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Fisiologia	
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Questione di timing…



IABP OFF

IABP ON
(1:1, 40cc)



IABP 1:2, 40cc

IABP 1:4, 40cc
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IABP	in	Acute	Heart	Failure	
• Intra-aortic	balloon	pumping	(IABP)	has	been	well	established	
in	the	last	five	decades.	
• Balance	Oxygen	Supply/Demand	via	Volume	displacement		
and	LV	Pressure	unloading
• Afterload	reduction
• Diastolic	augmentation

• The	IABP	shifts	the	balance	of	oxygen	supply	and	demand	to	the	left	(reduces	
demand),	indicating	that	the	left	ventricle	(LV)	can	maintain	contractility	at	a	

lower	level	of	oxygen	availability,	due	to	the	reduction	in	cardiac	work.	
• Physiologic	data	(PV	Loops)	and	hemodynamic	data	show	
improved	LV	function	with	IABP	therapy

• However,	clinical	evidence	on	the	impact	of	IABP	on	outcomes,	
specifically	mortality	is	conflicting
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Myocardial Oxygen Balance

The IABP shifts the balance of oxygen supply and demand to 
the left (reduces demand), indicating that the left ventricle 
(LV) can maintain contractility at a lower level of oxygen 

availability, due to the reduction in cardiac work. 
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NYHA class III patient, EF20%, undergoing LV 
Aneurysmectomy + CABG
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Results:		Effect	of	IABP	Timing	on	LV	
− Correctly timed IABP

− Immediate/predictable LV impact in all patients within 3 to 4 beats of 
IABP

− Reduction in aortic impedance increases the length of ejection, 
increasing SV/EF and reducing LVESV/LVESP

− Change is LVESV preceded change in LVESP 
− ↑SV/EF 14% (p < 0.0001) on a beat to beat basis
− CO by 13% (p<0.001) within first 10 minutes of pump initiation
− Reduction in dyssynchrony of 2% (p < 0.02) due to afterload reduction

− Early inflation: Greatest compromise to LV performance
− Regurgitant flow ↑LVESV/LVESP, causing premature AVC
− ↓ SV by 20% (p < .0001)

− This loss is cumulative and not compensated by future beats 
− Late deflation: Two part effect

− ↑Aortic impedance (LV afterload) in early systole by delay in AVO
−↑SW 16% p < .0001

− ↓Afterload (LVESP/LVESV) in late systole
−↑ SV by 18% (p < .0001) 
− In the presence of mechanical defects, SV was increased by 30%

− Overall ↑ in SV/SW/MVO2



• Controllare il sincronismo con il segnale ECG (o di pressione 
arteriosa). La mancanza di un sincronismo stabile e affidabile 
determina sempre una scorretta temporizzazione del 
contropulsatore (gonfiaggio precoce, gonfiaggio ritardato, 
sgonfiaggio precoce, sgonfiaggio ritardato,temporizzazione
errante).

• Pertanto, in accordo con le istruzioni dell’apparecchio in uso è 
opportuno verificare periodicamente la corretta temporizzazione
della terapia e procedere ad effettuare le correzioni se necessario.

• Una temporizzazione non corretta riduce la qualità della terapia e 
può in alcuni casi compromette la funzionalità cardiaca.

SINCRONISMO TEMPORIZZAZIONE

Gestione del paziente contropulsato
Sincronismo e temporizzazione



Sincronismo e Temporizzazione
Sincronismo:
Segnale/evento fisiologico che 
consente al contropulsatore di 
identificare l’inizio del ciclo cardiaco. 

Segnali:
• ECG
• AP
• PACE MAKER

Algoritmi:
• ECG (complesso QRS)
• ECG (solo fronte di salita)
• Filtro ESIS (modalità di riduzione disturbi)
• Picco o pendenza segnale AP

Temporizzazione:
Insieme di eventi e algoritmi che 
consentono di  individuare la diastole 
all’interno del ciclo cardiaco 

Eventi:
• Incisura dicrota
• Onda R e intervallo RR
• Picco di pressione
• Onda di flusso

Algoritmi:
• Predittivi (calcoli statistici)
• Weissler (Tabella di riferimento)
• Real time (Onda R come segnale di sgonfiaggio)
• WAVE (Brevetto Onda di flusso per gonfiaggio)

Temporizzazione

Sincronismo

Situazione 
Ideale



Sincronismo e Temporizzazione

Temporizzazione

Sincronismo

In questa situazione il 
sincronismo è perfetto ma la 
temporizzazione è 
approssimativa. Non si conosce 
esattamente inizio e fine 
diastole meccanica

Sincronismo

Temporizzazione

In questa situazione il 
sincronismo è ritardato gestirà il 
battito seguente la 
temporizzazione è possibile 
solo se il ritmo è sinusale



Ecco i risultati... 
• Apparentemente la terapia sembra corretta 
• Ma ad un controllo più attento???

La considerazione più importante da fare è sul tempo in cui si deve 
agire. Se il paziente ha una Frq. di 60 bpm. il ciclo sistole diastole 
avviene in un secondo, un piccolo errore in percentuale diventa un 
grande errore



Nuovo modo di temporizzare la terapia

Temporizzazione AP

Sincronismo

Temporizzazione WAVE

L’aggiunta di un ulteriore 
punto di riferimento nel 
ciclo cardiaco preso 
sull’onda di flusso 
aortico aumenta la 
precisione della 
temporizzazione, 
particolarmente in 
condizioni di aritmia 



Questione di timing…
Gonfiaggio ritardato Temporizzazione OK Sgonfiaggio anticipato



La	letteratura



Meta-analysis of Mixed Trials: IABP 
Effect on Mortality

• Buerke et al (2012) Performed a meta-analysis to 
determine the effect of IABP on mortality by type of 
re-perfusion therapy, including RCT’s, registry and 
single center studies

• IABP reduced mortality in the following categories:
• No reperfusion (29% reduction)
• Thrombolytic therapy (18% reduction)
• Overall (11% reduction)

• IABP increased mortality in PCI (6 % increase)



IABP Reduces Mortality in Cardiogenic Shock (Meta-
analysis)

• Bahekar, A. (2012) Cardiovascular Outcomes using Intra-aortic Balloon Pump in High-Risk Acute 
Myocardial Infarction with or without Cardiogenic Shock: A Meta-analysis. J. Cardiovasc Pharmacol 
Therap; 17(1): 44-56.

• Background:
• To review existing literature to analyze whether the use of the IABP offers any cardiac benefit to patients with AMI and 

the complications associated with IABP.

• Method:
• We analyzed 16 studies which included primary endpoints, including; In-hospital mortality, re-infarction and recurrent 

ischemia and secondary endpoints, including; incidence of severe or moderate bleeding during hospitalization.

• Results:
• There was no significant difference in-hospital mortality, re-infarction rates of recurrent ischemia in the IABP or non-

IABP groups. However, in the analysis of studies restricted to patients with AMI, complicated by Cardiogenic Shock 
(SBP < 90 mmHg) there was a significant reduction in mortality with IABP use.

• IABP is associated with increased rates of both moderate and severe bleeding.

• CONCLUSIONS: 
• IABP in patients with AMI complicated by Cardiogenic Shock, IABP reduces mortality. The authors recommend that 

more conservative strategy for the use of IABP in patients with AMI. Patients with moderate hypotension (SBP 90 to 
100mmHg) showed no benefit. Mortality reduction was seen in patients with SBP < 90mmHg and indicates that sicker 
patients may experience greater benefit from the IABP. IABP should be used judiciously and reserved for sicker 
patients and those in cardiogenic shock.

IABP IS ASSOCIATED REDUCTION IN 
MORTALITY FOR PATIENTS IN 

CARDIOGENIC SHOCK 



BCIS-1
• Balloon	Pump	Assisted	Coronary	Intervention	Study,	2009
• Trend	toward	reduced	mortality	at	6	months
• Significant	reduction	in	Procedural	Complications	related	to	IABP

Perera et	al	



Primary outcome  

 	 All 
(N=337)	

IABC 
(N=161)	

SOC 
(N=176)	

P 
Value	

Primary endpoint 	

Infarct size (% LV), modified ITT all patients with CMR data  	 0.060	

N 	 275 	 133 	 142	  	

Mean	 39.8	 42.1 	 37.5  	  	

Median	 38.8 	 42.8 	 36.2 	  	

Infarct size (% LV), modified ITT patients prox. LAD and TIMI flow 0/1	 0.110	

N	 192	 93	 99	  	

Mean 	 44.4  	 46.7  	 42.3  	  	

Median 	 42.1 	 45.1	 38.6 	  	

Co-primary endpoint: 2-sided p=0.025 



Intr aaortic Balloon Support in Cardiogenic Shock

n engl j med 367;14 nejm.org october 4, 2012 1293

included in the analysis of the primary end point. 
At 30 days, mortality was similar among patients 
in the IABP group and those in the control group 
(39.7% and 41.3%, respectively; relative risk with 
IABP, 0.96; 95% confidence interval [CI], 0.79 to 
1.17; P = 0.69) (Table 3 and Fig. 1). Only minor 
differences in the relative risk estimates were ob-
served in an analysis restricted to the per-protocol 
population (mortality, 37.5% in the IABP group 
and 41.4% in the control group; relative risk, 0.91; 
95% CI, 0.74 to 1.11; P = 0.35) or in multivariate 
modeling with adjustment for variables including 
non–ST-segment elevation myocardial infarction, 
anterior myocardial infarction, resuscitation be-
fore randomization, and clinical site (relative risk, 
0.95; 95% CI, 0.68 to 1.32; P = 0.75).

Results with respect to the primary end points 
were consistent in all prespecified and post hoc 
subgroups (Fig. 2). Among the 277 patients in 
whom an intraaortic balloon pump was inserted 
and who underwent revascularization, there was 
no significant difference in mortality between the 
37 patients (13.4%) in whom the balloon pump 
was inserted before revascularization and the 
240 patients (86.6%) in whom the balloon pump 
was inserted after revascularization (mortality, 
36.4% and 36.8%, respectively; P = 0.96).

There were no significant differences between 
study groups with respect to process-of-care out-
comes (Table S1 in the Supplementary Appendix). 
There was a trend toward a higher rate of implan-
tation of a ventricular assist device in the control 
group than in the IABP group. A total of 33 pa-
tients (5.5%) received ventricular assist devices, 
and the mortality among these patients was higher 
than that among patients who did not receive a 
ventricular assist device (69.7% vs. 38.8%, P<0.001).

Serum lactate levels were similar in the two 
groups (Fig. S2 in the Supplementary Appen-
dix). Renal function at baseline and during daily 
follow-up did not differ significantly between 
the groups (Fig. S3 in the Supplementary Ap-
pendix). C-reactive protein levels were significant-
ly lower at baseline in the control group than in 
the IABP group but were similar in the two 
groups at daily follow-up measurements (Fig. S4 
in the Supplementary Appendix). The SAPS II 
score, which was a measure of disease severity, 
was significantly lower in the IABP group than 
in the control group at days 2 and 3 but not at 
baseline or day 4 (Fig. S5 in the Supplementary 
Appendix).

Safety
The results with respect to safety end points are 
shown in Table 3. There were no significant dif-
ferences between the IABP group and the control 
group with respect to the rates of stroke, bleeding, 
sepsis, or peripheral ischemic complications re-
quiring intervention in the hospital. There were 
also no significant differences in the rates of re-
infarction or stent thrombosis.

Discussion

In this large, randomized trial involving patients 
with cardiogenic shock complicating acute myo-
cardial infarction, for whom early revascularization 
was planned, intraaortic balloon pump support 
did not reduce 30-day mortality. These results are 
reinforced by a lack of significant between-group 
differences in multiple secondary end points and 
process-of-care outcomes.

Death in patients with cardiogenic shock can 
result from one or more of three factors: hemo-
dynamic deterioration, occurrence of multiorgan 
dysfunction, and development of the systemic in-
flammatory response syndrome.10,16 Our trial pro-
vides some information regarding the effect of 
intraaortic balloon counterpulsation on all these 
factors. There was no immediate improvement in 
blood pressure or heart rate among patients in 
whom an intraaortic balloon pump was inserted, 
as compared with those who did not have a bal-
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Figure 1. Time-to-Event Curves for the Primary End Point.

Time-to-event curves are shown through 30 days after randomization for 
the primary end point of all-cause mortality. Event rates represent Kaplan–
Meier estimates.
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IABP	- Shock	II	Trial	– Risultati	a	30	giorni



Articles

www.thelancet.com   Vol 382   November 16, 2013 1641

assignment and subgroup factors. A two-tailed p<0·05 
was regarded as signifi cant. Statistical analyses were done 
with SAS statistical package (version 9.3).

This trial is registered at ClinicalTrials.gov, 
NCT00491036.

Role of the funding source
This investigator-initiated trial was designed by the 
principal investigator and modifi ed and approved by the 
steering committee.14 The funding sources had no 
involvement in the study design, data interpretation, 

drafting of the report, and the fi nal decision to publish, 
as reported previously.14 Data were maintained at the 
coordinating research organisation, the Institut für 
Herzinfarktforschung, which independently undertook 
all statistical analyses. The principal investigator and the 
steering committee had unrestricted data access after 
database closure; the principal investigator prepared the 
fi rst draft of the report, and controlled the decision to 
publish. The steering committee vouches for the integrity 
and completeness of the data and the statistician for the 
accuracy of data analysis.
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Figure 2: Time-to-event curves for all-cause mortality up to 12 months
Event rates represent Kaplan-Meier estimates. Two patients in the IABP group died at days 388 and 419 postrandomisation, which is represented in the Kaplan-Meier 
curves. IABP=intra-aortic balloon pump.

p  value for
interaction

12 month mortality, n (%)

IABPn Control
Relative risk 
(95% CI)

Female
Male
Age <50 years
Age 50–75 years
Age >75 years
Diabetes
No diabetes
History of hypertension
No history of hypertension
STEMI/LBBB
NSTEMI
Anterior STEMI
Non-anterior STEMI
Previous infarction
No previous infarction
Hypothermia
No hypothermia
Blood pressure <80 mm Hg
Blood pressure ≥80 mm Hg

186
409

70
332
193
195
396
410
180
414
181
216
198
131
463
223
372
168
427

 57 (57·6%)
 98 (49·0%)
 9 (25·0%)
 75 (48·4%)
 71 (65·7%)
 57 (54·3%)
 95 (50·0%)
 122 (57·6%)
 29 (35·4%)
 102 (50·5%)
 53 (54·6%)
 53 (47·0%)
 49 (55·1%)
 44 (62·0%)
 111 (49·0%)
 55 (53·0%)
 100 (51·3%)
 47 (58·0%)
 108 (49·5%)

 48 (55·2%)
 104 (49·8%)
 16 (47·1%)
 79 (44·6%)
 57 (67·1%)
 53 (59·0%)
 99 (48·1%)
 102 (51·5%)
 50 (51·0%)
 106 (50·0%)
 46 (54·8%)
 52 (50·5%)
 54 (49·5%)
 31 (51·7%)
 121 (51·3%)
 67 (56·3%)
 85 (48·0%)
 48 (55·2%)
 104 (49·8%)

1·06 (0·76–1·47)
1·00 (0·81–1·20)
0·71 (0·49–1·02)
1·07 (0·88–1·31)
0·96 (0·64–1·43)
0·90 (0·65–1·24)
1·04 (0·86–1·26)
1·14 (0·92–1·41)
0·76 (0·59–0·98)
1·01 (0·83–1·23)
1·00 (0·72–1·37)
0·93 (0·72–1·21)
1·12 (0·84–1·51)
1·27 (0·86–1·89)
0·95 (0·79–1·14)
0·93 (0·70–1·24)
1·10 (0·87–1·31)
1·07 (0·76–1·51)
1·00 (0·82–1·20)
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Figure 3: Subgroup analyses for all patients with 12 month follow-up
Relative risk and 95% CIs for predefi ned subgroups and the post-hoc subgroups hypothermia versus no hypothermia and baseline systolic blood pressure less than 
80 mm Hg versus 80 mm Hg or higher. STEMI=ST-elevation myocardial infarction. LBBB=left bundle branch block. NSTEMI=non-ST-elevation myocardial infarction. 
IABP=intra-aortic balloon pump.

IABP	- Shock	II	Trial	a	12	mesi



Su et al (2015, Lancet)

Meta-Analysis of Prospective RCT’s for IABP in 
Shock: Short term mortality AMI and IABP              

NO SIGNIFICANT REDUCTION IN SHORT OR LONG TERM 
MORTALITY FOR PATIENTS IN CARDIOGENIC SHOCK WITH IABP 

FIGURE 4. Forest plot of short-term mortality in acute myocardial infarction with or without cardiogenic shock. Solid lines denote CIs of
effect size (ES) estimate for individual studies, boxes denote the study weighting, dashed line denotes the combined ES, and the diamonds
denote the CI for the overall effect size. CI¼ confidence interval, RR¼ relative risk.

FIGURE 5. Forest plot of long-term mortality in myocardial infarction with or without cardiogenic shock. CI¼ confidence interval,
RR¼ relative risk.

Su et al Medicine " Volume 94, Number 19, May 2015
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Su et al (2015, Lancet)

Meta-Analysis of Prospective RCT’s for IABP in 
Shock: Long term mortality AMI and IABP              

NO SIGNIFICANT REDUCTION IN SHORT OR LONG TERM 
MORTALITY FOR PATIENTS IN CARDIOGENIC SHOCK WITH IABP 



group and 652 in the control group) in the investigation, the risk
of hemorrhage was significantly higher in IABP group than
control group (RR, 1.49; 95% CI, 1.09–2.04; P¼ 0.013). In
addition, we also found that IABP treatment was associated
with an increased risk for recurrent ischemia events (RR, 0.54,
95% CI 0.37–0.79; P¼ 0.002) among 4 reports13,15–17 ana-
lyzed.

DISCUSSION
The aim of AMI management is to reduce the mortality by

improving or restoring the coronary circulation. Thus far, even
with rapidly emerging medical options available, mechanical
circulatory support devices are still necessary to provide hemo-
dynamic support when required. IABP has been shown to
improve the outcomes of AMI patients with cardiogenic shock
by increasing diastolic peak pressure and reducing afterload in
the pre-PCI era.27 In addition, IABP was reported to maintain
the hemodynamic stability in selective high-risk AMI individ-
uals under going PCI during short term.28 The prophylactic
IABP support in high-risk patients during selective PCI has also
been thoroughly evaluated in a study with a total of 106 patients,
suggesting IABP could reduce the level of C-reactive protein
and short-term mortality following PCI.24

However, there has been ongoing controversy on IABP
application on AMI patients with or without cardiac shock since
the 1990s. Although IABP results in a hemodynamic benefit on
afterload reduction and coronary perfusion improvement, the
effects on cardiac output are modest and not sufficient to reduce
mortality.29,30 As shown in a recent meta-analysis, preoperative
insertion of IABP reduced mortality in selective high-risk
coronary artery bypass graft patients.31 IABP may play a role
as a bridge or transition in short term but not on increasing long-
term survival rate, which are also affected by subsequent
physiopathologic progression and treatment following AMI.

Before the IABP-Shock II Trial, which did not find improved
30-day, 6-month, or 12-month survival rate after the implan-
tation of IABP,8,9 Prondzinsky et al23 showed that IABP support
could reduce afterload, as measured by a significant reduction in
BNP in 2010. However, they also revealed that mechanical
support, such as IABP, failed to prevent the initiation and
development of systemic inflammatory response syndrome
(SIRS) and multi-organ dysfunction syndrome (MODS), which
lead to the high mortality of AMI patients with cardiogenic
shock as assessed using Acute Physiology and Chronic Health
Evaluation (APACHE) II score.23 There was a meta-analysis
from Bahekar et al32 supporting Prondzinsky et al in the
importance of prognosis assessment in patients with AMI
complicated with cardiogenic shock. Although APACHE II
score was not applied in the meta-analysis, it reported a
significant reduction of in-hospital mortality in AMI with
cardiogenic shock, while AMI patients with high-risk and
cardiogenic shock may not benefit from the use of IABP in
terms of in-hospital mortality, rate of reinfarction, and recurrent
angina.32 Nevertheless, this study might be inherent biased due
to the combined analysis of RCTs, prospective and retrospective
observational studies.

Most of current meta-analyses and recommendations for
IABP application were mainly based on nonrandomized data
due to the difficulties in conducting a randomized clinical trial
in the emergency setting of AMI. According to the absence of
meta-analysis on prospective randomized studies, it is of great
value to reassess the therapeutic effectiveness of IABP for
circulatory support in AMI. Therefore, we carried out the
current updated meta-analysis but failed to reveal a substantial
benefit from IABP therapy on reducing the short- and long-term
mortality, in AMI with or without cardiac shock. The potential
limitation of our study is that IABP-SHOCK II trial may have
relatively larger weight. Although there was no significant

FIGURE 6. (A) Risk of hemorrhage, (B) re-infarction, (C) stroke, and (D) recurrent ischemia in myocardial infarction with or without
cardiogenic shock. CI¼ confidence interval, RR¼ relative risk.

Medicine " Volume 94, Number 19, May 2015 IABP Fails to Improve AMI Patients Mortality
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for IABP in Shock
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Linee	Guida	ESC	– STEMI	2012

Table 23 Treatment of heart failure and left ventricular dysfunction

Recommendations Class a Levelb Ref C

Treatment of mild heart failure (Killip class II)

Oxygen is indicated to maintain a saturation >95%. I C -

Loop diuretics, e.g. furosemide: 20–40 mg i.v., is recommended and should be repeated at 1–4 h intervals if necessary. I C -

i.v. nitrates or sodium nitroprusside should be considered in patients with elevated systolic blood pressure. IIa C -

An ACE inhibitor is indicated in all patients with signs or symptoms of heart failure and/or evidence of LV dysfunction
in the absence of hypotension, hypovolaemia, or renal failure. I A 309–312

An ARB (valsartan) is an alternative to ACE inhibitors particularly if ACE inhibitors are not tolerated. I B 281

An aldosterone antagonist (epleronone) is recommended in all patients with signs or symptoms of heart failure and/or 
evidence of LV dysfunction provided no renal failure or hyperkalaemia. I B 282

Hydralazine and isosorbide dinitrate should be considered if the patient is intolerant to both ACE inhibitors and ARBs. IIa C 313

Treatment of moderate heart failure (Killip class III)

Oxygen is indicated. I C -

Ventilatory support should be instituted according to blood gasses. I C -

Loop diuretics, e.g. furosemide: 20–40 mg i.v., are recommended and should be repeated at 1–4 h intervals if necessary. I C -

Morphine is recommended. Respiration should be monitored. Nausea is common and an antiemetic may be required.
Frequent low-dose therapy is advisable. I C -

Nitrates are recommended if there is no hypotension. I C -

Inotropic agents:
 • Dopamine IIa C -

 • Dobutamine (inotropic) IIa C -

 • Levosimendan (inotropic/vasodilator). IIb C -

An aldosterone antagonist such as spironolactone or eplerenone must be used if LVEF ≤40%. I B 282, 314

Ultrafiltration should be considered. IIa B 315

Early revascularization must be considered if the patient has not been previously revascularized. I C -

Treatment of cardiogenic shock (Killip class IV)

Oxygen/mechanical respiratory support is indicated according to blood gasses. I C -

Urgent echocardiography/Doppler must be performed to detect mechanical complications, assess systolic function and
loading conditions. I C -

High-risk patients must be transferred early to tertiary centres. I C -

Emergency revascularization with either PCI or CABG in suitable patients must be considered. I B 100

Fibrinolysis should be considered if revascularization is unavailable. IIa C -

Intra-aortic balloon pumping may be considered. IIb B 1, 98, 305

LV assist devices may be considered for circulatory support in patients in refractory shock. IIb C -

Haemodynamic assessment with balloon floating catheter may be considered. IIb B 316

Inotropic/vasopressor agents should be considered:
 • Dopamine IIa C -

 • Dobutamine IIa C -

 • Norepinephrine (preferred over dopamine when blood pressure is low). IIb B 300, 317

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; CABG ¼ coronary artery bypass graft; i.v. ¼ intravenous; LV ¼ left ventricular; LVEF ¼ left
ventricular ejection fraction; PCI ¼ percutaneous coronary intervention.
aClass of recommendation.
bLevel of evidence.
cReferences.

ESC Guidelines2602



LG	ESC	– Rivascolarizzazione	2014	
(acute	HF	in	the	setting of	ACS)

mortality was not reduced with the use of IABP (39.7% IABP vs.
41.3% control; RR 0.96; 95% CI 0.79–1.17; P ¼ 0.69) and there
was no long-term benefit.301,302 As a result, the use of IABP for
this indication is not routinely recommended but remains an
adjunct for patients with mechanical complications as a bridge to
surgery.

Threerandomized trials anda large registryhavedemonstrated su-
perior haemodynamic support with percutaneous mechanical circu-
latory assist systems than with IABP, without differences in mortality
but with an increased risk of adverse events.303 – 306 A meta-analysis,
comparing the safety and efficacy of percutaneous left ventricular
assist devices (LVAD) in IABP in patients with cardiogenic shock,
found LVAD-treated patients to have a similar mortality and inci-
dence of lower extremity ischaemia, but more bleeding than those
treated with IABP.307

In younger patients with no contraindication for cardiac trans-
plantation, LVAD therapy can be implemented as a bridge to trans-
plantation. In patients not eligible for transplant, LVADs may be
inserted as a bridge to recovery or with the goal of destination
therapy.308 –310

9.2.3 Right ventricular failure
Almost 50% of patients with inferior acute myocardial infarction
show echocardiographic evidence of right ventricular dysfunction,
with haemodynamic compromise developing in ,25% of
cases.311 – 315 Isolated right ventricular failure accounts for 2.8% of
cases of cardiogenic shock complicating acute myocardial infarc-
tion.316,317 Successful primary PCI leads to a haemodynamic im-
provement, recovery of right ventricular free wall and global
function and, hence, improved survival compared with unsuccessful
reperfusion.317 –319

9.2.4 Mechanical complications
Mechanical complications of acute myocardial infarction comprise
myocardial rupture, resulting in either mitral regurgitation due to
papillary muscle rupture, ventricular septal defect (VSD), or free
wall rupture with tamponade.320 –322

Ventricular septal defect, characterized by haemodynamic com-
promise, is treated by IABP followed by early surgical repair.323

Percutaneous closure devices for patients’ post-infarct VSDs
have been reported in case series and, in centres with appropriate
experience, may be considered in selected cases as alternatives to
surgery.324 – 326

Rupture of the free wall, resulting in tamponade, should be
salvaged by prompt pericardial drainage and surgical intervention.
Left ventricular free wall rupture accounts for approximately 15%
of in-hospital mortality from myocardial infarction.327 Data from
the SHOCK trial registry, on patients with and without LV free wall
rupture who underwent surgery, showed similar mortality
rates.327,328

Acute mitral regurgitation due to rupture of the papillary
muscle should be treated by immediate surgery and revascu-
larization.317,329,330

Recommendations for management of patients with
acute heart failure in the setting of ACS

Recommendations Classa Levelb Ref c

Emergency echocardiography is
indicated to assess LV and
valvular function and exclude
mechanical complications.

I C

Emergency invasive evaluation is
indicated in patients with acute
heart failure or cardiogenic
shock complicating ACS.

I B 180,201,
221,331

Emergency PCI is indicated for
patients with cardiogenic shock
due to STEMI or NSTE-ACS if
coronary anatomy is amenable.

I B 221

Emergency CABG is
recommended for patients with
cardiogenic shock if the
coronary anatomy is not
amenable to PCI.

I B 221

Emergency surgery for
mechanical complications of
acute myocardial infarction is
indicated in case of
haemodynamic instability.

I C

IABP insertion should be 
considered in patients with
haemodynamic
instability/cardiogenic shock due
to mechanical complications.

IIa C

Patients with mechanical
complication after acute
myocardial infarction require
immediate discussion by the
Heart Team.

I C

Short-term mechanical
circulatory support in ACS
patients with cardiogenic shock
may be considered.

IIb C

Percutaneous repair of VSD
may be considered after
discussion by the Heart Team.

IIb C

Routine use of IABP in patients
with cardiogenic shock is not
recommended.

III A 332,333

ACS ¼ acute coronary syndromes; CABG ¼ coronary artery bypass grafting;
IABP ¼ intra-aortic balloon pump; LV ¼ left ventricular; NSTE-ACS ¼
non-ST-segment elevation acute coronary syndrome; PCI ¼ percutaneous
coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction;
VSD ¼ ventricular septal defect.
aClass of recommendation.
bLevel of evidence.
cReferences.

10. Revascularization in patients
with diabetes

10.1 Evidence for myocardial
revascularization
Data from randomized trials on revascularization in diabetic
patients are summarized in Table 8. For additional information on
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CLASS IIa

1. The use of intra-aortic balloon pump (IABP)
counterpulsation can be useful for patients with
cardiogenic shock after STEMI who do not
quickly stabilize with pharmacological therapy
(455–459). (Level of Evidence: B)



Conclusioni




