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After ISCHEMIA: Is cardiac MRI
a reliable gatekeeper for invasive
angiography and myocardial
revascularization?

Background

The International Study of Compara-
tive Health Effectiveness with Medical
and Invasive Approaches (ISCHEMIA)
trial [1] reports on the outcomes of
5179 patients with moderate-to-severe
ischemia on imaging or exercise ECG
and with confirmed coronary stenosis of
>50% and no left main coronary artery
disease on computed tomography an-
giography (CTA), after a median follow-
up of 3.2 years. Patients were random-
ized to either an initial conservative
strategy of medical therapy with angiog-
raphy reserved for failure of medical
therapy, or an initial invasive strategy of
medical therapy, coronary angiography,
and revascularization of all ischemic
territories.

In short, the primary composite out-
come of cardiovascular death, myocar-
dial infarction, cardiac hospitalization
for eitherunstable anginaor heart failure,
and resuscitated sudden death was not
significantly different and relatively low
in both study arms with an event rate
of 18.2% in the initial conservative arm
versus 16.4% in the initial invasive arm
at 5 years (p= 0.34). The initial invasive
strategy did not lead to a reduction of
events versus the initial conservative
strategy. However, high-risk patients
(New York Heart Association [NYHA]
Class III-IVHF, unacceptable angina de-

spite medical therapy, ejection fraction
[EF]< 35%, acute coronary syndrome
[ACS] within 2 months, percutaneous
coronary intervention [PCI] or coro-
nary artery bypass grafting [CABG]
within 1 year) were excluded from the
ISCHEMIA trial. Approximately half
of the patients assigned to the initial
invasive strategy were free of angina at
1 year versus approximately 20% in the
conservative strategy [2]. Thus, revas-
cularization does not improve prognosis
in patients with moderate-to-severe is-
chemia but it improves symptoms in
a large proportion of patients.

How do these results affect cardiac
magnetic resonance imaging (CMR) as
agatekeeper for invasiveangiographyand
coronary revascularization?

We will discuss several aspects:
1. What is the role of CMR pre-IS-

CHEMIA?
2. How does this differ from the guide-

lines?
3. How is this role affected by the

ISCHEMIA results?
4. Anatomy or function?

ISCHEMIA findings and the role
of CMR

What is the role of CMR pre-
ISCHEMIA as a gatekeeper for
invasive angiography?

Perfusion CMR is a well-validated gate-
keeper for invasive angiography with
strengths across the whole spectrum
of pre-test likelihoods. In the MR-
INFORM trial [3] it was shown that
the subsequent management of patients
with intermediate-to-high pretest like-
lihoods can be decided safely based
on perfusion CMR and that this test
is non-inferior to invasive angiography
supported by fractional flow reserve
(FFR). In this clinical effectiveness trial,
918 patients with typical angina despite
medical management and two or more
risk factors for coronary artery disease
were randomized into an initial invasive
arm with revascularization of stenoses
>90% or positive FFR (<0.8) or an MR-
INFORMED arm, with an initial perfu-
sion CMR study and referral to invasive
angiography and revascularization only
if at least two adjacent segments or
one transmural segment was ischemic.
There was no difference between the two
arms, neither for the composite event
outcome (death, myocardial infarction,
target vessel revascularization), nor for
the presence and severity of angina after
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Fig. 18 Case example of a 52-year-oldmale human immunodeficiency virus-positive patientwith
dyspnea on exertion andnohistory of cardiovascular disease.Acquired immunodeficiency syndrome
was clinicallymanifested in 1999due to cytomegalovirus retinitis; however, the infection is currently
well controlledwith a viral loadbelow the detection limit andnormal CD4 cell counts under antiretro-
viral therapy. Cardiacmagnetic resonance imagingwith vasodilator stress revealed subendocardial
circular hypoperfusion (arrowheads) of themyocardium, defined as a pattern ofmicrovascular dis-
ease. The patient also haddiffusemyocardial fibrosiswith native T1 values ≥2 SD above themean of
thesequence-andscanner-specificnormal ranges. Furtherabnormalitieswerenotpresent. Additional
coronary computed tomography angiography excluded the presence of any coronary plaque, steno-
sis, or congenital anomaly. Anti-remodeling drugswere recommended subsequently, whereas sole
anatomical testing of the coronary arterieswould not have resulted in further consequences

a follow up of 1 year. Only 47% of pa-
tients in the MR-INFORMED arm had
invasive angiography and only 36% were
revascularized versus 45% of revascular-
izations in the invasive arm (p< 0.005).
Importantly, only 4.1% of patients in the
noninvasive arm had an out-of-protocol
angiography (vs. 2.6% of the invasive
arm, p= ns), demonstrating that deci-
sions based on perfusion CMR guided
patients well over the subsequent year.

These results demonstrate that pa-
tientswith stable chest pain andhighpre-
test likelihood for coronary arterydisease
can be safely guided by perfusion CMR,
significantly reducing the numbers of
invasive angiography. These data expand
on previous studies demonstrating an
excellent diagnostic accuracy of perfu-
sion CMR versus invasive angiography
[4] and even more so versus FFR [5, 6],
which has been shown to be more accu-
rate than other noninvasive modalities
except positron emission tomography
(PET; [7]) in several studies with direct

comparisons [8, 9] as well as in meta-
analyses [10]. Perfusion CMR has also
been shown to provide strong prognostic
information. The ability to prognosti-
cate has recently been expanded by not
only taking the presence of ischemia
into account but using the extent and
the presence of myocardial necrosis as
an additional marker [11]. As known
from single-photon emission computed
tomography (SPECT) studies, a higher
ischemic burden is related to a higher
event rate [12]. For the ISCHEMIA trial
a perfusionCMRcut-offof 12% ischemic
myocardium during vasodilator stress
was used to define “moderate to severe.”
This cut-off was based on a retrospective
analysis trying to define cut-off values
for different imaging modalities yielding
a similar event rate [13]. Most likely,
the relevant ischemic threshold is higher
than expected so far. Interestingly, in
the MR-INFORM trial all patients with
cardiovascular death had either a large
ischemic burden (>50%ofmyocardium),

triple-vessel disease on invasive angiog-
raphy or delayed index angiography, and
died before revascularization [3].

How does this differ from the
guidelines?

Current European Society of Cardiology
(ESC) guidelines suggest a functional test
for patientswith an intermediate-to-high
pretest likelihood [14]. Only in patients
with a high event risk is direct inva-
sive angiography advised. The guide-
lines do not recommend a specific func-
tional test, even though they acknowl-
edge the excellent combination of pos-
itive and negative predictive values of
perfusion CMR. Given the above data,
we advocate that perfusion CMRbe con-
sidered as the prime diagnostic modal-
ity forpatientswith intermediate-to-high
pretest likelihoods. We would also advo-
cate theuseofperfusionCMRforpatients
with a very high pretest likelihood for
coronary artery disease for two reasons.
First, according to current ESC guide-
lines on revascularization, any revascu-
larization should be based on the proof
of ischemia [15] and second, MR-IN-
FORM has shown safe clinical decision-
making with perfusion CMR also in this
specific patient group. Given the fact
that in 2018 in Germany only 43% of left
heart catheterizations resulted in a PCI,
the need to use an accurate gatekeeper
before diagnostic angiography remains
of immense importance [16].

What is the role of CMR pre-
ISCHEMIA in patients with low-to-
intermediate pretest likelihoods?

Currently, CMR is less well established
as a diagnostic modality in patients with
a lower pretest likelihood for coronary
artery disease despite some important
characteristics. In these patients, cur-
rent guidelines focus mainly on the ex-
clusion of coronary artery disease [14].
Given the excellent negative predictive
value of computed tomography angiog-
raphy (CTA) in the literature, CTA is
recommended as the prime technique
for these patients. For optimal patient
guidance, however, it is not only impor-
tant to exclude a specific disease as the
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Abstract
This review surveys the findings of the
International Study of Comparative Health
Effectiveness with Medical and Invasive
Approaches (ISCHEMIA) trial and puts them
into a clinical perspective regarding its effect
of the role of cardiac magnetic resonance
imaging (CMR) as a well-validatedgatekeeper
for invasive angiography and myocardial
revascularization. Noninvasive stress testing
of patients with intermediate-to-highpretest
likelihood for obstructive coronary artery
disease (CAD) using perfusion CMR provides
excellent diagnostic accuracy in detecting
ischemic myocardium, and additional
information from tissue characterization can
guide the management of patients with

stable angina toward a more individualized
therapy as other non-coronary underlying
causes of chest pain can be detected. Since
ISCHEMIA failed to show that an invasive
strategy using percutaneous coronary
intervention or coronary artery bypass
grafting was associated with an improved
prognosis compared with initial conservative
medical therapy among stable patients
with moderate-to-severe ischemia, CMR as
a multifaceted diagnostic imaging approach
to explain patients’ symptoms should be
preferred over anatomical and stress testing
alone. Nevertheless, the exclusion of left main
coronary artery stenosis either by coronary
CT or MR angiography may be required.

In conclusion, the results of the ISCHEMIA
trial are in good accordance with those of
the MR-INFORM trial recently published
in the New England Journal of Medicine, as
the noninvasive management of a large
proportion of patients with CAD was shown to
be noninferior to current invasive strategies.
Recent outcomedata from trialsmay therefore
have an impact on future guidelines to further
reduce the execution of unnecessary left heart
catheterizations.

Keywords
Coronary artery disease · Cardiac magnetic
resonance imaging · Invasive angiography ·
Ischemia · Stress testing

Nach ISCHEMIA: Ist die Kardio-MRT ein zuverlässiger Gatekeeper für die invasive Angiographie und
diemyokardiale Revaskularisation?

Zusammenfassung
Im vorliegenden Übersichtsartikel werden
die Ergebnisse der ISCHEMIA-Studie
(International Study of Comparative Health
Effectiveness with Medical and Invasive
Approaches) genauer betrachtet und die
daraus entstehenden Konsequenzen für
die Kardio-Magnetresonanztomographie
(MRT) als gut validiertem Gatekeeper für die
invasive Angiographie und die myokardiale
Revaskularisation aus klinischer Perspektive
diskutiert. Der nichtinvasive Stresstest unter
Verwendung der Perfusions-MRT bietet eine
ausgezeichnete diagnostische Genauigkeit
zum Nachweis von ischämischemMyokard
bei Patientenmit mittlerer bis hoher Vortest-
wahrscheinlichkeit für eine stenosierende
koronare Herzkrankheit (KHK). Zusätzliche
Informationen aus der Gewebecharakterisie-
rung können bei Patientenmit stabiler Angina

pectoris zu einer individualisierteren Therapie
führen, da weitere zugrunde liegende
Ursachen für Brustschmerzen erkannt werden
können. Da sich in der ISCHEMIA-Studie nicht
nachweisen ließ, dass eine invasive Strategie
mit perkutaner Koronarintervention oder
Bypassoperation der Koronararterien mit
einer verbesserten Prognose im Vergleich
zur konservativen medizinischen Therapie
bei stabilen Patienten mit mittelschwerer
bis schwerer Ischämie verbunden war,
sollte die Kardio-MRT als vielschichtiges
diagnostisches Bildgebungsverfahren
gegenüber den rein anatomischen und
Belastungsuntersuchungen bevorzugt
werden, um die Symptome von Patienten
zu erklären. Möglicherweisemuss zusätzlich
der Ausschluss einer Stenose im linken
Hauptstamm entweder durch Koronar-CT

oder MR-Angiographie durchgeführt werden.
Fazit ist, dass die Ergebnisse der ISCHEMIA-
Studie gut mit denen der kürzlich im New
England Journal of Medicine veröffentlichten
MR-INFORM-Studie übereinstimmen, da das
nichtinvasive Management den derzeitigen
invasiven Strategien bei einem Großteil von
Patienten mit KHK nicht unterlegen war.
Die aktuellen Daten aus Outcome-Studien
können daher Auswirkungen auf zukünftige
Richtlinien haben, um die Durchführung
unnötiger Linksherzkatheteruntersuchungen
weiter zu reduzieren.

Schlüsselwörter
Koronare Herzkrankheit · Kardio-Magnetreso-
nanztomographie · Invasive Angiographie ·
Ischämie · Belastungstest

cause of the patients’ symptoms, but also
to assess the underlying pathophysiology
and, whenever possible, obtain a diagno-
sis explaining the symptoms and allow-
ing the patient to be treated individu-
ally. Indeed, the literature on perfusion
CMR demonstrated less favorable nega-
tive predictive values than published for
CT. However, this can at least partially
be explained by different patient popu-
lations with different prevalence of dis-

ease, as a lower prevalence in a study
population will always lead to a bet-
ter negative predictive value [17]. One
of the major advantages of CMR is the
ability to assess other pathophysiologies
during the same examination. Patients
with chronic chest pain or dyspnea as an
angina equivalent may have microvascu-
lar disease (. Fig. 1), left ventricular hy-
pertrophy, inflammation (. Fig. 2), or an
underlying storage disease, all of which

can be diagnosed with CMR in a stan-
dardized 30-min test including ventric-
ular and atrial anatomy and function,
valvular function, mapping, perfusion,
and scar imaging [18]. The mapping
techniques in particular have an excel-
lent accuracy for the detection of cardiac
pathology, allowing one to differentiate
various formsof leftventricularhypertro-
phy [19], detecting significant myocar-
dial inflammation [20], and providing
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Fig. 28 a–c Case example of a 43-year-oldmalewith a 3-week history of atypical chest pain.High-sensitivity troponin T
78ng/ml. Normal invasive angiography findings. Cardiacmagnetic resonance imaging 7 days after the acute event shows
an intramyocardial stria in late gadoliniumenhancement (a,white arrows), an increased native T1 (b, 1171ms, >4 SD above
normal), and an increased native T2 signal (c, 42ms, >3 SD above normal), allowing for a diagnosis of acutemyocarditiswith
high confidence

prognosticdata in ischemic [21]andnon-
ischemic [22] heart disease. Thus, we
also advocate a strong role of CMR in
the work-up of patients less likely to have
coronary artery disease.

How does this differ from the
guidelines?

Numerous ESC guidelines recommend
CMR to establish the underlying patho-
physiology. They refrain from recom-
mending it as a first-line technique, how-
ever, mainly due to lack of availability.
Nevertheless, they acknowledge its abil-
ity to establish the etiology in more diffi-
cult cases, such as myocardial infarction
with non-obstructed coronary arteries
(MINOCA) [23], heart failure with pre-
served ejection fraction (HFpEF; [24]),
and heart failure or cancer toxicity [25].
Again, we advocate that CMR be used
earlier in the work-up of many patients
if access to the technique is available
(. Fig. 3). Such access can be facilitated
by short and standardized examinations,
focusing on the core questions.

How is this role affected by the
ISCHEMIA results?

The ISCHEMIA trial will require us to
rethink many aspects of our work. Cer-
tain elements will remain unchanged,
such as: Ischemia remains an important
risk factor, risk reductionwith guideline-
directed medical therapy and lifestyle
changes remain an important pillar of

patient management, revascularization
should not be performed without the
proof of ischemia.

However, other parts of the diag-
nostic/therapeutic chain need to be
reassessed.

Some have brought forward the ex-
tremeargumentthatnogatekeeperwould
be required at all as it has no conse-
quence on the subsequent management.
This argument would only hold if we
would (a) not revascularize any patient
with stable chest pain, (b) accept to not
establishadiagnosis inpatientswithchest
pain, (c) forfeit any individualized med-
ical therapy. None of these would be
adequate reactions to the new data.

To optimally guide patient manage-
ment with efficient use of resources, the
following thoughts should dominate our
decision processes.
1. Focus on explaining the patients’

symptoms rather than establishing or
excluding the presence of coronary
artery disease.
Based on the ISCHEMIA results, the
main reason for coronary revascu-
larization in chronic stable angina
should be symptomatic relief, rather
than improving prognosis. Conse-
quently, the focus of any diagnostic
test should be to understand the
cause of the patients’ symptoms and
advise the optimal direction for ther-
apeutic intervention. In patients with
myocardial ischemia, antianginal
therapy should be maximized. If
patients remain symptomatic and

have ischemic myocardium at stress,
revascularization is a safe and effi-
cient method for symptom relief and
should be focused on the ischemic
territories. Patients who have no
significant areas of ischemia or suffer
from microvascular disease should
not be revascularized but treated with
guideline-directed medical therapy
and lifestyle changes. Patients with
inflammation may benefit from im-
munomodulation or -suppression.
Here, CMR is well suited to guide the
majority of these questions.

2. Use stress testing only for patients
with intractable symptoms, not
responding to medical therapy or for
risk assessment.
The use of stress testing can be re-
duced. In our clinical practice we
see a considerable number of pa-
tients referred for stress testing based
on risk factors but without having
symptoms. This is due to the wish
“to be on the safe side” and not miss
“significant” coronary artery disease.
This defensive strategy can be safely
abandoned, risk management can
focus on established risk factors with-
out the proof of ischemia. Performing
coronary angiography for defensive
reasons should be fully eliminated.
If symptomatic, a stress test is the
more adequate solution, if there
are no symptoms, conservative risk
reduction should suffice.
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Limited  tes�ng

No diagnosis
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pathophysiology
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Proof of ischemia as the 
main reason for chest pain

Provides risk assessment 
(Ischemia, Scar, 

Microvascular Disease)
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by MR or CT coronary 
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individualized therapy

Anatomical tes�ng
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address noncoronary 
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Fig. 38 Flowchart with noninvasive diagnostic work-up recommendable for patientswith stable angina.CAC calcium scor-
ing, CCT cardiac computed tomography, CMR cardiacmagnetic resonance,GDMT guideline-directedmedical therapy

Anatomy versus function?

The question of whether an anatomi-
cal or a functional test is better for as-
sessing patients with suspected coronary
artery disease has been hotly debated.
The PROMISE study [26] of 10,003 pa-
tients has not provided a conclusive an-
swer also due to the low rate of only
approx. 11% of patients with a positive
index test in the recruited cohort. The
results of the ISCHEMIA trial further
reduce the need for anatomical imag-
ing, as the majority of the arguments set
forth above, such as proof of ischemia in
patients with high pretest likelihood and
understanding non-coronary reasons for
chest pain in patients with low pretest

likelihood, favor functional imaging. On
the other hand, the proof of the pres-
ence of plaques and especially high-risk
plaques by CT has resulted in favorable
outcomes due to intensified risk modifi-
cation [27]. Whether coronary plaque or
myocardial ischemia is the stronger risk
factor is less important. Both are impor-
tant and require systematic reduction of
risk factors. An additional argument,
which could be used to suggest CT coro-
nary angiography for the majority of pa-
tients with stable chest pain, is the exclu-
sion of left main coronary artery stenosis
before randomization in the ISCHEMIA
trial. Transferring these results to clinical
practice would support the need to visu-
alize the proximal coronary arteries, thus

advocating for an anatomical test as the
primary imaging modality. Alternatively
to CT coronary angiography, MR coro-
nary angiography may be a viable option
with good diagnostic accuracy for large
and proximal segments even with well-
established techniques available on most
of today’sMR scanners [28]. A combina-
tion of CMR coronary angiography and
stress perfusion imaging has been used
in the CE-MARC study yielding excel-
lent accuracy [29]. The contribution of
MR coronary angiography at that time
was limited; however, the endpoint was
based on diagnostic accuracy versus in-
vasive angiography rather than outcome.
Inamorerecentstudy, theadditionofMR
coronary angiography to stress perfusion
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imaging improved overall accuracy [30],
again, however, versus invasive angiogra-
phy as the reference standard. In patients
with severely reduced ejection fraction,
MR coronary angiography has been used
to exclude coronary artery disease as the
underlying cause [31]. In the MR-IN-
FORM trial patients with left main coro-
nary artery stenosis were not excluded
from randomization. However, all pa-
tients with moderate-to-severe ischemia
were revascularized, thus also not leav-
ing significant left main coronary artery
disease untreated.

Limitations

The discussion of the ISCHEMIA results
needs to take certain limitations of the
trial into account. A large group of pa-
tients was includedwith positive exercise
ECG but no imaging and only about 5%
had a perfusion CMR. Perfusion CMR
with its higher accuracymayhave yielded
a different outcome. In ISCHEMIA, 28%
ofpatients in themedical armwere revas-
cularized within the first 4 years demon-
strating the remaining importance of in-
vasive procedureswith revascularization.

Conclusion

The role of cardiac magnetic resonance
imaging (CMR) as a well-validated gate-
keeper for invasive angiography andmy-
ocardial revascularization has been re-
visited in light of the findings of the In-
ternational Study of Comparative Health
Effectiveness with Medical and Invasive
Approaches (ISCHEMIA) trial. Nonin-
vasive stress testing of patients with in-
termediate-to-high pretest likelihood for
obstructive coronary artery disease us-
ing perfusionCMRprovides excellent di-
agnostic accuracy in detecting ischemic
myocardium. The ISCHEMIA trial failed
to show that an invasive strategy us-
ing percutaneous coronary intervention
or coronary artery bypass grafting was
associated with an improved prognosis
compared with initial conservative med-
ical therapy among stable patients with
moderate-to-severe ischemia; therefore,
CMR as a multifaceted diagnostic imag-
ing approach to explain patients’ symp-
tomsshouldbepreferredoveranatomical

and stress testing alone. Recent outcome
data from trials may have an impact on
future guidelines to further reduce un-
necessary left heart catheterizations.
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In eigener Sache

Corona-Webinare bei Springer Medizin

Webinare und Videointerviews über das Ärzteportal SpringerMedizin.de

Springer Medizin hat seit April die Initiati-

ve Corona-Webinar über sein Ärzteportal
(www.springermedizin.de) gestartet. Ärz-
te, die auf diesem Portal registriert sind,

gelangen über Videoseminare an kosten-
loses Wissen rund um das Corona-Virus. In

jedem Webinar oder Videointerview kommt

ein Experte zu einem bestimmten Thema zu
Wort und gibt fachlich gesichertesWissen an

Kollegen weiter, die sich mit Symptomatik,
Diagnostik und Therapie in Klinik und Praxis

beschäftigen. Wöchentlich kommen neue

Themen hinzu!

In diesem Rahmen stehen seit Kurzem

auch zwei Webinare zu den Themen „Erhöhte
Thrombose- und Embolierate bei COVID-Pa-

tienten? Was wissen wir aktuell?“ von Herrn
Prof. Dr. M. Steinbauer (Regensburg) und

„Wie kann sich medizinisches Personal vor

einer Ansteckung schützen?“ von Herrn Prof.
Dr. D. Böckler (Heidelberg) zur Verfügung.

Auf der zentralen Corona-Update-Seite auf
SpringerMedizin.de sind unter anderem

bereits folgende Webinare verfügbar:
4 Der Corona-Patient zwischen

Hausarztpraxis und Corona-Ambulanz

4 Kardiologische Implikationen und
Komplikationen von COVID-19

4 COVID-19: Symptomatik bei Säuglingen,

Kindern, Jugendlichen
4 Impfstoffe und Therapien gegen SARS-

CoV-2: Was kann welcher Kandidat?
4 Infektiologe über SARS-CoV-2: ‘‘Wir

werden dieses Virus nicht ewig bei uns

haben‘‘
4 COVID-19-Pandemie: Aktuelles zu

Epidemiologie, Diagnostik und

Therapiestrategien

4 Covid-19 in der Klinik: ‘‘Fast Progressors‘‘,
klinische Charakteristika und

prognostische Marker

Alle Webinare sind über

www.springermedizin.de/covid-19 zu-

gänglich, die Seite wird ständig aktualisiert
und erweitert.

„In unserer Ärztekommunikation werden

wir das Webinar-Format zukünftig stärker

nutzen, denn es ist eine sehr wertvolle Ergän-
zung zu den bestehenden Print- und Online-

Angeboten“, erläutert Cécile Mack, Director

Digital Product &Marketing von SpringerMe-
dizin. „Die Inhalte einesWebinars oder Video-

Interviews können durch die direkte Anspra-
che schneller aufgenommenwerden. Unsere

Redakteure der verschiedenenMagazine und

Zeitschriften laden zum Ausbau dieser Initia-
tive ausgewählte Autoren und Herausgeber

ein, ihr Fachwissen zu Corona zu teilen. Ne-

ben den aktuellenAspektenwerdenwir auch
in den nächsten Monaten das Thema eng

begleiten und über die Erkenntnisse aus kli-
nischen Studien sowie der Entwicklung von

Therapieoptionenund Impfstoffenberichten.

Solange die SARS-CoV-2/Covid-19-Pandemie
eine Bedrohung unserer Gesellschaft dar-

stellt,wird SpringerMedizin als ein führender

Marktvertreter diese Inhalte kostenfrei vor
der Bezahlschranke platzieren, um allen Ärz-

ten eine sichere und fundierte Wissensbasis
zu geben. Denkbar ist außerdem, dieses For-

mat auch auf andere medizinische Themen

oder zusätzliche Fachgebiete auszudehnen“,
so die Digitaldirektorin.
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