still underwent a
large policy shift in response to the Governor’s peacetime
emergency declaration that significantly affected how we
delivered care, including trauma patient care. Our study is
focused on analyzing the effects of policy changes on hip fracture
outcomes during the pandemic. A future direction for our study
group may be to compare hip fracture metrics during our state’s
pandemic surge period (fall of 2020) to that of other authors
during their state or country’s own surge period without focusing
on specific dates.
6. Conclusion

In this retrospective study of geriatric hip fracture patients
presenting to a trauma center, we showed no difference in 30-day
mortality and critical aspects of hip fracture care, such as TTS
and LOS, during multiple phases of the COVID-19 pandemic
response in Minnesota. Our results indicated that we successfully
continued to provide protocolized care for geriatric hip fracture
patients during the pandemic. We also compared our data with
that of other authors around the world. Although challenging in
the midst of a pandemic, adhering to principles of hip fracture
care as outlined by the AAOS andmaintaining timely hip fracture
care remains essential to decreased mortality and improved
outcomes in the geriatric population.[39]
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