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Bottlenecks in the Acute Stroke Care System during 
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Abstract
Introduction: The COVID-19 pandemic resulted in significant 
healthcare reorganizations, potentially striking standard 
medical care. We investigated the impact of the COVID-19 
pandemic on acute stroke care quality and clinical outcomes 
to detect healthcare system’s bottlenecks from a territorial 
point of view. Methods: Crossed-data analysis between a 
prospective nation-based mandatory registry of acute stroke, 
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Emergency Medical System (EMS) records, and daily inci-
dence of COVID-19 in Catalonia (Spain). We included all 
stroke code activations during the pandemic (March 15–May 
2, 2020) and an immediate prepandemic period (January 26–
March 14, 2020). Primary outcomes were stroke code activa-
tions and reperfusion therapies in both periods. Secondary 
outcomes included clinical characteristics, workflow metrics, 
differences across types of stroke centers, correlation analysis 
between weekly EMS alerts, COVID-19 cases, and workflow 
metrics, and impact on mortality and clinical outcome at 90 
days. Results: Stroke code activations decreased by 22% and 
reperfusion therapies dropped by 29% during the pandemic 
period, with no differences in age, stroke severity, or large 
vessel occlusion. Calls to EMS were handled 42 min later, and 
time from onset to hospital arrival increased by 53 min, with 
significant correlations between weekly COVID-19 cases and 
more EMS calls (rho = 0.81), less stroke code activations (rho 
= −0.37), and longer prehospital delays (rho = 0.25). Telestroke 
centers were afflicted with higher reductions in stroke code 
activations, reperfusion treatments, referrals to endovascular 
centers, and increased delays to thrombolytics. The indepen-
dent odds of death increased (OR 1.6 [1.05–2.4], p 0.03) and 
good functional outcome decreased (mRS ≤2 at 90 days: OR 
0.6 [0.4–0.9], p 0.015) during the pandemic period. Conclu-
sion: During the COVID-19 pandemic, Catalonia’s stroke sys-
tem’s weakest points were the delay to EMS alert and a de-
cline of stroke code activations, reperfusion treatments, and 
interhospital transfers, mostly at local centers. Patients suf-
fering an acute stroke during the pandemic period had high-
er odds of poor functional outcome and death. The complete 
stroke care system’s analysis is crucial to allocate resources 
appropriately. © 2021 S. Karger AG, Basel

Introduction

In December 2019, the novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), the causative 
agent of coronavirus disease 2019 (COVID-19), was first 
identified in Wuhan, China [1]. High transmissibility 
rates led to a quick worldwide spread, and the World 
Health Organization declared a pandemic outbreak on 
March 11, 2020. Spain was one of the countries more 
heavily stricken by SARS-CoV-2 at the beginning of the 
pandemic and adopted unprecedented measures such as 
large-scale social isolation, closing borders, and nation-
wide lockdown.

The COVID-19 pandemic resulted in a significant re-
organization of emergency care facilities to accommodate 

the additional workload [2, 3]. Worldwide, the restruc-
turing of health staff and hospital resources towards the 
COVID-19 emergency is inevitably leading to severe im-
pairment of standard medical care [4], particularly for 
time-dependent diseases [5, 6]. Several groups in Europe 
[7–12], Asia [13], Latin America [14], and the USA [15, 
16] reported marked and unexplained decreases in 
stroke’s volume of patients and reperfusion therapies. 
The American Heart Association/American Stroke As-
sociation (AHA/ASA) provided temporary emergency 
guidance for stroke centers during the current crisis [17].

Acute stroke care continues to be crucial at emergency 
facilities, even amid a pandemic or crisis, and highly or-
ganized healthcare systems are vital to provide life-saving 
procedures in the briefest time from stroke onset [18, 19]. 
We aimed to detect stroke care system bottlenecks during 
COVID-19 pandemic. For this, we performed a detailed 
analysis of crossed data between nation-based registries 
of COVID-19 pandemic and stroke care in Catalonia, a 
region especially afflicted with around 25% of the total 
number of cases and deaths in Spain.

Materials and Methods

Individual deidentified patient data not provided in the article 
are available in a trusted data repository at other investigators’ re-
quests to replicate procedures and results.

Data Collection
In Catalonia (total population of 7.5 million inhabitants), 

acute stroke care is provided through a network of 28 acute hos-
pitals, including 6 comprehensive stroke centers (CSCs), 8 pri-
mary stroke centers (PSCs), and 14 telestroke centers (TSCs) [20, 
21]. TSCs are IVT-ready centers through telemedicine connection 
to an on-call neurologist, PSCs are IVT-ready centers with neu-
rologists on-site and equipped Stroke Unit, and CSCs are MT-
capable centers. No significant changes in stroke pathways or IVT 
and MT eligibility criteria were made during the COVID-19 out-
break. The Stroke Code protocol was implemented in Catalonia 
in 2006, and activation criteria are nondisabled or with minor dis-
ability patients with suspicion of acute stroke of <8 h from onset 
or unknown time of onset. The Emergency Medical System 
(EMS), with single centralized coordination, is the Stroke Code’s 
primary activator. All stroke code activations in Catalonia are pro-
spectively recorded and stored in CICAT (Codi Ictus Catalunya), 
a government-mandated, population-based registry. Mortality 
and clinical outcome (Rankin scale) at 90 days during both study 
periods were centrally assessed by a blinded evaluator of the Cat-
alan Stroke Program. Per protocol, only patients receiving reper-
fusion therapies (IVT and/or MT) and stroke code patients scor-
ing RACE ≥4 at EMS assistance are evaluated at 90 days. The Cat-
alan Health Department provided daily new confirmed COVID-19 
cases per geographical region. The EMS provided prospectively 
collected data on the number of total daily calls per geographical 
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region and stroke care prehospital workflow times during the 
study period.

Study Design
We compared prospective data collected from 2 periods of 7 

weeks: the pandemic period, corresponding to the period after 
lockdown implementation on March 15, 2020, through May 2, 
2020, when the national de-escalation plan started (7 weeks), and 
the comparable prior time, called the prepandemic control period 
(January 26, 2020, to March 14, 2020). Baseline characteristics, 

stroke care workflow times, clinical and radiological features, and 
reperfusion treatments were compared. Prehospital workflow 
times included the stroke onset to EMS alert, defined by the mo-
ment when the need of the resource was recorded; the EMS alert 
to EMS assistance, defined by the moment when the EMS arrived 
at the scene; and the time from stroke onset to hospital arrival. The 
number of EMS alerts and new COVID-19 confirmed cases was 
extracted for crossed-data correlation analysis. Data were totaled 
per week and geographical health areas. Poor clinical outcome at 
90 days was defined as mRS ≥ 2.
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Fig. 1. Temporal trends in EMS calls, COVID-19 cases, and stroke-
related activity. a Course of COVID-19 cases, EMS alerts, and the 
number of stroke code activations and reperfusion treatments. 
Note the sharp increase of EMS alerts and COVID-19 cases around 
the lockdown implementation date and the subsequent decrease in 
the number of stroke code activations and reperfusion treatments. 

b Course of COVID-19 cases, EMS alerts, and stroke care delays. 
The time from stroke onset to hospital door increased during the 
pandemic, whereas the time to rtPA initiation did not. EMS, Emer-
gency Medical System; rtPA, recombinant tissue plasminogen ac-
tivator.
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Outcomes
The primary objectives were to compare differences in the 

number of stroke codes and reperfusion therapies administered 
between study periods. Secondary outcomes included differences 
in clinical characteristics, stroke care workflow metrics, correla-
tion analysis to evaluate the impact of EMS collapse on stroke code 
activation and prehospital stroke metrics and the impact of CO-
VID-19 infection rate on stroke code activation and in-hospital 
stroke care workflow. We assessed whether the differences ob-
served globally were different across the types of stroke centers 
(CSCs, PSCs, and TSCs). We also evaluated the impact of differ-
ences between study periods on mortality and clinical outcome at 
90 days.

Statistical Analysis
Demographic, baseline, and clinical characteristics and stroke 

care metrics were described and compared between the pandemic 
and prepandemic cohorts. Continuous variables were shown as 
mean (SD) or median (interquartile intervals) and compared with 
the Student t test, Mann-Whitney, or Kruskal-Wallis tests as ap-
propriate. Categorical variables were presented as counts and per-
centages and were compared with the χ2 or Fisher exact tests. Sig-
nificance was considered when 2-sided p values were <0.05. The 
weekly number of stroke activations, reperfusion treatments, and 
median workflow time metrics during the study period was calcu-
lated for each Catalonia healthcare region. The influence of week-
ly regional incidence of COVID-19 cases and EMS alerts per 
100,000 habitants in main outcomes was tested with Spearman’s 
rho correlation. Statistical analyses were done with IBM SPSS ver-
sion 23.3 (Chicago, IL, USA) and Python 3.7.6 with the Pandas, 
Matplotlib, and Seaborn libraries.

Results

A total of 805 (17 per day) stroke code activations were 
reported in Catalonia during the pandemic period, com-
pared to 1,033 (21 per day) during the prepandemic con-
trol period, representing a decline of 22% of stroke code 

activations (shown in Fig.  1 and online suppl. Table 1;  
for all online suppl. material, see www.karger.com/
doi/10.1159/000516309). This decline was mainly de-
rived from a reduction in ischemic strokes (24% reduc-
tion) and stroke mimics (47% reduction). The number of 
reperfusion therapies also declined, 304 (6 per day) ad-
ministered during the prepandemic period compared to 
215 (4 per day) during the pandemic (29% reduction). No 
differences in age, stroke severity, or proportion of large 
vessel occlusion (LVO) were seen, while unwitnessed 
strokes increased by 9%. The source of stroke code activa-
tion changed during the pandemic period, with an in-
crease of stroke codes delivered by EMS without prenoti-
fication and a lower proportion of stroke code activations 
at emergency departments of patients arriving by their 
own means.

Prehospital workflow metrics were critically affected 
during the pandemic period (shown in Fig. 1; Table 1). 
Time from symptom onset to hospital arrival was in-
creased by 53 min (120 min for patients arriving by pri-
vate transport and 35 min for patients transferred by the 
EMS). There was a massive increase in the number of to-
tal calls to the EMS, and the time from stroke onset to the 
EMS alert increased by 42 min. This time encompasses 
the patient or witness’s alert and the handling of the call 
by the EMS. Once the EMS was alerted, the prehospital 
delays remained stable. Temporal trends in EMS calls, 
COVID cases, and stroke-related activity showed higher 
affliction in stroke code activation and delays of prehos-
pital stroke time metrics during the first 4 weeks while the 
number of COVID-19 was growing weekly (shown in 
Fig. 1).

When comparing regions and weeks with varying de-
grees of saturation due to COVID-19, there were signifi-

Table 1. Prehospital stroke workflow times in minutes

Control period Pandemic Difference p value

All stroke code patients
Onset to hospital arrival, min 118 [63–284] 171 [78–540] +53 <0.001

Patients arriving at the ED by private transport
Onset to hospital arrival, min 118 [62–285] 238 [119–583] +120 <0.001

Patients transferred by EMS
Onset to EMS alert, min 47 [15–170] 89 [20–329] +42 0.003
Onset to EMS assistance, min 56 [23–177] 101 [29–338] +45 0.004
EMS alert to EMS assistance, min 8 [5–12] 8 [5–11] 0 0.791
Onset to hospital arrival, min 115 [61–248] 150 [76–504] +35 <0.001

Data are presented as median [interquartile range]. ED, emergency department; EMS, emergency medical 
system.
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cant correlations of increasing weekly numbers of CO-
VID-19 cases and more EMS calls (rho = 0.81, p < 0.001), 
less stroke code activations (rho = −0.37, p < 0.001), and 
longer prehospital delays (rho = 0.25, p = 0.011). In con-
trast, the number of COVID-19 cases in each region was 
unrelated to in-hospital delays to systemic thrombolysis 
or endovascular thrombectomy (Fig. 2).

Stroke code activations and reperfusion therapies 
dropped across all types of centers (Table 2). TSCs were 
afflicted with higher falls in stroke code activations, 
thrombolytic treatments, and referrals to MT-capable 
CSCs. In-hospital workflow assessed by the door to nee-
dle and door to groin times remained mostly stable at all 
CSCs and PSCs but were especially affected in TSCs with 
a 17-min delay in the door to needle time.

Mortality and clinical outcome at 90 days was assessed 
in 334 patients of the control period (32.3%) and 362 pa-
tients of the pandemic period (45%). Clinical character-
istics of 90-day assessed patients are shown in online sup-
pl. material (Table 2). After adjustment by clinical covari-
ates associated with clinical outcome such as age, baseline 
NIHSS and mRS, time from onset to arrival, and LVO, 
suffering a stroke during the pandemic period remained 
as an independent predictor of mortality (OR 1.6 [1.05–
2.4], p 0.03) and worse functional outcome (mRS ≤2 at 90 
days: OR 0.6 [0.4–0.9], p 0.015).

Discussion

This crossed-data nation-based cohort analysis al-
lowed us to identify causative dysfunctions in acute stroke 
management during the COVID-19 pandemic at Catalo-
nia. The collapse of the prehospital EMS and a decline in 
stroke-related activity, especially in TSCs, appear as the 
main bottlenecks for decreased stroke code activations, 
reperfusion treatments, and interhospital transfers in 
Catalonia. Deficiencies during the pandemic period led 
to higher mortality rates and worse functional outcomes.

Previous studies reporting substantial falls in the num-
ber of acute stroke patients [8–10, 12, 15], number of 
emergency reperfusion therapies [7, 22], and delay in 
stroke care times [13, 23] during the COVID-19 pandem-
ic provided few insights on why this phenomenon was 
happening and which points of the stroke care continu-
um should be reinforced to assure healthcare quality and 
equality to all stroke patients during the pandemic crisis. 
Most reports were focused on the results of the patients 
treated in one hospital or small groups of hospitals, most 
of them being CSCs [11]. Stroke incidence and reperfu-

sion treatment rates at a population level are more mean-
ingful and genuine quality indicators of the healthcare 
system’s performance.

We report a 22% reduction in stroke code activations. 
Previous reports attributed this fall to a significant de-
crease in TIAs and minor strokes [14], while we observed 
no changes in TIA incidence or stroke severity, and the 
proportion of LVO strokes during the 2 periods was sim-
ilar. Unwitnessed strokes increased by 9%, probably sec-
ondary to home isolation due to lockdown policies. Pa-
tients reduced mobility by private transport and arrived 
2 h later to hospitals than usual. We observed an increase 
of stroke codes delivered by EMS with no prenotification 
and a significant delay (+42 min) in the time from symp-
tom onset to EMS alert, which reverberated in all ulterior 
stroke metrics. Patients not coming to the hospital or 
seeking late aid might not have been the main limiting 
factors as previous reports highlighted [6, 16], since we 
did not detect changes in stroke characteristics, and the 
collapse of the EMS call center was directly related to en-
larged prehospital delays (Fig. 2). We observed positive 
correlations between the number of COVID-19 cases and 
the number of total EMS alerts and delays to first EMS 
assistance and arrival at the hospitals. These observations 
suggest that, rather than not seeking medical help, often 
patients or people who witnessed the stroke could not ef-
fectively contact the EMS call center during the first weeks 
of the pandemic. It is worth highlighting that once the 
EMS received the alert, the time of EMS assistance re-
mained stable, suggesting that the most conflictive point 
was the difficulty to contact the EMS system more than 
the availability of mobile units. Although stroke educa-
tion and divulgation should always be present, especially 
during times when going to a hospital might be perceived 
as a threat, we encourage to focus resources on emphasiz-
ing EMS facilities to assure first stroke assistance to be as 
fast and efficient as always.

Getting the patient to the right hospital becomes even 
more critical in the days of the COVID-19 crisis. Al-
though there are still insufficient data on the preferable 
transport circuit for stroke patients [21], we probably 
should consider adjusting transport pathways depending 
on hospital saturation. Amid a pandemic where mobility 
is restricted, telemedicine might be a powerful tool to en-
sure healthcare in remote areas. The AHA/ASA tempo-
rary emergency guidance [17] for stroke centers during 
the COVID-19 crisis encouraged to step down admis-
sions in non-ICU units for stable stroke patients and to 
use stroke telemedicine. Catalonia has an extensive and 
well-established telestroke system across the territory 
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[20]. Unfortunately, TSCs appeared to be the most vul-
nerable part of the stroke care system, reducing one-third 
of stroke code activations and >50% of thrombolytic 
treatments and referrals to CSCs, resulting in a decline of 
endovascular treatment opportunities. Emergent stroke 
care in TSCs is provided by emergency physicians guided 
through telemedicine by an on-call neurologist, whilst 
PSCs and CSCs had on-site neurologists. Although on-

call telestroke neurologists were fully available during 
COVID-19 outbreak, emergency physicians had all re-
sources and attention focused on the pandemic which 
failed in detecting stroke codes and resulted in less reper-
fusion therapies and interhospital referrals. We also de-
tected a decline of reperfusion therapies in PSCs, but CSC 
referrals were less affected in this case. At CSCs, a propor-
tioned decline in reperfusion treatments according to the 

Fig. 2. Relationship between the frequency of COVID-19 cases and 
several aspects of stroke care compared to the prepandemic period. 
Joint plots showing the univariate distributions and the relation-
ships, with Spearman’s rho correlations, between weekly cases of 
COVID-19 and several aspects of stroke care at the main sanitary 
regions in Catalonia. The figures show points representing weekly 
ratios in each region relative to median values during the prepan-
demic period, with the linear regression fit line and bootstrap con-

fidence intervals for the regression estimate. Note the strong cor-
relation of COVID-19 cases with EMS alerts, the moderate nega-
tive correlation with the stroke code activations, and the slight 
correlation with times from onset to hospital door. In contrast, the 
number of COVID-19 cases and intrahospital delays to reperfu-
sion treatments was uncorrelated. EMS, emergency medical ser-
vices.

Table 2. Reperfusion therapies and in-hospital workflow times

Control period Pandemic Difference p value

All centers N = 1,033 N = 805 −22%
Reperfusion treatment, n 304 215 −29% 0.580

IVT 167 113 −32%
IVT + MT 43 33 −23%
MT alone 94 69 −27%

Door to needle (IVT), min 35 [25–51] 34 [26–50] −1 min 0.847
Onset to needle (IVT), min 118 [85–180] 138 [91–210] +20 min 0.024
Door to groin (MT), min 80 [54–150] 93 [60–130] +13 min 0.461
Onset to groin (MT), min 213 [130–409] 267 [162–663] +54 min 0.007

TSCs N = 110 N = 70 −36%
IVT, n 22 10 −55% 0.328
Door to needle (IVT), min 42 [32–58] 59 [39–74] +17 min 0.109
Referred to MT center, n 38 18 −53% 0.212

PSCs N = 303 N = 213 −29%
IVT, n 72 42 −42% 0.276
Door to needle (IVT), min 34 [24–54] 33 [25–49] −1 min 0.714
Referred to MT center, n 40 29 −28% 0.892

CSCs N = 620 N = 522 −16%
Reperfusion treatment, n 193 150 −22% 0.755

IVT 81 63 −23%
IVT + MT 35 31 −6%
MT alone 77 56 −27%

Door to needle (IVT), min 34 [24–50] 33 [26–49] −1 min 0.876
Door to groin (MT), min 70 [48–96] 82 [56–115] +12 min 0.056

Data are presented as n for categorical variables and as median [interquartile range] for continuous variables. TSCs are IVT-ready 
centers through telemedicine connection to an on-call neurologist, PSCs are IVT-ready centers with the neurologist on-site and Stroke 
Unit equipped. CSCs are MT-capable centers. IVT, intravenous thrombolysis; MT, mechanical thrombectomy; min, minutes; CSCs, 
comprehensive stroke centers; PSCs, primary stroke centers; TSCs, telestroke centers.
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reduction of stroke codes was observed. We also observed 
longer in-hospital delay until IVT initiation in TSCs, but 
not in PSCs and CSCs. During a pandemic crisis, stroke 
circuits should balance best stroke care and restricted 
mobility to avoid disease spread. Considering our obser-
vations, TSCs or PSCs severely restructured with stroke 
care affliction should be reinforced to ensure stroke treat-
ment opportunities throughout the territory, or if not 
possible, we should consider bypassing TSCs to the clos-
est higher-level stroke center (PSCs or CSCs) to provide 
equal stroke care even amid a pandemic.

Working fast but safely should be a significant corner-
stone of the stroke care system [24]. All stroke care work-
ers should wear preventive personal protective equip-
ment, and COVID-19 testing should be performed to all 
stroke patients [17, 25]. The concern of contact with pos-
sible COVID-19-positive patients may result in delayed 
in-hospital workflows as already reported [13, 23]. We 
observed an additional delay of 20 min from symptom 
onset to intravenous thrombolysis administration and 54 
min from symptom onset to groin puncture in patients 
undergoing endovascular treatment. This delay was 
mainly driven by a significant increase in prehospital 
workflow times since no significant delays of in-hospital 
metrics were observed.

Higher mortality rates and worse functional outcome 
are reported during the pandemic period. Larger work-
flow times and lower reperfusion therapies rates might 
be clue but not essential as suffering a stroke in the pan-
demic period remained as an independent predictor of 
poor outcome when adjusted by covariates. Pandemic 
deficiencies and changes afflict stroke care entirely. Con-
stant and dynamic analysis of the holistic system care 
becomes imperative in health crisis to assure stroke care 
quality.

Regarding the study’s limitations, the massive work-
load during the pandemic might have hampered the case 
notification and correct information collection in the reg-
istry. Nonetheless, the CICAT registry is a prospective 
government-mandatory registry that has been closely 
monitored during the pandemic to minimize this poten-
tial bias. The analysis is based on data from a regional 
stroke healthcare system. Organization and resource dis-
tribution might differ from other stroke healthcare sys-
tems, so our results should be carefully extrapolated to 
other regions. Details on the reasons for the initial delay 
at first telephone contact are missing and would have 
been optimal. Mortality and clinical outcome are not as-
sessed in all patients, which would have been of great in-
terest. However, the assessment was equally defined per 

protocol in both study periods. In turn, our study’s main 
strengths are prospective data of the population-based 
registry that reflect all healthcare levels in a whole terri-
tory and the analysis of crossed data of stroke, EMS col-
lapse, and COVID-19 infection rate.

Conclusions

The COVID-19 outbreak pushed stroke care systems 
to the limit. Territorial analysis of the complete stroke 
care system is crucial for researchers and healthcare poli-
cymakers to allocate resources appropriately and recog-
nize weak infrastructural points in local healthcare sys-
tems. Such analysis showed that Catalonia’s most vulner-
able points were the collapse of the prehospital EMS and 
a decline in stroke code activations, reperfusion treat-
ments, and interhospital transfers, which was higher at 
TSCs. The pandemic deficiencies resulted in higher mor-
tality and worse clinical outcomes.
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