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ORIGINAL ARTICLE

Increased Mortality and Major Complications in Hip
Fracture Care During the COVID-19 Pandemic: A New York

City Perspective

Kenneth A. Egol, MD,a Sanjit R. Konda, MD,a,b Mackenzie L. Bird, BA,a Nicket Dedhia, BA,a

Emma K. Landes, BA,a,b Rachel A. Ranson, MS,a Sara J. Solasz, BA,a Vinay K. Aggarwal, MD,a,c

Joseph A. Bosco III, MD,a David L. Furgiuele, MD,a Abhishek Ganta, MD,a,b Jason Gould, MD,a

Thomas R. Lyon, MD,a Toni M. McLaurin, MD,a,c Nirmal C. Tejwani, MD,a,c Joseph D. Zuckerman, MD,a

and Philipp Leucht, MD, PhD,a,c for The NYU COVID Hip Fracture Research Group

Objectives: To examine one health system’s response to the essen-
tial care of its hip fracture population during the COVID-19 pan-
demic and report on its effect on patient outcomes.

Design: Prospective cohort study.

Setting: Seven musculoskeletal care centers within New York City
and Long Island.

Patients/Participants: One hundred thirty-eight recent and 115
historical hip fracture patients.

Intervention: Patients with hip fractures occurring between
February 1, 2020, and April 15, 2020, or between February 1,
2019, and April 15, 2019, were prospectively enrolled in an
orthopaedic trauma registry and chart reviewed for demographic
and hospital quality measures. Patients with recent hip fractures were
identified as COVID positive (C+), COVID suspected (Cs), or
COVID negative (C2).

Main Outcome Measurements: Hospital quality measures,
inpatient complications, and mortality rates.

Results: Seventeen (12.2%) patients were confirmed C+ by testing,
and another 14 (10.1%) were suspected (Cs) of having had the virus
but were never tested. The C+ cohort, when compared with Cs and
C2 cohorts, had an increased mortality rate (35.3% vs. 7.1% vs.

0.9%), increased length of hospital stay, a greater major complica-
tion rate, and a greater incidence of ventilator need postoperatively.

Conclusions: COVID-19 had a devastating effect on the care of
patients with hip fracture during the pandemic. Although practice
patterns generally remained unchanged, treating physicians need to
understand the increased morbidity and mortality in patients with hip
fracture complicated by COVID-19.

Key Words: hip fracture, COVID-19, coronavirus

Level of Evidence: Prognostic Level III. See Instructions for
Authors for a complete description of Levels of Evidence.

(J Orthop Trauma 2020;00:1–8)

INTRODUCTION
Given the reality of today’s aging population, hip frac-

tures are a significant concern for our health care system.1

The general principles regarding hip fracture care include
careful assessment, prompt medical optimization, and early
surgery to provide patients the best chance at recovery while
minimizing the incidence of postoperative complications,
morbidity, and mortality. In recent years, the population
has been aging, and the incidence of hip fractures continues
to increase.2–4 Often, older patients have a number of med-
ical comorbidities that place them at increased risk when
undergoing repair of hip fractures. Regardless of conditions,
there continues to be a steady rate of elderly patients pre-
senting to the emergency department (ED) with a hip
fracture.

The emergence of severe acute respiratory syndrome
coronavirus 2 [SARS-CoV-2; provisionally named 2019
novel coronavirus or 2019-nCoV disease (COVID-19)] in
China at the end of 2019 has caused a large global pandemic
and is a major public health issue.5 The virus is spread
through droplet transmission and results in a flu-like upper
respiratory illness with the symptoms of coughing, fever, and
dyspnea in severe cases. The rate of spread throughout the
world has been immense, and the lack of therapeutics for this
new virus has led to a high mortality rate. In New York City,
hospitals and EDs have been overwhelmed with cases.6

Health system resources have been redeployed to manage
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the crisis. Despite the reallocation of resources, patients with
hip fractures have continued to present to the ED and require
medical care.7,8

The need for urgent orthopaedic surgical care in the
setting of a global or regional epidemic or pandemic has not
been studied in detail. The NYU Langone Orthopedic
Department is responsible for the musculoskeletal care at 7
different hospitals within the New York City area and
services a range of health care delivery systems. Our faculty
and residents provide orthopaedic services at 1 tertiary care
university hospital (NYU Langone Tisch/Kimmel); an ortho-
paedic specialty hospital (Langone Orthopedic Hospital);
a New York City public hospital (Bellevue Hospital
Center); a Veterans’ Administration Medical Center
(Manhattan VA); 2 safety net and level 1 trauma centers in
the boroughs of Queens and Brooklyn (Jamaica Hospital
Medical Center and NYU Brooklyn); and a large tertiary care,
level 1 center in the suburbs of the city (NYU Winthrop).
Each of these centers has restructured their medical operations
to tackle the vast number of patients with COVID-19 who
presented in the spring of 2020. Despite this fact, the depart-
ment’s orthopaedic trauma service has continued to provide
care to all patients presenting with the diagnosis of a hip
fracture.

The purpose of this report is to analyze the perioper-
ative complication rate and inpatient hospitalization issues
associated with hip fracture patients who presented during
the global COVID-19 pandemic. We compared the results
with a cohort of similar patients treated during the same
seasonal period 1 year ago with respect to management and
care of patients who presented to our EDs with a hip
fracture.

PATIENTS AND METHODS
This quality improvement IRB-approved study ana-

lyzed a consecutive series of patients with hip fracture who

presented to the 7 EDs of 1 academic medical center
between February 1, 2020, and April 15, 2020. Patients
were included if they presented with a hip fracture (femoral
neck (OTA/AO 31B), intertrochanteric (OTA/AO 31A),
subtrochanteric, and periprosthetic (32(A,B,C).1)) and were
treated during their index admission at one of our depart-
ment’s hospital sites ( F1Fig. 1). Hip fracture diagnosis was
confirmed on physical examination and with standard radio-
graphs of the affected hip. During the pandemic period, each
center had their own methodology and procedures for iden-
tifying and confirming COVID-positive patients, which
changed over time. Hip fracture treatment was decided by
the attending fracture surgeon and followed the general stan-
dard of care for patients with hip fracture. Hip fracture sur-
gical care was performed according to standard techniques.
Limiting room flow traffic and the use of negative pressure
rooms and regional over general anesthetic techniques were
implemented as available at each site as the breadth of the
pandemic became clear. Personal protective equipment was
available for all surgeons in all cases.

Patient demographics, mechanism of injury, comorbid-
ities, Charlson Comorbidity Index (CCI), time between
presentation and surgery, all laboratory values, oxygen
requirements, and delivery methods (O2%, nasal cannula,
continuous positive airway pressure, bilevel positive airway
pressure, rebreather, and mechanical ventilation) were iden-
tified and recorded. We calculated the length of stay, recorded
the operative procedure performed, and analyzed inpatient
complications.

Patients were identified as COVID positive (C+),
COVID suspected (Cs), or COVID negative (C2). Patients
were identified as C+ if they had a positive COVID-19 RT-
PCR test before, during, or after (at rehabilitation) hospitali-
zation for their hip fracture. Patients were identified as Cs if
they presented with symptoms or imaging consistent with
COVID-19 infection but had a negative COVID-19 RT-
PCR test or if they were not tested, having presented before

FIGURE 1. Cases in New York City
and surrounding counties with NYU
Langone Orthopedic treatment sites.
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TABLE 1. Demographics, Injury Information, and Surgical Data for the 2019 Versus 2020 Cohort

Demographics 2019 (n = 115) 2020 (n = 138) P

Age (y) (mean 6 SD) 81.5 6 10.7 83.0 6 10.2 0.244

Sex, n (%) 0.262

Male 34 (29.6%) 50 (36.2%)

Female 81 (70.4%) 88 (63.8%)

Race, n (%) 0.149

White 86 (74.8%) 108 (78.3%)

African American 8 (7.0%) 1 (0.7%)

Hispanic 5 (4.3%) 6 (4.3%)

Asian 8 (7.0%) 13 (9.4%)

Other 6 (5.2%) 9 (6.5%)

Unknown 2 (1.7%) 1 (0.7%)

CCI (mean 6 SD) 1.4 6 1.8 1.4 6 1.6 0.939

BMI (kg/m2) (mean 6 SD) 24.6 6 5.2 24.4 6 5.1 0.728

Injury information

Type of hip fracture, n (%) 0.029*

Femoral neck 43 (37.4%) 71 (51.4%)

Intertrochanteric 69 (60.0%) 60 (43.5%)

Subtrochanteric 3 (2.6%) 7 (5.1%)

Additional orthopaedic trauma, n
(%)

11 (9.6%) 18 (13.0%) 0.387

Injury mechanism, n (%) 0.088

Low velocity 109 (94.8%) 136 (98.6%)

High velocity 6 (5.2%) 2 (1.4%)

2019 (n = 111) 2020 (n = 134) P

Surgical information

Nonoperative cases, n (%) 4 (3.5%) 4 (2.9%) 0.793

Time from presentation to surgery
(d) (mean 6 SD)

1.4 6 0.8 1.4 6 1.5 0.884

Implant, n (%) 0.099

Long IMN 16 (14.4%) 23 (17.2%)

Short IMN 45 (40.5%) 41 (30.6%)

Hemiarthroplasty 22 (19.8%) 42 (31.3%)

Total hip arthroplasty 10 (9.0%) 6 (4.5%)

Sliding hip screw 10 (9.0%) 7 (5.2%)

CRPP 8 (7.2%) 15 (11.2%)

Anesthesia type, n (%) 0.137

General 78 (70.3%) 82 (61.2%)

Spinal 33 (29.7%) 52 (38.8%)

2019 (n = 115) 2020 (n = 138) P

Hospital quality metrics

LOS (d) (mean 6 SD) 5.8 6 3.7 5.8 6 3.8 0.959

Patients experiencing
complications, n (%)

48 (41.7%) 74 (53.6%) 0.060

Minor complications 50 (43.5%) 69 (50.0%) 0.301

Major complications 10 (8.7%) 28 (20.3%) 0.010*

Need for ICU/SDU 13 (11.3%) 26 (18.8%) 0.098

Need for ventilator use 4 (3.5%) 5 (3.6%) 0.951

Patients discharged home, n (%) 21 (18.4%) 26 (20.2%) 0.733

Inpatient mortality, n (%) 1 (0.9%) 8 (5.8%) 0.035*

30-d mortality, n (%) 3 (2.7%) 17 (12.3%) 0.005*

*Bolded P value indicates a statistically significant value.
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TABLE 2. Demographics, Injury Information, and Surgical Data for the Three Cohorts of 2020 by COVID Status

COVID Positive (n = 17) COVID Suspected (n = 14) COVID Negative (n = 107) P

Demographics

Age (y) (mean 6 SD) 82.4 6 9.6 80.6 6 9.9 83.4 6 10.4 0.597

Sex, n (%) 0.007*

Male 12 (70.6%) 4 (28.6%) 34 (31.8%)

Female 5 (29.4%) 10 (71.4%) 73 (68.2%)

Race, n (%) 0.873

White 14 (82.4%) 12 (85.7%) 82 (76.6%)

African American 0 (0.0%) 0 (0.0%) 1 (0.9%)

Hispanic 2 (11.8%) 0 (0.0%) 4 (3.7%)

Asian 1 (5.9%) 1 (7.1%) 11 (10.3%)

Other 0 (0.0%) 1 (7.1%) 8 (7.5%)

Unknown 0 (0.0%) 0 (0.0%) 1 (0.9%)

CCI (mean 6 SD) 2.1 6 1.8 1.6 6 1.6 1.2 6 1.5 0.075

BMI (kg/m2) (mean 6 SD) 25.5 6 8.0 23.8 6 4.1 24.3 6 4.6 0.594

Smoking status, n (%) 0.364

Never 9 (52.9%) 6 (42.9%) 70 (65.4%)

Former 6 (35.3%) 7 (50.0%) 27 (25.2%)

Current 2 (11.8%) 1 (7.1%) 10 (9.3%)

Pre-existing lung disease, n (%) 0.365

Asthma 0 (0.0%) 3 (21.4%) 9 (8.4%)

COPD 3 (17.6%) 2 (14.3%) 11 (10.3%)

Other 1 (5.9%) 1 (7.1%) 3 (2.8%)

Pre-existing cardiovascular disease
(excluding hypertension), n (%)

8 (47.1%) 6 (42.9%) 40 (37.4%) 0.716

Pre-existing hypertension, n (%) 11 (64.7%) 11 (78.6%) 67 (62.6%) 0.502

Immunocompromised state, n (%) 1 (5.9%) 1 (7.1%) 4 (3.7%) 0.797

Pre-existing diabetes, n (%) 7 (41.2%) 2 (14.3%) 20 (18.7%) 0.087

Pre-existing renal failure, n (%) 4 (23.5%) 1 (7.1%) 8 (7.5%) 0.104

Pre-existing hyperlipidemia, n (%) 9 (52.9%) 8 (57.1%) 38 (35.5%) 0.149

Pre-existing dementia, n (%) 6 (35.3%) 1 (7.1%) 27 (25.2%) 0.186

Injury information

Type of hip fracture, n (%) 0.543

Femoral neck 10 (58.8%) 9 (64.3%) 52 (48.6%)

Intertrochanteric 7 (41.2%) 5 (35.7%) 48 (44.9%)

Subtrochanteric 0 (0.0%) 0 (0.0%) 7 (6.5%)

Additional orthopaedic trauma, n
(%)

4 (23.5%) 0 (0.0%) 14 (13.1%) 0.153

Injury mechanism, n (%) 0.745

Low velocity 17 (100%) 14 (100%) 105 (98.1%)

High velocity 0 (0.0%) 0 (0.0%) 2 (1.4%)

COVID Positive (n = 13) COVID Suspected (n = 14) COVID Negative (n = 107) P

Surgical information

Nonoperative cases, n (%) 4 (3.5%) 0 (0.0%) 0 (0.0%) ,0.001*

Time from presentation to surgery
(d) (mean 6 SD)

2.7 6 3.9 2.1 6 2.1 1.1 6 0.6 ,0.001*

Implant, n (%) 0.494

Long IMN 1 (7.7%) 1 (7.1%) 21 (19.6%)

Short IMN 4 (30.8%) 4 (28.6%) 33 (30.8%)

Hemiarthroplasty 5 (38.5%) 7 (50.0%) 30 (28.0%)

Total hip arthroplasty 0 (0.0%) 0 (0.0%) 6 (5.6%)

Sliding hip screw 0 (0.0%) 0 (0.0%) 7 (6.5%)

CRPP 3 (23.1%) 2 (14.3%) 10 (9.3%)

Anesthesia type, n (%) 0.785

General 7 (53.8%) 8 (57.1%) 67 (62.6%)

Spinal 6 (46.2%) 6 (42.9%) 40 (37.4%)

*Bolded P value indicates a statistically significant value.
CRPP, closed reduction and percutaneous pinning; IMN, intramedullary nail.
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the implementation of routine testing for symptomatic pa-
tients in our health system (March 15, 2020). Other medical
comorbidities were analyzed using the CCI. Procedures were
divided into nonoperative, closed reduction and internal fix-
ation, open reduction and internal fixation, and arthroplasty
procedures. Major complications included acute renal failure,
surgical site infection, urinary tract infection, acute anemia,
sepsis, pneumonia, deep vein thrombosis/pulmonary embolus
(DVT/PE), acute myocardial infarction, stroke, acute postop-
erative infection, decubitus ulcer, acute respiratory failure,
cardiac arrest, and death. In-hospital mortality data were
obtained.

A second cohort of patients with hip fracture who
presented to our EDs between February 1, 2019, and April

15, 2019 was recruited from another IRB-approved data-
base.9–11 Similar data were obtained minus the laboratory
values and oxygen requirements so that comparisons
between the cohorts could be made based on the time peri-
ods in question. Analysis of descriptive statistics was per-
formed to determine differences between expected and
observed frequencies. Chi-square tests of association and
independent-samples t tests were used to assess differences
between the 2019 and 2020 cohorts and between C+, Cs,
and C2 cohorts. Factors associated with mortality and major
complications were assessed using the bivariate regression
Cox analysis. All analyses were completed with SPSS soft-
ware, version 25.0 (IBM Corporation). All analyses were
considered significant for P , 0.05.

TABLE 3. Hospital Quality Measures in Three Cohorts From 2020

COVID Positive (n = 17) COVID Suspected (n = 14) COVID Negative (n = 107) P

Hospital Quality Measures

Inpatient mortality 6 (35.3%) 1 (7.1%) 1 (0.9%) ,0.001*

30-d mortality 9 (52.9%) 2 (14.3%) 6 (5.6%) ,0.001*

Need for ICU/SDU transfer 5 (29.4%) 3 (21.4%) 18 (16.8%) 0.452

Discharge postacute rehabilitation 9 (90%) 11 (84.6% 83 (78.3%) 0.612

Minor complication rate 12 (70.6%) 5 (35.7%) 52 (48.6%) 0.128

Major complication rate 13 (76.4%) 7 (50.0%) 8 (7.5%) ,0.001*

Need for ventilator use 2 (11.8%) 2 (14.3%) 1 (0.9%) 0.007*

Spinal anesthesia 6 (46.2%) 6 (42.9%) 40 (37.4%) 0.785

Readmission within 30 d 2 (11.8%) 1 (7.1%) 3 (2.8%) 0.210

Length of stay (d), Mean, SD 9.8 6 5.2 7.0 6 5.9 5.0 6 2.6 ,0.001*

*Bolded P value indicates a statistically significant value.

TABLE 4. Inpatient Complications, Minor and Major

COVID Positive (n = 17) COVID Suspected (n = 14) COVID Negative (n = 107) P

Inpatient Complications

Major complications

Sepsis 3 (17.6%) 1 (7.1%) 3 (2.8%) 0.033*

Bacterial pneumonia 2 (11.8%) 5 (35.7%) 1 (0.9%) ,0.001*

Viral pneumonia 10 (58.8%) 0 (0%) 0 (0%) ,0.001*

DVT/PE 2 (11.8%) 0 (0%) 3 (2.8%) 0.138

MI 2 (11.8%) 0 (0%) 3 (2.8%) 0.138

Stroke 0 (0%) 0 (0%) 2 (1.9%) 0.745

Acute respiratory failure 7 (41.2%) 4 (28.6%) 2 (1.9%) ,0.001*

Cardiac arrest 2 (11.8%) 0 (0%) 0 (0%) 0.001*

Death 6 (35.3%) 1 (7.1%) 1 (0.9%) ,0.001*

Minor complications

Acute renal Failure/AKI 3 (17.6%) 1 (7.1%) 8 (7.5%) 0.376

Surgical site infection 0 (0%) 0 (0%) 0 (0%) —

Decubitus ulcer 0 (0%) 0 (0%) 0 (0%) —

UTI 0 (0%) 2 (14.3%) 6 (5.6%) 0.235

Anemia 7 (41.2%) 3 (21.4%) 35 (32.7%) 0.505

Hypotension 7 (41.2%) 0 (0%) 13 (12.1%) 0.002*

Atrial fibrillation 6 (35.3%) 2 (14.3%) 12 (11.1%) 0.032*

*Bolded P value indicates a statistically significant value.
MI, myocardial infarction; UTI, urinary tract infection.
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RESULTS

2019 Versus 2020 Cohorts
Between February 1, 2020, and April 15, 2020, 138

patients (63.8% women) with a mean age of 82.9 years
(610.1) presented to one of our EDs and were diagnosed with
a hip fracture. To assess the pandemic era cohort, we com-
pared them with a second group of 115 patients with hip
fracture who presented to the same EDs between February
1, 2019, and April 15, 2019. There were no differences
between the groups with regard to demographics (age, sex,
and race), body mass index (BMI), CCI, or mechanism of
injury. The only difference found was a preponderance of
femoral neck fractures in 2020 as compared to 2019
(T1 Table 1). In addition, there were no differences with regard
to time to surgery, surgeries performed for each fracture, type
of anesthesia, and postoperative ICU/SDU admission.
However, the mortality rates (30-day mortality was 12.3%
in 2020 vs. 3% in 2019), length of stay, and complication
rates observed in the 2020 cohort were significantly greater
than those in the 2019 cohort (Table 1).

With regard to operative treatment, 133 patients
(96.4%) in the 2020 cohort underwent immediate operative
treatment (Table 1). There were 5 patients (all C+) who ini-
tially did not undergo repair; 2 patients (1.4%) who were too
sick to undergo surgery and died; 1 patient (0.7%) with a non-
displaced femoral neck fracture that displaced after 2 weeks
and then underwent hemiarthroplasty; and 2 others (1.4%), 1
with a nondisplaced intertrochanteric fracture and 1 with
a nondisplaced femoral neck fracture, who were successfully
treated without surgery. No patients were treated without sur-
gery in the 2019 cohort.

2020 Cohort: C+ Versus Cs Versus C2
Of 2020 cohort patients, 17 (12.3%) were confirmed C+

by testing and another 14 (10.1%) were suspected (Cs) of
having had the virus based on clinical presentation, chest
computed tomography findings, or treatment but were never
tested or had a negative test at some point. The length of time
from presentation to surgery was 1.4 days (6 1.5 days); C+
patients did have a longer time to surgery than C2 patients
(T2 Table 2). There were no demographic and injury character-
istic differences between the C+, Cs, and C2 groups
(Table 2). When comparing the group of C+ and Cs with
the C2 hip fracture patients, we found greater in-hospital
and 30-day mortality rates, a greater length of hospital stay,
a greater major complication rate, and a greater incidence of
ventilator need postoperatively (T3 Table 3). In fact, 53% of C+
and 14% of Cs patients died by 30 days compared with 5.6%
of C2 patients. Complications were seen at a significantly
higher rate in those with or suspected of having COVID than
those not. The incidence of pneumonia (70.5% vs. 35.7% vs.
0.9%), respiratory failure (41.2% vs. 28.6% vs. 1.9%), sepsis
(17.6% vs. 7.1% vs. 2.8%), and death (35.3% vs. 7.1% vs.
0.9%) was significantly elevated in the C+ group compared
with the Cs and C2 cohorts (T4 Table 4).

In an attempt to assess factors associated with a major
complication in the C+/Cs group, we analyzed all laboratory
values obtained on admission, postoperative day 1, and

postoperative day 2 along with pre-existing medical condi-
tions with those who sustained morbidity and mortality (see
Table, Supplemental Digital Content 1, http://links.lww.
com/JOT/B89, which describes the pre-existing medical con-
ditions and laboratory values analyzed). Only one factor,
postoperative day 1 white blood cell count, was associated
with in-hospital major complications (IRR 5.586, CI 95%
1.21–25.786). None of these factors demonstrated an associ-
ation with mortality; thus, the only predictor of death was C+
and Cs status. Furthermore, when we remove the C+ patients
who were confirmed positive after discharge from analyses,
the associations still hold (see Table, Supplemental Digital
Content 2, http://links.lww.com/JOT/B90, which demon-
strates analysis without C+ patients diagnosed after
discharge).

DISCUSSION
We found a significantly elevated risk of death after hip

fracture in those with confirmed or suspected COVID-19
infection. In addition, these patients treated for a hip fracture
during the COVID-19 pandemic were at risk for major
postoperative complications compared with those who were
C2, the historical control group, and patients with hip frac-
ture in general. Patients treated in each of our institutions
were optimized, and the great majority was treated expedi-
tiously when possible. As with most, surgeons in our depart-
ment continually placed patient care as a top priority. None of
the patients’ pre-existing conditions or laboratory values dur-
ing admission were predictive of major complication or death.

Orthopaedic surgeons are front-line health care pro-
viders. As first responders, orthopaedic trauma surgeons are
called on to provide care for trauma patients and those subject
to unanticipated fractures.12 Orthopaedic surgeons who take
call do not have the luxury of being able to select their pa-
tients or being able to alter the present medical status of
a patient in need of their care. In addition, they are susceptible
to the contraction of contagious diseases. The risks to sur-
geons for blood-borne disease transmission are well known.
Hepatitis and HIV transmission has always been of concern to
orthopaedic surgeons involved in open, blood loss surgeries;
however, the route of transmission of airborne or droplet-
borne viruses poses considerable concern as well.
Improperly protected surgeons are at risk for COVID trans-
mission. Over a 1-month period, 26 orthopaedic surgeons
tested positive for COVID-19 at 8 different hospitals in
Wuhan, China. Eighty percent of exposures were felt to be
on the wards and only 12.5% due to OR exposure, however.13

Because the COVID-19 pandemic has led to a global
surge in critically ill patients, hospitals were forced to
reallocate resources, potentially resulting in reduced health
care access for patients requiring essential care.14 Untreated
hip fractures are associated with a high mortality rate, and
even slight delays (.72 hours) to operative fixation have
been shown to increase morbidity and mortality. Therefore,
patients presenting with fractures of the hip require timely
surgical intervention regardless of their COVID status. Our
cohort did not experience a delay to surgery when compared
with accepted standards. However, the C+ group was delayed
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to surgery compared with the C2 patients by 1 day. Whether
this small delay to optimize these patients is the cause of the
increased rates of postoperative mortality is unknown. It is
generally accepted that the mortality rate after hip fractures is
9%–10% at 30 days and 25%–30% at 1 year.15–17 The
exceedingly high mortality rate in the C+ patients warrants
further investigation into ways to mitigate negative outcomes
in this specific patient population. Male sex, older age, and
higher CCI have all been associated with increased mortality
after geriatric hip fracture.18–20 So, it was not surprising that
our mortality rate was also male dominant. This may be
related to the predominance of males affected by COVID-19.

In this cohort of patients, C+ and Cs patients experi-
enced a greater overall major complication rate, including an
increase in complications such as sepsis, pneumonia, acute
respiratory failure, cardiac arrest, and inpatient mortality.
They additionally experienced the minor complications of
hypotension and atrial fibrillation at a greater rate than C2
patients, but the overall minor complication rate was compa-
rable between groups (Tables 3 & 4). The increased fre-
quency and types of perioperative complications observed
in this cohort mirrors reports from other specialties.21,22 Lei
et al describe a cohort of postoperatively diagnosed COVID-
19 positive that underwent both orthopaedic and nonortho-
paedic surgeries of various risk categories (low, mild, mod-
erate, and high risk). All of these patients developed COVID-
19–related pneumonia and experienced a 20.5% inpatient
mortality rate. This mortality rate is lower than that described
in our cohort, although patients underwent a variety of
orthopaedic and nonorthopaedic procedures of varying risk,
unlike our group who were all patients with hip fracture.
Aminian et al report on 4 patients who underwent general and
obstetric surgery (1 cholecystectomy, 1 hernia repair, 1 gas-
tric bypass, and 1 hysterectomy) during the COVID-19 pan-
demic and developed perioperative complications; all 4
patients developed pulmonary compromise, which resulted
in 3 deaths. While one can question why a hernia repair
and gastric bypass were performed on patients with
COVID-19, these previous reports enlightened us to the fact
that perioperative patients are at heightened risk for compli-
cations due to COVID-19. A currently developing explana-
tion for the damage caused by COVID-19 infection is
a dysfunctional immune response accompanied by pulmonary
and systemic inflammation.23,24 This, compounded with the
secondary insult of anesthetic use and operative intervention,
may have primed these patients for the pulmonary, vascular,
and cardiac complications observed in this cohort.

The disease caused by the novel coronavirus (SARS-
CoV-2) results in acute respiratory failure accompanied by
a severe hypercoagulability rather than consumptive coagul-
opathy. This hypercoagulability poses challenges for the
postoperative hip fracture patients. DVT and venous throm-
boembolism are common in patients with hip fracture, and
recent treatment algorithms have been instituted to both limit
blood loss while preventing thrombotic events.25 One alter-
ation of practice has been the discontinuation of tranexamic
acid during arthroplasty in patients during the pandemic. In
our current study, we observed no difference in the rate of
venous thromboembolism in the C+ cohort compared with

C2 and historical controls. This could be due to the fact that
all patients with hip fracture receive chemical prophylaxis that
continues throughout hospitalization and for at least 1 month
after injury, as opposed to the general population of patients
presenting to the hospital.

Limitations of this study include its retrospective
design. Despite this, we have had a very active prospective
trauma registry to capture all data prospectively. The data set
is robust, but it is possible that some data are incomplete or
missing. There were at least 12 different treating surgeons
involved in the care of these patients. Patients were not
treated as part of any protocol but rather individualized care
provided, based on the clinical situation on the ground and the
best care practices as decided by each surgeon. Guidelines
and recommendations changed quickly as time went on over
the 10 weeks studied. Although use of a Cs group of patients
may be a limitation because we cannot definitively comment
on their COVID-19 status, our purpose was to present the
reader with all available data and allow them to make
conclusions. Because the outcomes in the C+ group stand
alone, we feel confident in reporting in this manner. Finally,
long-term outcomes are not available at this time. It is possi-
ble that our mortality and major complication rate will con-
tinue to increase or that the numbers could change if C2
patients converted to C+ postoperatively and were missed,
thus lessening the differences between the 2 cohorts.

In conclusion, geriatric hip fractures continued to
present to EDs throughout the COVID-19 pandemic period
in New York City. Despite the incredible resource realloca-
tion experienced by our hospital system, our treating
orthopaedic surgeons continued to care for the elderly in
need of essential surgery. Although there was some alteration
in treatment algorithms, most patients were treated expedi-
tiously and with great care. Despite this, we experienced an
exorbitant rate of early mortality and major complications
related to the pulmonary consequences of the virus in this
population of patients. Physicians treating these COVID+
patients should counsel families of the significantly increased
risks after hip fracture.
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