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Background and purpose — Following the outbreak of
COVID-19 in December 2019, in China, many hip fracture
patients were unable to gain timely admission and surgery.
We assessed whether delayed surgery improves hip joint
function and reduces major complications better than non-
operative therapy.

Patients and methods — In this retrospective obser-
vational study, we collected data from 24 different hospitals
from January 1, 2020, to July 20, 2020. 145 patients with
hip fractures aged 65 years or older were eligible. Clinical
data was extracted from electronic medical records. The
primary outcomes were visual analogue scale (VAS) score
and Harris Hip Score. Major complications, including deep
venous thrombosis (DVT) and pneumonia within 1 month
and 3 months, were collected for further analysis.

Results — Of the 145 hip fracture patients 108 (median
age 72; 70 females) received delayed surgery and 37 (median
age 74; 20 females) received nonoperative therapy. The
median time from hip fracture injury to surgery was 33 days
(IQR 24-48) in the delayed surgery group. Hypertension, in
about half of the patients in both groups, and cerebral infarc-
tion, in around a quarter of patients in both groups, were the
most common comorbidities. Both VAS score and Harris
Hip Score were superior in the delayed surgery group. At
the 3-month follow-up, the median VAS score was 1 in the
delayed surgery group and 2.5 in the nonoperative group (p
< 0.001). Also, the percentage of complications was higher
in the nonoperative group (p = 0.004 for DVT, p < 0.001 for
pulmonary infection).

Interpretation — In hip fracture patients, delayed surgery
compared with nonoperative therapy significantly improved
hip function and reduced various major complications.

The incidence of hip fractures is on the rise, owing in part to
the aging population, with the number of annual hip fractures
worldwide expected to exceed 6 million by 2050 (Papadimi-
triou et al. 2017).

Nonoperative treatment of hip fractures requires long-term
recovery, which increases the risk of complications such as
pulmonary infection, pressure ulcers, urinary tract infection,
and lower limb venous thrombosis, consequently leading to
high mortality (Sinvani et al. 2020). Surgical treatment, hence,
tends to be the preferable treatment for hip fracture patients.
In terms of surgery, operation promptness is crucial for better
clinical outcomes in the elderly (Ekeloef et al. 2019).

Delayed surgery may occur for various reasons, including
delayed admission, or surgery in high-risk patients on certain
medications or with comorbidities. Folowing the outbreak of
COVID-19 in December 2019, in China, and particularly in
the city of Wuhan, many hip fracture patients were unable
to gain timely admission and surgery. Many factors contrib-
uted to this delay, including shortage of medical resources
preventing hospitals from treating non-COVID-19 patients.
In addition, fear of the high infection and mortality of SARS-
CoV-2 deterred many patients from attending hospitals. As
China is now in the post-outbreak period, many hip fracture
patients are beginning to crowd into hospitals seeking surgi-
cal treatment.

In this retrospective study, we compared the outcomes of
delayed surgery and nonoperative therapy in hip fracture
patients. The clinical characteristics and surgical outcomes,
including complications, were recorded.
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Patients and methods
Study design and participants

This was a multicenter retrospective clinical study of delayed
surgery versus nonoperative therapy in hip fracture patients
during the COVID-19 pandemic. The study included 24
cohorts of adult inpatients (> 65 years old) from Wuhan Union
Hospital, the Third Hospital of Hebei Medical University,
Zhengzhou Orthopedic Hospital, Zhengzhou Central Hospi-
tal, Renhe Hospital of China Three Gorges University, Shang-
hai Changhai Hospital, People’s Hospital of Xiangzhou Dis-
trict, Xiangyang Central Hospital, People’s Hospital of Xian-
tao City, Qianjiang Hospital of Traditional Chinese Medicine,
Taihe Hospital of Shiyan City, Nanchang Hospital of Tradi-
tional Chinese Medicine, Jiangxia People’s Hospital, Tianmen
People’s Hospital, Shanghai Tenth People’s Hospital, People’s
Hospital of Wuhan University, Wuhan Tongji Hospital, Peo-
ple’s Hospital of Shiyan City, Wuhan General Hospital of
Guangzhou Military Command, Guangshui Hospital of Tra-
ditional Chinese Medicine, Guangshui Second People’s Hos-
pital, People’s Hospital of Chibi City, Dongxi Lake People’s
Hospital, and Badong People’s Hospital. The analyzed period
spanned January 1, 2020 to July 20, 2020. All patients were
diagnosed with hip fracture by orthopedic doctors on the basis
of radiographies or CT scans. Surgeries were postponed due to
the COVID-19 pandemic. Patients were included if they met
the following criteria: at least 65 years old, admitted between
January 1, 2020 and July 20, 2020, had a hip fracture that had
not undergone surgery for more than 21 days. Patients with
prior hip operation history were excluded. COVID-19 was
diagnosed in accordance with the COVID-19 was diagnosed
in accordance with the New Coronavirus Pneumonia Pre-
vention and Control Program (6th edition) published by the
National Health Commission of China (NHCC).

Data collection

Using a customized data collection form, we tabulated clinical
characteristics, comorbidities, prior history, treatment, labora-
tory test results, and function scores, as provided by the 24
hospitals. All inpatients and family members received pul-
monary CT, SARS-CoV-2 nucleic acid testing, and antibody
testing prior to admission. Laboratory test results are the final
results obtained prior to discharge. VAS score and Harris hip
function score were graded by an orthopedic expert panel after
1 month and 3 months’ follow-up.

Statistics

Primary data were analyzed with SPSS software (version
23.0; IBM Corp, Armonk, NY, USA). Categorical variables
were presented as frequency and percentages, while median
and interquartile rage (IQR) values were used to describe con-
tinuous variables. A chi-square test was used to compare cat-
egorical variables between delayed surgery and nonoperative

Hip fracture patients
January 1 - July 20, 2020
n=175

Excluded (n = 30):

- hip fracture within 21 days, 15
— incomplete information, 12

- less than 65 years old, 2

- had hip operation history, 1

Eligible hip fracture patients
n=145

Surgery group
n=108

Nonoperative therapy group
n=237

Figure 1. Flow chart of study design.

therapy; Fisher’s exact test was used when data were limited.
A Kolmogorov—Smirnov test was performed to test whether
continuous variables complied with normal distribution. An
independent group t-test was applied to normally distributed
continuous variables, otherwise the Mann—Whitney U-test was
used. We defined excellent, good, not bad, and poor as Harris
score 86—100, 71-85, 56-70, and 0-55 respectively, and the
specific number and percentage in each group were calculated.
P-values < 0.05 were considered statistically significant.

Endpoints

Due to the urgency and importance of the COVID-19 pan-
demic, we collected and analyzed the follow-up results of 145
elderly hip fracture patients as of July 20, 2020. Among them,
the range of day from admission to the endpoint was 99 to 187
days. Kaplan—Meier curves were constructed to compare sur-
gery and nonoperative therapy. 1-month and 3-month follow-
up results were based on the outpatient clinical system and
direct contact with patients or their family member.

Ethics, funding, and potential conflicts of interest

The study was approved by the Institutional Review Board of
Union Hospital, Tongji Medical College, Huazhong Univer-
sity of Science and Technology and the requirement for con-
sent was waived because of the retrospective analysis (IRB
no. 2020-01-27). This study was supported by the National
Key Research & Development Program of China (Grant Nos.
2018YFB2001502 and 2018 YFB1105705), National Science
Foundation of China (Grant No. 81772345), the National
Health Commission of the People’s Republic of China (Grant
Nos. ZX-01-018 and ZX-01-C2016153), and the Health Com-
mission of Hubei Province (Grant No. WJ2019Z009). The
authors report no conflicts of interest.

Results

175 patients were initially identified (Figure 1). Finally, 145
patients were included, with 108 patients undergoing surgery
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Table 1. Demographics, clinical characteristics, and treatment of
elderly hip fracture patients during the COVID-19 pandemic

All Nonoperative
patients Surgery therapy
Factor n=145 n=108 n=37 p-value
Demographics
Female sex 90 70 20 0.2
Age, mean 72 72 74 0.2
range 66-81 65-79 66-85
Chronic comorbidity
Hypertension 81 62 19 0.5
Diabetes 29 18 11 0.09
Cerebral infarction 40 29 11 0.7
Coronary heart disease 23 15 8 0.3
Osteoporosis 10 9 1 0.4
Prior medical history
Smoking 20 15 5 1.0
Alcohol 16 12 4 1.0
Other clinical characteristics
Simple fall 118 88 30 1.0
Traffic accident 15 11 4 1.0
Fall from height 6 4 2 1.0
Sprain 6 5 1 1.0
Femoral fracture type
Neck 105 88 17 < 0.001
Intertrochanteric 36 17 19 < 0.001
Subtrochanteric 4 3 1 1.0
Brain injury 5 4 1 1.0
Treatment
Traction 41 32 9 0.5
Analgesics 116 86 30 0.8
Antibiotics 68 56 12 0.04

and the remaining 37 patients receiving nonoperative treat-
ment (Table 1). No patients were diagnosed with COVID-
19 infection. Most patients were female. Hypertension and
cerebral infarction were the most common comorbidities.
We noted no statistically significant difference between the
2 groups in terms of comorbidities as well as prior medical
history (smoking). The most common cause of fracture was
simple fall (118, 81%) and most common type of fracture was
femoral neck fracture (104, 72%). Only 5 patients suffered

brain injury. Femoral neck fractures were more common in the
surgery group (p < 0.001) and intertrochanteric fractures were
more common in the nonoperative therapy group (p < 0.001).
There was no statistically significant difference in traction
treatment (p = 0.5) and analgesic treatment (p = 0.9) between
the 2 groups. Antibiotic treatment was more common in the
surgery group (p = 0.04) (Table 1).

Surgery, which included plate internal fixation, dynamic hip
screw, proximal femoral nail antirotation, hip replacement,
and hollow screw internal fixation, was selected based on type
of fracture. Days from injury to surgery, surgery time, and
intraoperative blood loss were noted (Table 2).

Prior to discharge, the laboratory test results showed that
the nonoperative therapy group displayed lower lymphocyte
counts, lower hemoglobin, higher level of CRP, and higher
level of D-dimer (Table 3, see Supplementary data).

At the 1-month follow-up, the surgery group showed a lower
incidence of deep venous thrombosis and pulmonary infec-
tion. In terms of functional outcome, the surgery group had a
lower VAS score (p < 0.001) and a higher Harris Hip Score (p
=0.04), showing a better early outcome than the nonoperative
therapy group (Table 4).

At the 3-month follow-up, 9 patients from the surgery group
and 3 patients from the nonoperative therapy group did not
come to hospital for review or were unable to be contacted.
Among the 133 remaining follow-up patients, 13/99 patients
in the surgery group suffered from deep venous thrombo-
sis, and 12/34 patients in the nonoperative therapy group (p
= 0.004, Table 5). Pulmonary infection occurred in 15/99
patients in the surgery group and 16/34 patients in the non-
operative therapy group (p < 0.001). Patients in the surgery
group showed a lower VAS score and better recovery of hip
function than patients in the nonoperative group (p < 0.001
for VAS score; p = 0.04 for Harris Hip Score). Only 1 (1%)
patient died in the surgery group, while 4 patients (12%) died
in the nonoperative therapy group after 3-month follow-up (p
=0.02) (Table 6, Figure 2).

Table 2. Intraoperative data of 108 surgical patients Discussion
Proximal Holl This study is the first to compare
roxima ollow
Plate Dynamic antirotation Hip screw the outcomes  of d?,layed sur-
All fixation  hip screw nail  replacement fixation gery and nonoperative therapy
n=108 n=12 n=6 n=15  n=68 n=7 for patients with hip fractures in
Femoral fracture typ, n the pqst—COVID—19 arena. Thls
neck 88 7 5 2 67 7 study includes 108 patients with
intzitro%hart\te'ric 1:73 g (1) 112 (1) 8 delayed surgery and 37 patients
subtrochanteric . . .
Days from injury to surgery 33 32 45 29 37 23 with nonoperative therapy. Prior
IQR 24-48  25-58 2671 22-44 25-49  21-38 research has reported that the
Surgery time, minutes 90 133 95 90 80 90 longer the delay in surgery, the
IQR 60-120 60-173 80-110 60-135 60-120 40-120 . .
Intraoperative blood loss, mL 200 150 225 200 200 50 higher the risk of poor outcomes
IQR 100-300 100-400 118-425 100-400 120-300 30-100 and complications (Neuman et al.

2014). Most hip fracture patients
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Table 4. 1-month follow-up results of 145 elderly hip fracture
patients during the pandemic of COVID-19

All Nonoperative
patients  Surgery therapy
ltems n=145 n=108 n=37 p-value
Deep venous thrombosis, n 20 11 9 0.03
Pulmonary infection, n 24 14 10 0.03
VAS score (0-10) 3.0 3.0 5.0 < 0.001
IQR 2040 13-40 3.0-65
Harris Hip Score (0-100) 69 71 66 0.04
IQR 57-82 60-84  55-82

Table 5. 3-month follow-up results of 133 elderly hip fracture
patients during the COVID-19 pandemic

All Nonoperative
patients  Surgery therapy
ltems n=133 n=99 n=34 p-value?
Deep venous thrombosis, n 25 13 12 0.004
Pulmonary infection, n 31 15 16 < 0.001
VAS score (0—10) 1.0 1.0 2.5 < 0.001
IQR 0.0-3.0 0.0-2.0 1.0-5.0
Harris Hip Score (0-100) 71 73 70 0.04
IQR 63-85 66-86  58-84
Dead 5 1 4 0.02

2 Mann—-Whitney U-test or chi-square test was selected to compare
differences between surgery and conservative therapy where appro-
priate.

are elderly with pulmonary dysfunction, meaning that pul-
monary infection is more likely to occur when lying in bed
(Sasabuchi et al. 2018). It is reported that as high as 6% of
patients experience pulmonary infection during nonoperative
management or delayed surgery (Goh et al. 2020). Therefore,
prompt surgical repair of hip fractures is recommended. How-
ever, it is difficult to ensure all patients receive timely surgery
due to various factors. Normal medical activity was disturbed
by the outbreak of COVID-19. Although surgeons aimed to
treat patients promptly, the limited medical resources resulted
in surgical postponements. Such patients with hip fractures
eventually crowded into hospitals post-COVID-19, while

Fraction survival

1.0 4
0.9
0.8
0.7 4
|, — Surgery
‘f === Nonoperative therapy
0
I I 1 1
0 50 100 150 200

Days since admission

Figure 2. Kaplan—Meier curves of survival. Gehan—Breslow—Wilcoxon
test p-value = 0.003; hazard ratio, surgery versus nonoperative therapy
group = 0.06 (95% confidence interval 0.01-0.38).

others chose nonoperative therapy. In our study, 13% of pul-
monary infections were noted in the delayed surgery group,
and 27% were noted in the nonoperative therapy group after
I-month follow-up. However, the percentage of pulmonary
infection increased to 15% and 47% in the surgery group
and nonoperative therapy group respectively after 3-month
follow-up. Thus, although delayed surgery is not the optimal
choice, it showed a decreased occurrence of pulmonary infec-
tion, possibly due to early mobilization and standing post-
surgery.

Deep venous thrombosis is a common complication in
patients with hip fractures. Although all patients are recom-
mended prophylactic treatment including massage, muscle
equal-length contraction, and passive joint movement, the
odds of deep venous thrombosis (DVT) remain high. Previ-
ous studies have reported that the prevalence of preoperative
DVT is 8% in hip fracture patients (Shin et al. 2016). In our
study, 11 cases (10%) of DVT were seen in the surgery group
and 9 cases (24%) of DVT were seen in the nonoperative
therapy group after 1-month follow-up; the percentages were
increased to 13% in the surgery group and 35% in the nonop-
erative therapy group after 3-month follow-up. Various rea-
sons contribute to higher DVT rates, including aging, smok-
ing, and surgery. Our results indicate that elevated D-dimer

Table 6. Demographics, clinical characteristics, and causes of death of 6 dead elderly hip fracture patients during the COVID-19 pandemic

Days from
Hyper- Dia- Cerebral admission
Patient Therapy Sex Age tension betes infarction Other chronic comorbidity Cause of death to death
1 surgical female 84 + + + Chronic obstructive pulmonary disease Pulmonary infection 78
2 nonoperative  male 80 - - + Pleural effusion, arrhythmia, atrial fibrillation Heart failure 18
3 nonoperative = male 87 = = = Pulmonary infection, pulmonary tuberculosis,  Pulmonary embolism 27
pulmonary embolism
4 nonoperative  female 71 + = + Coronary heart disease, arrhythmia Heart failure 69
5 nonoperative = male 73 + + + Coronary heart disease Heart failure 88
6 nonoperative  male 85 + + = Renal failure Renal failure 169
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is 1 of the risk factors for venous thrombosis, consistent with
previous studies (Xing et al. 2018). Thus, antithrombotic
drugs were recommended for the patients in both the delayed
surgery group and the nonoperative therapy group, especially
for patients with elevated D-dimer levels (Forster and Stewart
2016). Treatments should be considered to avoid pulmonary
embolus once deep venous thrombosis is noted (Spandorfer
and Galanis 2015).

This study is limited by its small size and our conclusions
may suffer from sample bias. With the extensive develop-
ment of medical technology, delays in surgical treatment of
hip fractures are rare. The COVID-19 outbreak has created a
unique worldwide medical situation that has necessitated the
delay of elective procedures. Our data strongly suggests that
delayed surgery is superior to nonoperative therapy for hip
fracture patients. With COVID-19 now under control in China,
surgeons are now refocusing on delayed elective patients. As
we did not collect data on physicians, possible variations in
physician skill level may affect outcomes, especially in terms
of complications. Although the I-month mortality rate has
been quoted to range from 3% to 24% post-surgery treatment
and 31% post-conservative treatment (Prommik et al. 2019),
no differences in death rates were observed between the two
groups in our study after I-month follow-up. However, 1
patient (1%) in the surgery group and 4 patients (12%) in the
nonoperative therapy group were dead after 3-month follow-
up. We report only on the short-term prognosis of hip fracture.
The outcomes as regards malunion, non-union, infection, and
mortality rate will be recorded in a future study. No data was
collected on the cost for hip fracture patients. Requirement
for nursing and rehabilitation care when staying in a nurs-
ing home, and various post-surgical complications including
DVT, may increase the cost of treatment.

In summary, when elective procedures must be postponed,
patients with hip fractures are more likely to benefit from
delayed surgery rather than nonoperative therapy. Compared
with nonoperative therapy, delayed surgery showed a lower
likelihood of major complications. Furthermore, it decreased
pain and resulted in increased mobilization and better func-
tion.

Supplementary data

Table 3 is available as supplementary data in the online ver-
sion of this article, http://dx.doi.org/ 10.1080/17453674.
2020.1816617
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