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Abstract
The emergence of Covid-19 has caused a pandemic and is a major public health concern. Covid-19 has fundamentally 
challenged the global health care system in all aspects. However, there is a growing concern for the subsequent detrimental 
effects of continuing delays or adjustments on time-dependent treatments for Covid-19 negative patients. Patients arriv-
ing to the ED with STEMIs and acute CVA are currently presumed to have delays due to Covid-19 related concerns. The 
objective of this paper is to evaluate the implications of the Covid-19 pandemic on non-Covid19 patients in emergency care 
settings. We conducted a retrospective study from February 2020 to April 2020 and compared this to a parallel period in 
2019 to assess the impact of the Covid-19 pandemic on three distinct non-Covid-19 ED diagnosis that require immediate 
intervention. Our primary outcome measures were time to primary PCI in acute STEMI, time to fibrinolysis in acute CVA, 
and time to femoral hip fracture correction surgery. Our secondary outcome measure included a composite outcome of length 
of stay in hospital and mortality. From 1 February 2020 to 30 April 2020, the total referrals to ED diagnosed with STEMI, 
Hip fracture and CVA of which required intervention were 197 within Covid-19 group 2020 compared to 250 in the control 
group 2019. Mean duration to intervention (PCI, surgery and tPA, respectively) did not differ between COVID-19 group 
and 2019 group. Among femoral hip fracture patients’, the referral numbers to ED were significantly lower in Covid-19 era 
(p = 0.040) and the hospitalization stay was significantly shorter (p = 0.003). Among CVA patients’, we found statistical dif-
ferences among the number of referrals and the patients’ age. Coping with the Covid-19 pandemic presents a challenge for 
the general healthcare system. Our results suggest that with proper management, despite the obstacles of isolation policies 
and social distancing, any negative impact on the quality of health care for the non-Covid-19 patients can be minimized in 
the emergency department setting.
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Abbreviations
ED  Emergency department
STEMI  ST elevation myocardial infarction
CVA  Cerebrovascular accident
tPA  Tissue plasminogen activator
PCI  Percutaneous coronary intervention

Introduction

The emergence of acute respiratory syndrome coronavirus 
disease (Covid-19) in China towards the end of 2019 has 
caused a world-wide outbreak and is a major public health 
concern [1]. The rapid evolution of the Covid-19 pandemic 
has fundamentally challenged the global health care system 
with ongoing adjustments.
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Hospital emergency departments (EDs) play a crucial role 
in the acute health care system, providing care for patients 
with acute illness and injury, and the provision of health care 
system access [2].

One of the current modifications performed within the 
ED setting is providing an immediate isolation of patients 
presenting with symptoms concerning for Covid-19 from 
non-Covid-19 patients [3]. A month prior to the Covid-19 
outbreak in Israel, a facility for isolation and treatment was 
established in our hospital with the goals of early triage, 
identification of suspected Covid-19 patients and preventing 
risk of furthering the spread of disease. The rationale was 
providing high level care, maximizing protection of medical 
and logistics personnel from exposure, prevention of con-
tamination of the main hospital campus, all while reducing 
risk of disease transmission. All goals were to be accom-
plished without neglecting the routine and urgent lifesaving 
care of non-Covid-19 patients. Our hospital was the first to 
admit suspected Covid-19 positive patients in Israel.

On the one hand, social distancing is essential to reduce 
disease spread to the public and maintain health-care pro-
vider safety. On the other hand, this isolation management 
can potentially endanger healthcare routine, including gen-
eral healthcare practice and life-savinginterventions [4].

The first wave of Covid-19 in Israel started with the first 
confirmed case diagnosed on February 21st and thereafter 
hospitalized at our hospital. Within approximately 1 month, 
confirmed Covid-19 cases climbed up to 1000, accompanied 
by an exponential increase within less than 3 days. Approxi-
mately 1 week later, the number exceeded 4000 cases total, 
subsequently followed extreme lockdown measures taken 
by the Israeli government, after which the daily infection 
rate witnessed a sharp decline from the peak value of 1131 
cases per day down to slightly more than 100 new confirmed 
cases on April 30.

As of 14 May 2020, the number of covid-19 patients in 
Israel was 16,548 with 264 cases resulting in death [5]. We 
sought to evaluate the implications of the Covid-19 pan-
demic on the management of medical emergencies and acute 
patient care in the emergency department (ED). To this date, 
there is limited evidence regarding the impact of Covid-19 
outbreak on routine care for non-Covid-19 patients in the 
hospital.

Methods

Study design

We conducted a retrospective study, 1:1 parallel group, com-
paring data of a 3-month period, February to April 2020, 
and of each month separately to the exact data of the parallel 
period in 2019.

The study was conducted at the Chaim Sheba Medical 
Center in Tel-Hashomer, a university-affiliated tertiary refer-
ral medical center, and largest hospital in Israel.

The institutional review board at our hospital approved 
this study.

It is true that the spike of the "first wave" in our country 
was in March, and in February there were a relatively small 
number of Covid19 cases. To examine the developments in 
the hospital in its entirety, from the beginning until the end 
of the first wave, we chose to conduct the study a month 
prior to the peak impact of pandemic Covid-19.

Data was collected from both the ED and hospitaliza-
tion wards. Data included patient demographic information, 
diagnosis at admission, time to immediate intervention, and 
outcomes (including length of stay, discharge, and mortal-
ity). This period comprises 1 month prior to the Covid-19 
pandemic outbreak in Israel, and the 2 months into the out-
break period as previously explained. We compared data of 
the total 3-month period and of each month separately to 
data of the parallel period in 2019.

Emergency department (ED) reorganization

Facilities

We divided the ED into two main divisions: a general ED 
dealing with non-Covid-19 patients and an ED dealing with 
suspected and confirmed Covid-19 patients. A highly trained 
and experienced triage nurse wearing protective personal 
equipment (PPE) was placed in front of the main entrance 
to the ED and directed all incoming patients to one of the 
aforementioned sections.

Screening for suspected Covid-19 patients was based on 
epidemiology, medical history, and clinical symptoms. A 
patient with no epidemiological or clinical criteria entered 
the standard ED, while a patient exhibiting one or more of 
the Covid-19 positive criteria was sent to the biological ED. 
The triage nurse directed each patient to a different section 
according to the clinical and epidemiological status. The 
biological section had no contact with the standard ED so 
that patients and the staff of each section would have no 
interactions. All suspected patients were screened via naso-
pharyngeal sampling for SARS-CoV-19 using rtPCR testing 
for three genes (N gene, E gene, and RdRP gene; Seegene, 
South Korea).

At risk patients were transferred to the intended biologi-
cal ED through a separate entrance than that of the regular 
ED entrance. [6]

Human resources

Our hospital announced the adaptation and implementation 
of emergency and disaster relief protocols in the setting of 
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an impending epidemic. Specifically including shifts to 12-h 
working periods from 7AM-7PM. Elective procedures were 
cancelled, hence allowing for many physicians to assist in 
our emergency department as well as the Covid-19 ward, 
additional, internal medical specialists, currently in their 
sub-specialization, were also recruited to work in the emer-
gency department. The medical team in the ED contained 
12 "physicians’ capsule" for 12-h shifts compared to routine 
periods, where there are approximately 6–8 physicians until 
evening, and 3–5 physicians for the night until the morn-
ing. Regarding the para-medical team, former emergency 
nurses from around the hospital were recruited back to the 
ED to help, there were 25 nurses and 5 unskilled assistants 
for 12-h shifts. In a routine time, the morning starts with 10 
nurses and every two hours two additional nurses would join 
the team until there are 17 nurses in the ED and 5 unskilled 
assistants. From 11 pm, every hour one nurse would be dis-
charged home until 10 nurses remain until the morning.

Study population

We included hospitalized adult patients from the ED in 
our hospital from February to April 2020. We selected the 
patients with one of three diagnoses upon arrival: acute ST 
segment-elevation myocardial infarction (STEMI), acute 
ischemic cerebral vascular accident (CVA) and femoral neck 
fracture. Data included patient’s demographic information, 
diagnosis at admission and time to immediate intervention 
(primary PCI, immediate fibrinolysis and femoral neck cor-
rection surgery).

Three different population groups:
A. All patients presenting to the ED with acute STEMI 

and undergoing primary PCI during their hospital stay in the 
first 24 h upon arrival to the ED.

The primary aim is urgent reestablishment of reperfusion 
by means of percutaneous coronary intervention (PCI).

B. All patients above 65 years of age, presenting in the 
ED with femoral neck fracture and undergoing correction 
surgery during hospitalization.

C. All patients above 18 years of age presenting with 
acute ischemic cerebral stroke and receiving intravenous 
rtPA (recombinant tissue plasminogen activator) treatment.

The three groups mentioned above (STEMI, acute 
ischemic stroke and femoral fracture groups’) constitute for 
non-Covid-19 patient as Covid-19 patients were excluded 
from the study. If a patient in the biological ED required 
emergency treatment that could not be administered in 
that section, such as surgery, catheterization, computed 
tomography scan, they were transferred, via a specific route 
cleared in the hospital, to the designated area for suspected 
or confirmed Covid-19 patients. Medical staff treating these 
patients were required to wear the same PPE as the ED per-
sonnel [6].

Outcome

Our primary outcome divides into three individual "time 
windows" defined as Quality Indicator (QI) that are meas-
ured routinely in our hospital consisting of three different 
aspects (cardiovascular, neurological, orthopedic).

A. Door-to-balloon time in primary Percutaneous Coro-
nary Intervention (PCI) in Acute ST segment elevation 
myocardial infarction (STEMI) on electrocardiogram 
(ECG): all patients presenting to the ED with acute STEMI 
and undergoing urgent primary PCI with a time-to-PCI of 
90 min or less upon arrival to the ED.

Direct correlation exists between timed primary PCI 
and mortality and morbidity in patients presenting with 
acute STEMI in a time window of less than 90 min [9–11].

B. Acute femoral neck fracture- time to correction sur-
gery—all patients above 65 years of age, presenting in the 
ED with femoral neck fracture and undergoing correction 
surgery within 48 h of hospital arrival. Surgery for hip frac-
ture correction performed in less than 48 h upon hospital 
arrival is associated directly with a decrease in morbidity, 
complication, and post-operative mortality rate [12–14].

C. Recombinant tissue plasminogen activator (rtPA) 
Door-To-Needle time in acute cerebral ischemia- acute 
CVA- patients above 18  years of age presenting with 
acute cerebral ischemic stroke and receiving intravenous 
rtPA treatment in a time window of ≤ 4.5-h from symp-
tom onset. [16] Fibrinolysis (rtPA) treatment is a class A1 
recommendation by American heart association (AHA)/
American Stroke Association (ASA) since 2013. Clinical 
trials have shown the advantage of receiving parenteral 
rtPA in less than 4.5 h of symptoms onset [16], with a 
similar QI measured in several countries in Europe and in 
the US. [16–19].

These three QI were selected to evaluate routine clini-
cal practice. Quality indicators are defined as processes 
in which the evidence is strong enough that failure to per-
form such actions reduces the likelihood of optimal patient 
outcomes [7]. QI serves as a standard of care by which 
performance of individual hospitals are measured [8]. 
Quantifying adherence to quality indicators can serve as a 
direct measure of quality of care and provide a foundation 
for quality improvement.

The three QIs above represent urgent care of three pro-
visions- cardiovascular, orthopedic, and neurological. All 
processes are time-critical and require multidisciplinary 
care of medical and para-medical staff including emer-
gency department, imaging department, cardiological 
department, orthopedics, neurologists, intensive care units 
and the operating rooms coordination and availability.

The three QIs above represent urgent care of three pro-
visions- cardiovascular, orthopedic, and neurological. 
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These three measures are, therefore, suggested to provide 
a complete picture of the overall operation and activity in 
the hospital.

Our secondary outcome measure included a patient’s 
referral, length of stay, time of discharge, and mortality.

Statistical analysis

Statistical analyses were performed using SPSS version 
25.0. The data was presented as the mean ± standard devia-
tion. T test and Anova Test with Post Hoc analysis were used 
for comparison between groups. Intergroup comparisons and 
Categorical variables Comparison were made using T test, 
Fisher’s Exact Test Levin’s test, ANOVA with PostHoc, or 
X2 test.

Probability values of less than 0.05 were considered sta-
tistically significant.

Results

Three selected performance measures were conducted 
throughout the first wave of Covid-19 pandemic in our coun-
try From February 1, 2020 to April 30, 2020. We measured 
three separated groups: Door to primary PCI in STEMI, time 
to correction surgery in acute femoral neck fracture and time 
to rtPA in acute cerebral ischemic stroke.

The overall patients’ referrals in all three groups to the 
ED were lower compared to the same period in 2019. In 
the STEMI population, 60 patients vs. 68 patients, while 
119 patients vs. to 152 patients presented with femoral neck 
fractures and 18 patients vs. 30 patients presented with acute 
ischemic stroke in compared cohorts between 2020 and 
2019, respectively. ED Referrals’ were lower, most probable 
due to patient fear of treatments at medical facilities contain-
ing Covid-19 patients, as well as the lockdown creating tech-
nical issues including less mobilization around the country.

Table 1 summarizes data regarding 128 patients in the 
STEMI measures consisting of both periods- Covid-19 
group 2020 and the control group in 2019.

No statistical differences in age, gender, length of hos-
pital stay, or mortality rate were found between the groups 
(P > 0.05 T test and Fisher’s Exact Test, X2 test).

Primary outcome measured door to primary PCI in min-
utes was longer during the Covid-19 2020 period compared 
to the pre-Covid-19 2019 period, with 85.1 min vs. 45.8 min, 
respectively; however, this difference was not statistically 
significant (p = 0.070).

When comparing the "time windows" in the two com-
pared groups for each month separately, analysis of variance 
(ANOVA) was used, and showed no statistically significant 
differences between the periods.

Figure 1a primary outcome demonstrates as a population 
pyramid histogram by frequency of cases and "door-to-inter-
vention" by minutes in the two groups: in both the Covid-19 
group and the control, the time defined best for intervention 
is less than 90 min.

Table 2 summarizes the data regarding all 271 patients 
in the Covid-19 2020 group and its control group 2019. As 
mentioned above, the number of patients referred to hos-
pital with femoral neck fracture was significantly lower in 
the Covid19 group (p = 0.040). No statistical differences in 
age, gender or mortality rate were found between the groups 
(P > 0.05 T test and Fisher’s Exact Test, X2 test).

Interestingly, the mean length of hospital stay (days) was 
statistically shorter during the Covid-19 period (13.9 days 
vs. 19 days, respectively, p = 0.003). The decreased length 
of hospitalization stay can be explained by several aspects: 
many rehabilitation centers were temporarily closed thereby 
minimizing the stay in hospital waiting for transfer to these 
institutions. The few rehabilitation centers that were opened 
during the pandemic were forced to isolate their patients 
from all visitors, and neither the families nor the patients 
wanted to stay in such conditions, hence the mean length of 
hospital stay had shortened dramatically.

Table 1  Summarize data 
characteristics of 128 patients 
diagnosed with ST-elevation 
myocardial infarction require 
urgent primary coronary 
intervention and comparison 
between the two groups: 
COVID- 19 period to the 
control group from 2019

All data are presented in the form of mean (Standard deviation) unless otherwise specified

Covid19 Control P value

No. of cases (n) N = 60 N = 68 0.500
Age (mean ± SD) 63 ± 10.6 64 ± 12 0.732
Gender Female (%) 16 (30) 14 (16) 0.418

Male (%) 44 (70) 54 (84)
Length of stay (days) 5.83 ± 3.3 5.50 ± 5.3 0.676
Door to intervention (Minutes) 85 ± 214 46 ± 34.2 0.072
Mortality No mortality (n) 57 65 0.599

In hospital mortality (n) 3 3
Out hospital mortality (n) 0 0



2265Internal and Emergency Medicine (2021) 16:2261–2268 

1 3

Time to correction surgery (hours) was 30.96 h during 
the Covid-19 period compared to the control group with 
31.74 h. This difference was not statistically significant.

Figure 1b, c demonstrates a population pyramid histo-
gram frequency of "time to correction surgery-femoral neck" 
in hours and "length of hospital stay" by days in both control 
and Covid-19 groups, respectively.

Table 3 summarizes the data regarding all 48 patients 
from both groups and compares between the Covid-19 group 
and the control group in 2019 (Table 3).

There was a statistically significant difference in the mean 
age of patients presenting with acute ischemic stroke in the 
Covid-19 period (80 years) vs. the same period in the year 
before (72 years), (p = 0.015). No statistical differences in 

gender or length of hospital stay were found between the 
groups (P > 0.05 T test and Fisher’s Exact Test, X2 test).

Time to intervention (min) was longer during the Covid-
19 period compared with the control group with 3.05 h vs. 
2.76 h, respectively; however, this difference was not statisti-
cally significant (p = 0.409).

Interestingly, mortality rate presented an upward trend 
and was higher during the Covid-19 outbreak with 16.66% 
(3/18) all in-hospital mortality compared to 3.5% (1/29) in 
the control group out-of-hospital (after home discharge) 
(p = 0.055). It is plausibly explained by patients’ delay or 
hesitancy in receiving interventional treatment.

Figure 1d, e demonstrates a population pyramid by his-
togram frequency of "time to intervention" in hours and 

Fig. 1  Demonstrate a popu-
lation pyramid histograms 
concerning the three quality 
measures: acute ST-segment 
elevation myocardial infarction, 
acute femur fracture and acute 
cerebral ischemia, comparing 
both parallel periods: covid-19 
group and the control group. a 
Represent time to percutaneous 
coronary intervention in min-
utes by frequency cases compar-
ing both parallel periods. The 
dash line represents the goal 
established to reduce mortal-
ity and morbidity (a time-to-
PCI ≤ 90 min). b Represent the 
time to femoral surgery in hours 
by frequency cases compar-
ing both parallel periods. The 
dash line represents the goal 
established to reduce mortal-
ity and morbidity (a time-to-
surgery ≤ 48 h). c Demonstrate 
a population frequency and 
length of hospitalization in days 
after femoral repair. d Represent 
the time to tissue plasminogen 
activator (thrombolysis) in 
hours by frequency cases while 
comparing both parallel periods 
in acute cerebral ischemia. The 
dash line represents the goal 
established to reduce mortal-
ity and morbidity (a time-to-
tPa ≤ 4.5 h). e Demonstrate a 
population pyramid by histo-
gram frequency demonstrate 
length of hospitalization in days 
while comparing both paral-
lel periods in acute cerebral 
ischemia
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Fig. 1  (continued)

Table 2  Summarize the 
characteristics data regards 271 
diagnosed with femoral fracture 
and required surgery of both 
groups and comparison between 
the COVID- 19 periods of time 
to the control group in 2019. All 
data are presented in the form 
of mean (Standard deviation) 
unless otherwise specified

No. of cases (n) COVID-19 Control P value
N = 119 N = 152 0.040

Gender Female (%) 87 (73) 98 (64) 0.130
Male (%) 32 (27) 54 (36)

Age (mean) 83 ± 8 83 ± 8 0.895
Length of stay (days) 14 19 0.003
Time to surgery (hours) 30.96 ± 32 31.74 ± 30 0.092
Mortality No mortality 114 148 0.141

In hospital mortality 3 0
Out hospital mortality 2 4
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presenting length of hospital stay by days while comparing 
both periods covid-19 and the control, respectively. The dash 
line represents the goal established to reduce mortality and 
morbidity by a timed rtPA ≤ 4.5 h).

Discussion

To our knowledge, this is the only study regarding variable 
aspects of urgent routine care for non-Covid-19 patients dur-
ing the current Covid-19 pandemic. The variables were com-
pared to the parallel period in the previous year. We report 
a substantial decrease in patient referrals during the Covid-
19 period but similar results in aspects of performance and 
achievement of good quality care outcomes.

Our method of triage and medical staff reorganization 
as described in the methods section above enabled us to 
prevent the admission of positive Covid-19 patients into 
the main hospital, thereby protecting our patients and staff 
from increased risks of exposure. It allowed the continuity 
of high-quality care of non-Covid-19 patients and minimized 
potential harm for those in need of routine urgent care.

Although there was a decrease in ED referrals (owing 
to quarantine, patients fear, less outside activities and less 
accidents), the ED burden was higher, but the medical staff/
patient ratio and the quality of care remained unchanged.

As Covid-19 emerged in Israel in March 2020, all-cause 
mortality rapidly increased. Although we are still in an 
ongoing pandemic and mortality data is not accurate, the 
mortality rate observed during the pandemic was higher 
than those noted in the past 5 years [20]. The high mortal-
ity rate was attributed to the fact that people could not be 
treated appropriately in terms of immediate care as hospitals 
became overwhelmed [21]. We can see this trend in stroke 
patients referred to the hospital. In the Covid-19 group the 
patients were older, and mortality was higher.

Our findings suggest that the measures taken to provide 
a separation between Covid-19 vs. non-Covid-19 from their 
arrival at the emergency department regardless of the com-
plexity, enabled high quality medical outcomes.

In conclusion, with appropriate preparation, management, 
and proper investments, life-saving interventions and treat-
ments can be performed within the recommended times for 
non-Covid-19 patients in the face of the Covid-19 pandemic.
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