
The novel coronavirus disease 2019 (COVID-19) has been 
rapidly spreading since December 2019, and the first con-

firmed case in South Korea was reported on January 20.1,2) 
Some sporadic outbreaks occurred mostly among inter-
national travelers. However, in the middle of February, a 
massive outbreak of COVID-19 occurred in the Daegu 
region, which started with patient number 31 and was 
followed by nationwide outbreaks.2) As of July 21, 2020, a 
total of 13,816 confirmed cases, including 296 deaths, were 
reported in South Korea.3)

The number of COVID-19 cases has increased tre-
mendously and threatened the healthcare system including 
hospitals and public healthcare centers.4) University hos-
pitals are at the center of the risk of COVID-19 infections 
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because those hospitals play a major role in providing 
medical treatment and surgical interventions to patients 
in medical emergency due to traffic accidents or other 
traumatic events. Therefore, screening systems for early 
detection of COVID-19 infection should be established to 
prevent intrahospital spread of COVID-19.5)

Hip fracture in elderly patients is the most com-
mon, serious injury and is related to high morbidity and 
mortality.6,7) Recent studies recommend early surgery to 
minimize complications such as pressure sores, thrombo-
embolic events, and infections and to prevent delayed re-
habilitation, longer hospitalization, and high mortality.8,9) 
Therefore, it is necessary for elderly patients with hip frac-
tures to be screened for COVID-19 because in case they 
carry the virus, the closure of wards and emergency rooms 
(ERs) and quarantine of physicians can be needed. We 
have been operating a screening system and successfully 
preventing intrahospital spread of COVID-19 since March 
2020.

The purpose of this study was (1) to introduce the 
operational process of screening clinics for COVID-19, 
(2) to evaluate the overall orthopedic management of 
hip fracture patients during the COVID-19 pandemic in 
South Korea, and (3) to compare the operative parameters 
and surgical results in hip fracture patients during the CO-
VID-19 pandemic with those of the previous year. 

METHODS
The current study was approved by the local Institutional 
Review Board on October 14, 2020 (IRB No. 2009-002-
19330). Informed consent was exempted because of the 
retrospective nature of the study and no additional harm 
to the included patients. 

Study Population
This prospective design study with retrospective review 
was conducted with a corresponding patient cohort from 
the past year used as the control group. We acquired the 
data of two groups of patients with hip fractures: first 
group operated from January 2020 to July 21, 2020, and 
second group from January 2019 to July 21, 2019. Patient 
demographics (sex, age, height, weight, body mass index, 
diagnosis, comorbidities, and ambulatory function) and 
operative parameters (type of surgery and anesthesia, op-
eration time, blood loss, time from admission to surgery, 
hospital stay, and mortality) were compared between the 
two groups. 

The number of total patients who underwent COV-
ID-19 screening and patients confirmed with COVID-19 

from January 2020 to July 21, 2020, was retrieved. 

Screening and Transferring Routes during the 
COVID-19 Pandemic
Our hospital has two buildings (a main building and an 
attached building) with a total of 845 beds and patients ar-
rive through four main gates—the south and north gates 
of the main building, entrance to the ER, and a gate in the 
attached building. We classify patients and visitors based 
on their purpose of visit, epidemiological risk factors, 
and symptoms. In front of the south gate and ER gate of 
the main building, screening clinics were established to 
acquire respiratory specimens from target patients. We 
designated the screening clinic in the ER as Screen-1 and 
the screening clinic in the south gate as Screen-2. The 
main clinical symptoms include fever (≥ 37.5°C), cough, 
dyspnea, chills, myalgia, headache, sore throat, anosmia, 
ageusia, and pneumonia. Target patients are defined as 
symptomatic patients who have domestic epidemiologi-
cal risk factors, a trip to a foreign country within 14 days, 
and suspected COVID-19 based on their doctor’s opinion. 
All patients subject to screening are divided into two cat-
egories. The first group consists of symptomatic patients 
who have epidemiologic risk factors including a visit to a 
foreign or domestic COVID-19 risk area within 14 days or 
patients with symptoms that developed during self-isola-
tion. They are all screened at Screen-1. The second group 
consists of symptomatic patients without epidemiologic 
risk factors and patients who are scheduled for admission, 
procedures, or ambulatory surgery. These patients are 
separately evaluated at Screen-2. Patients in these screen-
ing clinics undergo two nasopharyngeal swabs and one 
oropharyngeal swab to obtain respiratory specimens. Real-
time polymerase chain reaction (RT-PCR) tests for severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
are performed with these specimens, and results are ob-
tained within five hours.

At all the four gates, security personnel monitor all 
visitors’ body temperature with thermal imaging cameras. 
Everyone, including medical staff, is required to fill out 
a questionnaire (Supplementary Fig. 1) prior to entering 
the building. The medical staff at the entrance receives the 
questionnaires and categorize all visitors into four groups. 
Only patients who do not show COVID-19-related symp-
toms and have no epidemiologic risk factors are directly 
permitted to enter the hospital for standard outpatient 
clinic consultation. If a patient does not present with any 
COVID-19 symptoms but reported epidemiologic risk 
factors, the medical staff at the questionnaire area calls the 
infection control team, and the patient has to be self-iso-
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lated. If a patient shows clinical symptoms of COVID-19 
but does not have any epidemiologic risk factors, the pa-
tient is classified as group 2 and allocated to Screen-2 with 
notification to the infection control team. If a patient has 
both COVID-19 symptoms and epidemiologic risk factors, 
the patient is classified into group 1 and sent to Screen-1 
after notifying the infection control team. If COVID-19 
is diagnosed in a patient from the ER, outpatient clinic, 
or screening clinic, the patient is moved from Screen-1 or 
Screen-2 to the first floor of the attached building via the 
outdoor path. Then the patient uses a separate elevator 
with an outdoor entrance to the eighth floor where the 
ward for COVID-19 patients is located. 

Most hip fracture patients came through the ER 
route as they were mostly brought to the ER by an ambu-
lance due to ambulation difficulty. If patients had fever or 
respiratory symptoms, they were isolated in a quarantine 
ward in the ER. When the evaluation and emergency treat-
ment at the ER was finished, all patients scheduled for ad-
mission were screened for COVID-19 at Screen-1. When 
they were cleared with negative results of the screening 
tests, they were then transferred to the orthopedic ward lo-
cated on the thirteenth floor of the main building. All beds 
on both the attached building and the main building were 
placed at a minimum distance of 2 m from each other.10)

The routes of patients from the questionnaire area to 
the screening clinic and the specific ward are presented in 

Fig. 1. The outdoor routes passing the exterior of the main 
building are the east and west routes. Confirmed CO-
VID-19 patients only use the west routes to the secluded 
elevator with the entrance outside the attached building. 
The west route is disinfected every time a confirmed pa-
tient is moved and admitted to the ward.

Perioperative Considerations
Preoperative medical management of hip fracture patients 
was carried out in the same manner as before the CO-
VID-19 breakout to prevent pneumonia, deep vein throm-
bosis, pulmonary embolism, and pressure sore, but every 
patient, caretaker, and medical staff used surgical masks 
with meticulous hand sanitation.

As it is known that the risk of pulmonary complica-
tions is greater with general anesthesia than with regional 
anesthesia, we tried to use spinal anesthesia whenever 
possible for hip fracture surgery.10) In all cases, surgery was 
performed in normal positive-pressure rooms by the par-
ticipating staff wearing standard surgical attire with string 
hoods. Postoperatively, all patients were transferred to the 
wards after the vital signs stabilized in the post anesthesia 
care unit.

Routine follow-up visits were scheduled for 2 weeks, 
6 weeks, 3 months, 6 months, 12 months, and every 12 
months thereafter before the COVID-19 pandemic. Dur-
ing the study period, we scheduled the follow-ups at 4–6 

West routes

Main
building ER

Attached building

ER
gate

S
c
re

e
n
-1

S
c
re

e
n
-2

South
gate

Standard ward for
orthopedic patients

Main building
elevators to

wards

North
gate

Attached
building

gate

Secluded
elevator

Secluded
elevator

8th floor ward for the
confirmed COVID-19

patients

8th floor ward for
patients waiting for the

result of COVID-19
screening tests

East routes

Symbol Description Symbol

Gates

Questionnaire area

Elevator

Screening clinic

Wards

Emergency room

Route of group 1 patients from questionnaire area
to screening clinic

Route of group 2 patients from questionnaire area
to screening clinic

Route of confirmed COVID-19 patients

Route of patients waiting for the result of COVID-19
screening tests

Description

Fig. 1. Intrahospital patient transfer rou-
tes during the coronavirus disease 2019 
(COVID-19) pandemic. ER: emergency room.



477

Chung et al. Hip Fracture Management during the COVID-19 Pandemic in South Korea
Clinics in Orthopedic Surgery • Vol. 13, No. 4, 2021 • www.ecios.org

weeks, 3 months, and 12 months to minimize the risk of 
COVID-19 infection.

RESULTS
Patient Demographics

Between January 2020 and July 21, 2020, 119 pa-
tients with hip fractures were admitted at our institution 
for surgical treatment. There were 33 men and 86 women 
with a mean age of 78.1 years (range, 41–102 years) in the 
first group. The most common diagnosis was femoral neck 
fractures (60 patients), followed by intertrochanteric frac-
tures (58 patients) and a subtrochanteric femoral fracture 
(1 patient). The number of patients capable of outdoor 
ambulation was 101 (85%). The severity of comorbidity 
was evaluated using the American Society of Anesthesi-
ologists (ASA) score: classes 1 and 2 were categorized as 
the groups of relatively healthy patients, while classes 3 to 
5 were classified as the groups with severe comorbidities. 
There were 48 patients (40%) with severe comorbidities 
among the study patients (Table 1).

In the second group, 115 patients were included 
as the hip fracture patients operated from January 2019 
to July 21, 2019. Although the number and percentage 
of patients with severe comorbidities was significantly 
greater in hip fracture patients of 2019 than those of 2020 
(62 [54%] vs. 48 [40%], p = 0.037), patient demographics 
showed similar characteristics (Table 1). The most com-
mon diagnosis in the second group was intertrochanteric 

fractures (63 patients), followed by femur neck fractures 
(47 patients) and subtrochanteric fractures (5 patients).

Between January 2020 to July 2020, 9,592 patients 
were screened for COVID-19 in our hospital and four pa-
tients were diagnosed with COVID-19. Among the four 
diagnosed patients, there were no hip fracture patients. 
Among the 119 patients with hip fractures, five patients 
were diagnosed with pneumonia at the time of admission, 
but none of the patients showed positive results upon CO-
VID-19 screening.

The most common surgical procedure in the first 
group was bipolar hemiarthroplasty (71 patients), followed 
by intramedullary nailing (18 patients), closed reduction 
and internal fixation of proximal femur (16 patients), and 
total hip arthroplasty (14 patients). The most common 
surgical procedure in the second group was bipolar hemi-
arthroplasty (75 patients), followed by intramedullary nail-
ing (21 patients), closed reduction and internal fixation of 
proximal femur (13 patients), and total hip arthroplasty 
(6 patients) (Table 2). All operations in both groups were 
performed by a single high-volume hip surgeon (YCH).

Treatment Outcomes
The mean time of operation and estimated blood loss in 
the first group were 70.5 ± 24.4 minutes (range, 20–170 
minutes) and 152.7 ± 152.3 mL (range, 10–1,500 mL), 
respectively, which showed no significant difference com-
pared to the previous year. The mean interval between 
admission and surgery and the length of admission were 

Table 1. Comparison of Demographic Features between Two Groups

Variable 2020 (n = 119) 2019 (n = 115) p-value

Age (yr) 78.1 ± 11.4 (41–102) 78.9 ± 11.0 (32–100)  -

Sex (male : female) 33 (28) : 86 (72) 30 (26) : 85 (74) 0.777

Height (cm) 157.8 ± 8.5 (138.0–182.0) 157.2 ± 9.5 (130.0–180.0) 0.216

Weight (kg) 56.2 ± 10.9 (33.5–84.0) 54.7 ± 11.1 (30.5–80.0) 0.460

BMI (kg/m2) 22.5 ± 3.6 (12.7–32.9) 22.0 ± 3.5 (15.6–30.7) 0.656

Outdoor ambulatory 101 (85) 93 (81) 0.416

Severe comorbidity (ASA score ≥ 3) 48 (40) 62 (54) 0.037

Diagnosis 0.112

   Femur neck fracture 60 (50) 47 (41)

   Intertrochanteric fracture 58 (49) 63 (55)

   Subtrochanteric fracture 1 (1) 5 (4)

Values are presented as mean ± standard deviation (range) or number (%).
BMI: body mass index, ASA: American Society of Anesthesiologists.
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both significantly shortened in the first group (p = 0.008 
and p = 0.002, respectively) (Table 2). The percentage of 
patients undergoing spinal anesthesia was substantially 
greater in the first group (p = 0.011) (Table 2). Among the 
119 patients treated for hip fractures in the first group, 
five patients died between January 2020 and July 2020. 
Among the deceased patients, pneumonia was the cause 
of death in only one patient, which had been diagnosed 
upon admission. The causes of death in the other patients 
were renal cell carcinoma, myocardial infarction, and 
heart failure. None of the patients was diagnosed with CO-
VID-19 before or after the surgery. The clinical features of 
the deceased patients are presented in Table 3. The overall 
mortality rate of the hip fracture patients during the CO-
VID-19 pandemic was 4.2%. The comparison between the 
high morbidity group (ASA score ≥ 3) and the low mor-
bidity group (ASA score < 3) or the comparison among 

diagnoses, type of surgery, type of anesthesia, and ambula-
tory function showed no significant statistical difference 
in mortality rates.

In the second group, which represents the hip frac-
ture cohort from the previous year, four patients died 
between January 2019 and July 2019. The cause of death 
in those patients were rectal cancer in one patient, bladder 
cancer in one patient, and heart failure in two patients. No 
patient died of pneumonia. The mortality rate in the sec-
ond group was 3.4%, which was not significantly different 
from that in the first group (p = 0.521).

DISCUSSION
In this study, we presented a COVID-19 screening system 
of a single tertiary hospital applied to hip fracture pa-
tients who mostly arrived at the hospital through the ER. 

Table 2. Comparison of Surgical Parameters between Two Groups

Variable 2020 (n = 119) 2019 (n = 115) p-value

Operation time (min) 70.5 ± 24.4 (20–170) 68.2 ± 28.6 (25–185) 0.379

Blood loss (mL)  152.7 ± 152.3 (10–1,500) 142.8 ± 104.5 (10–800) 0.204

Spinal anesthesia 61 (51) 40 (35) 0.011

Interval between admission and surgery (day) 2.2 ± 2.9 (0–21) 3.2 ± 6.9 (0–55) 0.008

Length of admission (day) 14.6 ± 9.8 (2–51) 23.9 ± 19.4 (2–126) 0.002

Type of surgery 0.286

   BHA 71 (60) 75 (65)

   IMN 18 (15) 21 (18)

   CRIF 16 (13) 13 (12)

   THA 14 (12) 6 (5)

Values are presented as mean ± standard deviation (range) or number (%).
BHA: bipolar hemiarthroplasty, IMN: intramedullary nailing, CRIF: closed reduction and internal fixation, THA: total hip arthroplasty.

Table 3. Clinical Features of the Deceased Patients in the First Group

Age (yr) Sex Date of surgery Type of surgery ASA score Anesthesia Day from operation  
to death Cause of death

75 Male Feb 23, 2020 IMN 2 General 30 Renal cell carcinoma

80 Male Apr 1, 2020 IMN 2 General 72 Myocardial infarction

77 Male Apr 20, 2020 BHA 3 Spinal 28 Pneumonia

88 Female May 4, 2020 BHA 3 Spinal  9 Heart failure

80 Female Jun 16, 2020 BHA 2 General 12 Myocardial infarction

ASA: American Society of Anesthesiologists, IMN: intramedullary nailing, BHA: bipolar hemiarthroplasty.



479

Chung et al. Hip Fracture Management during the COVID-19 Pandemic in South Korea
Clinics in Orthopedic Surgery • Vol. 13, No. 4, 2021 • www.ecios.org

Through this thorough screening system, four patients 
were diagnosed with COVID-19, and there were no hip 
fracture patients among them. During the study period, 
the 119 patients treated for hip fractures using a CO-
VID-19 screening system and screening procedure experi-
enced no surgical delay. In addition, the interval between 
admission and surgery and the length of hospital stay were 
significantly shorter and the proportion of spinal anesthe-
sia was greater in hip fracture patients during COVID-19 
pandemic compared to those from the previous year. This 
may be due to the successful implementation of the CO-
VID-19 screening system for hip fracture patients, thereby 
preventing intrahospital spread of the virus. Furthermore, 
general anesthesia was less preferred in the COVID-19 
pandemic situation because of concerns of the COVID-19 
infection, as well as pneumonia, which probably contrib-
uted to the increase of spinal anesthesia and consequently 
shorter hospital stay. 

Screening of COVID-19 infection is an important 
process to prevent intrahospital spread in this pandemic. 
According to the guideline developed by the International 
Consensus Meeting on Musculoskeletal Infection, resum-
ing orthopedic surgical procedures requires all patients 
to be screened for SARS-CoV-2 with thorough history-
taking, physical examination, and RT-PCR testing before 
surgery.10) This guideline emphasizes the use of personal 
protective equipment (PPE), RT-PCR as a screening test, 
quarantine, and deferral of elective surgery in patients with 
current COVID-19 infection, all of which are consistent 
with the current protocol of our institution.10) However, it 
is crucial for each hospital to consider their unique situ-
ations of COVID-19 infection in terms of prevalence of 
the disease, PPE supply, and personnel capacities. To our 
knowledge, there has been no report on screening guide-
lines to proceed with the required operations, minimizing 
the risk of SARS-CoV-2 infection in the orthopedic field. 
The screening protocol of our institution introduced in 
this study could be beneficial in establishing screening 
guidelines for orthopedic surgery in Korea.

In the current study, the surgical outcomes and pa-
rameters of hip fracture patients during the COVID-19 
pandemic showed comparable results with reference to 
the results of those before the pandemic. A previous mul-
ticenter prospective cohort study on Korean hip fracture 
patients reported a mean operation time of 74.1 minutes, 
estimated blood loss of 247.1 mL, time from admission 
to surgery of 3.7 days, length of hospital stay of 20.1 days, 
and mortality of 4.9%.7) In the current study, the mean op-
eration time, estimated blood loss, time from admission to 
surgery, length of admission, and mortality rate were 70.5 

minutes, 152.7 mL, 2.2 days, 14.6 days, and 4.2%, respec-
tively. 

Previous studies reported a wide range of post-
operative mortality of the patients who underwent hip 
fracture surgery. In a retrospective study of 1,734 patients 
who underwent hip fracture surgery, the 90-day postop-
erative mortality rate was 3.5%.11) In another retrospective 
study of 1,015 patients > 50 years of age who underwent 
hip fracture surgery, 3-month and 1-year mortality rates 
were reported to be 14.5% and 22.4%, respectively.12) In 
the present study, the mortality rate of the patients who 
underwent hip fracture surgery during the COVID-19 
pandemic was 4.2%, which was comparable to the previ-
ous mortality rates of hip fracture patients. Even when 
excluding 13 patients under the age of 65 years, the re-
maining 106 patients displayed a mortality rate of 4.7%. In 
contrast, the inpatient mortality of hip fracture patients in 
New York during the COVID-19 pandemic was reported 
to be 11.9% and the mortality rate was significantly greater 
in COVID-19-positive patients (56%) than in COVID-
19-negative patients (4%).13) Similar clinical results were 
reported during the same period in New York with an 
overall mortality rate of 12.3%. In this study, the mortal-
ity rates of COVID-19-positive, COVID-19-suspected, 
and COVID-19-negative patients were reported as 35.3%, 
7.1%, and 0.9%, respectively.14) According to another 
multicenter study conducted in Scotland, the 30-day sur-
vival rate was significantly different between the COVID-
19-positive and COVID-19-negative groups (64.5% vs. 
91.5%).15)

We acknowledge the limitations of this study. First, 
we screened all patients who were admitted for hip sur-
gery, which could be cost-ineffective. However, by screen-
ing all patients who were admitted, we could detect the 
afebrile, asymptomatic patients who could be infected 
with SARS-CoV-2 as well. The cost of RT-PCR tests for 
SARS-CoV-2 vary among countries and regions. As the 
cost of screening test is approximately 60 dollars in Korea, 
we considered that the benefits of total inspection out-
weigh the cost. Second, we could not report the surgical 
outcome of hip fracture patients who were diagnosed with 
COVID-19 because there was no COVID-19-infected 
hip fracture patient in our hospital. To roughly estimate 
the cumulative number of hip fracture patients among 
COVID-19-diagnosed patients in Korea, we performed 
a simple calculation based on previously reported hip 
fracture incidence data. The cumulative number of CO-
VID-19 patients > 50 years of age on July 21, 2020 was 
5,740 in Korea.3) The crude incidence rate of hip fracture 
patients > 50 years of age in Korea was previously reported 
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to be 171.3 per 100,000 from 2008 to 2012 in a nationwide 
claims study16) and 128.0 per 100,000 from 1998 to 2002 
and 183.7 per 100,000 in 2011 in cohort studies.17,18) Even 
if we approximate the crude incidence rate of hip fracture 
patients as 200 per 100,000 in 2020, the estimate of hip 
fracture patients among COVID-19 patients is only about 
6 patients for 6 months. Therefore, it could be natural that 
there was no COVID-19-diagnosed hip fracture patient at 
our hospital during the study period given that the total 
number of COVID-19-diagnosed hip fracture patients 
is as small as 6 patients nationwide. Third, the study was 
performed in a single tertiary hospital in South Korea. 
Therefore, our results could not be generalized to other 
countries. The cost of screening tests shows variations 
among countries, which is closely related to determining 
the range of screening. Fourth, the comorbidities of the 
patients included in two study groups were not controlled 
(ASA score ≥ 3: 40% in 2020 vs. 54% in 2019, p = 0.037). 
This difference in underlying diseases or the higher pro-
portion of spinal anesthesia due to the concern of droplet 
spread of COVID-19 might have caused the decrease of 
hospital stay or time to surgery in the first group. However, 
with the application of the elaborate COVID-19 screen-
ing process, the results of hip fracture surgery during the 
COVID-19 pandemic were comparable to those before the 
COVID-19 in the present study.

In conclusion, the COVID-19 screening system for 
hip fracture patients has proven to be an effective mea-
sure to prevent intrahospital spread of the disease. The 
outcomes of hip fracture surgery during the COVID-19 
pandemic under the screening system were comparable to 

those of hip fracture surgery before COVID-19. The CO-
VID-19 screening system for hip fracture patients in our 
institution could be beneficial in establishing COVID-19 
screening guidelines in the orthopedic field.
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