
The influence of the coronavirus disease 2019 (COVID-19) 
pandemic on the healthcare system is significant [1-4]. At 

the time of our study, government lockdowns due to the novel 
COVID-19 pandemic had been in effect for 30 days or more 
in countries around the world [5-10]. As a result, in our cen-
ter and at other centers in many countries, elective procedures 
were temporarily suspended and surgeries were performed on 
emergent or urgent medical conditions, such as those related to 
fractures or infections [7,9-12].

Hip fractures are some of the most common injuries diag-
nosed in the emergency department (ED) [13]. The risk increas-
es exponentially with age and as a result of the aging population 
in developed countries, the number of hip fractures is expected 
to grow in the future [14-16]. These fractures are a major public 
health concern due to high rates of morbidity, mortality, perma-
nent functional disabilities, and healthcare expenses. They are 
considered as urgent medical conditions [12]. Annual mortality 
rates have been shown to range from 14% to 36% in different 
studies [1,4,17].

Early surgery, within 48 hours of presentation, has been as-
sociated with a decreased 30-day and 1-year all-cause mortal-
ity, fewer complications, and shorter length of hospitalization 
[1-4]. Therefore, international guidelines for hip fracture care 
suggest that patients should undergo surgery within 24–48 hours 
of hospital admission [4,13,18]. With that in mind, patients who 
presented with hip fractures were considered to be at high risk 
for COVID-19 morbidity and mortality, which might have 
deterred patients and families from seeking medical attention 
due to heightened concerns over possible exposure to the virus 
[9,11,19]. But actually, since all non-urgent elective surgeries 
have been postponed, the time to surgery might be reduced.

The aim of the current study was to assess the indirect influ-
ence of the COVID-19 pandemic associated lockdown on hip 
fracture patients, including time to ED admission, time to sur-
gery, early postoperative complications, mortality, ambulation 



status at discharge, and length of stay in our department. We ret-
rospectively compared outcomes for patients with hip fractures 
treated at our medical center for a period of 30 days during the 
lockdown of the COVID-19 pandemic (COVID-19 group) with 
a similar timeframe during 2019 (control group).

We performed a comparative retrospective study using data that 
had been collected on consecutive patients who presented to the 
ED at our medical center with hip fractures including femoral 
neck, per/intertrochanteric, and subtrochanteric fractures (31-A, 
31-B) during a 1-month period (COVID-19 group, N=29) during 
the government lockdown due to the COVID-19 pandemic (be-
tween 15 March 2020 and 15 April 2020). These data, which 
looked at time from injury to ED admission, time to surgery, early 
postoperative complications, mortality, and functional recovery 
rate were then compared to consecutive patients presenting with 
hip fractures at our ED during the same timeframe in the pre-
vious year (control group, N=44). Patients were excluded from 
the study if they had a pathologic fracture, previous experienced 
ipsilateral hip surgery, or were treated non-operatively.

Patients were tested for COVID-19 if they had been in prior 
quarantine, were symptomatic [9,20] or came from areas known 
to have high prevalence of COVID-19. Time-to-surgery was de-
fined as the time from admission to the hospital to the time when 
surgery was performed as documented by the anesthesiologist.

Data were collected retrospectively from patient hospitaliza-

tion charts and scheduled clinic visits at 2 and 6 weeks, 3 and 6 
months postoperative, and during a follow-up period of up to 6 
months. The study was conducted in accordance with the Hel-
sinki Declaration and with approval of the institutional revision 
board (IRB).

We evaluated mortality and early postoperative compli-
cations such as wound infections, pneumonia, urinary tract 
infection (UTI), vein thromboembolism (VTE), acute decom-
pensated heart failure (ADHF), upper gastrointestinal bleeding 
(UGIB), dislocations, and secondary fracture displacement. Pa-
tients with a preoperative diagnosis of any of those co-morbid-
ities were excluded.

Wound infection was defined as a physician’s diagnosis that 
required antibiotic treatment or surgical debridement. Pneumo-
nia required a chest radiograph consistent with an infiltrate fol-
lowed by antibiotic treatment. UTIs were documented if patients 



had urinary tract symptoms, a urinalysis suggesting of infection, 
positive urine/blood cultures, and treatment with antibiotics. 
ADHF was defined as typical decompensated CHF symptoms 
together with chest radiograph findings necessitating a transfer 
to an internal medicine ward. VTE was defined as a positive du-
plex ultrasound, a high-probability ventilation/perfusion scan, 
or a positive pulmonary angiogram. UGIB was documented as 
a complication if it necessitated an urgent gastroscopy. Second-
ary fracture displacement was considered a complication if it 
required revision surgery.

We looked at the following parameters from the physiothera-
py records: time to ambulation and degree of postoperative am-
bulation. Time to ambulation was how long it took the patient 
to begin to ambulate postoperatively. Ambulation was defined 
as walking at least 5 meters with the assistance of no more than 
one caregiver. Postoperative ambulation status was defined by 
dividing patients into the following four grades: 0 = non ambu-
latory, 1 = ambulatory up to 20 meters, 2 = ambulatory 20–40 
meters, 3 = ambulatory more than 40 meters without assistance. 
The average time of a physiotherapy session ranged from 20–
30 minutes; however, information regarding the exact session 
length in each group was not available.

Additional data were collected including age, sex, race, body 
mass index (BMI), anticoagulation used before admission (in-

cluding novel oral anticoagulant [NOAC]), pre-fracture ambu-
lation status, preoperative and postoperative hemoglobin levels 
(blood infusion in the postoperative period), hip fracture and 
surgical characteristics (type of hip fracture, surgical procedure, 
anesthesia type, ASA score, operation length, operation time, 
surgeon expertise, approach, use of cement, and any surgical 
periprosthetic fractures), and length of stay in the orthopedic 
department. The following co-morbid conditions were also re-
corded: history of cardiovascular disease, chronic pulmonary 



disease, valvular heart disease, arrhythmia, hypertension, diabe-
tes mellitus, dementia, stroke, and malignancy.

Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences statistics software, version 25 
(SPSS, IBM Corp, Armonk, NY, USA). Data were presented as 
the mean. Comparisons between groups were made using -test 
and ANOVA test with post hoc. Intergroup comparison and cate-
gorical variable comparison were made using Fisher's exact test or 
chi-square test.  < 0.05 was considered statistically significant.

Table 1 shows baseline characteristics of patients who participat-
ed in the study by group. There were 79 patients who met our 
inclusion criteria, 34 from the COVID-19 group and 46 from the 
control group. Of those, three patients with pathologic fractures 
and one patient with a periprosthetic fracture were excluded from 
the COVID-19 group. In addition one patient with a pathologic 
fracture and one who was treated conservatively were excluded 
from the control group. After exclusion, a total of 73 patients took 
part in the study: 29 patients in the COVID-19 group and 44 pa-
tients in the control group [Figure 1]. The average age of patients 
was 80.33 years; 67.1% were female and 32.9% were male, the 
mean BMI was 25.2 kg/m2. There were no statistical differences 
in age, sex, BMI, medical co-morbidities, type of fracture and pre 
fracture ambulation status between the groups (  > 0.05 -test, 
ANOVA test, Fisher's exact test, or chi-square test). In total, 
53.4% of the patients underwent open reduction internal fixation 
or closed reduction internal fixation, 32.8% hemiarthroplasty, and 
13.7% total hip replacement [Table1]. 

There were no statistical differences between the groups re-
garding type of anesthesia, type of surgery, operation length, 
surgeon expertise, time of surgery, preoperative or postoperative 
hemoglobin levels, or in the number of patients who received 
blood transfusions [Table 2].

Of the 29 patients included in the study during the COVID-19 
time period, four were tested for COVID-19 and found nega-
tive (PCR for SARS CoV-2 [NeuMoDx]). The other 25 patients 
were assumed to be uninfected due to low clinical and epidemi-
ologic suspicion. 

Table 3 shows the difference between the groups in time to 
surgery, postoperative morbidities and mortalities, ambulation, 
and hospitalization length. The mean time from injury to arrival 
in the ED was similar in both groups (0.3 days) with no statis-
tically significant difference. The mean time between arrival in 
the emergency department and beginning of surgery was 20.34 
hours in the COVID-19 group compared with 34.87 hours in the 
control group (  = 0.008).

The total incidence of early postoperative complications at 
a 6-month follow-up appointment was 23.2%. Only 10.3% of 
the patients in the COVID-19 group presented with postopera-
tive complications: UTI (1 patient), 2° fracture displacement (2 

patients), and dislocation (1 patient]) compared to 31.8% in the 
control group. In the control group, the difference was statisti-
cally significant (  = 0.047 Pearson’s chi-square); specifical-
ly, UTI (4 patients), VTE (3 patients), pneumonia (2 patients), 
CHF exacerbation (2 patients), surgical site infection (1 patient), 
UGIB (1 patient), 2° fracture displacement (1 patient), and sud-
den cardiac death (1 patient). The mean follow-up time was 4.2 
months in the COVID-19 group compared to 4.08 months in the 
control group (  = 0.402).

With regards to postoperative mortality there were three 
cases of death out of 44 patients in the control group (6.8% 
mortality rate) compared to none in the COVID-19 group. This 
difference, however, was not statistically significant. (  = 0.151 
Pearson’s chi-square).

When examining the time it took the patients to begin ambu-
lating, we noticed that on average the COVID-19 group started 
taking their first steps 1.89 days after surgery compared to the 
control that took an average of 3.75 days. This difference was 
statistically significant (  = 0.05).

When comparing postoperative ambulation status at dis-
charge from our orthopedic department, patients in the 
COVID-19 group had a better ambulatory status. At discharge, 
65.5% of patients in this group were able to walk a distance 
of more than 20 meters (44.8% between 20–40 meters with as-
sistance, and 20.7% more than 40 meters without assistance). 
In the control group only 37.2% of patients were able to walk 
more than 20 meters (34.9% between 20–40 meters with assis-
tance, and 2.3% more than 40 meters without assistance). Those 
differences were statistically significant (  = 0.019 Pearson’s 
chi-square).

The mean length of stay was significantly shorter (  = 0.029 
independent samples -test): in the COVID-19 group a mean stay 
of 5.93 days compared to 8.13 days in the control group; 72.4%  
of the COVID-19 group were discharged home (51.7% of them 
were discharged to a home-based rehabilitation program) com-
pared to 74.7% of the control group who were discharged to a 
rehabilitation facility or nursing home. These differences were 
also statistically significant (  < 0.001 Pearson’s chi-square).

When examining these parameters in a subgroup of patients 
on NOAC therapy, there were no statistically significant differ-
ences between the groups.

In this comparative study, we retrospectively investigated the 
influence of the COVID-19 pandemic and associated lock-
downs on non-infected patients presenting to our ED with hip 
fractures. During the lockdown period we observed a substantial 
decrease in the number of patients presenting with hip fractures 
(COVID-19 group = 30, control group = 44), which has been 
demonstrated in previous studies [20,21]. This result can be ex-
plained by the stay-at-home order causing fewer opportunities 



for injury. When comparing the management of these patients 
during this period to a similar timeframe a year prior, we found 
a statistically significant decrease in the time from presentation 
to surgery: an average of 20.34 hours in the COVID-19 group 
compared with 34.87 hours in the control (  = 0.008). This find-
ing may be because of more available operating rooms and staff 
due to a dramatic decrease in the number of patients presenting 
to the ED and cancelation of all non-urgent elective surgeries. 
Of interest, COVID-19 testing protocol at admission to the ED 
did not have an effect on the time to surgery.

Regarding morbidity there was a statistically significant low-
er rate of early postoperative complications recorded during a 
6-month follow-up in the COVID-19 group (10.3% vs. 31.8%, 

 = 0.047). Postoperative mortality was lower in the COVID-19 
group but was not statistically significant (0 deaths compared 
to 3 deaths in the control,  = 0.151). These differences might 
be associated with the reduction in time to surgery. These find-
ings are consistent with the current literature showing that early 
surgery conducted within 24–48 hours is associated with lower 
mortality and postoperative complications among elderly pa-
tients with hip fractures, with some studies showing an even 
greater impact under 24 hours [1-4,22-24). 

When inspecting the immediate postoperative ambulatory 
status, we found that patients from the COVID-19 group began 
ambulating earlier (  = 0.05), had a better ambulatory status 
at discharge (  = 0.019), and had a shorter hospital stay (  = 
0.029) compared to the control. All these differences were sta-
tistically significant. 

When examining their discharge destination, we found the 
majority of the patients in the COVID-19 group chose to be dis-
charged home compared to the control group who were mostly 
discharged to a rehabilitation facility or nursing home. This dif-
ference may possibly be explained by an increase in motivation 
to be discharged home due to fear of becoming infected with 
COVID-19 (  < 0.001).

Surprisingly, our study had shown that COVID-19 negative 
patients presenting with hip fractures in our ED during the pan-
demic associated lockdown may have indirectly benefited from 
this situation by undergoing earlier surgical treatment and there-
fore experiencing a reduction in early postoperative complica-
tions, faster ambulation, and a more rapid discharge. However, 
one must keep in mind that our study was restricted solely to am-
bulatory status at discharge and early postoperative complications 
during a period of 6 months; therefore, longer follow-up is needed 
to assess whether these differences exist in the long-term as well. 

One commonly recognized bias is that healthier patients 
might undergo surgery earlier. Patients who are more medical-
ly complicated and are at greater risk of postoperative compli-
cations might require more time before clinical stabilization 
and therefore surgery could be delayed [3,25]. In our study 
there were no statistical differences in age, sex, BMI, medical 
co-morbidities, anticoagulation therapy including NOACs, and 

fracture types between patients from both groups; however, 
both populations significantly differed from each other on the 
ASA classification (  = 0.003). The reason for the difference in 
time to surgery between the two groups was mainly technical 
and not medical, thus reducing the risk of such a bias.

This comparative retrospective study depended on the quality 
of the medical data. Second, due to our limited study size and 
the fact that we have only examined early morbidity, mortality, 
and ambulation, there might be a risk to the external validity of 
this study regarding the application of these findings in a lon-
ger timeframe, and therefore medium and long-term studies are 
required. 

The COVID-19 pandemic is challenging for both physicians 
and patients. Interestingly, the current study shows that despite 
the challenges that resulted from this time, the patients who ar-
rived at our ED during the COVID-19 pandemic had a benefi-
cial outcome, which might encourage us and others to further 
reduce the time-to-surgery from 48 hours to 24 hours. 



Lautenbach and co-authors comprehensively profiled 
the blood immune system of patients, with or without prior 
malaria exposure more than 1 year after acute symptomatic 

 malaria. Using a data-driven analysis 
approach to describe the immune landscape over time, the 
authors showed that a dampened inflammatory response is 

of CD16+ monocytes, and parasite-specific antibodies of 
IgG1 and IgG3 isotypes. This finding also coincided with 

reduced parasitemia and duration of hospitalization. These 
data indicate that antibody-mediated phagocytosis during 
the blood stage infection leads to lower parasitemia and less 

This enhanced control and reduced inflammation points 
to a potential mechanism on how tolerance is established 
following repeated malaria exposure.

There is considerable interest in the waning of effectiveness 
of coronavirus disease 2019 (COVID-19) vaccines and 
vaccine effectiveness (VE) of booster doses. Using 
linked national Brazilian databases, Cerqueira-Silva 
et al. undertook a test-negative design study involving 
almost 14 million people (~16 million tests) to estimate 
VE of CoronaVac over time and VE of BNT162b2 booster 
vaccination against RT–PCR-confirmed severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection 
and severe COVID-19 outcomes (hospitalization or death). 
Compared with unvaccinated individuals, CoronaVac VE 
at 14–30 days after the second dose was 55.0% (95% 
confidence interval [95%CI] 54.3–55.7) against confirmed 
infection and 82.1% (95%CI 81.4–82.8) against severe 

outcomes. VE decreased to 34.7% (95%CI 33.1–36.2) 
against infection and 72.5% (95%CI 70.9–74.0) against 
severe outcomes over 180 days after the second dose. 
A BNT162b2 booster, 6 months after the second dose 
of CoronaVac, improved VE against infection to 92.7% 

Compared with younger age groups, individuals 80 years 
of age or older had lower protection after the second dose 
but similar protection after the booster. These findings 
support a BNT162b2 booster vaccine dose after two doses 
of CoronaVac, particularly for the elderly.


