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Cardiovascular diseases continue to represent a group of 
devastating diseases, and proper treatment of cardiovas-
cular emergencies is one of the key factors required to 
reduce cardiovascular mortality.1 In acute cardiac care, 
the timely initiation of life-saving measures requires 
many organizational and logistic measures.2,3 One of 
such measures is represented by the development and 
implementation of a regional network dedicated for the 
treatment of major cardiovascular emergencies, a strat-
egy that proved to significantly reduce mortality rates 
on short and long term.4,5 This review aims to present 
the current applications of regional networks in three of 
the main cardiovascular emergencies: acute myocardial 
infarction, out-of-hospital cardiac arrest (OHCA), and 
acute stroke. 

STEMI networks

The implementation of dedicated networks for urgent re-
vascularization in patients with ST-elevation myocardial 
infarction (STEMI) have been proved to represent a life-

saving strategy and is currently the goal of many health-
care systems.6–10 

In patients with acute myocardial infarction, survival 
depends largely on the amount of viable myocardium re-
maining after the infarction.11–13 The recovery of myocar-
dial tissue is the main goal of therapy in emergency set-
tings and can be achieved by urgent revascularization.14–16 

In order to be effective, reperfusion of an occluded 
coronary artery should be achieved in the first 12 hours 
after the onset of chest pain.17 While many precious hours 
are lost by the patients who do not present in time to the 
specialized services, sustained organizational efforts have 
been made in order to shorten the time from presentation 
to revascularization.18–22 

One of the first regional STEMI networks has been ini-
tiated in the USA in Minnesota, including referral hospi-
tals located at a radius of 210 miles from the pPCI center. 
The geographic territory surrounding the pPCI center was 
divided in 2 zones according to their distance to the pPCI 
center, and the treatment strategy (pPCI or pharmaco-
invasive) was individualized according to each zone, in 
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relation to the transfer time. This complex model proved 
to increase the access of STEMI patients to coronary per-
meabilization and served as model for other STEMI net-
works.23 

In a study published 3 years ago, Benedek et al. proved 
that implementation of a regional network for STEMI 
treatment in a population of 1 million inhabitants was 
able to reduce STEMI-related mortality from 20.73% to 
6.35% within 5 years, in parallel to increasing the rate 
of primary percutaneous interventions from 10.8% to 
78.6%.24 At the same time, another study showed that a 
well-organized STEMI network can significantly reduce 
the network times (time from the presentation to STEMI 
protocol initiation and the door-to-balloon time) and is 
able to achieve better outcomes in terms of survival even 
in centers located at long distance from a pPCI center.25 
Interestingly, government-based implementation of in-
terventional treatment in STEMI was more successful in 
those territories with pre-existing such networks, where 
the network-based logistics were already in place and the 
STEMI-specific algorithms were already familiar to the 
physicians.26 

A similar network implemented in Spain demonstrated 
to reduce in-hospital mortality from 7.1% prior to network 
to 2.5% post network.27 Another Spanish study showed a 
significant reduction in STEMI-related in-hospital mor-
tality from 10.2% in 2003 to 6.8% in 2012 following de-
velopment and implementation of a regional network for 
STEMI treatment.28 

The Vienna STEMI network included the ambulance 
service and 6 pPCI centers providing 24/7 STEMI inter-
ventional treatment.29 Analysis of the data collected in 
the Vienna STEMI registry, using Vienna STEMI network, 
showed that in very well-structured STEMI networks, 
such as the one in Vienna, there are no significant differ-
ences in terms of mortality between patients treated “on-
hours” and those treated “off-hours”.29 

Significant efforts should be addressed to increase the 
adherence rates for these life-saving strategies in STEMI 
patients. In an Acute Coronary Syndromes Registry in Ja-
karta published last year, 46% of STEMI patients received 
no reperfusion and these regions from developing coun-
tries could significantly benefit from such networks.30 

However, one of the main shortcomings of a system-
based protocol initiation in a STEMI network is rep-
resented by the possible false STEMI alerts. Network 
activation at the first contact, by a non-specialist prac-
titioner, has been proved to reduce the delay times but 
with the cost of a large number of false STEMI alarms. 
In a study of Regueiro et al. on over 5,000 STEMI activa-

tions, the rate of false clinical positives was as high as 
11.6%.31 

An important issue in STEMI networks is related to the 
transfer of patients with high-risk STEMI. In an analy-
sis including 119,680 STEMI patients out of which 37,028 
were transferred between hospitals and 4,500 of them 
were high-risk, in-hospital mortality rates were not sig-
nificantly higher in patients accepting high-risk transfer 
STEMI patients, indicating that high-risk patients should 
be transferred as soon as possible to well-equipped and 
experienced centers.32 

As a significant proportion of STEMI patients (approxi-
mately 50%) present to hospitals without PCI facilities, 
adjunctive methods have been proposed in order to en-
sure a fast diagnosis and get the patient as soon as pos-
sible to the cath lab. One of these measures is represented 
by smartphone-based networking system, which seems 
to reduce the total ischemic time based on a more rapid 
communication and more rapid diagnosis.33 

Networks for out-of-
hospital cardiac arrest

In patients with OHCA, the implementation of regional 
models similar to those used in STEMI networks has been 
proposed in an attempt to decrease the OHCA-related 
mortality.34–36 

The neurological outcomes and the chance of survival 
could be considerably increased by implementing new 
therapeutic management options.37,38 A systematic ap-
proach of subjects that present OHCA, by applying thera-
peutic hypothermia if the patient is comatose, extra-cor-
poreal cardio-pulmonary resuscitation (ECPR) methods, 
emergency invasive coronary angiography, and advanced 
life support measures in pre-hospital setting, have been 
shown to significantly increase the neurological status 
and discharge rates for these patients. Hwang et al. aimed 
to identify the effect of such a systematic approach on 581 
adult patients with OHCA, and their results showed an in-
crease in the rate of discharge with an improved neuro-
logical status from 3.3% to 8.5% over a period of 5 years 
(from 2009 to 2013).39 

Data from a prospective registry of non-traumatic 
OHCA in adult subjects showed that the initiation of ECPR 
within a 16-minute time frame had the highest sensitivity 
and specificity for predicting survival (AUC = 0.87, 95% 
CI: 0.85–0.89). The study, which included 1,206 cases 
with a 27% overall survival rate, found that patients with 
shockable rhythms had a survival rate of 31% if CPR was 
initiated within the first 8 minutes and 10% if it was ini-
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tiated in the first 24 minutes. In case of non-shockable 
rhythms, the probability of survival was 5.2% and 1.6% if 
the subjects were resuscitated in the first 8 minutes and 
24 minutes respectively.40 

Spangerberg et al. aimed to identify the feasibility and 
outcomes of patients who underwent ECPR, and their re-
sults revealed a significant association between survival 
rates and initiation of bystander CPR (p = 0.03), as well 
as a significantly lower period of time until initiation of 
ECPR measures in these patients (p = 0.004).41 On the oth-
er hand, an increased duration from conventional resus-
citation measures to initiation of EPCR leads to impaired 
survival of OHCA patients.42 

The Canadian registry of non-traumatic OHCA aimed 
to integrate a methodology based on initiation of ECPR 
in an already existing high-performance system, which 
presented a significant impact on outcomes and discharge 
rates. From 68% of patients who survived the OHCA for 
admission, 42% were discharged alive.43 

Ha et al. analyzed the in-hospital mortality rates of 35 
patients with OHCA, in relation to ECMO initiation, the 
time from arrest to CPR, the presence of ischemic etiolo-
gy, and coronary revascularization. The study did not find 
any significant differences between subjects who had died 
and those who survived regarding the mean time from ar-
rest to CPR (survivors – 23.5 minutes vs. deceased – 20.0 
minutes, p = 0.41) or the time from CPR to ECMO (survi-
vors – 61.0 minutes vs. deceased – 50.0 minutes, p = 0.50). 
However, the number of patients who underwent coro-
nary revascularization was significantly higher in the sur-
vivor group compared to the non-survivor group (80.0% 
vs. 32.0% respectively, p = 0.02). The multivariate Cox re-
gression analysis found that witnessed arrest, bystander 
CPR, and a successful coronary revascularization were in-
dependent predictors for in-hospital survival rates.44 

A retrospective analysis on 195 patients with resusci-
tated OHCA who survived upon hospital admission in the 
Maastricht region of the Netherlands, after implementing 
ECPR methods, found significant differences between sur-
vivors and non-survivors regarding age (63 vs. 70 years, p 
= 0.01), chronic heart failure (7% vs. 18%, p = 0.02), shock-
able rhythms (99% vs. 67%, p <0.01), and return to sponta-
neous circulation (ROSC) in pre-hospital settings (99% vs. 
46%, p <0.01). Moreover, coronary revascularization was 
performed in 52% of cases in the survivor group and in only 
14% of cases in the deceased group (p <0.01). The overall 
survival rate during hospitalization was 46.2%, and no sta-
tistical significance was observed between the two groups 
in relation to gender, witnessed arrest, bystander CPR, or 
the use of automated external defibrillators (AED).45 

Another study on an Italian population that included 
1,128 OHCA patients showed that there was a significant 
improvement in the survival of these patients (from 5.6% 
to 13.01% from 2007 to 2011) after implementing a new 
bundle of care that included the use of AED, therapeutic 
hypothermia, and ECPR. The most significant factor asso-
ciated with higher survival was found to be bystander CPR 
and dispatch-assisted CPR in the studied cohort.46 

Comparable to STEMI network times, such as “door-
to-needle” and “door-to-balloon” times, which are uti-
lized in analyzing the efficiency and efficacy of a system-
based approach in the management of acute myocardial 
infarction, the cardiac arrest networks include the “door-
to-implantation” of ECMO time in the cath lab. Leick et 
al. studied the characteristics and outcomes of patients 
with OHCA who underwent ECMO during PCI and found 
that the “door-to-ECLS” time was significantly longer in 
non-survivors (42.5 minutes vs. 25.0 minutes, p <0.01), 
the duration of ECLS did not differ between survivors 
and deceased (survivors – 4.0 days, deceased – 6.5 days, 
p = 0.69), but a door-to-implantation time of less than 
30 minutes was an independent predictor for the 30-day 
outcome in patients with OHCA.47

Stroke networks

One of the most promising applications of medical net-
working is represented by the possibility to develop net-
works for the treatment of acute stroke.48–50 

Acute ischemic stroke is responsible for approximately 
85% of acute strokes, and in 30–40% of these cases (those 
caused by occlusion of a large vessel), a catheter-based 
intervention is possible.51 Similar to the experience en-
countered in STEMI treatment, a shorter time from the 
onset of stroke to intervention is associated with a sig-
nificant improvement in survival rates and amelioration 
of the neurologic deficit. In acute ischemic stroke, a timely 
reperfusion can lead to preservation of viable cerebral tis-
sue (Widimski EHJ), in a similar fashion with the well-
known functional recovery of viable myocardium after the 
timely opening of an occluded coronary vessel. However, 
in the case of stroke patients, the time interval from onset 
to reperfusion is set to a lower limit, reperfusion being in-
dicated within the first 3 hours after the onset of stroke.51 

Taking into consideration this significant limitation 
represented by a short time window in which reperfusion 
is indicated, dedicated telenetworks for emergency treat-
ment of acute ischemic stroke have been developed in re-
cent years, showing superior results in terms of reducing 
mortality and dependency.52–54 
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Strategies to minimize the 
critical times in stroke

Other strategies addressed to minimize the time to treat-
ment in ischemic stroke include bypassing the emergency 
room and direct transfer to the cath lab, dedicated ambu-
lances equipped with mobile CT or MRI in order to facili-
tate the initiation of thrombolysis already in the ambu-
lance, or the so-called “double alert system”, meaning a 
first alert transmitted to the cath lab whenever a potential 
stroke has been identified, followed by a second alert after 
the stroke has been confirmed by imaging.51 A long time 
from stroke onset to reperfusion, as the one of 5.5 h re-
corded in the MR CLEAN trial, was associated with a high 
mortality of 18.9%, while a time of 4.1 h in the EXTEND-
IA trial was associated with a significantly lower mortal-
ity, of 8.6%.55,56 Similarly, a time of 355 minutes in the 
REVASCAT trial was associated with a mortality of 18.4% 
at 90 days, while a time of 241 minutes led to a mortality 
of 10.4% in the ESCAPE trial, and a time of 248 minutes in 
the SWIFT PRIME trial associated a mortality of 9.2%.57–59 

Direct catheter-based reperfusion in 
stroke and cardiology-based networks

Direct catheter-based reperfusion without thrombolysis 
has been proposed as a valid therapy for ischemic stroke 
starting with 2001.60 At the beginning, this procedure was 
performed only by neuroradiologists and neurosurgeons; 
however, starting with 2008, it also became to be applied 
by interventional cardiologists skilled in emergency treat-
ment of STEMI patients.61 Interventional cardiology teams 
have already implemented 24/7 networks and logistics for 
the treatment of acute STEMI, and these facilities can be 
easily made available for the interventional treatment of 
ischemic stroke. Furthermore, interventional cardiology 
services have an interventional team available in the hos-
pital for treating STEMI anyway, which is usually not the 
case for neurologists or interventional radiologists.62–65 
At the same time, interventional cardiologists are very 
skilled in cardiovascular interventions, and usually they 
are well experienced with network-based treatment strat-
egies, after implementing and working in well-function-
ing STEMI networks which could be easily extrapolated to 
stroke networks.66,67 

The PRAGUE-16 trial aimed to assess the role of cathe-
ter-based thrombectomy in acute ischemic stroke and the 
feasibility of this method when performed by interven-
tional cardiology teams. This trial succeeded to demon-
strate that acute stroke interventions performed by teams 

formed by interventional cardiologists, neurologists, and 
radiologists are feasible and safe, and showed that the in-
volvement of a cardiology team in acute stroke interven-
tions could be indicated especially in hospitals where an 
emergency neurointerventional radiology service is not 
available.68 

Bridging thrombolysis represents the administration of 
intravenous thrombolysis as a bridge to the mechanical-
based reperfusion. The ESCAPE trial failed to demonstrate, 
in its subgroup analysis, any significant difference in the 
rate of recanalization in patients who received intrave-
nous bridging thrombolysis as compared to those who re-
ceived direct catheter-based thrombectomy without prior 
thrombolysis.59 Currently, thrombectomy represents a 
class IA indication for patients with acute ischemic stroke 
presenting in the first 6 hours after the onset of stroke.59 

The STRATIS registry, including 984 patients with 
stroke treated in 55 centers, showed that interhospital 
transfer is associated with worse outcomes and delay in 
treatment initiation in stroke patients. In the direct group, 
60.0% of patients achieved functional independence 
compared to 52.2% in the transfer group (p = 0.02), and 
a modified Rankin score of 0–1 was recorded in 47.4% of 
patients treated directly as compared to 38.0% in those 
transferred, however, without a significant difference in 
mortality.69,70 

Telestroke networks

Due to the lack of sufficient number of stroke specialists 
especially in centers located at a large distance to a stroke 
unit, many hospitals initiate thrombolysis based on a re-
mote consultation with specialists located in a hub, using 
telemedicine facilities. The networks developed around a 
central hub using telemedicine-based communication in 
order to facilitate rapid initiation of thrombolytic treat-
ment in stroke have been named stroke telenetworks.71–74 

Stroke telenetworks have been shown to significantly 
reduce the time intervals from stroke onset to successful 
reperfusion and could represent a promising solution for 
reducing the critical times from stroke to reperfusion.75 A 
study published recently on 542 stroke patients treated in 
a telestroke network in East Saxony showed the superior-
ity of a telenetwork approach for intravenous thromboly-
sis, especially in young patients. Time was proved to rep-
resent a critical issue for favorable outcomes, especially in 
elderly stroke patients.76 

In another study on a large telestroke cohort in the 
Delaware valley, the differences between patients trans-
ferred and non-transferred to a primary stroke care center 
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have been evaluated. The network consisted in a central 
hub and 29 spoke hospitals dealing with acute stroke pa-
tients. The results of this study indicate a linear decline in 
the rate of transfers to a primary care stroke center over 3 
years, with only 12% of patients being transferred.77 An-
other study published two years ago also demonstrated 
that telemedicine can improve the results of stroke treat-
ment in a hospital network in expansion.78 

In a recent meta-analysis including 7 studies on 1,863 
patients, Kepplinger et al. demonstrated that whenever 
accomplished in the first 3 hours after the onset of stroke, 
intravenous thrombolysis using the guidance of a stroke 
telenetwork is safe and effective. In this meta-analysis, no 
significant differences in mortality or functional indepen-
dence at 3 months were recorded between the telemed-
icine-guided group and the group treated in the stroke 
center, showing that stroke telenetworks could represent 
a viable tool for the treatment of ischemic stroke, espe-
cially in cases located at a long distance to the stroke cen-
ter.79 

The strategy consisting in the initiation of thrombo-
lytic treatment in a spoke hospital under the guidance 
provided by a specialist located in a central hospital us-
ing telemedicine facilities, followed by the transfer of 
patient to the central hospital, has been named the “drip 
and ship” strategy and proved to provide outcomes com-
parable to those obtained using treatment directly in the 
central hospital.80 In addition, a study by Heffner et al. 
analyzed the difference in terms of outcomes between the 
patients sent to the central hub and those remaining in the 
spoke hospitals after thrombolysis (the “drip and ship” 
versus “drip and stay” strategy). They found that despite 
having less severe stroke and a lower incidence of major 
vessel occlusion, patients in the drip-and-stay strategy 
arm presented a significantly increased risk of adjusted 
in-hospital mortality (OR 13.2, 95% CI 3.5–50.2) and de-
creased long-term survival rates as compared to patients 
transferred to the hub hospital (p <0.0001).81 

In a retrospective study that investigated the effec-
tiveness of the stroke pathways and trends over time in 
a stroke telenetwork in the Veneto region, Nardatto et al. 
demonstrated that the implementation of such a hub-
and-spoke-based telenetwork increases the proportion of 
admissions in a stroke unit and is directly related with a 
lower mortality and an increased percentage of patients 
who received timely reperfusion. At the same time, this 
study indicates that the implementation of several cen-
ters of excellence highly specialized in stroke treatment 
can represent an effective strategy for reducing stroke-
related mortality.82 The same conclusion has been reached 

by Chalouhi et al., who showed that implementing a 
telestroke system facility based on telemedicine consulta-
tions delivered through remote-presence robotic technol-
ogy leads to a significant increase in the rate of intrave-
nous thrombolysis, 82% of the hospitals included in the 
network reporting an increase in the thrombolytic use 
during the study period.83 

In a very recent publication, Klinger et al. addressed 
the issue of the decision to transfer the patient within a 
telestroke network and showed that patient age and the 
location of the occlusion in one major vessel were the key 
determinants for the decision to transfer the patient. In-
terestingly, the time from the symptoms onset to the mo-
ment of decision did not play a significant role in the deci-
sion process in this study.84 

In a study on 164 telestroke patients thrombolyzed us-
ing telemedicine facilities, Ranta et al. demonstrated that 
the implementation of a telestroke network is associated 
with a significant increase in the rate of timely initiation 
of intravenous thrombolysis and a significant reduction in 
door-to-needle time, represented by the time from pa-
tient presentation to the moment of thrombolysis initia-
tion. Interestingly, this study also showed a significant 
benefit resulting from the more rapid virtual interaction 
between the patient and the doctor in the hub hospitals in 
the out-of-hours period.85 

All these data underline the role of modern networking, 
including telemedicine-based networking, for decreasing 
critical time delays and improving outcomes in treatment 
of acute stroke. 

Conclusion

Modern networks dedicated to acute cardiac care proved 
to be life-saving in both acute myocardial infarction and 
acute stroke. The extension of such networks in complex 
regional logistic models dedicated to improve the survival 
after out-of-hospital cardiac arrest is recommendable 
and achievable.
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