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Abstract

Background: The outcome of cardiogenic shock complicating myocardial infarction
has not appreciably changed in the last 30 years despite the development of various
percutaneous mechanical circulatory support options. It is clear that there are varying
degrees of cardiogenic shock but there is no robust classification scheme to catego-
rize this disease state.

Methods: A multidisciplinary group of experts convened by the Society for Cardiovas-
cular Angiography and Interventions was assembled to derive a proposed classification
schema for cardiogenic shock. Representatives from cardiology (interventional,
advanced heart failure, noninvasive), emergency medicine, critical care, and cardiac
nursing all collaborated to develop the proposed schema.

Results: A system describing stages of cardiogenic shock from A to E was developed.
Stage A is “at risk” for cardiogenic shock, stage B is “beginning” shock, stage C is
“classic” cardiogenic shock, stage D is “deteriorating”, and E is “extremis”. The differ-
ence between stages B and C is the presence of hypoperfusion which is present in
stages C and higher. Stage D implies that the initial set of interventions chosen have

not restored stability and adequate perfusion despite at least 30 minutes of
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1 | INTRODUCTION

The treatment of acute myocardial infarction (Ml) and heart failure
(HF) has advanced exponentially over the last 50 years. One of the
greatest advances has been the routine use of immediate percutane-
ous coronary intervention (Primary PCI) for ST segment elevation Ml
(STEMI) which has reduced mortality and subsequent HF substan-
tially.* However, cardiogenic shock (CS) may occur prior to or follow-
ing reperfusion. Even those who survive acute intervention may later
develop CS and the overall 30-day mortality for patients with CS in
association with Ml is approximately 40-50%. Unfortunately, this inci-
dence has not changed in the past 20 years since the publication of
the landmark SHOCK (SHould we emergently revascularize Occluded
Coronaries for cardiogenic shocK) trial.2~>

The SHOCK trial was conducted when the only percutaneous
form of cardiopulmonary support was the intra-aortic balloon pump
(IABP). Since then, multiple devices (e.g., left atrial to femoral artery
bypass devices [TandemHeart left ventricular assist device, LivaNova,
London, UK], axial left ventricular—aorta pumps [Impella, Abiomed,
Danvers, MA]), as well as similar devices for right ventricular support
and veno-arterial (VA) extracorporeal membrane oxygenation (ECMO)
have been developed and studied in the setting of CS.

Unfortunately, despite these efforts, CS mortality remains unac-
ceptably high, and there are no prospective randomized trials showing
that percutaneous mechanical circulatory support devices change the
mortality in this clinical state.*? It has been difficult to prove thera-
peutic benefit, in part, because CS patients are a heterogeneous popu-
lation, and prognosis may vary widely based on etiology, severity of
iliness and comorbidities. CS encompasses a spectrum spanning from
those at high risk of developing shock due to isolated myocardial dys-
function to those critically ill patients with severe multi-organ dys-
function and hemodynamic collapse to those with ongoing cardiac
arrest. It is logical to expect that treatments may have widely varying
outcomes in different patient subsets, including nonischemic subsets,
and therefore a more granular classification of the CS spectrum is

urgently needed to guide treatment and predict outcome.

1.1 | Purpose of a new definition

The purpose of the proposed SCAI Classification of CS is to provide a
simple schema that would allow clear communication regarding patient
status and to allow clinical trials to appropriately differentiate patient

observation and stage E is the patient in extremis, highly unstable, often with cardio-
Conclusion: This proposed classification system is simple, clinically applicable across

the care spectrum from pre-hospital providers to intensive care staff but will require

future validation studies to assess its utility and potential prognostic implications.

cardiogenic shock, heart failure, hemodynamics

subsets. A few guiding principles served to organize the deliberations
of the multidisciplinary team. First, the classification must be simple
and intuitive without the need for calculation. Next, a new schema
must be suitable for rapid assessment. Shock patients often deteriorate
abruptly and therefore it is important that the schema be applied rap-
idly at the bedside upon patient presentation by a wide range of clini-
cians, as well as allowing reassessment as the patient progresses. In
addition, a robust classification should be applicable to retrospective
datasets or prior trials to examine whether the different shock catego-
ries correlate with definitive patient outcomes. Application of the
schema may potentially identify differences between trials and perhaps
explain why device-based therapies were or were not beneficial in
those trials. This information would potentially inform the development
of future trials. The writing group felt it critical that the schema had
multidisciplinary applicability. We endeavored to develop a dynamic
classification system that would be usable across all clinical settings
including emergency departments, intensive care units, catheterization
laboratories and others. It was equally important that the new system
be actionable. An ideal schema would lead to changes in behavior such
as facilitating the “hub-and-spoke” model of shock care, based on rec-
ognition of risk of deterioration and further adverse outcomes.*° Lastly,
the schema should have prognostic discriminatory potential. In other
words, the different shock groups should reflect different morbidity or
mortality rankings.

In the development of a new clinical acuity taxonomy for CS, we
took inspiration from the American College of Cardiology/American
Heart Association (ACC/AHA) classification of HF and the Interagency
Registry for Mechanically Assisted Circulatory Support (INTERMACS)
classification.*>2 The INTERMACS classification is particularly useful
due to key “tags” which serve as memorable ways to categorize
patients. INTERMACS profile 1 is annotated “crash and burn”, 2 is
“sliding on inotropes”, and profile 3 is “dependent stability”. There is a
temporary circulatory support modifier, but the INTERMACS classifi-
cation does not distinguish between patients who were placed on
ECMO support for refractory cardiac arrest, those who are stable on
multiple inotropes and an IABP and those who received an Impella
catheter to improve cardiac output while on inotropes. INTERMACS
also does not have a construct to account for stability versus clinical
deterioration, having been designed to classify patients at the single
timepoint of durable mechanical circulatory support. The heterogene-
ity of patients described as INTERMACS 1 renders it difficult to com-
pare outcomes across retrospective reports.
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1.2 | Methodology

By design, the writing group included multidisciplinary representation
reflecting the composition of teams which care for critically ill CS
patients including active representation from cardiology (interven-
tional, advanced heart failure, noninvasive), emergency medicine, criti-
cal care, and cardiac nursing. Cardiac surgery representation was
sought and ultimately involved via peer review of the completed doc-
ument. Broad involvement of the major professional societies was
sought through representation on the writing group and peer review.

In accordance with SCAI Publications Committee policies on rela-
tionships with industry and other entities (RWI), relevant author dis-
closures are included in Supplemental Table S1. Before appointment,
members of the writing group were asked to disclose all relevant
financial relationships (>$25,000) with industry from the 12 months
before their nomination. A majority of the writing group disclosed
no relevant financial relationships. Disclosures were periodically
reviewed during document development and updated as needed.
The work of the writing committee was supported exclusively by
SCAI without commercial support.

2 | THE CLASSIFICATION SCHEMA

There are five stages of shock labeled A-E in our proposed schema
(Table 1, Figure 1).

Stage A: “At Risk” for CS describes a patient who is not experienc-
ing signs or symptoms of CS but is at risk for its development. The Stage
A patient may appear well and may have normal laboratories as well as
physical examination. Patients with non-STEMI, prior Ml as well as
those with decompensated systolic or diastolic heart failure may fall into
this classification which is quite broad. In general, anterior wall and large
distribution infarcts carry a higher risk of cardiogenic shock but some
patients may manifest shock with smaller infarcts in the setting of pre-
existing left ventricular dysfunction. A recent study notes the increasing
incidence of shock in the ICU without myocardial infarction.®

Stage B: “Beginning” CS (Pre-shock/compensated shock)
describes a patient who has clinical evidence of relative hypotension
or tachycardia without hypoperfusion. Hypotension is defined as
systolic blood pressure (SBP) <90 mmHg OR mean arterial blood
pressure (MAP) <60 mmHg or >30 mmHg drop from baseline. Hypo-
perfusion is defined by clinical signs such as cold, clamped extremi-
ties, poor urine output, mental confusion, and the like. The physical
exam of the Stage B patient may demonstrate mild volume overload
and laboratories may be normal.

Stage C: “Classic” CS is a patient with hypoperfusion that
requires an initial set of interventions (inotropes, pressor, mechani-
cal support, or ECMO) beyond volume resuscitation to restore per-
fusion. These patients typically present with relative hypotension,
with the majority manifesting the classic shock phenotype of
mean arterial blood pressure (MAP) <60 mmHg or systolic blood
pressure <90 mmHg along with hypoperfusion. The laboratory find-

ings may include impaired kidney function, elevated lactate, brain

WILEY-L_*

natriuretic peptide, and/or liver enzymes. Invasive hemodynamics
(if available) demonstrates the classic depressed cardiac index that is
associated with CS.

Stage D: “Deteriorating” or “Doom” CS describes a patient who has
failed to stabilize despite intense initial efforts and further escalation is
required. Classification in this stage requires that the patient has had
some degree of appropriate treatment/medical stabilization. In addition,
at least 30 minutes have elapsed but the patient has not responded
with resolution of hypotension or end-organ hypoperfusion. Escalation
is an increase in the number or intensity of intravenous therapies to
address hypoperfusion, or addition of mechanical circulatory support
after the initial period of observation and treatment.

Stage E: “Extremis” CS is the patient with circulatory collapse, fre-
quently (but not always) in refractory cardiac arrest with ongoing car-
diopulmonary resuscitation (CPR) or are being supported by multiple
simultaneous acute interventions including ECMO-facilitated CPR
(eCPR). These are patients with multiple clinicians at bedside laboring
to address multiple simultaneous issues related to the lack of clinical
stability of the patient.

3 | DOMAINS OF PATIENT
CHARACTERISTICS

We also categorized patients in three domains: biochemical (labora-
tory) findings, clinical bedside findings, and hemodynamics. Our classi-
fication does not legislate the presence of a particular number of
findings but instead describes the common features that are prototyp-

ical of each stage.

3.1 | The arrest modifier-A

Cardiac arrest, however brief, is a significant event and usually
worsens the clinical trajectory in ways that may be unforeseen. The
() modifier is applied to describe patients who have had a cardiac
arrest irrespective of duration (treated with chest compressions or
direct current cardioversion). Accordingly, a patient may be in stage
Ba shock, indicating stage B with a cardiac arrest complicating the
clinical picture. This is distinct from the clinical picture of a stage Ea
patient with prolonged cardiac arrest, severe clinical instability, often
with numerous simultaneous interventions to maintain circulation.
Whether a patient who presents with ventricular fibrillation in the set-
ting of AMI and rapidly stabilizes with prompt defibrillation (stage Ba)
has a similar or disparate survival as stage Ex will need to be examined
in the future. Cardiac arrest and CS frequently occur together and the
prognosis for the patient with both is worse than the presence of
either cardiac arrest or CS alone.*

Two key components are the presence or absence of neurologic
recovery and return of spontaneous circulation (ROSC). For example,
a patient with out of hospital cardiac arrest (OHCA) intubated and
sedated but with ROSC could be Stage A, B, C, D, or E. The prognosis
for this patient may depend more on neurologic recovery than on
myocardial failure.
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TABLE 1

Stage

A
At risk

B
Beginning CS

C
Classic CS

D
Deteriorating/
doom

E
Extremis

BARAN ET AL

Description

A patient who is not currently

experiencing signs or symptoms
of CS, but is at risk for its
development. These patients may
include those with large acute
myocardial infarction or prior
infarction acute and/or acute on
chronic heart failure symptoms.

A patient who has clinical evidence

of relative hypotension or
tachycardia without
hypoperfusion.

A patient that manifests with

hypoperfusion that requires
intervention (inotrope, pressor or
mechanical support, including
ECMO) beyond volume
resuscitation to restore perfusion.
These patients typically present
with relative hypotension.

A patient that is similar to category

C but are getting worse. They
have failure to respond to initial
interventions.

A patient that is experiencing

cardiac arrest with ongoing CPR
and/or ECMO, being supported
by multiple interventions.

Physical exam/bedside
findings

Normal JVP

Lung sounds clear
Warm and well perfused
e Strong distal pulses

o Normal mentation

Elevated JVP
Rales in lung fields
Warm and well perfused
o Strong distal pulses
o Normal mentation

May Include Any of:

Looks unwell

Panicked

Ashen, mottled, dusky

Volume overload

Extensive rales

Killip class 3 or 4

BiPap or mechanical ventilation
Cold, clammy

Acute alteration in mental status
Urine output <30 mL/h

Any of stage C

Near Pulselessness
Cardiac collapse
Mechanical ventilation
Defibrillator used

Descriptors of shock stages: physical exam, biochemical markers and hemodynamics

Biochemical markers

Normal labs
o Normal renal function
o Normal lactic acid

Normal lactate

Minimal renal function
impairment

Elevated BNP

May Include Any of:
Lactate 22
Creatinine doubling

OR >50% drop in GFR
Increased LFTs
Elevated BNP

Any of Stage C AND:
Deteriorating

“Trying to die”
CPR (A-modifier)
pH <7.2

Lactate 25

Hemodynamics

Normotensive (SBP>100 or
normal for pt.)
If hemodynamics done
e cardiac index 22.5
e CVP <10
o PA sat 265%

SBP <90 OR MAP <60 OR
>30 mmHg drop from
baseline

Pulse 2100

If hemodynamics done

e cardiac index 22.2
o PA sat 265%

May Include Any of:

SBP <90 OR MAP <60 OR
>30 mmHg drop from
baseline AND drugs/device
used to maintain BP above
these targets

Hemodynamics

e cardiac index <2.2

e PCWP >15

* RAP/PCWP 20.8

e PAPI <1.85

o cardiac power output <0.6

Any of Stage C AND:

Requiring multiple pressors OR
addition of mechanical
circulatory support devices
to maintain perfusion

No SBP without resuscitation

PEA or refractory VT/VF

Hypotension despite maximal
support

3.2 | Biomarkers

Biomarkers assist in assessing myocardial dysfunction severity as well
as the response of peripheral organs and tissue in the setting of hypo-
perfusion. While no specific biomarker is diagnostic of shock due to a
cardiac etiology, they do serve to support the diagnosis of a cardiac
mechanism and provide information regarding the state of the patient
at presentation as well as prognostic data as the care of the patient
progresses. Frequency of testing will vary depending on the clinical
scenario, the availability of rapid testing (or point-of-care testing) and

the trajectory of the clinical course.

3.2.1 | Chemistry studies

Measurement of electrolytes, renal function parameters, specifically
blood urea nitrogen and creatinine, and liver function tests are

markers of vital organ hypoperfusion. Changes in creatinine provide

important clinical prognostic features. It may be necessary to utilize
the first measured value as previous baseline data may not be avail-
able. A creatinine of greater than 1.33 had a significantly higher mor-
tality in the Intra-aortic Balloon Pump in CS (IABP-SHOCK II) trial.X®
Admission hyperglycemia, especially in patients without a known diag-
nosis of diabetes was also shown in this same trial to have a worse

prognosis.1®

3.2.2 | Creatine kinase and troponin

AMI is a common cause of CS. This complication may occur as a con-
sequence of any type of acute coronary syndrome but occurs most
frequently in STEMI.

If AMI is suspected, the diagnosis can be defined further using a
variety of serum markers, which include creatine kinase (CK) and its
subclasses (CKMB), and troponin (both | and T). Troponin T is an inde-
pendent prognostic indicator of adverse outcomes and can be used as
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FIGURE 1 The pyramid of CS classification

a patient risk-stratifying tool.'”~2! Elevation of troponin in CS may

identify patients who present late.

3.2.3 | Lactate

Lactate (whether measured from arterial, venous or capillary blood)
is an early marker of mitochondrial dysfunction and cellular hypo-
perfusion. Since it is commonly available, it has been extensively
used in studies regarding the treatment of cardiogenic shock with
evidence that increased levels are associated with adverse out-
comes, but without consensus on a specific discriminatory
value.t®?2-2% |n general, arterial lactate is preferable since venous
lactate is generally higher than arterial lactate and the 2.0 mmol/L
cut-off is best established for arterial lactate. The interval of assess-
ment is uncertain and has not been systematically evaluated but
most commonly occurs at 1-4 hours. In stages C or higher patients,
hourly or more frequent point-of-care testing may be more

appropriate.?®

3.24 | Blood gas measurements

Arterial blood gas determinations of acid-base status and the level of
arterial blood oxygenation offer timely assessment of the patient's
clinical status. Importantly, severe acidosis has a deleterious effect on
myocardial contractility and response to certain vasopressors. A base
deficit abnormality correlates with the occurrence and severity of
shock. It is also an important marker to follow during resuscitation of

a patient from shock to assess response to therapy.?® Central

venous and pulmonary artery oxygen saturations offer insight into
tissue oxygen extraction, though pulmonary artery saturation is far
preferable.?”-2? Serial evaluations are essential to determine clinical

severity and response to therapy.

3.2.5 | Serum bicarbonate

Serum bicarbonate, especially when assessed early in the course of
patients at risk of CS may provide information regarding prognosis. In

a recent study by Wigger et al®®

serum bicarbonate decreased prior to
significant elevation of lactate. A low bicarbonate level was a better

predictor of 30-day mortality than the highest recorded lactate level.

3.2.6 | Brain natriuretic peptide (BNP) and emerging
biomarkers

Brain natriuretic peptide (BNP) may be useful as an indicator of HF
and as an independent prognostic indicator of survival in CS.3%32 A
low BNP level argues against CS in the setting of hypotension; how-
ever, an elevated BNP level does not establish the diagnosis as any
form of cardiac ventricular or atrial stress may elevate levels of this
peptide.

Although a number of biomarkers are under investigation, there
are limited data to support their use in the acute evaluation of sever-
ity of CS. These include markers of inflammation such as fibroblast
growth factor-23 (FGF-23),%® GDF-15'° high-sensitive C-reactive
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protein (hsCRP), soluble tumor necrosis factor receptor-1 (sTNFR1),
and angiopoietin-2.3* As well, markers of apoptosis including sFas and
sFasL, endothelin-1 (marker of neurohumoral axis activation), and pro-
collagen Il N-Terminal Pro-peptide (PIINP) as a marker of extracellular
matrix turnover are all novel markers under study but not appropriate

for routine clinical use.%?

3.3 | Physical examination

In Stage A (At risk), patients typically have an unremarkable physical
examination often with no signs of volume overload. They are warm,
well perfused, with normal mentation. In Stage B (Beginning), patients
have clinical manifestations of elevated right or left sided filling pres-
sures as evidenced by an elevated jugular venous pressure and/or
rales on auscultation, or a low BP but preserved end-organ and
peripheral perfusion. The hallmark of Stage C (Classic) and Stage D
(Deteriorating / Doom) is impaired end-organ perfusion. Patients in
these categories appear in obvious distress and may exhibit impaired
mental status, cold/mottled extremities, volume overload, reduced
urine output (<30 mL/h), and/or respiratory failure requiring mechani-
cal ventilatory support. The final Stage E (Extremis) manifests with car-
diovascular collapse with a pulseless (or near pulseless) state and

respiratory failure requiring mechanical ventilation.

3.4 | Hemodynamics
3.4.1 | Hemodynamic diagnosis of CS

Although all forms of shock are diagnosed by a relative reduction in
systemic blood pressure with tissue hypoperfusion, labeling it cardio-
genic implies that shock is due to a low cardiac output/index in the
absence of hypovolemia. Although CS may be diagnosed clinically, it is
often difficult to distinguish it from other forms of shock without
invasive hemodynamic monitoring. It is essential to measure intracar-
diac pressures and cardiac output in patients where the diagnosis of
CS is being considered. Intriguing new data suggests that use of PA
catheter may be associated with lower mortality in CS patients.>®
Echocardiography may be a valuable adjunct, in particular to identify
mechanical complications of myocardial infarction, acute valvular
regurgitation and to identify signs of right or left ventricular volume
or pressure overload. Other conditions such as pericardial tamponade
can also be rapidly identified and may significantly affect management

strategies.

3.4.2 | Blood pressure measurements

Systemic hypotension (defined as a sustained systolic blood pressure
(SBP) less than or equal to 90 mmHg or a mean arterial pressure at
least 30 mmHg lower than baseline) due to CS occurs after a reduc-
tion in stroke volume and cardiac output. SBP may be obtained by
brachial cuff (cuff measurements in thigh or ankle may be artificially
higher or lower), but an arterial line may be preferable to continuously
monitor pressure and facilitate frequent arterial blood gas and lactate

measurements. However, systolic amplification may occur when mea-
suring arterial pressure in a distal location compared to central aortic
pressure. An underestimate of central arterial pressure using a distal
arterial line is also possible with peripheral arterial disease or with
peripheral vasoconstriction either due to the shock state itself or the

vasoactive drugs administered.

3.4.3 | Pulmonary artery catheter measurements

Pulmonary artery (PA) catheters can directly measure right atrial (RA),
PA and pulmonary capillary wedge pressures (PCWP), mixed venous
oxygenation, cardiac output (CO) and allows calculation of Cl, sys-
temic vascular resistance (SVR), pulmonary vascular resistance (PVR),
pulmonary artery pulsatility index (PAPI), and cardiac power output
(CPO). Recent reviews of the hemodynamics of CS provide further
details on the derived values and interpretation of these indices in this
setting.3¢37

Although hemodynamic definitions of CS may vary, the National
Cardiovascular Data Registry defines CS as systolic blood pressure < 90
and cardiac index <2.2 L/min/m? and/or the requirement for parenteral
inotropic or vasopressor agents or mechanical support to maintain BP
and Cl above these levels.*® Although classic “cold, wet” CS is associ-
ated with low CI and high SVR and PCWP, there are four different
common hemodynamic types of CS which are difficult to determine
without invasive hemodynamic monitoring, and importantly, the patient
may go from one category to another (Figure 2). There are two other
uncommon types of CS (approximately 5% of cases): right ventricular
shock and normotensive shock.1°

The use of PA catheters can be critically important to establish the
diagnosis of CS versus other causes of shock, unmask normotensive
CS in patients with clinical hypoperfusion and SBP >90 mmHg, as well
as accurately determining filling pressures. PA catheter hemodynamics
are also helpful to assess right ventricular involvement in MI, distin-
guish classic cardiogenic from a mixed shock picture, assist in choice
or titration of vasopressor or inotropic drugs, select patients who may
benefit from mechanical circulatory support and guide weaning of
pharmacological or mechanical support. Measurement of the satura-
tion of PA blood, as well as Cl and CPO are also very helpful to deter-
mine prognosis.

Despite these potential benefits, the use of PA catheters remains
controversial in the wider setting. A recent analysis of the National Inpa-
tient Sample of 89,718 AMI patients with CS who underwent cardiac
catheterization revealed that only 6.1% received a PA catheter.3® This
retrospective report and others have not found a mortality benefit for
CS patients who received PA catheters, although interpretation is lim-
ited given selection bias to use hemodynamic monitoring in sicker
patients. The prospective, randomized ESCAPE trial in patients with
decompensated HF showed no benefit, and was stopped early due to
safety concerns (infection, ICD firing).40 However, these patients did
not have acute coronary syndromes or CS and all patients were enrolled
with clinical equipoise. Accordingly, results of the ESCAPE study do not
apply to patients with CS. There is no other randomized trial to evaluate
the utility of PA catheters in cardiac patients, especially in those with
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CS and those being supported by mechanical support devices. We rec-
ommend the use of a PA catheter to diagnose and/or manage patients
with CS, along with consideration of rapid transfer to experienced shock

centers in the case of patients who require a higher level of care.

4 | MIXED SHOCK

The underlying cause of CS is by definition failure of myocardial func-
tion, and prompt measures to identify and address the underlying cause
are of paramount importance. Other hemodynamic forms of shock can
contribute to myocardial failure; however, as shock progresses, com-
mon pathways emerge leading to tissue and organ dysfunction, often
involving inflammation and microcirculatory dysfunction.** These path-
ways can alter the hemodynamic profile of CS.

An analysis of hemodynamics in the SHOCK trial revealed that
about 20% of patients had low SVR at the onset of CS.#2 Most of these
patients had fever and leukocytosis suggestive of systemic inflamma-
tion, but not all of them were proven to have infection.*? Such vasodila-
tion can further exacerbate impaired systemic perfusion and decreased
coronary perfusion pressure resulting from the initial CS state.

Distinguishing infection from systemic inflammation without
infection can be challenging. Procalcitonin, an acute phase reactant
released in response to endotoxin and other cytokines, is a highly sen-
sitive marker for bacterial infection, and thus low levels may identify
patients who do not require antibiotics.*® Procalcitonin, however, has
been shown to be elevated in HF** and so elevated levels may not be
entirely specific for infection in patients with CS.

The potential for mixed shock emphasizes the importance of inva-
sive_ hemodynamic monitoring in patients with CS. If patients do not
respond rapidly to therapy based on the assumption that CO is low and
filling pressures are high, mixed shock merits urgent consideration.

4.1 | Transitions of shock stage

Patients with CS often have dynamic clinical symptomatology and
hemodynamics. In designing this classification, the authors acknowledge

Classic CS

~Low Cardiac index, high SVRI, Low cardiac index,
low / normal PCWP

High SVRI,
| loicel A

this and note that a patient may start at a stage B, (beginning CS with a
cardiac arrest) and then worsen over time to a higher stage. Whether
transitions to higher or lower grade stages change the prognosis is
unknown. For example, a patient who presents with Stage C shock, and
rapidly improves following PCl of a proximally occluded left anterior
descending artery might regress to stage B, but it is unknown whether
the clinical trajectory is the same as a stage B patient who never
develops hypoperfusion. Similarly, does the prognosis of a Stage C
patient who deteriorates into Stage D but stabilizes on mechanical sup-
port and inotropes and can be weaned after 48 hours equal that of a
stage C patient who never progressed in this fashion?

It is hoped that the use of the shock classification and application
to patient datasets will allow such insights to be gleaned. Clearly vali-
dation in clinical datasets will be necessary to establish the utility of
this proposed classification schema.

5 | PRACTICAL UTILITY OF SHOCK
CLASSIFICATION

The authors recognize that the proposed classification schema pres-
ented (like most) is arbitrary and fairly simple. Some may wish for stri-
cter definitions of stages, or to tie stages to laboratory values or some
kind of a scoring mechanism. However, we feel that the elegance of
the classification resides with its simplicity and that it is designed to
be applicable across the care spectrum. The prognostic and therapeu-
tic merits of the proposed classification schema are expected to be

retrospectively and possibly prospectively validated.

5.1 | Example case

Mr. SL is a 67-year-old man with diabetes, hypertension, hypercholester-
olemia and tobacco use who underwent coronary artery bypass grafting
10 years prior for severe three vessel coronary disease. He presents with
vague chest pain which woke him from sleep. Further questioning indi-
cates a crescendo pattern to angina and troponin T measured in the

emergency department is positive. His blood pressure is 94/70 mmHg
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and heart rate 100 beats per minute (BPM) but he normally has a blood
pressure of 140/70 mmHg. He is scheduled to undergo diagnostic cath-
eterization later in the day. In the new classification he would be
assessed as Stage B. Later that day, in the catheterization laboratory, he
is noted to be more tachycardic (heart rate 110 BPM), with reduced
urine output. A PA catheter is placed and his cardiac index is 1.8/m?
with a wedge pressure of 29 mmHg. He would be judged to be Stage C
at this point. The team considers putting an IABP in but instead decides
to intervene on a thrombosed saphenous vein graft to the right coronary
artery. During thrombectomy, the patient has ventricular fibrillation and
requires a single 200 joule shock by external pads. Now the patient
would have the A-modifier (Stage C,). Low dose inotrope is started and
the intervention completed successfully. An IABP is placed at the end of
the case. Later that night in the intensive care unit, the patient's urine
output continues to decline and the continuous cardiac index assess-
ment remains below 2 L/min/m? despite increasing inotropes and IABP
1:1 counter-pulsation. The patient is now in Stage D and plans are

made to escalate percutaneous support.

6 | CONCLUSION

Despite intense study, the mortality of CS in association with Ml remains
approximately 50% even with the development of percutaneous
mechanical circulatory support devices. It is likely that prior trials have
not been successful partially because some patients were “too sick” to
benefit from the studied intervention. Others may do well with or with-
out an intervention, and in the absence of a standardized classification
system, it may be impossible to ascertain which groups may benefit. The
schema outlined is a result of a broad multidisciplinary collaboration of
experts to define the groups of patients who suffer from CS. The criteria
are simple and clinically based, and if validated, this classification may
become the “lingua franca” for the field. By having a common language,
we hope to support communication at the bedside, in the catheterization
laboratory, at the level of shock teams across institutions, and with clinical
trialists as new approaches are tested to reduce the high mortality of CS.
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Introduction incorporated, owing to its simplicity across all clinical settings, easily
understood and visualized framework, and notable endorsement by

Since its development and release in 2019, the Society for Cardio- relevant societies and organizations that manage cardiogenic shock
vascular Angiography and Interventions (SCAI) shock stage classifica- (CS).! Ensuing validation studies over the course of the subsequent 2
tion for adult patients has been widely cited and increasingly years documented both its ease and rapidity of use as well as its ability

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial infarction; CA, cardiac arrest; CCCTN, Critical Care Cardiology Trials Network; CICU, cardiac
intensive care unit; CPR, cardiopulmonary resuscitation; CS, cardiogenic shock; HF, heart failure; LV, left ventricular; MCS, mechanical circulatory support; OHCA,
out-of-hospital cardiac arrest; RV, right ventricular; SCAI Society for Cardiovascular Angiography and Interventions; STEMI, ST-Segment Elevation Myocardial
Infarction (STEMI).

Keywords: cardiogenic shock; heart failure; mechanical circulatory support.

* Corresponding author.
E-mail address: srihari.naidu@wmchealth.org (S.S. Naidu).
SCCM Representative.
AHA Representative.
ACEP Representative.
STS Representative.
CSRC Representative.
® ESC ACVC Representative.
7 ACC Representative.

W po=

4
5

https://doi.org/10.1016/j.jscai.2021.100008
Accepted 10 December 2021

2772-9303/© 2021 The Authors. Published by Elsevier Inc. on behalf of the Society for Cardiovascular Angiography and Interventions Foundation. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



Standards and Guidelines

to meaningfully discriminate patient risk across the spectrum of CS,
including various phenotypes, presentations, and health care settings.
Nonetheless, several areas of potential refinement have been identified
to make the classification scheme more applicable across all settings
and clinical time points, given that data from validation studies have
provided useful information not previously available that could serve to
significantly refine the classification. With this background, a clinical
expert consensus writing group of all relevant stakeholders was
reconvened to re-evaluate and refine the SCAI SHOCK stage classifi-
cation based on the existing literature and clinician feedback from
real-world experience.

Key summary points

1. The SCAI SHOCK stage is an indication of shock severity and com-
prises one component of mortality risk prediction in patients with CS,
along with etiology/phenotype and other risk modifiers; a 3-axis
model of risk stratification in CS has been proposed to position the
SCAI SHOCK stage in context.

2. Validation studies have underscored the correlation of the SCAI
SHOCK stage with mortality across all clinical subgroups, including
CS with and without acute coronary syndrome (ACS), cardiac inten-
sive care unit (CICU) patients, and those presenting with out-of-
hospital cardiac arrest (OHCA).

3. Progression across the SCAI SHOCK stage continuum is a dynamic
process, incorporating new information as available, and patient
trajectories are important both for communication among clinicians
and for decision-making regarding the next level of care and
therapeutics.

4. A hub and spoke model for transfer of higher-risk patients
including those with a deteriorating SCAI SHOCK stage has been
proposed.

5. Cardiac arrest (CA) as described herein relates to that accompanied
by coma, defined as the inability to respond to verbal stimuli, most
commonly associated with Glasgow Coma Scale <9, where there is
concern for significant anoxic brain injury.

6. The SCAI SHOCK pyramid and associated figure now reflect grada-
tions of severity within each stage and pathways by which patients
progress or recover.

7. A streamlined table incorporating variables that are most typically
seen, and the revised CA modifier definition, is also provided and
incorporates lessons learned from validation studies and clinician
experience.

8. The lactate level and thresholds have been highlighted to detect
hypoperfusion but may be dissociated from hemodynamics in cases
such as chronic heart failure (HF). In addition, patients may demon-
strate other manifestations of end-organ hypoperfusion with a normal
lactate level, and there are also important causes of an elevated
lactate level other than shock.
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Development methodology

This statement has been developed as per SCAI Publications Com-
mittee policies for writing group composition, disclosure and manage-
ment of relationships with industry, internal and external review, and
organizational approval.?

The writing group has been organized to ensure diversity of per-
spectives and demographics, multistakeholder representation, and
appropriate balance of relationships with industry. Relevant author dis-
closures are included in Supplemental Table S1. Before appointment,
members of the writing group were asked to disclose financial and in-
tellectual relationships from the 12 months before their nomination. A
majority of the writing group disclosed no relevant, significant financial
relationships. Financial and intellectual disclosure information was
periodically reviewed by the writing group during document develop-
ment and updated as needed. SCAI policy requires that writing group
members with a current, relevant financial interest are recused from
participating in related discussions or voting on recommendations. The
work of the writing committee was supported exclusively by the SCAL a
nonprofit medical specialty society, without commercial support. Writing
group members contributed to this effort on a volunteer basis and did not
receive payment from the SCAIL

Narrative literature searches were performed by group members
designated to lead each section, and initial findings were synthesized in
section drafts authored primarily by the section leads in collaboration
with other members of the writing group. Recommendations were iter-
atively discussed by the full writing group in a series of virtual consensus
meetings until a majority of group members agreed on the text and
qualifying remarks. In addition, all recommendations are supported by a
short summary of the evidence or specific rationale.

The draft manuscript was peer reviewed in October 2021, and the
document was revised to address pertinent comments. The writing
group unanimously approved the final recommendations and updated
classification. The SCAI Publications Committee and Executive Com-
mittee endorsed the document as official society guidance in December
2021.

SCAI statements are primarily intended to help clinicians make de-
cisions about treatment alternatives. Clinicians also must consider the
clinical presentation, setting, and preferences of individual patients to
make judgments about the optimal approach.

Review of published SCAI SHOCK stage validation studies
Summary of published SCAI SHOCK validation studies

Since the publication of the SCAI SHOCK stage classification in 2019,
several groups have produced observational validation studies ranging in
size from 166 to 10004 patients that uniformly demonstrate an associa-
tion between the SCAI SHOCK stage and mortality risk in a variety of

Table 1 Characteristics of studies validating the association between the SCAI SHOCK stage and mortality.

Study Years included Population Design Patients, n Primary outcome
Schrage et al 2020" 2009-2017 CS or large MI Retrospective single-center 1007 30-day survival

Baran et al 2020 2019-2020 (&) Prospective single-center 166 30-day survival
Thayer et al 2020 2016-2019 CS Prospective multicenter” 1414 In-hospital mortality
Hanson et al 2020 2016-2019 AMICS Prospective multicenter” 300 Survival to discharge
Jentzer et al 2021% 2007-2015 CS Retrospective single-center 934 30-day survival
Jentzer et al 2019 2007-2015 CICU Retrospective single-center 10,004 In-hospital mortality
Lawler et al 2021 2017-2019 CICU or CS Retrospective multicenter 1991 In-hospital mortality
Jentzer et al 2020 2007-2015 CICU survivors Retrospective single-center 9096 Postdischarge survival
Pareek et al 2020 2012-2017 OHCA Retrospective single-center 393 30-day mortality

Duplicate data from the same cohort are not shown.

AMICS, CS from acute myocardial infarction; CICU, cardiac intensive care unit; CS, cardiogenic shock; MI, myocardial infarction; OHCA, out-of-hospital cardiac arrest;

SCAL Society for Cardiovascular Angiography and Interventions.

@ Patients with CS from the Schrage 2020 study were included in the Jentzer 2021 study, so only the nonduplicated patients are reported for the Jentzer 2021 study.
b Ppatient enrollment in these studies was prospective, but the SCAI SHOCK stage was assigned retrospectively.
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Fig. 1. Distribution of SCAI SHOCK stages in each study. CICU, cardiac intensive care unit; OHCA, out-of-hospital cardiac arrest; SCAL Society for Cardiovascular

Angiography and Interventions.
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Fig. 2. Short-term mortality as a function of SCAI SHOCK stages in each study. *denotes that no deaths were observed in patients with SCAI stage B in these studies.
CICU, cardiac intensive care unit; OHCA, out-of-hospital cardiac arrest; SCAI Society for Cardiovascular Angiography and Interventions.

populations (Table 1).1’3'11 Although several studies have focused on
patients with CS,%” others have included a broader mix of CICU pa-
tients®1? or those with OHCA.!! As expected, the prevalence of each
SCAI SHOCK stage varied with the population studied and the definitions
used in each study (Fig. 1). The observed short-term (in-hospital or
30-day) mortality also varied depending on the population, and higher
SCAI SHOCK stages were consistently associated with higher short- and
long-term mortality (Fig. 2).%*!! Furthermore, the SCAI SHOCK stages
provided stepwise mortality risk stratification within the subgroups of
ACS/acute myocardial infarction (AMI), HF, and those with and without
CA.>®! Most studies classified the SCAI SHOCK stage at a single time
point, precluding an analysis of serial changes in stage over time.
Importantly, real-time assignment of the SCAI SHOCK stage by the
treating team was feasible and allowed for serial assessments.®

Stratification of mortality risk in the cited studies despite different
criteria, populations, and therapies remained consistent, underscoring
the strength of the classification scheme.

Variables used to define SCAI SHOCK stages in the validation studies

Each study used different criteria to define the SCAI SHOCK stages
(Supplemental Tables §2-S7), including various combinations of clinical
variables based on the availability of data.>®%1%!! Five groups>>®1011
developed study-specific SCAI SHOCK stage criteria, whereas two
groups™® used physician assessment of the stage without study-specific
criteria. Apart from the study by Baran et al which involved real-time
prospective assignment of the stage by the treating team, each study
assigned the stage retrospectively.
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The definitions of the SCAI SHOCK stages used in individual studies
range from simple to complex.>® For studies including patients with SCAI
SHOCK stage B, this group was defined using vital sign abnormalities
(Supplemental Table S4), and there was variability with respect to
whether patients receiving vasopressors were classified as SCAI SHOCK
stage B or C.35781011 Most studies used elevated lactate levels (>2
mmol/L) to define hypoperfusion as stage C (Supplemental Table S5);
impaired renal function was often used to define hypoperfusion, but few
studies distinguished between acute and chronic renal dysfunction. Stage
D shock was commonly defined as rising lactate and/or increasing
vasopressor or mechanical circulatory support (MCS) requirements
(Supplemental Table S6). Definitions of SCAI SHOCK stage E varied
(Supplemental Table S7), with criteria including a high lactate level
(>5-10 mmol/L), a low pH (<7.2), the need for multiple vaso-
pressors/MCS devices, or the need for cardiopulmonary resuscitation
(CPR). Despite the importance of physical examination and invasive
hemodynamic assessment in defining CS clinically, these variables were
not used in most studies because of retrospective data collection. Jentzer
et al examined different definitions of shock and preshock in CICU pa-
tients and identified that hypoperfusion was associated with mortality to
a greater extent than hypotension.'?

To date, no published study has directly compared the performance of
different SCAI SHOCK stage classification schemes in the same popula-
tion for risk stratification. Importantly, the heterogeneity in mortality in
each of the different stages across various studies likely reflects the dis-
similar populations and different definitions used; more objective defi-
nitions and placing the SCAI SHOCK stage in the context of etiology,
phenotype, and other nonmodifiable risk modifiers will help to optimize
risk assessment in the future. However, the consistent stratification of
risk (using different combinations of variables) suggests that refining and
streamlining the criteria for the SCAI SHOCK stage as a categorization of
shock severity will facilitate prospective assignment in clinical practice.

SCAI SHOCK validation studies in patients with CS with and without AMI

The National Cardiogenic Shock Initiative reported on 300 patients
with CS from AMI (AMICS) and determined the SCAI SHOCK stage by
retrospective chart review, assigning the worst shock stage on admis-
sion and at 24 hours. The authors found an incremental but strong
association between the shock stage and mortality at both time points.°
Analyses from the Cardiogenic Shock Working Group included a
broader group of patients with CS and defined the maximum shock
stage during hospitalization, finding a stepwise increase in mortality
with a higher shock stage in both patients with AMI and HF." Schrage et
al reported on 1007 patients with mixed etiologies of CS and
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demonstrated mortality risk stratification across the shock stages
(including at-risk patients with large AMI).> Patients with CS from this
cohort were combined with patients with CS from the Mayo Clinic
cohort and reported similar findings.” Baran et al reported the first
prospective validation study in patients with CS by having the treating
physician assign the SCAI SHOCK stage in real time based on available
clinical data.” The studies by Hanson et al and Baran et al demonstrated
that a rising or persistently elevated SCAI SHOCK stage was associated
with substantially worse outcomes.*°

SCAI SHOCK validation studies in CICU and OHCA patients

Jentzer et al first validated the SCAI SHOCK stages using data from
10004 consecutive CICU patients at the Mayo Clinic, finding that each
higher stage was associated with an incrementally higher risk of in-hospital
mortality, even after adjustment for known predictors of mortality.® Hos-
pital survivors with a higher SCAI SHOCK stage on admission had
increased postdischarge mortality.” Patients with CA had a higher risk of
dying at each SCAI SHOCK stage; both the location in which CA occurred
(in-hospital versus out-of-hospital) and the rhythm of CA affected the risk
of mortality.'® A subsequent multicenter study from the CCCTN database
in 1991 CICU patients with ACS or HF also demonstrated that the SCAI
SHOCK stage was associated with in-hospital mortality; a diagnosis of CS
was required for patients in SCAI stages C, D, and E.'® In a distinct cohort of
393 OHCA patients, Pareek et al found that the observed short-term
mortality was higher at each SCAI SHOCK stage than that in other
studies, with clear mortality risk stratification as per shock stage.!

Studies examining risk modifiers within the SCAI SHOCK stage
classification

The SCAI SHOCK stage classification has been leveraged to examine
other aspects of mortality risk stratification across the spectrum of
shock severity (Table 2). In the Mayo Clinic CICU cohort, age, the
presence of systemic inflammatory response syndrome, acute kidney
injury, and other noncardiac organ failure, severe acidosis, and echo-
cardiographic findings were found to improve mortality risk stratifi-
cation beyond SCAI SHOCK stages alone.'*'® The importance of age as
a risk factor for mortality, independent of shock stage, was likewise
reported in CS cohorts.*” Thayer et al and Garan et al showed the
importance of pulmonary artery catheter use, congestion profile, and
invasive hemodynamic data (particularly an elevated right atrial pres-
sure) as risk modifiers independent of the shock stage in patients with
€S.>1° Worsening shock, either defined by rising shock stage over time
or late deterioration, has been consistently associated with higher

Table 2 Studies examining potential risk modifiers on top of the SCAI SHOCK stages for mortality risk stratification.

Study Population ~ Design Patients,n ~ Variable of interest Conclusions
Jentzer et al 2019 CICU Retrospective single-center 10,004 CA CA and late deterioration were associated with higher mortality
Baran et al 2020 Ccs Prospective single-center 166 Change in the SCAI stage An increasing SCAI stage is associated with higher mortality
Garan et al 2020 cs Prospective multicenter 1414 Invasive hemodynamics Higher mortality with higher RAP and HR or lower MAP,

lower with PAC
Hanson et al 2020 AMICS Prospective multicenter 300 Change in the SCAI stage An increasing SCAI stage is associated with higher mortality
Jentzer et al 2020 CICU Retrospective single-center 9898 CA type Non-VF CA is associated with higher mortality
Jentzer et al 2020 CICU Retrospective single-center 8995 SIRS on admission SIRS is associated with higher mortality
Padkins et al 2020  CICU Retrospective single-center 10,004 Age Higher age is associated with higher mortality
Thayer et al 2020 Ccs Prospective multicenter 1414 Invasive hemodynamics Higher RAP is associated with higher mortality
Jentzer et al 2021 Cs Retrospective multicenter 1749 Age Higher age is associated with lower survival
Jentzer et al 2021 CICU Retrospective single-center 5453 Echo hemodynamics Low SVI and high E/e' are associated with higher mortality
Jentzer et al 2021 CICU Retrospective single-center 9311 AKI during hospitalization =~ Worse AKI is associated with higher mortality across SCAI stages
Jentzer et al 2021 CICU Retrospective single-center 1065 Severe acidosis Severe acidosis associated with higher mortality across SCAI stages
Zweck et al 2021 CS Prospective multicenter 1959 Biochemical phenotype “Cardiometabolic” phenotype associated with higher mortality

Several of these study populations overlap with those presented in Table 1.

AKI, acute kidney injury; AMICS, CS from acute myocardial infarction; CA, cardiac arrest; CICU, cardiac intensive care unit; CS, cardiogenic shock; HR, heart rate; MAP,
mean arterial pressure; PAC, pulmonary artery catheter; RAP, right atrial pressure; SCAI, Society for Cardiovascular Angiography and Interventions; SIRS, systemic

inflammatory response syndrome; VF, ventricular fibrillation.
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mortality.*®% Jentzer et al demonstrated that an increasing number of
abnormal markers of hypotension and hypoperfusion was associated
with incrementally higher mortality risk in CICU patients; an elevated
lactate level or an elevated shock index (the ratio of heart rate to sys-
tolic blood pressure) was more strongly associated with mortality.'?
Biochemical phenotypes were identified in a large multicenter registry
of patients with CS, highlighting the variability in observed mortality
with the different phenotypes across the shock stages.?® Finally, SCAI
SHOCK stages have been used to evaluate the association between
certain treatments and outcomes in patients with CS.%!

Collectively, these studies have demonstrated that higher-risk and
lower-risk subgroups exist within each SCAI SHOCK stage, and a higher-
risk subgroup within a lower SCAI SHOCK stage might have a mortality
risk that exceeds a lower-risk subgroup within a higher SCAI SHOCK
stage. Clearly, shock severity assessment is a central component of
overall mortality risk stratification in patients with CS, yet other clinical
variables modify the predicted mortality risk.?* Established CS-specific
mortality risk prediction scores combine lactate and renal function
(markers of hypoperfusion and shock severity) with patient-level vari-
ables to provide mortality risk stratification and should be considered
distinct from shock severity classification algorithms.?>** Recently, a
newer CS-specific mortality risk prediction score based on biomarkers
has been presented, suggesting that such biomarkers may be integrated
into future risk assessment strategies.””

Lessons learned from the SCAI SHOCK validation studies
Shortcomings of original classification
The original SCAI SHOCK classification

In brief, SCAI SHOCK stage A is broad and represents the myriad of
stable patients who have acute cardiac diagnoses that place them at risk
for CS but fail to meet the criteria for preshock (stage B) or shock (stages C-
E). Stage B represents patients who have intact systemic perfusion with
evidence of hemodynamic instability, such as hypotension or compen-
satory tachycardia; patients with preserved perfusion despite significantly
abnormal invasive hemodynamics (such as reduced cardiac output) are
also classified as SCAI stage B. Stage C represents the more classic patients
with CS who present with hypoperfusion either untreated or requiring
hemodynamic support through pharmacologic or mechanical interven-
tion. Stage D represents the failure of an adequate trial of an initial sup-
portive intervention and, therefore, captures a different shock state than
stage C, requiring some element of time. Stage E is reserved for refractory
shock with actual or impending cardiovascular collapse despite high and
escalating levels of support (including arrest-in-progress). In the opinion
of the writing group, SCAI SHOCK stage E is usually a transient state that is
easy to recognize in clinical practice (typically a peri-code situation or
need to rapidly escalate hemodynamic support) but can be difficult to
define retrospectively for the purpose of research.

Retrospective vs real-time classification

The original SCAI SHOCK stage classification was designed to be
simple, recognizing that complete clinical information for grading
shock severity is not always available. Physical examination, labora-
tory, and hemodynamic findings were provided to guide the clinician in
assigning a specific SCAI SHOCK stage, in the order in which these
variables are typically available, while allowing flexibility for appli-
cation in different care environments. This approach works well for
teaching the classification system and for applying it prospectively, but
it presents challenges when applying it retrospectively to existing data
sets with missing or inappropriately timed data. As a result, the
assignment of the SCAI SHOCK stage in published studies has
contributed to heterogeneity across studies, and future studies should
ideally use consistent staging criteria.
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Differentiating preshock (stage B) vs classic shock (stage C)

The distinction between SCAI SHOCK stage B (hemodynamic insta-
bility with preserved perfusion, ie, preshock) and SCAI SHOCK stage C
(hypoperfusion with or without overt hemodynamic instability, ie,
classic shock) is critical and requires the integration of multiple clinical
and laboratory data points. Patients with hypoperfusion in the absence of
hypotension are at higher risk of dying than patients with hypotension
and preserved perfusion.'” Biomarkers such as lactate are commonly
used to detect hypoperfusion but may be dissociated from hemodynamics
in cases such as chronic HF where patients may have a normal lactate
level with a depressed cardiac index. The authors suggest that a lactate
level of >2 mmol/L is consistent with at least SCAI SHOCK stage C,
although some patients may demonstrate other manifestations of
end-organ hypoperfusion with a normal lactate level, and there are also
causes of an elevated lactate level other than shock, such as mesenteric
ischemia or compartment syndrome.

Shock classification based on required therapeutic interventions:
differentiating stages C and D

As described by the National Cardiogenic Shock Initiative and
Cardiogenic Shock Working Group, the intensity of therapies required
to achieve hemodynamic stability and restore systemic perfusion can
be used to define the SCAI SHOCK stage, but this approach will be
most informative when the same escalation strategy is used by clini-
cians (such as with an institutional CS protocol) given practice vari-
ability in MCS patient selection and implantation.?®?” We suggest that
if a patient requires vasoactive drugs or MCS to reverse hypoperfusion
or hemodynamic compromise, they should be assigned SCAI SHOCK
stage C. If this initial therapy is ineffective, evidenced by the need to
add one or more additional vasoactive drugs or MCS devices, then
SCAI SHOCK stage D is present. If perfusion cannot be restored using
multiple vasoactive drugs and/or MCS devices, or if extremely high
vasoactive drug doses are required, then SCAI SHOCK stage E is
present. An important limitation of this approach is the variability in
vasoactive drug dosing which affects the prognosis. For example, a
patient who has stabilized on low doses of two vasoactive drugs may
be classified as stage C, whereas a patient who is failing a high dose of
a single vasoactive drug might be classified as stage D. Differentiating
the CS stage and prognosis based on dose escalation as opposed to
additional pharmacotherapy or mechanical support will require
further data.

Cardiac arrest modifier clarification

Another area of controversy with the original classification is the
“A” modifier representing an episode of CA. Clearly CA events are
heterogeneous, and single defibrillation for a brief ventricular
arrhythmia without CPR and normal neurologic function does not
change the prognosis of a patient with CS.” Instead, the two aspects of
greatest relevance are the neurologic status (awake or comatose) and
physiologic impact of the arrest, as prolonged CA may fundamentally
change the patient trajectory if ischemia-reperfusion heralds multi-
organ failure. At this time, there is no clearly defined CPR duration that
would qualify a patient for the “A” modifier, and we believe that the
“A” modifier should refer to patients with potential anoxic brain injury.
This may be evidenced by a decreased Glasgow Coma Scale, where a
value less than 9 typically defines coma; alternatively, the absence of a
motor response to voice (ie, not following commands) is a useful
definition.

Whether to include age as a modifier

One of the strongest findings from multiple studies is the effect of
increasing age on mortality. Age is a well-known continuous risk factor
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for adverse outcomes in patients with CS and was highlighted in the
seminal shock trial, the IABP-SHOCK II trial, and subsequent risk
scores.’>?* The ability to overcome the stress of CS declines with
advancing age, irrespective of other comorbidities. Older patients are
more likely to die, and this added risk is likely to guide clinicians in
determining candidacy for specific therapies for CS at each SCAI SHOCK
stage.”"1® A significant challenge with using age as a modifier is that as a
continuous variable there is no clearly defined binary threshold of risk.
Overall, age functions more as a marker of comorbidities, frailty, and
candidacy for (or futility of) therapeutic interventions. Therefore,
although age is clearly a major risk factor for adverse outcomes that
modifies risk across the SCAI SHOCK stages and should be taken into
account by clinicians, too much uncertainty exists regarding how best to
apply this prognostic information to incorporate age directly into the
SCAI SHOCK classification.

Reasons to maintain a similar classification framework

Although there are reasons to modify the SCAI SHOCK classification
as detailed previously, there are also reasons to avoid unnecessarily
complex revisions that would make the classification more difficult to use
and its distribution globally less rapid. Most importantly, it is simple for
multidisciplinary teams to use the existing SCAI SHOCK schema across
the spectrum of care in a prospective fashion. Indeed, real-world patient
care reflects the fact that not all patients will have the comprehensive
information that may be included in a more complex risk score or on a
clinical research flow sheet. Moreover, the work of Baran et al shows that
real-time prospective assignment of the SCAI SHOCK stage by a team
achieves the same predictive value including mortality observed in
several retrospective validation studies using complex criteria.* Main-
taining simplicity and flexibility will therefore allow the SCAI SHOCK
stage classification to be used by clinicians with expertise in critical care
medicine and emergency medicine, including prehospital clinicians,
without losing significant prognostic impact. A system analogous to that
used for STEMI may allow patients with shock to be selectively sent to
“shock centers”, facilitated by a simplified prehospital SCAI SHOCK
classification that relies on physical examination alone.?®?°

Key aspects to emphasize in an updated classification

It is crucial to emphasize the distinction between the grading of shock
severity and the prediction of mortality risk. Although shock severity is
among the most potent predictors of mortality in patients with CS,
numerous other risk modifiers can influence this risk, resulting in lower-
risk and higher-risk patients at each SCAI SHOCK stage, as highlighted
previously. In addition, the transition between stages is of significant
prognostic value. Although the SCAI SHOCK stage can provide mortality
risk stratification (particularly when risk modifiers are integrated), its
greatest value is in standardization of shock severity assessment to
enhance clinical communication and decision-making. In addition, re-
evaluation of the clinical stage can guide further treatment options
regarding escalation or de-escalation strategies and assist in prognosis.
The SCAI SHOCK stage should be reassessed at intervals, the timing of
which will differ based on the initial severity and response to therapy.
The improvement of the SCAI SHOCK stage by even one category is a
powerful favorable prognostic indicator, and conversely, a maintaining
or declining SCAI SHOCK is a potent negative marker.° Similarly, CA that
results in neurologic injury or impacts peripheral organ function is an
important concern that impacts mortality and the potential for recovery.
Finally, the consideration of age along with the SCAI SHOCK stage is of
value to the clinician while planning the next intervention, including the
recognition of futility before care is rendered.?

To improve care, it will be important to recognize that most sites are
not equipped with all modalities for the care of CS, and therefore, some
patients will need to be transferred to a primary shock center or “hub” that
has the ability and technology to care for all patients.?®*° However, given
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capacity constraints, it is important to have a classification system that
allows identification of the sickest patients, but also ones where the pos-
sibility of survival is greatest; this is where an understanding of the
distinction between shock severity and mortality risk is essential, and risk
modifiers must be taken into account. Transfers for futile care in unre-
coverable high-risk patients do not change outcomes and deny capacity to
those who might otherwise benefit. One proposal would be for sites to
classify their capabilities and organize into spokes and hubs. The spoke
centers with MCS capabilities would manage SCAI SHOCK stage C (most
patients) but are triggered to consider referral when progression to SCAI
SHOCK stage D occurs (before development of SCAI SHOCK stage E).
However, patient candidacy for advanced supportive therapies should al-
ways be a central consideration in these decisions, adding a layer of
complexity.

Patients with CS represent a heterogeneous population including
distinct phenotypes, which are challenging to define and may be inde-
pendent from shock severity per se.”’ Clinicians must recognize that pa-
tients at each SCAI SHOCK stage may appear or behave differently and may
present with a spectrum of overall illness severity and mortality risk.
Clinical decision-making for patients with CS must integrate not only shock
severity but also the etiology of shock (particularly ischemic versus non-
ischemic and acute versus acute-on-chronic), the presence and reversibility
of organ failure, degree of congestion, mixed or vasodilatory shock states,
ventricular involvement (LV, RV, or biventricular dysfunction), and a
multitude of factors influencing candidacy for supportive therapies such as
age, CA, and important comorbidities. Therefore, using the SCAI SHOCK
stages to provide a uniform assessment of shock severity is merely one
important component of prognostication and management for these pa-
tients, and we believe that a consistent classification system that can be
tailored to each care environment is more useful than a comprehensive one.

Updated SCAI SHOCK classification pyramid and table
Framework and criteria for shock stages

The framework emphasizing the domains of physical examination,
biochemical, and hemodynamic criteria has been maintained, representing
the availability of better data over time that can and should be integrated
into assigning the SCAI SHOCK stage. Suggested criteria in each domain to
define the SCAI SHOCK stages (Table 3) have been modified to be more
succinct and data-driven, with the goal of optimizing sensitivity and
specificity to enable increased incorporation into clinical practice. This
remains a work in progress that is designed to be flexible and will continue
to be refined as more and better data become available. Lactate thresholds
have been modified to reflect the available data; although not all studies
measured lactate levels routinely, this is important both therapeutically and
prognostically and should be adopted as a standard practice going forward.

Table 3 has been modified to characterize diagnostic features as those
that are typically included and those that may be included when defining
the SCAI SHOCK stage. This was carried out to account for variability in
patient presentations and in recognition that the data available to the
clinician vary between different care settings, both within a given insti-
tution and among different institutions. For example, invasive hemody-
namic data are obtainable in the catheterization laboratory and potentially
in the critical care unit but are not generally available in the emergency
department or the rural community hospital. As a patient moves through
the health care system from the first medical contact to the more advanced
hospital settings, the quantity and quality of data that become available
will increase and the SCAI SHOCK stage assignment will be more accurate.

Clarification of SCAI SHOCK stage D, which is defined as failure to
stabilize with initial therapy, may be helpful. In general, the need for
more than one vasoactive agent or more than one support device, due to
failure of appropriate initial therapy to maintain perfusion, defines a
patient in stage D. In addition, either escalating doses of medications or
need for higher mechanical support settings over time may represent
stage D. As such, patients who need more than one vasoactive agent
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shortly after presentation can be in stage C, but an element of time must
pass after initiating therapy to define stage D. Stage D may be the most
challenging to define for clinical practice and research because of un-
certainty about what constitutes an adequate therapeutic trial in terms of
vasoactive drug dosing, device selection, and time.

The CA modifier has been refined to include only those individuals
after CA who fail to respond to verbal commands and/or who have a
Glasgow Coma Scale of <9 and no longer includes brief CA with
normalization of neurologic status.

SCAI SHOCK stage in the context of acuity of presentation, etiology,
phenotype, and other risk modifiers—the 3-axis model

Acute versus acute-on-chronic presentation and shock etiology

The SCAI SHOCK classification was designed for patients presenting
acutely, but acute and acute-on-chronic processes can differ in important
ways. Patients with decompensation in the context of chronic HF may
present with different symptomatology and may also have different he-
modynamic profiles in that they may have developed adaptations to allow
them to tolerate lower cardiac output and blood pressure.’’ Indeed,
because of compensatory mechanisms and adaptations, patients with
chronic HF may display a lower SCAI SHOCK stage than those without
such adaptive mechanisms or may provide a falsely reassuring clinical
picture despite high-risk hemodynamics.2® Accordingly, it is critical to
interpret physical findings and hemodynamics in this clinical context.
That said, these differences are most evident in patients in SCAI SHOCK
stages A and B and converge in later stages. SCAI SHOCK stages C, D, and
E tend to appear similar regardless of underlying chronicity. Another
crucial distinction relates to the etiology of shock which may influence
the clinical presentation and outcomes, such as patients with AMICS
versus decompensated HF progressing to CS. Although the SCAI SHOCK
classification applies equally to both groups of patients, their clinical
and hemodynamic findings, prognosis, and optimal treatment strategies
may differ markedly.

Shock phenotype

Although hemodynamic measurements are commonly used to make the
diagnosis of CS, formal definitions of hemodynamic shock phenotypes may
help guide therapy and improve outcomes. The hemodynamic parameters

Proposed 3-axis model
of cardiogenic shock
evaluation and
prognostication

Phenotype & Etiology
* Acute vs. Acute-on-

Chronic

° o

dysfunction
e Cardiacvs.

cardiopulmonary failure
Congestion profile
Biochemical phenotype

Clinical etiology of CS
RV vs. LV vs. BIV systolic
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shown in Table 3 generally define the diagnosis of shock with low cardiac
output or cardiac power output, high filling pressures, and increased oxygen
extraction (ie, reduced venous oxygen saturation) indicative of systemic
perfusion failure overall despite adequate volume. Other hemodynamic
parameters, such as the ratio of right atrial to pulmonary capillary wedge
pressure (right atrial pressure/pulmonary capillary wedge pressure),?® and
pulmonary artery pulsatility index®">> among others are now advised to
identify patients with RV failure who may potentially require dedicated RV
or biventricular support.?®?° These hemodynamic and echocardiographic
measurements reflecting ventricular function may facilitate risk stratifica-
tion within the SCAI SHOCK stage classification. Recent application of
machine learning algorithms supports that distinct phenotypes of CS can be
identified and further stratifies mortality risk within each SCAI stage.?’ It is
essential to differentiate between diagnostic variables that enable assign-
ment of the SCAI SHOCK stage from prognostic variables that help predict
mortality risk or assign the structural problem leading to shock, recognizing
that many variables serve both purposes.

The 3-axis model of predictors of mortality

The outcome of shock is based on a number of factors, including the
severity of the shock, risk modifiers such as age, comorbidities, and prior CA
with evidence of anoxic encephalopathy, and certain features of the hemo-
dynamic phenotype and clinical presentation. We propose a 3-axis model of
CS evaluation and prognostication that integrates shock severity, clinical
phenotype, and risk modifiers as distinct constructs that must be considered
during clinical decision-making (Fig. 3). Established and emerging bio-
markers may further refine risk stratification, and future research will be
needed to define how to integrate these into shock severity assessment.
Many of these factors are captured in the SCAI SHOCK classification, but
others are not, underscoring the importance of evaluating individual pa-
rameters in the context of the entire clinical picture. It is essential to differ-
entiate a patient who is “high risk” due to severe shock with poor
hemodynamics from a patient who is “high risk” due to nonmodifiable risk
factors for mortality.

Revised SCAI SHOCK pyramid

A revision of the SCAI SHOCK pyramid is shown in Figure 4. The
underlying structure is the same to prioritize simplicity and widespread
applicability. Each of the stages now has gradients of color to denote

Shock severity

* SCAl shock stage
¢ Hemodynamics
* Metabolic derangements
® Vasopressor toxicity

Cardiogenic
shock patient

isk modifiers

» Non-modifiable risk
factors: e.g. age,
comorbidities

Cardiac arrest with coma
Presence/reversibility

of organ failure

Systemic inflammatory
response

Frailty/risk of complication

=
%)
=
3
°
-
=
5
@

Fig. 3. The proposed 3-axis conceptual model of cardiogenic shock evaluation and prognostication.
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EXTREMIS

A patient with refractory shock or actual/impending
circulatory collapse.

(A) Modifier:
CA with concern for

anoxic brain injury

A’

A patient who has clinical evidence of shock that worsens or
fails to improve despite escalation of therapy.

CLASSIC

A patient who has clinical evidence of hypoperfusion
that initially requires pharmacologic or mechanical support.
Hypotenslon is usually present.

-

BEGINNING

A patient who has clinical evidence of hemodynamic
bility (including hyp ion, tachycardia or abnormal
systemic hemodynamics) without hypoperfusion.
AT RISK

A hemodynamically stable patient who is NOT experiencing
signs or symptoms of CS, but is at risk for its development (i.e.
large AMI or decompensated HF).

Fig. 4. Updated SCAI SHOCK classification pyramid. AMI, acute myocardial infarction; CS, cardiogenic shock; HF, heart failure; SCAI, Society for Cardiovascular

Angiography and Interventions.

Chronic cardiovascular disease
SCAI shock stage not applicable

Recovery

RECOVERY PATHWAYS

Normalization of perfusion
metrics while on support (MCS
or pharmacologic) improves to
Stage C. If remains normal
with removal of support, then
improves to Stage B or A.

Hemodynamically stable
SCAI shock stage A

Loss of

Failure to stabilize with initial Tx
SCAI shock stage D

DETERIORATION PATHWAYS

compensation

compensation Acute catastrophic event (i.e.,
prolonged CA) arrives in Stage
E. All others must stop at least
transiently in Stage C for first

Deterioration intervention.

Deterioration

Fig. 5. Cardiogenic shock is a dynamic process. CA, cardiac arrest; MCS, mechanical circulatory support; SCAIL Society for Cardiovascular Angiography and

Interventions.

gradations of shock severity and risk within each stage, as a reminder of
the need to individualize patient care based on phenotype, risk modifiers,
and comorbidities. We explicitly did not add subcategories within each
SCAI SHOCK stage to preserve the simplicity of the classification. The
updated CA modifier is incorporated into the pyramid.

Classification and patient trajectories

Figure 5 shows the initial and reclassification process in response to
patient response and trajectory. It should be noted that the SCAT SHOCK
classification only applies to acute presentations and is not used to stage
chronic cardiovascular disease. Patients may respond to therapy, stabi-
lize, and recover, in which case they would move to a progressively lower
SCAI SHOCK stage. Alternatively, they may fail to respond to therapy,
deteriorate, or experience an acute catastrophic event such as CA or
myocardial rupture, in which case they would move to a higher stage. In
addition, response failure includes not only patients who are getting
worse but also those who are failing to improve with appropriate ther-
apy. Note that decompensation into SCAI SHOCK stage D requires
spending some time in SCAI SHOCK stage C because an intervention and
an element of time are required, whereas a catastrophic event or
decompensation may result in SCAI SHOCK stage E from any of the lower
stages.

Summary of the new classification

The revision of the SCAI SHOCK stage classification moves toward
eliminating variables that are either redundant or that have been shown
not to add additional prognostic value in the interest of making the
classification simpler to use and more data-driven. This process is
ongoing and will be refined as high-quality data accumulate. Some of the
elements are defined with greater precision, including lactate levels and
also the CA modifier, which now excludes very brief episodes with rapid
response to defibrillation and comprises only those patients who have
impaired mental status with unknown neurologic recovery status after
CPR.28:29:33

The classification tends to err on the side of being practical and simple
over being comprehensive and is most applicable to acute presentations
with CS. However, we have now outlined a 3-axis model for evaluation
and prognostication that takes into account shock severity, risk modi-
fiers, etiology, and phenotypes that should be applied to individualize
patient management. The revised pyramid has gradations of color to
represent gradations of risk within each stage.

Finally, additional emphasis has been placed on patient trajectories,
to help recognize patients who are responding to therapy but more
importantly to identify those who are failing to respond or deteriorating
and who should be considered for more intensive therapy (or
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interhospital transfer) or conversely considered for palliation based on
patient and family wishes or futility.

Our hope is that the revised criteria will allow for more uniform
classification to help clinicians choose patients for advanced therapies,
but also define criteria for entry into clinical trials to better understand
the value of potential therapies. A crucial next step in this field will be to
compare the outcomes associated with drug and device therapies, sys-
tems of care, and treatment protocols for patients at different stages or
trajectories, phenotypes, and modifiers of shock.

Future considerations and research

The clinical uptake and scientific confirmation of the SCAI SHOCK
stage classification framework, as outlined in section 1 of this docu-
ment, have been rapid; however, ongoing validation, refinement,
knowledge translation, and implementation are required. The staging
system has yet to be evaluated in all clinical environments throughout
the CS spectrum of care including in the prehospital setting, in the
emergency department, or among patients treated with durable MCS or
postcardiotomy shock. Moreover, the SCAI SHOCK model was designed
to be applied dynamically throughout all phases of care, and more work
is required to understand the optimal reassessment intervals and the
association between mortality risk and temporal changes in SCAI
SHOCK stages from presentation through deterioration and recovery,
destination therapy, or palliation.'

A major limitation of the current system is that multiple elements
within the staging remain subject to variable interpretation including dif-
ferential threshold for MCS deployment between institutions, necessitating
unified definitions of each SCAI SHOCK stage that are less dependent on
local practice patterns. The CA modifier continues to include a heteroge-
neous population with variable risk of neurologic injury; thus, improved
collection of intra-arrest information such as arrest duration, rhythm, and
treatment could facilitate hypoxic-ischemic neurologic injury discrimina-
tion and could refine or improve this “A” modifier.>* Similarly, the
development of uniform definitions of hypoperfusion, hypotension, and
LV, RV, or biventricular failure has the potential to improve interuser
reliability of shock staging. It remains unclear how best to utilize invasive
hemodynamic parameters, laboratory measures of hypoperfusion, bio-
markers, or a combination thereof to discriminate the risk of morbidity and
mortality. The framework for defining the SCAI SHOCK stages described in
this document may be inadequate to directly use without modification for
clinical trial enrollment, and precise individualized research definitions of
the SCAI SHOCK stages will be required if stratification by stage is desired
based on the target population.

Strategies to improve clinical dissemination of this model and up-
take among frontline health care workers potentially include incorpo-
ration into international societal clinical practice guidelines,
embedding the score within institutional electronic health records, and
increasing education though traditional scientific (eg, congress pre-
sentation, journal clubs) and emerging educational streams (eg, social
media awareness, podcasts, and SCAI SHOCK stage calculators). We
believe that CS registries and clinical trials could be improved by
including the SCAI SHOCK stage classification system as a risk marker
of acuity, as a study inclusion/exclusion criterion, and/or by stratifying
therapeutic interventions across SCAI SHOCK stages. This could
potentially allow for a better understanding of the baseline risk of each
population, facilitate interstudy comparisons of CS populations which
traditionally pooled this group of patients, and allow for the evaluation
of the efficacy and safety of treatments across the severity spectrum. We
acknowledge, however, that these prospective strategies require uni-
form definitions of all variables to allow for accurate SCAI SHOCK
staging and good interuser reliability.

Summary and conclusion

In summary, since 2019, the SCAI SHOCK stage classification has

10

B 82 i Al (D

Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100008

been widely adopted and subsequently validated by multiple groups
across the spectrum of CS. The SCAI SHOCK consensus workgroup
reviewed the validation studies in detail to identify potential areas of
refinement for the classification scheme. In particular, we clarified the
precise role of the SCAI SHOCK classification within a more compre-
hensive 3-axis model incorporating predictors of mortality, provided
more granularity to the CA modifier and the constituent domains of the
classification, including physical examination, biochemical, and hemo-
dynamic criteria, and allowed for gradations of risk within each SCAI
SHOCK stage. More emphasis is placed on the trajectory of the patient
with CS through hospitalization, including as patients are transferred to
higher levels of care (hubs and spokes), as well as potential future di-
rections. It is our desire and belief that the revised SCAI SHOCK stage
classification will enhance both clinical care and CS research trial design.
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SCAI CS Stage 443

SCAICS » % 5 & F 8% E » EAND %%ﬁﬁ Foz2 B2 2 ffhge s 2 kS

¥ ¥4p M ptk (Figure 1 and Table 1) > i27 %o 25 BIAEDFER ~ B4R & B i

2019 & £ 3R AL PRI é@.t s fe 2022 # AR k4 » B H I ”%%5%“5’??‘7
Bt #&ﬁi*i%‘”’%%‘ # 3] (Phenotype) ~ I * i3 4 5]+ (Risk Modifiers) + fr 5

(Co-morbidities ) ¥ & ¢ &7 1 4 i F 5 -

EXTREMIS

(A) Modifier: . A patient with refractory shock or actual/impending
CA with concern for circulatory collapse.
anoxic brain injury

A patient who has clinical evidence of shock that worsens or
fails to improve despite escalation of therapy.

CLASSIC

A patient who has clinical evidence of hypoperfusion
that initially requires pharmacologic or mechanical support.
Hypotension is usually present.
BEGINNING
A patient who has clinical evidence of hemodynamic
|nstab|||ty (including hypotension, tachycardia or abnormal
systemic hemodynamics) without hypoperfusion.
AT RISK
A hemodynamically stable patient who is NOT experiencing
signs or symptoms of CS, but is at risk for its development (i.e.
large AMI or decompensated HF).

Figure 1

Stage A JAx #7 At Risk

Aw ARG CSap kg > e 5 CSappERR "G+ 4o AML g5 A B R 4 2 &
B FE T e

BERL I FEFREIY -

PHRERALE D AREF (FPERFTHLE)

&yn# 4 8 (F% ) & BE ¥ - Cardiac Index (CI) = 2.5 L/min/m’, CVP < 10 mmHg, PCWP
< 15 mmHg, PA (Pulmonary Artery) Saturation = 65% °

Bop S 46%

=& 3%

Stage B #2 44 #1 Beginning ( Pre-shock/Compensated Shock )

:}?3 p gt d B2 IO fdoin B i Ly X g3 & (hypoperfusion )
Wkt F R LR R TR R -

ﬂgﬁfﬁﬁ DEREORR Y A S odele s BRE S ~ REB IR v o

FHEIE IR IF - FTHaERARY CBNP L o

w4 0 SBP < 90 mmHg or MAP < 60 mmHg or 30mmHg Drop from Baseline, Pulse =

100 bpm, Cardiac Index (CI) > 2.2 L/min/m’, PA Saturation > 65% °
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%:E‘:}}%f%" : 30%
= 1 T71%

Stage C %I} Classic

Br B BRI ARG AR I ARG KA R (- ) FF R -

FF L doah o A~ S RAN S R TR A 4 MCS BA-h RS Sk (38 ZHRAHE).
PEH¥ S 5 RrE S (Volume Overload) IR % ~ i A AR B ~Ee o~ AR

Yoo s ficat F w o a2 (Delayed Capillary Refill ) ~ % 38 R il § ~ Lt~ L2+

o] P <30cc ~ o 7 &R o KillipHlorIV -

P % % & ' Creatinine +“ 2 # & F 2 151 (20195% &+ 2 2 & ) & GFR ™ 4 50% !

+ ~ §'p& Lactate > 2 mmol/L ~ BNP + = ~ 33 b = % o

w e 4 8 I MAP < 60 mmHg or SBP < 90 mmHg 7 £ % F & % & ;U i\ £ # MCS,

Cardiac Index (CI) < 2.2 L/min/m’, PCWP > 15mmHg, PAPi < 1.85, RAP/PCWP = 0.8, Cardiac

Power Output < 0.6 °

%:E‘f}ﬁaf?‘ 2 15.7%

= % 12.4%

Stage D 2/t 3 Deteriorating (Doom )
Fracde L s (desg o &) s 2 BB - RN ERAF) g FRLT-HA s
(Escalate)) & 4F M55 -
I“'?%ﬁﬁ ! Stage C -
% EH 4 ¢l Stage C e { fx€ ~ Lactate 34 + =2 ¥ # 4 > 2 mmol/L -
imw ¥ Fixf StageCle 3 & 5 &2 RA ~ & F 857 MBS J5 MCS £ 4 -
Bt 7.3%
7= &1 40.4%

Stage E #%3% #9 Extremis

it BT T G E R R &R v FP e CAY 7 it § & E-CPR (ECMO-facilitated
CPR) % % f6~ i g5 4 bk -

BERL AT IRE PV EEIRLF

¥ % % W & “Trying to Die” » Bc £ i ¥ & pH < 7.2, Lactate = 8 mmol/L (2019 %% » = 5
mmol/L ) , Base Deficit > 10 mEg/L -

gt A B R R EFR R R ARE DT §ER (PEA) & Ak

¥g > (Refractory VT/VF) , AR £ #F2 7 s B~ F &8 2 B %% # 4] (Bolus) &t
= R -

FRS 1%

= X 167T%

FHAER ) R
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Table 1

m Descriptors of Shock Stages: Physical Examination, Biochemical Markers, and Hemodynamics

Physical examination/
bedside findings

Biochemical markers

Hemodynamics

Typically Typically Typically
Stage Description includes May include includes May include includes May include
A A patient who is not Normal JVP Clear lung sounds Normal lactate Normal labs Normotensive If invasive
At risk currently Warm and well- e Normal (or at (SBP =100 mmHg or hemodynamics
experiencing signs perfused baseline) at baseline) are assessed:
or symptoms of e Strong distal renal function e Cardiac
CS, but is at risk pulses Index =2.5 L/
for its o Normal min/m? (if acute)
development. mentation e CVP =10 mmHg
These patients may e PCWP =15 mmHg
include those with e PA saturation
large acute =65%
myocardial
infarction or prior
infarction and/or
acute or acute-on-
chronic heart
failure symptoms.
B A patient who has Elevated JVP Rales in lung fields Normal lactate Minimal acute Hypotension
Beginning CS clinical evidence Warm and well- renal function e SBP <90 mmHg
of hemodynamic perfused impairment e MAP <60 mmHg
instability e Strong distal Elevated BNP e >30 mmHg drop
(including relative pulses from baseline
hypotension or e Normal Tachycardia
tachycardia) mentation e Heart rate =100
without bpm
hypoperfusion.
C A patient who Volume overload Looks unwell Lactate 22 Creatinine If invasive hemodynamics
Classic CS manifests with Acute alteration in mmol/L increase to 1.5 assessed (strongly
hypoperfusion mental status x baseline (or recommended)
and who requires Feeling of impending 0.3 mg/dL) e Cardiac index
one intervention doom or >50% drop  <2.2 L/min/m?
(pharmacological Cold and clammy in GFR e PCWP >15 mmHg
or mechanical) Extensive rales Increased LFTs
beyond volume Ashen, mottled, Elevated BNP
resuscitation. dusky, or cool
These patients extremities
typically present Delayed capillary
with relative refill
hypotension Urine Output
(but hypotension <30 mL/h
is not required).
D A patient who is Any of stage C and Any of stage C  Deteriorating Any of stage C and
Deteriorating similar to category worsening (or and lactate renal function requiring escalating
C but is getting not improving) rising and Worsening LFTs doses or increasing
worse. Failure of signs/ persistently Rising BNP numbers of pressors
initial support symptoms of >2 mmol/L or addition of a
strategy to hypoperfusion mechanical
restore perfusion despite the circulatory support
as evidenced by initial therapy. device to maintain
worsening perfusion
hemodynamics or
rising lactate.
E Actual or impending Typically Near pulselessness  Lactate 28 CPR (A-modifier) Profound hypotension  Need for bolus doses
Extremis circulatory unconscious Cardiac collapse mmol/L* Severe acidosis despite maximal of vasopressors
collapse Multiple e pH<7.2 hemodynamic
defibrillations e Base deficit support
>10 mEq/L

BNP = B-type natriuretic peptide; CPR = cardiopulmonary resuscitation; CVP = central venous pressure; GFR = glomerular filtration rate; JVP = jugular venous pressure; LFT = liver
function tests; MAP = mean arterial pressure; PA = pulmonary artery; PCWP = pulmonary capillary wedge pressure; SVP = systolic ventricular pressure.
2Stage E prospectively is a patient with cardiovascular collapse or ongoing CPR.
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Stage B & Stage C Flsg £ &

AR Gmagn o F TEERT L TG M B dup s HAag Tie R
Mg s ,E,. % ij g A %k @ £ o Lactate 7yt f/n™ ¥ 1L Jes gw) s '.‘3.{‘1—‘»5/?3

K RS ’tt"‘?’!«Iﬁv RRF e FHEDZE FIL TR i Cardiac Index & & ™ '%# » Lactate #c &
mF Gy A ¥ e ¥ f’*“ﬁ R ARk MoEs P 44 o (Mesenteric Ischemia) & 2 % g iE 3

( Compartment Syndrome ) » ¥ it 3% = Lactate + = » F #F w1 g o

Stage C & stage D Koy £ &

:g‘)?;’\fﬁ-‘ﬁﬁflé“ K ﬂ—'ﬁ/r' . (Vasoactive) # O f—;% # MCS % £ #
(Reverse) ‘e n 3 Lk fi &8 @ jnds 4 /,,\%F % Stage C o 4r % 42 4a 155 5 &
o RRL A REEES S i%w%ﬁ%\ T 45 MCS %2 siniy » RIA %5 Stage D o )
S hStage C T Stage D § ¢+ F ¢ F- [ RBTFAE  FFR I BIEA R FALER
# MCS % 451 & 2 45 22 ik > i s BA4E% > Pl B 7] Stage E - 2022 § #7405
“Hub-and Spoke model” (45 phi B 405 ) %% + i€ B 5 Stage D » R B0 T phik s | ¥
A BRI B A iR S

2 B M3 3% Cardiac Arrest (CA) 156 B F (Modifier ) .,

Fla CAEE A F 2 ¢BFRBREL > 4t B4 FF (CA modifier) o 514 Stage B, i3
Bt o b StageBp il F CAhE R -CS 2 CAF ¥ REHEL  F@EFAEE (CS
with CA) e 4 %337 (5 » § 2600 iz ip B — B (2 o 4 63 K19 £ o 2022 & st ALK 10
CA Modifier 74 & » FTHR £ 330 5 & Kﬁﬁa N R %z BCAZE%- Eﬁﬁﬁ’%&,jﬁ,g 2y
B il ERAH RN ET O FEA EFHFLL o FP 2022 KA AT G

*94f % (Anoxic Brain Injury) ¢ 4 4e b CA Modifier : 4 Glasgow Coma Scale - %+ 9 4

2 H B Tl 3 & F sihyp 4 (Not Following Voice Command ) -

S804 4 B -F Age Modifier

2019 # 5% &2 # 3| 0 2022 # 4K} a‘%“l]ﬁwﬁu}fﬁf]—r}-}* FERERELR |E.§~kra~;;}
4t » SCAI Shock Stage Bl # % 75 % £ 28 0 2022 chd T 33523 » 8224 SCAI CS A & & 4t
Fo R K FUEREER G TS - x@;fg&i B s AR (e R R
ICS Bed B A vt R E o AT L3 Rl Bra e

H i 28

45 %& & T (Troponin T, TnT) : F 3§ {4 7
a1 B o CS oL eh 8 TnT 1+ 2+ ey
LB Lactate : i % /2 2 mmol/L iF 5 » % 2L (Cut-off ) » ¥ &' F fefic i@ Frh 5 pfici® &

@4

Fenjh ok IR F]F 0 W 'Fﬂﬁﬁi&xﬁé\%}
B o
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$ 5288 B Bicarbonate : ' i< & 30 p Z2Hp = Fendpiplan 4 v B lactate ke K T4 o
BNP : % :Bipdh > » ¥ ids CSpz iz Bt ﬂ:* o M BEFHRT 0 M BNP kTR
AFCSenZdr > A BNP F A 2 Tl % Flo g Wi w s w3 a6+ E

E b4 WAZ 3 ¥ 4o FGF-23, GDF-15, hsCRP, sTNFR1, Angiopoietin-2, sFas, sFasL,
Endothelin-1, PIINP % & X if & §/k FF i * o

PAC ph#y ik & & © 2 3% CS 7 L*‘F’f“" e B ® @ % % § % ¥ (Pulmonary Artery Catheter,
PAC) ¥ #Egkum X 7 L@ @M D% E W ik ? « (Shock Center)

BRAEMAKRE  FlE i A A 3R é: M k5. (Mixed Shock) 4r & & F P M ks > sz »
w4 TRIRERT TG Y

sl
SL £ 4 {67}%‘ FHF = F2PAHEL 010 E D FIRE = FD R 6% H R R S
(CABG)~ % P * 7 MR % > R j{pEF ¥ PR > DIEL ZT WA R Sejpl > TnT =
& /& 94/70 mmHg - :;h A4 100 % (A & 140/70 mmHg ) > F] # 1CS Stage 5 B
E ,,_é.é‘fg TR B E L4 110 =0 fj"\g # 5  PAC % 2% ts 17 3| Cardiac Index 1.8
L/min/m’ » PCWP % 29 mmHg > #* p¥ i 71 CS Stage 5 C o «~ ¥ # # % % % Saphenous Vein
Graft # 7] RCA 7 = 2 2 > ¥ ¢ BB )"?‘@_;i"i IABP i i = Thrombectomy » fe g B*IJ%
A4 VET 2RI e Fi Rk £ 2019 & £33 5 CS Stage C, 0> e F &R 2022 & i3 1
A w5 Stage C o jiee 3 & * AL 58w & > &% = Thrombectomy & ¥ » IABP > J5 4 8t
b CCU Mok » v A S EFEFRS o TR ARG HHEZ IABP LIl £ FTH
Cardiac Index i % <2 L/min/m” » P s 4 CS Stage 3 D s g4 P MCS L% -

B HEER AT 2 Retrospective Validation Study

2019 # SCAICS Stage & & 28 F# > A 2 F 3§ 2 P 1w ;“ﬂ?i']ta‘_,%%’-‘%ﬂ 7% % (Table 2) >
5% 3% CS Stage fr=t ¥ = (Subgroup) » = F g b ¢ 7 £ F L F R &% gz ¥
(ACS) -~ CICU (CCU) }]% AR~ Flew oo iz b (OHCA) mé,'ﬁ o X LBk F
LM B CS Stage chfe s 5 FIFZ 7 %3~ KA P f A L3 (Flgure 2)> = (Afk
P &30P ) - K FR R REG T AL %N (Figure 3) 0 e g 0 CS Stage 327 # B
UER S F o kAP EE T 0 T CSRERLCS REEW» = R Ak P o
e L FHETRE Ry §RTFH D= o GlAeR R &2 1 5]+ (CA Modifier,
Age Modifier % )> A k2 $ifies ¥ L IIR %&:=F 4 ¢ > CS Stage & - B fLiE42 ¢
# g7 (Figure 4 B B F F frdib - o2 €374 5if42 ) Stage 2 e 2§ &
L ehiffs B8 0 5L & CS Stage B3g * &4 0 7 g * AN fde ;ﬁfj;}]%



Table 2

m Characteristics of Studies Validating the Association Between the SCAI SHOCK Stage and Mortality

5 % Al ()

Study Years Included Population Design Patients, n Primary Outcome
Schrage et al 2020 2009-2017 CS or large MI Retrospective single-center 1007 30-day survival
Baran et al 2020 2019-2020 cS Prospective single-center 166 30-day survival
Thayer et al 2020 2016-2019 cs Prospective multicenter” 1414 In-hospital mortality
Hanson et al 2020 2016-2019 AMICS Prospective multicenter® 300 Survival to discharge
Jentzer et al 2021° 2007-2015 (8 Retrospective single-center 934 30-day survival
Jentzer et al 2019 2007-2015 cicu Retrospective single-center 10,004 In-hospital mortality
Lawler et al 2021 2017-2019 CICU or CS Retrospective multicenter 1991 In-hospital mortality
Jentzer et al 2020 2007-2015 CICU survivors Retrospective single-center 9096 Postdischarge survival
Pareek et al 2020 2012-2017 OHCA Retrospective single-center 393 30-day mortality

Duplicate data from the same cohort are not shown. AMICS = CS from acute myocardial infarction; CICU = cardiac intensive care unit; CS = cardiogenic shock; Ml =

myocardial

infarction; OHCA = out-of-hospital cardiac arrest; SCAl = Society for Cardiovascular Angiography and Interventions.
#Patients with CS from the Schrage 2020 study were included in the Jentzer 2021 study, so only the nonduplicated patients are reported for the Jentzer 2021 study.
bPatient enrollment in these studies was prospective, but the SCAI SHOCK stage was assigned retrospectively.
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Chronic cardiovascular disease
SCAI shock stage not applicable

Recovery Hemodynamically stable
SCAI shock stage A
RECOVERY PATHWAYS boss- of T compensaiion DETERIORATION PATHWAYS

Normalization of perfusion
metrics while on support (MCS
or pharmacologic) improves to
Stage C. If remains normal
with removal of support, then
improves to Stage B or A.

Loss of I compensation

Deterioration

SCAI shock stage D

Deterioration

Figure 4

Acute catastrophic event (i.e.,
prolonged CA) arrives in Stage
E. All others must stop at least
transiently in Stage C for first
intervention.

Failure to stabilize with initial Tx
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( Cardiopulmonary ) ~ 4 = ;& #& (Congestion Profile ) ~ 4 i+ % 4] (Biochemical Phenotype ) °
BIEEAE T ¢ 45 &2 K1 (Non—modiﬁable) ik g F]F e E 8 & (Co-
morbidities) > # # &% 7 CA & & i %3 (Coma) » #£ ¥4 R EE % B (Reversible Organ
Failure ) ~ % s+ % & ¥ & (Systemic Inﬂammatory Response ) ~ % 33 (Frailty) % & % Jg

( Complication ) e
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of cardiogenic shock
evaluation and
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Late Balloon Valvuloplasty for Transcatheter Heart
Valve Dysfunction
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Duchscherer, BENG, Stephanie L. Sellers, MSC, PHD, Andrew G. Chatfield, MB, CHB, Gaurav G.
Gulsin, MD, PHD, Sandra Lauck, PHD, Jonathon A. Leipsic, MD, David Meier, MD, Rob R. Moss,
MD, Anson Cheung, MD, Janarthanan Sathananthan, MB, CHB, MP, David A. Wood, MD, Jian
Ye, MD, John G. Webb, MD

J Am Coll Cardiol 2022;79:1340-1351

ABSTRACT

BACKGROUND

Transcatheter heart valve (THV) dysfunction with an elevated gradient or paravalvular leak (PVL)
may be documented late after THV implantation. Medical management, paravalvular plugs,
redo THV replacement, or surgical valve replacement may be considered. However, late balloon
dilatation is rarely utilized because of concerns about safety or lack of efficacy.

OBJECTIVES
We aimed to evaluate the safety and efficacy of late dilatation in the management of THV
dysfunction.

METHODS

All patients who underwent late dilatation for symptomatic THV dysfunction at 2 institutions
between 2016 and 2021 were identified. Baseline, procedural characteristics, and clinical and
echocardiographic outcomes were documented. THV frame expansion was assessed by multislice
computed tomography before and after late dilatation.

RESULTS

Late dilatation was performed in 30 patients a median of 4.6 months (IQR: 2.3-11.0 months) after
THYV implantation in the aortic (n = 25; 83.3%), mitral (n = 2; 6.7%), tricuspid (n = 2; 6.7%) and
pulmonary (n = 1; 3.3%) position. THV underexpansion was documented at baseline, and frame
expansion substantially improved after late dilatation. The mean transvalvular gradient fell in all
patients. For aortic THVs specifically, mean transaortic gradient fell from 25.4 + 13.9 mm Hg to
10.8 £ 4.1 mm Hg; P < 0.001. PVL was reduced to <mild in all 11 patients with a previous >mild
PVL. Embolic events, stroke, annular injury, and bioprosthetic leaflet injury were not observed.
Symptomatic benefit was durable at 19.6 months (IQR: 14.8-36.1 months) follow-up.
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CONCLUSIONS
Balloon dilatation late after THV implantation appears feasible and safe in appropriately selected
patients and may result in THV frame expansion resulting in improvements in hemodynamic

performance and PVL.
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SRR R Hou R G0 2 F (Transcatheter Heart Valve [THV] Dysfunction) » @ 38 5945

B4 LA e & AR RIZ R (Paravalvular Leak [PVL]) 7% 12 95508 3 (8 4 o oy
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FIGURE 1 Study Flowchart
Between 2016 and 2021

n = 1,001 THVs in aortic n=59

position

n =22 (2.2%)
late dilatation
n =9 (0.9%) redo TAVR

n = 3 postdilatation
of the failed
THV during the redo TAVR

n = 68 patients with high
gradient or PVL >mild
not eligible for
late stand-alone dilatation

* n = 35 HALT treated
with anticoagulant
* n = 22 patients managed
medically
e n =19 asymptomatic
patients
* n = 3 with severe
annular calcification
» n = 1 death before
intervention
* n =1SAVR for heavy
calcified annulus
* n = 9 redo TAVR for
degenerated THV

n=
late dilatation
n=1(.

n = 24 patients
analyzed for 1-year outcomes

THVs in mitral
position

n = 4 THVs in pulmonary
position

n = 13 THVs in tricuspid
position

n = 2 (15.4%)
late dilatation
n =0 (0.0%) redo TVIV

n=1(25.0%)
late dilatation
n = 0 (0.0%) redo PVIV

2 (3.4%)

7%) redo MVIV

n = 30 patients underwent
late dilatation in aortic, mitral,
tricuspid or pulmonary position

n = 30 patients
analyzed for procedural outcomes

n = 3 redoTAVR excluded
from the
long-term analysis

n = 27 patients
analyzed for 1-month outcomes

* n = 2 died at follow-up
+ n =1 late dilatation
<1year FU
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TABLE 6 Pre and Post Late Stand-Alone Balloon Dilatation MSCT Analysis for Paired Aortic and Nonaortic THVs

Pre Late Stand-Alone

Post Late Stand-Alone

Difference Pre/Post Late

Dilatation Dilatation Dilatation P Value
All paired THVs in aortic position
(n=10)
THV expansion, %
Inflow 80.7 (75.8 to 84.7) 89.2 (82.5 to 99.1) +7.3 (6.0 to 11.4) 0.05
Mid 65.7 (63.3 to 68.4) 96.3 (86.5 to 98.3) +25.8 (19.2 to 33.1) <0.001
Mean diameter, mm
Inflow 21.3 (20.4 to 22.5) 23.1(22.1 to 23.5) +1.0 (0.8 to 2.1) 0.09
Mid 18.6 (17.9 to 20.8) 23.0 (21.1 to 25.3) +3.9(3.0t0 4.7) 0.003
Sphericity index
Inflow 0.9 (0.9 to 1.0) 0.9 (0.9 to 1.0) 0.0 (0.0 to 0.0) 0.60
Mid 0.9 (0.9 to 1.0) 0.9 (0.9 to 1.0) 0.0 (0.0 to 0.0) 0.80
Paired balloon expandable THVs in
aortic position (n = 8)
THV expansion, %
Inflow 81.8 (79.3 to 86.6) 94.8 (85.1 to 100.5) +8.5 (6.8 t0 14.3) 0.01
Mid 65.7 (62.3 to 68.1) 97.1 (94.9 to 99.4) +29.9 (23.5 to 34.3) <0.001
Outflow 93.8 (91.7 t0 97.7) 103.4 (100.9 to 105.4) +9.0 (6.7 t0 10.3) 0.001
Mean diameter, mm
Inflow 21.6 (20.9 to 22.9) 23.3(23.0 to 23.7) +1.0 (0.8 to 1.9) 0.04
Mid 19.5 (18.4 to 21.0) 24.3 (22.4 to 25.3) +4.1 (3.0 t0 5.0) 0.003
Outflow 23.0 (22.5 to 24.7) 24.4 (23.4 t0 25.9) +1.2(0.8t01.3) 0.07
Sphericity index
Inflow 0.9 (0.9 t0 1.0) 0.9 (0.9 to 1.0) 0.0 (0.0 to 0.0) 0.90
Mid 0.9 (0.9 to 1.0) 0.9 (0.9 to 1.0) 0.0 (0.0 to 0.0) 1.00
Outflow 0.9 (0.9 to 1.0) 0.9 (0.9 to 1.0) 0.0 (0.0 to 0.0) 0.60
Mean THV height, mm 20.8 (20.0 to 22.0) 19.8 (19.8 to 20.5) -1.5(-1.9 to -1.1) 0.10
Paired THV in surgical bioprosthetic
valve (n =7)
THV expansion, %
Inflow 78.4 (72.5 to 80.6) 83.9 (79.8 to 97.5) 7.8 (6.4 t0 16.6) 0.09
Mid 65.4 (72.5 to 80.6) 96.0 (83.1 to 100.1) 31.9 (17.8 to 35.1) <0.01
Mean diameter, mm
Inflow 20.6 (18.8 to 21.3) 23.0 (20.4 to 23.3) +1.7 (0.9 to 2.4) 0.09
Mid 18.1 (17.8 to 19.5) 22.7 (20.6 to 24.3) +4.1 (3.3 to5.1) 0.01
Sphericity index
Inflow 1.0 (0.9 to 1.0) 0.9 (0.9 to 1.0) 0.0 (0.0 to 0.0) 1.00
Mid 1.0 (0.9 to 1.0) 1.0 (0.9 to 1.0) 0.0 (0.0 to 0.0) 0.80
All paired THVs in nonaortic position
(n=4)
THV expansion, %
Inflow 80.4 (76.1 to 89.5) 95.6 (93.6 to 107.3) 22.1(15.9 to 26.2) 0.20
Mid 72.2 (66.1 to 81.5) 100.5 (96.0 to 104.0) 28.5(23.2t0 29.3) 0.06
Outflow 101.0 (97.9 to 104.9) 108.4 (107.5 to 110.3) 7.4 (5.4 t0 9.6) 0.20
Mean diameter, mm
Inflow 22.4 (20.7 to 23.9) 23.6 (22.2 to 25.5) +1.2 (0.5 to 2.6) 0.30
Mid 20.5 (18.6 to0 22.9) 22.9 (22.4 t0 24.8) +4.0 (3.7t0 4.3) 0.30
Outflow 23.3(22.6 t0 25.2) 24.1(23.8 t0 25.8) +1.0(0.7t0 1.2) 0.40
Sphericity index
Inflow 1.0 (1.0 to 1.0) 1.0 (1.0 to 1.0) 0.0 (0.0 to 0.0) 1.00
Mid 0.9 (0.9 t0 1.0) 1.0 (0.9 to 1.0) 0.0 (0.0 to 0.0) 1.00
Outflow 0.9 (0.9 t0 1.0) 1.0 (0.9 to 1.0) 0.0 (0.0 to 0.0) 0.70
Mean THV height, mm 21.1 (19.6 to 22.8) 19.8 (18.0 to 21.7) -1.4 (-1.9 to -1.0) 0.30

Values are median (IQR). THV expansion, mean THV diameter, THV sphericity index, and mean THV height assessed by MSCT pre and post late balloon dilatation in paired aortic
THVs, in aortic balloon expandable THVs, in aortic valve-in-valve configuration, and in non-aortic THVs. Outflow and THV height were not analyzed for self-expandable THVs.

THV = transcatheter heart valve.
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FIGURE 3 Volume Rendered MSCTs Showing Underexpanded THVs With Improved Expansion Postvalvuloplasty

A

Prevalvuloplasty Postvalvuloplasty

26 mm S3
AORTIC

23 mmS3
MITRAL

29 mm S3
TRICUSPID

26 mm S3
PULMONARY

(A) A 26-mm S3 aortic THV expanded using a 25-mm True balloon; (B) 23-mm S3 THV in a 25-mm Epic mitral valve expanded using a 23-mm True balloon;
(€) 29-mm S3 THV in a 29-mm Epic tricuspid valve expanded using a 29-mm True balloon; (D) 23-mm S3 THV in a 22-mm Melody pulmonary implant

using a 23-mm True balloon. Red lines = mean THV diameter at the outflow, mid, and inflow; white arrow = mean THV height; orange arrows = mean THV
diameter increase after dilatation at the outflow and inflow; red arrow = mean THV diameter increase after dilatation at the mid portion.

MSCT = multislice computed tomography; THV = transcatheter heart valve.
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TABLE 5 Echocardiographic Parameters Immediately Post-THV Implantation, Pre and
Post Late Stand-Alone Balloon Dilatation (Excluding Redo TAVR)
Post-THV Pre Stand-Alone  Post Stand-Alone
Implantation Postdilatation Postdilatation
(n =27) (n=27) (n =27) P Value
LVEF, % 0.8
>50 21 (77.8) 18 (66.7) 18 (66.7)
35-50 4 (14.8) 8 (29.6) 8 (29.6)
<35 2 (7.4) 1@3.7) 1(3.7)
Aortic position (n = 22)
Mean gradient, mm Hg 15.5+ 9.8 254 +£13.9 10.8 + 4.1 <0.01
PVL >mild 6 (27.3) 11 (50.0) 0 (0.0) <0.01
Mitral position (n = 2) NA
Mean gradient, mm Hg 35+ 0.7 14.0 £ 1.4 35+ 0.7
PVL >mild 0 (0.0) 0 (0.0) 0 (0.0)
Tricuspid position (n = 2) NA
Mean gradient, mm Hg 50+28 7.5+ 0.7 4.0+ 0.0
PVL >mild 0 (0.0) 0 (0.0) 0 (0.0)
Pulmonary position (n = 1) NA
Peak gradient, mm Hg 29 49 19
PVL >mild 0 (0.0) 1(100.0) 0 (0.0)
Values are n (%) or mean + SD, unless otherwise indicated. The P value is given for pre and post late stand-alone
balloon dilatation.
LVEF = left ventricular ejection fraction; PVL = paravalvular leak; THV = transcatheter aortic valve.
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CENTRAL ILLUSTRATION Indications, Transcatheter Heart Valve Hemodynamic Performance, and Symptoms After
Late Balloon Dilatation

Time Between THV Implantation
and Post-Dilatation
: Stand-Alone Valvuloplasty (n = 27):

+ Elevated gradient = 40.0%
* PVL >mild = 23.3%
+ Elevated gradient + PVL = 26.7%

©

- Facilitate THV implantation Prior to redo TAVR (n = 3):
in THV = 10.0% 76.6 (IQR: 73.8-78.3) Months
A . Balloon Post-Dilatation
B C
40 25 100%]
- > o=
s- 304 2.0 g 80%
° 414.5 o n=8
S T s 60%-1
G 20- z
S —H1.0 @
é’ ;.1; 40%—
Ly —Ho05 ©®
20%
o T T T T 0.0
Baseline 1-Day 1-Month 1-Year
i . i i 1-Day 1-Month 1-Year
Time Since Post-Dilatation Time Since Post-Dilatation
-®-Mean aortic gradient  -@- Aortic valve area .NYHA 1 NYHA 2 . NYHA 3 . NYHA 4 - Unknown

Akodad M, et al. J Am Coll Cardiol. 2022;79(14):1340-1351.

(A) Fluoroscopy showing an underexpanded Sapien 3 THV 2 months after implantation. Late balloon dilatation resulted in full expansion with resolution of moderate
paravalvular regurgitation. (B) Mean aortic gradient and aortic valve area pre and post late balloon dilatation with error bars representing 1 SD. (C) NYHA functional

class pre and post late balloon dilatation. Elevated mean gradient was defined as a mean gradient >20 mm Hg and/or an increase in mean gradient >10 mm Hg for
aortic implants and mean gradient >10 mm Hg and/or an increase in mean gradient >5 mm Hg for mitral, tricuspid, and pulmonary implants. *At 1-year follow-up, 2

patients had died, and 1 clinical follow-up was not performed as follow-up is <1 year. NYHA = New York Heart Association; PVL = paravalvular leak;

TAVR = transcatheter aortic valve replacement; THV = transcatheter heart valve.
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Treatment of Coronary De Novo Lesions by a
Sirolimus- or Paclitaxel-Coated Balloon

Wan Azman Wan Ahmad, MBBS,* Amin Ariff Nuruddin, MB BCH,” Muhamad Ali S.K. Abdul
Kader, MD,* Tiong Kiam Ong, MBBS,' Houng Bang Liew, MB BCH,® Rosli Mohd Ali, MD,’
Ahmad Syadi Mahmood Zuhdi, MB BCH," Muhammad Dzafir Ismail, MBBS," Ahmad K.M. Yusof,
MD," Carsten Schwenke, PHD,? Maren Kutschera, PHD," Bruno Scheller, MD'

J Am Coll Cardiol Intv 2022; : -
© 2022 by the American College of Cardiology Foundation

ABSTRACT

OBJECTIVES
The aim of this randomized controlled trial was to investigate a novel sirolimus-coated balloon (SCB)
compared with the best investigated paclitaxel-coated balloon (PCB).

BACKGROUND

There is increasing clinical evidence for the treatment of coronary de novo disease using drug-
coated balloons. However, it is unclear whether paclitaxel remains the drug of choice or if sirolimus
is an alternative, in analogy to drug-eluting stents.

METHODS

Seventy patients with coronary de novo lesions were enrolled in a randomized, multicenter trial
to compare a novel SCB (SeQuent SCB, B. Braun Melsungen; 4 pg/mm’) with a PCB (SeQuent
Please, B. Braun Melsungen; 3 pg/mm?®). The primary endpoint was angiographic late lumen
loss (LLL) at 6 months. Secondary endpoints included major adverse cardiovascular events and
individual clinical endpoints such as cardiac death, target lesion myocardial infarction, clinically
driven target lesion revascularization, and binary restenosis.

RESULTS

Quantitative coronary angiography revealed no differences in baseline parameters. After 6 months,
in segment LLL. was 0.01 + 0.33 mm in the PCB group versus 0.10 £+ 0.32 mm in the SCB group.
The mean difference between SCB and PCB was 0.08 (95% CI: -0.07 to 0.24). Noninferiority at a
predefined margin of 0.35 was shown. However, negative LLL was more frequent in the PCB group
(60% of lesions vs 32% in the SCB group; P = 0.019). Major adverse cardiovascular events up to 12
months also did not differ between the groups.



I =i am

CONCLUSIONS
This first-in-human comparison of a novel SCB with a crystalline coating showed similar

angiographic outcomes in the treatment of coronary de novo disease compared with a clinically
proven PCB. However, late luminal enlargement was more frequently observed after PCB treatment.
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TABLE 1 Clinical Baseline Data
PCB SCB
(n = 35) (n = 35) P Value
Age, y 59 + 12 60 + 11 0.607
Male 30 (86) 26 (74) 0.371
Height, cm 163 +9 163 +£9 0.905
Weight, kg 71+17 69 + 12 0.498
Angina pectoris status stable 17 (49) 15 (43) 0.811
CCS class 0.424
1 18 (51) 14 (40)
2 9 (26) 12 (34)
3 2(6) 103)
4 0 2 (6)
Missing 6 6
Prior PTCA 11 (31) 13 (37) 0.802
Prior CABG 1(3) 0 (0) 1.000
History of any 16 (46) 12 (34) 0.332
myocardial infarction
Hypertension 23 (66) 24 (69) 1.000
Prior stroke 13) 2 (6) 1.000
Diabetes 17 (49) 19 (54) 0.81
Insulin 3(9) 3(9) 1.000
Hyperlipidemia 20 (57) 18 (51) 0.451
Smoking 6 (17) 7 (20) 0.766
Values are mean + SD or n (%).
CABG = coronary artery bypass graft; CCS = Canadian Cardiovascular Society;
PCB = paclitaxel-coated balloon; PTCA = percutaneous transluminal coronary
angioplasty; SCB = sirolimus-coated balloon.
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TABLE 2 Procedural Data
PCB SCB
(n = 35) (n = 35) P Value
Number of lesions 36 37
Multivessel disease 28 (80) 23 (66) 0.392
Left ventricular ejection fraction, % 52+ 11 (n=16) 57 £16 (n =17) 0.296
TIMI flow grade before procedure 0.415
1 0 2 (6)
2 9 (26) 9 (26)
3 24 (69) 19 (54)
Missing 2(6) 5(14)
Percentage stenosis (visual 79 £ 9 77 £ 11 0.444
estimation by operator)
Predilatation 35 (100) 35 (100)
Number of balloons used 0.541
Mean =+ (range) 1.5 +£ 0.6 (1-3) 1.6 + 0.9 (1-5)
Median (IQR) 1(-2) 1(1-2)
Balloon type used 0.116
Scoring 18 20
POBA 27 34
Other 8 2
Number of inflations 0.611
Mean (range) 4.9 + 3.6 (1-17) 4.5+ 29 (1-13)
Median (IQR) 4 (2-7) 4 (2-5)
Highest pressure used, bar 13.8 + 2.8 (9-20) 13.5 + 3.1 (8-18) 0.852
Total duration of inflation, s 110.6 + 127.4 104.2 + 84.1 0.568
(1-726) (1-387)
Number of study balloons 40 39
Balloon pressure, bar 8+2 7+2 0.184
Balloon inflation time, s 58 £+ 1 57+ 8 0.603
Bail-out stenting 13) 13)
TIMI flow grade at end of 1.000
procedure (n,%)
2 13) 0
3 34 (97) 35 (100)
Final diameter stenosis, % 10 + 8 9+ 8 0.906
Final dissection 1.000
Type A 5(14) 3(9)
Type B 2(6) 103)
Type D 13) 0

Infarction; other abbreviations as in Table 1.

Values are n, n (%), mean + SD, mean + SD (range), or median (IQR).

CAD = coronary artery disease; POBA = plain old balloon angioplasty; TIMI = Thrombolysis In Myocardial
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FIGURE 1 Study Flowchart

70 patients with
coronary de-novo
lesions

70 randomly allocated
to treatment and
included in full
analysis set

I

I

35 assigned to receive

PCB

35 assigned to receive

SCB

Clinical follow-up 30

days (n=35)

Clinical follow-up 30

days (n=35)

Follow-up at 6 months

angiographic (n=33)

Clinical (n=35)

Follow-up at 6 months

angiographic (n=35)

Clinical (n=35)

Angiographic follow-

up: Intention-to-treat
36 lesions

Angiographic follow-

up: Intention-to-treat
37 lesions

[Clinical follow-up at 12

months (n=33)

IClinical follow-up at 12

months (n=35)

PCB = paclitaxel-coated balloon; SCB = sirolimus-coated balloon.
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TABLE 3 Quantitative Coronary Angiography: Intention-to-Treat Analysis
PCB SCB
(n = 36 Lesions) (n = 37 Lesions) P Value
Lesion length pre-PCl, mm 26.67 + 8.04 23.82 + 7.32 0.117
RFD pre-PCl, mm 2.81+ 0.59 2.72 + 0.40 0.494
In-lesion MLD pre-PCI, mm 0.89 £ 0.38 0.97 £ 0.44 0.453
In-segment MLD pre-PCl, mm 0.90 + 0.38 0.96 + 0.43 0.533
In-lesion diameter stenosis pre-PCl, % 63.6 +£13.2 61.1 + 15.0 0.454
In-lesion area stenosis pre-PCl, % 85.2 £ 11.3 81.6 £17.0 0.292
In-lesion MLD after predilatation, mm 1.74 + 0.58 1.79 + 0.44 0.722
In-lesion diameter stenosis after 30.5+£16.9 249 +13.6 0.124
predilatation, %
In-lesion area stenosis after 47.1 £ 20.7 41.8 +18.1 0.256
predilatation, %

In-lesion mean final MLD, mm 2.42 + 0.52 2.40 + 0.40 0.876
In-lesion final MLD, mm 2.11 + 0.52 2.11 +£ 0.40 0.976
In-segment final MLD, mm 2.02 £ 0.55 2.03 £ 0.39 0.909
In-lesion final diameter stenosis, % 18.3 £10.0 141 +9.3 0.075
In-lesion final area stenosis, % 30.8 +15.3 254 +£ 155 0.150
In-lesion acute gain, mm 1.21 + 0.44 114 + 0.45 0.470
FU, d 189 (175-210) 189 (180-205) 0.685
FU RFD, mm 2.86 + 0.64 2.64 + 0.44 0.099
FU in-lesion MLD, mm 2.08 + 0.56 1.99 + 0.49 0.473
FU in-segment MLD, mm 2.01 + 0.57 1.92 + 0.47 0.463
FU in-lesion diameter stenosis, % 18.6 +14.2 19.1 £13.1 0.883
FU in-lesion area stenosis, % 30.3 +20.4 323 £19.0 0.676
In-lesion binary restenosis 1(2.9) 3(8.1) 0.647
In-lesion LLL negative 18 (51.4) 13 (35.1) 0.163
In-segment LLL negative 21 (60.0) 12 (32.4) 0.019
Values are mean + SD, median (IQR), or n (%).

FU = follow-up; LLL = late lumen loss; MLD = minimal luminal diameter; PCl = percutaneous coronary
intervention; RFD = reference diameter; other abbreviations as in Table 1.
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TABLE 4 Quantitative Coronary Angiography: Primary Endpoint LLL Noninferiority Testing Intention-to-Treat Analysis

PCB (36 Lesions) SCB (37 Lesions) Mean Difference (PCB — SCB) Threshold for

LS Mean 95% CI LS Mean 95% CI Difference 95% CI Noninferiority
In-lesion LLL, mm 0.05 —0.08 to 0.17 on —0.01to0 0.23 0.06 —0.11to 0.24 <0.35
In-segment LLL, mm 0.01 —0.10 to 0.13 0.10 —0.01to 0.21 0.08 —0.07 to 0.24 <0.35

LLL = late lumen loss (primary efficacy endpoint); LS = least squares; other abbreviations as in Table 1.

k2

TABLE 5 Clinical Follow-Up at 1 Year: Intention-to-
Treat Analysis

PCB SCB

(n =35) (n =35) P Value
TLR 0 0] 1.000
Stent thrombosis 0 0 1.000
Death 2 (6) 0] 0.493
TV MI 0 0 1.000
Unscheduled angiography 2 (6) 309 1.000
MACE 2 (6) 0 0.493

MACE = major adverse cardiovascular events (cardiac death, target vessel
myocardial infarction, or clinically driven target lesion revascularization);
MI = myocardial infarction; TLR = target lesion revascularization; TV = target
vessel; other abbreviations as in Table 1.
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FIGURE 2 Angiographic Patency: Cumulative Frequency Distribution of In-Segment Minimal Luminal Diameter Determined Using Quantitative Coronary
Angiography
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(A) PCB before percutaneous coronary intervention (PCl), post-PCl, and at 6-month follow-up. (B) SCB pre-PCl, post-PCl, and at 6-month follow-up. Abbreviations as
in Figure 1.
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FIGURE 3 Angiographic Patency: Cumulative Frequency Distribution of In-Segment Late Lumen Loss Determined Using Quantitative
Coronary Angiography
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PCB versus SCB. Abbreviations as in Figure 1.
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CENTRAL ILLUSTRATION Treatment of Coronary De Novo Lesions With a Sirolimus- or Paclitaxel-Coated Balloon

Randomized, multicenter trial to compare a novel sirolimus-coated balloon (SeQuent SCB, 4 ng/mm?) with a
paclitaxel-coated balloon (SeQuent Please, 3 ng/mm?). Primary endpoint: angiograpic late lumen loss at 6 months

70 patients with coronary de-novo lesions, DCB only without stent implantation
Randomization after successful lesion preparation

Paclitaxel-Coated Balloon Sirolimus-Coated Balloon

0.01+0.33mm  Noninferiority sirolimus-coated balloon 10+ 0.32 mm
vs paclitaxel-coated balloon
Late lumen loss @ 6 months

l Negative late lumen loss t
Lumen enlargement

Ahmad, W.A.W. et al. J Am Coll Cardiol Intv. 2022;m(m):H-N.

DCB = drug-coated balloon; SCB = sirolimus-coated balloon.
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Pros and Cons

* Pros
« Not rely on arterial pulsation or anatomical landmark
* Direct visualization
« Screen for vessel patency, vascular abnormalities and variants

* Cons
+ Bedside machine availability
« Aseptic preparation
* Learning curve
« Lost the competence of landmark guided technique

| Ultrasound guided vascular access

PAD Update ©

Q4. PAD patients are heterogeneous

Why We Need Atherectomy?

+ DCB angioplasty of femoropopliteal artery disease reduces
reintervention rates through 5 years compared to

i (PTA).

However, the use of DCBs alone in long, calcified lesions
may be associated with vessel rgcoil or dissection requiring
provisional stenting.

— Provisional stenting rate of 39.1% in the long lesion cohort of the
IN.PACT Global Study (average lesion length 26.4 cm, 19.5% with
severe calcification).

+ The use of directional atherectomy (DA) to debulk calcified
lesions prior to DCB treatment may facilitate drug diffusion
into the vessel wall and provide better outcomes in complex
atherosclerotic lesions.

Iocal hematoma and shock occurred. Viabahn 7x 50 mm.
Emergent angiography showed external
iliac artery perforation

| Management of complications - vascular access

PAD Update
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+ Frontline - Workhorse
« Support profile comparable to V18
+ “flex” point near the distal tip to make it easier to knuckle
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| Choice of strategy, access, and wire

PAD Update

Outlines

+ Femoral p and vascular

* Femoral hemostasis, arteriotomy closure device (ACD)
Speaker :
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* Case sharing, StarClose for a patient with ipsilateral
,\ antegrade common femoral artery puncture

2

- Active ACDs

+
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PAD Update

Cause of dissection

* During wire manipulation inadvertently

| Management of complications - others
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Taiwan Society of Cardiovascular Interventions. It is a peer reviewed journal and aims to publish highest quality material,
both clinical and scientific, on all aspects of Cardiovascular Interventions. It is published on a basis of 6 months.

Article Categories
Reviews, Original Articles, Brief articles including images, Case Reports, Letters to the Editor, Editorial Comments. Please
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Manuscript Preparation: General Guidelines

Taiwan Society of Cardiovascular Interventions reserves copyright and renewal on all material published. Permission is
required from the copyright holder if an author chooses to include in their submission to Journal of Taiwan Society of
Cardiovascular Interventions any tables, illustrations or other images that have been previously published elsewhere. Copy of
the letter of permission should be included with the manuscript at the time of submission.

Manuscripts should conform to the Uniform Requirements for Manuscripts Submitted to Biomedical Journals (N Engl J
Med 1997;336:309-15). Text should be double-spaced throughout. The Title page, Abstract, Body Text, Acknowledgments,
References, Legends, Tables and Figures should appear in that order on separate sheets of paper. Define all abbreviations at
first appearance, and avoid their use in the title and abstract. Use generic names of drugs.

Covering Letter
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words for indexing.

Body Text
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References
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2. Levinsky NG. Fluid and electrolytes. In: Thorn GW, Adams RD, Braunwald E, et al, Eds. Harrison's Principles of
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Tables
All tables should be cited, by number, in the text. It should be typed double spaced, give a title to each table and describe all
abreviations or any added relevant information as a footnote. Type each table on a separate page.

Figures & Illustrations

Number figures in the order in which they appear in the text. Figure legends should correspond to figure/illustration numbers
and appear on a separate sheet of paper. Prepare your figures according to your mode of submission:

e-mail Submission: Figures should be submitted in high-resolution TIF format, or alternatively in GIF, JPEG/JPG, or EPS
format. The figures should be placed in separate files, named only with the figure numbers (e.g. "Figurel.tif".)

Regular Mail: Photographs and drawings should be unmounted, glossy prints, 5" X7" in size. Three sets of each illustration
must be submitted in a separate envelope. Label the back of each figure with the title of the article and an arrow indicating the
top of the figure.

Manuscript Preparation: Specific Guidelines

Review Articles. These are scholarly, comprehensive reviews whose aims are to summarize and critically evaluate research in
the field and to identify future implications. Unsolicited reviews may be submitted to the editor-in-chief and will be subject to
approval by the editorial board. Instructions for Title page, Abstract, References, Tables and Illustrations/figures remains the
same. The text can follow independent pattern as per the authors desire, subject to approval of the editorial board.

Original Articles. Clinical human studies and experimental studies will appear in this category. It should not exceed 6,000
words including references and figure legends. It should conform the general pattern of submission i.e., Title page, Abstract,
Body Text, References, Tables and Illustrations/figures.

Brief Articles including images. These will present brief clinical, technical, or preliminary experimental results or
cardiovascular intervention related images and should not exceed 3,000 words. It should conform the general pattern of
submission i.e., Title page, Abstract (< 200 words), Body Text, References, Tables and Illustrations/figures.

Case Reports. Case reports should not exceed 2,000 words in total with not more than 6 authors. Abstract should be less than
150 words. In the body text, the Materials and Methods and Results sections should be replaced with a Case Report(s) section
which should describe the patient's history, diagnosis, treatment, outcome, and any other pertinent information. All other
sections should follow the general format. Only two figures/illustrations are permitted. The number of references should not
exceed 15.

Letters to the Editor. The editors welcome all opinions and suggestions regarding the journal or articles appearing in the
journals. A title for the letter should be provided at the top of the page. The writer's full name should be provided. The Letter
should be no more than 250 words long and may include one table or figure and up to four references. The editorial board
reserves the right to edit any letter received. Author should provide a covering letter, on his/her own letterhead, to the Editor-
in-Chief stating why the Letter should be published. If it is concerning a particular article in Journal of Taiwan Society of
Cardiovascular Intervention it should be within 6 months of that article's publication.

Editorial Comments. These will include invited articles or brief editorial comments representing opinions of local and
foreign experts in cardiovascular medicine and research. They should be 1000-1500 words in length and not more than 20
references should be cited.

Submission of Manuscripts: e-mail submission is preferable

e-mail submission to tsci.med @msa.hinet.net

Please prepare text file or Microsoft Word file for your manuscript. Figures should be submitted in high-resolution TIF
format, or alternatively in GIF, JPEG/JPG, or EPS format. The figures should be placed in separate files, named only with the
figure numbers (e.g. "Figurel.tif".)

Regular Mail: Three copies any kind of Manuscripts including figures/illustrations should be submitted to:
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16F-18, No.50, Sec. 1, Zhongxiao W. Rd., Taipei 10041, Taiwan, R.O.C.

Time Line
The first decision will be made within 6 weeks from receipt of the manuscript. Once a manuscript, if sent by regular mail has
been accepted, it should be submitted on a compact disc as a text file or Microsoft Word file.
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Fifty reprints of each article will be furnished to authors free of charge. Additional reprints will be charged at a rate of US$20
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