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           Acute left ventricular (LV) dysfunction occurs 
in about one-third of critically ill hospitalized 

patients.  1 - 4   The increasing incidence of LV dysfunc-
tion in ICUs is likely related to both changing patient 
characteristics (advancing age, increased comorbidi-
ties) and practice patterns (widespread troponin, cre-
atine kinase-MB, and brain natriuretic peptide [BNP] 
testing, as well as more frequent performance of 
bedside echocardiography).  3 , 5 - 8   A determination as 

to whether the LV dysfunction is the cause, effect, or 
a coincidental fi nding has to be made and revisited 
 periodically. Acute medical or surgical plans, ongoing 
management targets, outcome expectations, and 
prognosis must be reconciled. Recognizing that all 
the individual causes and complexities cannot be cap-
tured here, we will summarize the most important 
causes of LV dysfunction in the critically ill ( Table 1 ) 
and present a unifi ed management approach from 
the cardiac standpoint.    

 Diagnosis of LV Dysfunction 
 Angina, dyspnea, pulmonary crackles, murmurs, 

tachyarrhythmias, biomarker elevations, or ischemic 
ECG changes suggest cardiac pathology in hospital-
ized patients. Because of variability in patient charac-
teristics and study design, predictive values of each 
cardiac test remain unclear. Several studies suggest 
routine troponin screening in ICUs may be sensitive 
in detecting early cardiac involvement among the 
critically ill.  9 , 10   Supporting this, 15% to 30% of critically 
ill noncardiac patients develop troponin elevations 
and this corresponds with poorer outcomes. Overall 
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 Acute left ventricular (LV) dysfunction is common in the critical care setting and more frequently 
affects the elderly and patients with comorbidities. Because of increased mortality and the poten-
tial for signifi cant improvement with early revascularization, the practitioner must fi rst consider 
acute coronary syndrome. However, variants of stress (takotsubo) cardiomyopathy may be more 
prevalent in ICU settings than previously recognized. Early diagnosis is important to direct treat-
ment of complications of stress cardiomyopathy, such as dynamic LV outfl ow tract obstruction, 
heart failure, and arrhythmias. Global LV dysfunction occurs in the critically ill because of the 
cardio-depressant effect of infl ammatory mediators and endotoxins in septic shock as well as 
direct cate cholamine toxicity. Tachycardia, hypertension, and severe metabolic abnormalities can 
independently cause global LV dysfunction, which typically improves with addressing the precipi-
tating factor. Routine troponin testing may help early detection of cardiac injury and biomarkers 
could have prognostic value independent of prior cardiac disease. Echocardiography is ideally suited 
to quantify LV dysfunction and determine its most likely cause. LV dysfunction suggests a worse 
prognosis, but with appropriate therapy outcomes can be optimized.     CHEST 2010; 138( 1 ): 198 – 207  

  Abbreviations  :     ACS   5    acute cardiac syndrome    ;    BNP   5    brain natriuretic peptide    ;    LV   5    left ventricular    ;    NT-proBNP   5    N-terminal-
pro-B-type natriuretic peptide    ;    RWMA   5    regional wall motion abnormalities     
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mortality in one study was 27% (58 of 217 patients), 
but patients with troponin elevation had a much 
higher mortality (51%) compared with those without 
(16%).  10   Although routine troponin testing may help 
identify LV dysfunction early, there is currently no 
evidence that this improves outcomes in critical care 
patients. 

 Signifi cant elevation in plasma levels of N-terminal-
pro-B-type natriuretic peptide concentrations 
(NT-proBNP) and BNP are typically diagnostic of car-
diac pathology as cause for dyspnea and heart fail ure. 
In critically ill patients with shock, however, BNP tends 
to be elevated and is thus not reliable for diagnosing 
heart failure.  11 , 12   Because BNP is higher in sepsis non-
survivors (943 pg!mL vs 378 pg!mL in survivors), some 
believe it may play a prognostic role.  13   

 Transthoracic echocardiography, being portable, 
noninvasive, and easily repeatable, is ideal to evaluate 
LV dysfunction in critical care settings.  3 , 5   In addition, 
right ventricular function, pulmonary pressures, valve 
disease, and pericardial pathology, along with hemo-
dynamic parameters, such as central volume status 
and cardiac output, can be quantifi ed and serially 
monitored.  6   About 8% to 20% of critically ill patients 
manifest LV dysfunction, although one serial echo-

 Table 1   —Causes of Acute Left Ventricular Dysfunction 
in the Critical Care Setting  

  Myocardial infarction    
  Typical acute coronary syndromes 
   Signifi cant myocardial involvement 
   Mechanical complications, such as ventricular septal rupture 
   and papillary muscle rupture 
  Paradoxical venous thromboembolism 
  Coronary emboli—left atrial myxoma, LV or atrial thrombus 
  Coronary thrombosis—antiphospholipid antibody syndrome, 
    disseminated intravascular coagulation, thrombotic 

thrombocytopenic purpura 
  Aortic dissection—with right coronary occlusion 
 Stress cardiomyopathy 
  Apical ballooning  6  LV outfl ow obstruction 
  Basal cardiomyopathy (apex-sparing) 
  Focal cardiomyopathy (noncoronary distribution) 
 Global hypokinesis 
  Tachyarrhythmias 
  Hypertensive emergency 
  Sepsis 
  Metabolic and multiorgan insults 
  Post cardiac arrest and resuscitation 
 Myocardial injury with minor troponin elevations (including 
   supply-demand mismatch) 
  Myopericarditis—viral, autoimmune, giant cell 
  Trauma—chest contusion, prolonged resuscitation, bleeding 
  Congestive heart failure—decompensated, with anemia, shunts 
  Pulmonary embolism—with right ventricle strain 
  Sepsis—hypotension, catecholamine drips 
  Extracardiac stressors—hypertensive crisis, thyrotoxicosis, cocaine, 
   hypothermia, drowning 
  Prolonged surgery—hypotension, blood loss  

   LV  5  left ventricular.   

cardiographic study suggests a higher incidence, up 
to 30%.  2   Importantly, presence, extent, and location 
of regional wall motion abnormalities as well as LV 
dimensions and shape help determine the most likely 
cause for LV dysfunction and guide further manage-
ment in most instances. 

 Cardiac catheterization provides defi nitive assess-
ment of coronary disease. CT scan angiography and 
cardiac MRI may be valuable in specifi c situations 
but are limited in ICU settings.  14    Table 2  summarizes 
key diagnostic advantages and limitations with var-
ious cardiac tests in the critical care setting.       

 Acute Coronary Syndromes  

 Diagnosis 

 Plaque rupture resulting in total occlusion of a 
major coronary artery results in chest pain with ECG 
evidence of ST elevation. This is associated with a siz-
able territory of myocardium in jeopardy. This war-
rants emergent coronary angiography and revascular-
ization. Chest pain with diaphoresis and dyspnea may 
be reported but classic symptoms may be masked in 
many ICU patients because of sedation or altered 
mental status.  3 , 5   Hemodynamic changes, such as hypo-
tension, low cardiac output, reduced mixed venous 
saturation, and increasing pulmonary wedge pressures 
may trigger performing a 12-lead ECG in the sedated 
or unconscious patient. Increasing ventricular ectopy, 
ST segment changes, or new bundle branch blocks on 
telemetry may also be the initial evidence for cardiac 
ischemia.  1 , 15   When clinical and ECG fi ndings are 
equivocal, bedside echocardiography with careful 
evaluation for regional wall motion abnormalities 
(RWMA) conforming to typical coronary distributions 
may help to confi rm acute coronary syndrome (ACS).  3 , 6 , 9   
Mechanical complications of ACS, such as mitral 
regurgitation or ventricular septal defects, may also 
be detected with echocardiography.  16     

 ACS Without Critical Coronary Artery Disease 

 Medical, surgical, or trauma intensive care may 
result in substantial physiologic and mental stress. 
This may cause alterations in hemodynamics, coagula-
bility, and metabolic parameters. Patients with preex-
isting signifi cant atherosclerotic stenosis may not be 
able to increase blood supply commensurate with the 
increasing demands resulting in supply-demand mis-
match. This usually manifests as ACS with ischemic 
ECG changes and troponin elevations. Although new 
LV dysfunction is not typical with supply-demand 
mismatch, it is included in this review because of the 
relatively higher incidence of supply-demand mis-
match in critical care settings.  17 - 19   This may account 

Downloaded From: http://journal.publications.chestnet.org/ by a Imperial College London User  on 05/15/2016

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




200 Postgraduate Education Corner

for troponin elevations seen in about one-fourth of 
critically ill noncardiac patients ( Table 1 ).  9 , 10   

 In instances without angiographic culprit lesions, 
 in situ  coronary arterial thrombosis due to hyperco-
agulable conditions, such as thrombocytosis, dissem-
inated intravascular coagulation, thrombocytopenic 
purpura, and antiphospholipid antibody syndrome, 
need to be considered.  20 , 21   Rarely embolic coronary 
occlusion may be due to left-side heart (atrial or ventric-
ular) mural thrombi, endocarditis, prosthetic valve 
thrombi, or cardiac myxoma.  22   Paradoxical emboli 
and thrombi from intracardiac catheters or guide-
wires have to be considered in patients with a patent 
foramen ovale.  23   Therapy is mainly supportive and 
aimed at preventing recurrence by addressing pre-
cipitation factors. This might involve surgery for car-
diac tumors, percutaneous device closure of patent 
foramen ovale, or anticoagulation for hypercoagu-
lable states. Cardiac status may potentially improve 
with antiplatelet (aspirin, clopidogrel, glycoprotein 
IIb!IIIa antagonists) and anticoagulant therapy (hep-
arin, warfarin). However there are no studies in crit-
ical care settings for these therapies because of wide 
variability in cause for ACS and comorbidities. With 
the higher bleeding risk in this population, these 
agents must be used on a case-by-case basis.    

 Stress Cardiomyopathy  

 Defi nition and Epidemiology 

 Originally described in Japan as takotsubo cardio-
myopathy, stress cardiomyopathy by defi nition implies 

completely reversible acute LV dysfunction.  24 - 28   ICU 
admission because of medical illness, surgical proce-
dure, or traumatic injuries could typically be suffi cient 
stress to cause stress cardiomyopathy.  29   By perform-
ing serial echocardiography in consecutive ICU 
patients, 28% (26 of 92 patients) had stress cardiomy-
opathy in one series reported from South Korea.  2   
This is much higher than we typically encounter and 
a more recent larger series in which echocardiograms 
were obtained routinely in the fi rst 24 h of ICU 
admission detected LV systolic dysfunction in 132 
of 704 (18%) patients.  3     

 Pathogenesis of Stress Cardiomyopathy 

 Catecholamine excess in circulation has been iden-
tifi ed and possibly mediates the acute cardiac dys-
function in stress cardiomyopathy.  30   This condition 
typically affects women (in  .  80% of most series) in 
the 62- to 75-year-old age range.  31 , 32   Severe emotional 
stress (approximately 27%) or physical illness (approx-
imately 38%), such as sepsis, head trauma, and cere-
brovascular accident, may precipitate stress cardio-
myopathy in about two-thirds of the instances.  32   In 
about 60% to 80% of those with this condition the 
mid and distal segments of the LV are akinetic with a 
hypercontractile base giving the appearance of “apical 
ballooning.” Stress cardiomyopathy can also affect 
the base with apical sparing in another 10%. The 
remainder manifests nonspecifi c regional wall motion 
abnormalities or global hypokinesia not conforming 
to any particular coronary territory.  28 , 33   This global 
hypokinesia variant of stress cardiomyopathy is  unlikely 

 Table 2   —Summary of Various Cardiac Tests Available Highlighting Their Key Characteristics in Critical 
Care Settings  

  Test Key Diagnosis Advantages Limitations  

  ECG ST elevation MI Widely available Stress cardiomyopathy may mimic MI 
 Non-ST elevation MI Inexpensive 
 Arrhythmias 

 Troponin Any myocardial injury High sensitivity and specifi city ( .  95%) Initially, mild elevations are common 
 in MI and stress cardiomyopathy  Quantifi es overall muscle damage 

 BNP Not reliable in determining cardiac 
 cause for pulmonary congestion

May predict ICU outcomes Not reliable in obese patients 
 Normal values excludes cardiac disease 

 Echocardiogram LVD, MI, valve, and pericardial disease vs 
 possible stress cardiomyopathy

Noninvasive, bedside Limited quality images in intubated 
 ICU patients  Valuable hemodynamic information 

 Catheterization CAD diagnosis and revascularization Systolic and diastolic LV function 
 measurement

Invasive 
 Higher risk due to ICU comorbidities 
 Contrast renal injury 

 Cardiac CT scan Excludes CAD Noninvasive Contrast renal injury. Challenging to 
  perform in critically ill and unstable 

patients. 
 Cardiac MR scan MI, cardiomyopathies and valve disease 

 by scarring pattern
Noninvasive Challenging to perform in critically ill, 

 unstable, and intubated patients  Best test for LV regional wall motion 
  abnormalities and RV function 

measurement  

   BNP  5  brain natriuretic peptide; CAD  5  coronary artery disease; LVD  5  left ventricular dysfunction; MI  5  myocardial infarction; MR  5  magnetic 
resonance; RV  5  right ventricular. See  Table 1  for expansion of other abbreviation.   
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to be a separate pathogenic entity from LV dysfunction 
seen in sepsis. We discuss this with other condi-
tions causing global LV dysfunction in the following 
section to emphasize the underlying reversible pre-
cipitating conditions.   

 Diagnosis of Stress Cardiomyopathy 

 Angina, heart failure, arrhythmias, ECG changes 
(ST elevations or T inversions), and mild troponin 
elevations are often triggers for performing cardiac 
catheterization. Typically a culprit coronary artery 
lesion is not evident.  24 - 26   Left ventriculography dem-
onstrates signifi cant reduction in LV function and 
symmetric akinesia involving the mid and apical seg-
ments with relative hypercontractility of the cardiac 
base ( Fig 1 ).     

 Published guidelines require angiographic proof 
of absence of coronary artery disease (CAD).  34   In 
ICU settings, especially where bleeding risk, severe 
comorbidity, or terminal illness precludes catheteri-
zation and revascularization, the following may be 
useful indicators that the LV dysfunction is due to 
stress cardiomyopathy and not true ACS:

    Severe acute LV dysfunction without a signif-1. 
icant serum troponin and creatine kinase-MB 
elevation.  
   Symmetrical mid and apical RWMA by echocar-2. 
diography—akinesia extending equally in the 
inferior and lateral walls as the anteroseptum. 
In ACS of the left anterior descending coronary 
artery, anteroseptal extent of RWMA from the 
apex is usually greater than the inferior and lat-
eral walls. Conversely, ACS of the right coro-
nary or left circumfl ex, if left dominant, usually 
spares the anteroseptum.  
   Repeat echocardiography in a few days to weeks 3. 
confi rming complete recovery of LV function 
with normalization of typical apical RWMA (in 
the absence of lytics and percutaneous coronary 
intervention).   

  Atypical forms of stress cardiomyopathy with RWMA 
involving the base, entire LV, or focal LV areas may 
be more diffi cult to identify.  Table 3  summarizes 
salient features of the most common subgroups of LV 
dysfunction in critically ill patients. Being noninva-
sive and easy to perform, CT angiography can poten-
tially replace cardiac catheterization in excluding sig-
nifi cant CAD especially when the suspicion for CAD 
is low.  14   However, excellent quality coronary imaging 
requires patient cooperation (breath holding) and the 
ability to tolerate  b -adrenergic blockade to slow the 
resting heart rate.       

 Treatment Options for Stress Cardiomyopathy 

 In ICU settings, identifying and effectively treat-
ing the medical or surgical condition that precipi-
tated stress cardiomyopathy is essential. Supportive 
treatment includes addressing heart failure and 
arrhythmias as well as optimizing hemodynamics 
and metabolic parameters. The prognosis may not 
be benign, with one review estimating shock (6.5%), 
LV thrombus formation (3.8%), congestive heart 
failure (3.8%), and death (3.2%) in patients with stress 
cardiomyopathy.  35   There are no randomized data on 
stress cardiomyopathy to guide therapy, but prophy-
lactic anticoagulation with warfarin appears reason-
able until LV function recovers.  34 , 35   Because central 
sympathetic neurohumoral excess occurs in stress 
cardiomyopathy,  30   we believe  b -adrenergic block-
ade may be cardioprotective. Because stress car-
diomyopathy is a completely reversible condition, 
if the patient can be suffi ciently supported through 
the acute phase, long-term cardiac prognosis is gen-
erally good.  34     

 LV Outfl ow Tract Obstruction in Stress 
Cardiomyopathy 

 About 25% of patients with stress cardiomyop-
athy manifest acute dynamic LV outflow tract 
obstruction.  36   We have recently reported in depth 
the pathophysiology and management of LV outfl ow 
tract obstruction and this is beyond the scope of this 
review.  37 , 38   Briefl y, in stress cardiomyopathy the 
combination of hypercontractile LV base (compen-
satory for mid and distal akinesia) and a reduction 
in LV chamber size (due to bleeding, diuretics, 
trauma, or inotrope infusion) results in systolic 
anterior motion of the mitral apparatus. This crowd-
ing at the LV outfl ow level causes dynamic obstruc-
tion with sudden increase in afterload and LV wall 
stress manifesting as angina, heart failure, ischemic 
ECG changes, and cardiac enzyme elevations. 
Hypotension and a new prominent systolic ejec-
tion murmur in the left third parasternal area 

 Figure 1.      Contrast left ventriculography images in diastole ( A ) 
and systole ( B ). Arrows in the mid anterior and inferior walls point 
to the area separating the hyperkinetic base from the akinetic 
apical segments, a typical fi nding in stress cardiomyopathy.    
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imply hemodynamically signifi cant LV outfl ow tract 
obstruction.  34 , 37 , 38   

 Transthoracic echocardiography can provide the 
diagnosis, correlating the systemic BP with Doppler 
gradients in the LV outfl ow while also estimating the 
mitral regurgitation, LV dysfunction, and pulmonary 
hypertension.  38   Aggressive volume resuscitation and 
IV  b -blockade targeting heart rate reduction to the 
60 to 70 bpm range is central to management of LV 
outfl ow tract obstruction. Diltiazem or verapamil 
may offer suffi cient negative inotropy, lusitropy, and 
hemodynamic benefi ts when bronchospasm contra-
indicates aggressive  b -blockade. With appropriate 
treatment over the course of few hours to days, the 
hypotension, systolic ejection murmur, dynamic LV 
outfl ow gradient, mitral regurgitation, and stress car-
diomyopathy-related apical RWMA all resolve.  37 , 38      

 Table 3   —Clinical   Characteristics That May Help Categorize Common Variants of Acute Cardiac Dysfunction in the 
Critically Ill  

  Clinical 
Characteristics

Classic Acute Coronary 
Syndrome    Stress Cardiomyopathy Global LV Dysfunction Demand-Supply Mismatch  

  Risk factors and 
 clinical scenario

Hypertension, diabetes, 
  lipids, smoking and 

family history of CAD

Acute physiologic or mental 
  stress in about 50%-70% 

of patients

Severe sepsis, prolonged hypoxia, 
  or recurrent cardiopulmonary 

arrest and defi brillations

Sepsis, bleeding, trauma, 
  or hypotension 

requiring inotropes 
 Symptoms Typical angina, dyspnea, 

 diaphoresis
Asymptomatic or atypical 
  angina, dyspnea, and 

palpitations

Predominantly heart failure 
  symptoms: dyspnea, edema, 

fatigue

Majority asymptomatic 
 from cardiac standpoint 

 Signs S4 gallop (S3 with severe 
  cardiomyopathy), mitral 

regurgitation or pericardial 
rub uncommon

S3 gallop possible, about 
  20% develop systolic 

ejection murmur of LV 
outfl ow track obstruction

Pulmonary crackles, dependent 
  edema, some may have 

cyanosis and cold extremities 
during peak shock

Tachycardia, depending 
  on the reason the 

extremities may be 
warm or cold 

 ECG Typical STEMI- or NSTEMI-
  related ST depressions 

with deep T inversions

Anterior subtle ST 
  elevations, deep 

T inversions

Nonspecifi c ST-T wave changes Tachycardia, diffuse ST 
  depressions with 

T inversions 
 Troponin (normal  
 ,  0.04 ng!mL) a 

Rapid increase, without 
  intervention peak 

20-100 ng!mL

Borderline, peak
   ,  5 ng!mL usually

Fluctuating trend, usually 
 peak  ,  5 ng!mL

Variable, peak  ,  5 ng!mL 

 BNP (normal 
  ,  100 pg!mL)

100-500 pg!mL Usually 400-1,000 pg!mL  .  1,000 pg!mL  ,  100 pg!mL 

 Echocardiogram Regional wall motion 
  abnormality conforming 

to coronary territory

85% Apical ballooning, Global hypokinesia and 
 usually biventricular dilation

Hyperdynamic LV with 
 EF usually  .  70%  10% Apex sparring basal 

 hypokinesia 
 5% Focal wall motion 
 abnormality 

 Coronary 
 angiogram

Culprit lesion amenable 
  to revascularization 

in majority of cases

Normal coronaries or 
 insignifi cant CAD

Normal coronaries or insignifi cant 
 coronary artery disease

Noncritical CAD, 
 stenosis  ,  70% 

 Management ACS protocol, early 
 revascularization

Supportive Address underlying critical 
 illness

 b -blockers or calcium 
 blockers 

 Repeat echo in few days to 
  weeks to confi rm recovery 

of LV function. If murmur 
of LV outfl ow track 
obstruction,  b -blockers or 
calcium channel blockers 
and fl uids may be used.

Treat sepsis appropriately Volume and packed 
 RBCs as needed  Statins may help  

  ACS  5  acute coronary syndrome; EF  5  ejection fraction; LVOTO  5  LV outfl ow tract obstruction; NSTEMI  5  non-ST elevation myocardial infarction; 
STEMI  5  ST elevation myocardial infarction. See Tables 1 and 2 for expansion of other abbreviations.   
  a    Normal ranges from the University of Missouri clinical laboratories.   

 Global LV Dysfunction  

 Diagnosis 

 Although heart failure and hemodynamic instability 
warrant further cardiac testing, routine echocardiog-
raphy is increasingly advocated for all ICU patients.  5   
Often, the entire LV is signifi cantly hypokinetic with 
variable cavity dilation and ejection fraction in the 
30% range.  3   Echocardiography also excludes severe 
valvular heart disease, ACS-related RWMA, stress car-
diomyopathy, and pericardial effusion with tamponade 
features. It is crucial to identify previously undiagnosed 
dilated cardiomyopathy with detailed history about pre-
ceding functional status, excessive alcohol intake, 
and heart failure-related symptoms. Echocardiographi-
cally, presence of LV chamber dilation and globular 
contour with signifi cant mitral annular and left atrial 
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dilation would suggest longstanding LV dysfunction 
and underlying chronic dilated cardiomyopathy.  3 , 39     

 Tachycardia-Induced Cardiomyopathy 

 Tachycardia-induced cardiomyopathy implies 
global systolic LV dysfunction secondary to atrial or 
ventricular tachyarrhythmias that reverses with rate 
and rhythm control.  40   Ventricular rate in atrial fi brilla-
tion is typically controlled with IV  b -blockers or cal-
cium channel blockers. IV digoxin is often used for 
rate control, although there is little literature con-
cerning ICU settings with heightened sympathetic 
tone. Amiodarone may be the drug of choice for 
atrial and ventricular tachyarrhythmias because it 
does not adversely affect survival and may actually 
reduce cardiovascular events by an estimated 20% 
in LV dysfunction.  41   LV function generally normalizes 
in a few days to weeks of controlling heart rate in 
these situations.  42   Catheter ablation may be required 
for some tachyarrhythmias but this would typically 
require stabilization of other critical medical issues 
fi rst. Animal studies demonstrate that the progression 
of heart failure is determined by faster heart rate, 
longer duration, as well as type of tachycardia (ven-
tricular  .  atrial).  40   Thyroid abnormalities, electrolyte 
defi cits (potassium and magnesium), hypoxia, and car-
diac stimulant medications ( b -agonist inhalers and 
inotropes) may contribute to the LV dysfunction. 
Addressing sepsis, volume depletion, and pain may 
control sinus tachycardia and potentially improve LV 
dysfunction. Although sinus tachycardia is prevalent 
in ICU settings, providers must realize there is no 
literature relating it directly to LV dysfunction, and 
rate-reducing medications ( b -blockers and calcium 
channel blockers) may signifi cantly worsen hemody-
namics when cardiac output is heart rate dependent.  38     

 Hypertensive LV Dysfunction 

 Patients with uncontrolled hypertension, especially 
with LV hypertrophy, often have subendocardial wall 
stress suffi cient to cause ACS-like symptoms, mild 
troponin elevations, ischemic ECG changes, and 
acute heart failure.  4 , 43   Multiple stressors in ICU set-
tings, such as hypovolemia, hypoxia, and infection, 
interact to precipitate acute global LV dysfunction. 
Importantly, the volume loss related to critical illness 
or development of LV dysfunction may normalize BP 
in the hospital. Recent home recordings suggesting 
elevated BP, poor compliance with medications, fun-
duscopic changes, LV hypertrophy, and left atrial 
dilation on echocardiography are valuable clues toward 
establishing signifi cance of preceding hypertension. 
Nitroprusside and nitroglycerin infusions are indi-
cated for hypertensive emergencies and heart failure 

when rapid BP lowering is required. ACE inhibitors 
and angiotensin receptor antagonists may be fi rst-line 
oral agents for BP lowering in the presence of LV 
dysfunction. After pulmonary congestion and overt 
heart failure are stabilized,  b -blockade may offer car-
dioprotection in LV dysfunction settings. Home BP 
monitoring and compliance with dietary salt restric-
tion are important to prevent recurrence.   

 Sepsis 

 Septic cardiomyopathy, implying impairment of the 
heart within the scope of systemic sepsis, was demon-
strated more than 20 years ago.  44   Although the path-
ogenesis is still debated and probably multifacto-
rial, LV dysfunction implies a worse prognosis in 
sepsis.  44 - 47   Various systemic infl ammatory response 
syndrome- and sepsis-related substances in circula-
tion, such as tumor necrosis factor- a , interleukin-1 b , 
and interleukin-6, cause myocardial depression. Pul-
monary or systemic infections are a precipitating 
factor in 12% to 20% of overall acute heart failure 
admissions.  4 , 43 , 48 , 49   Bacterial endotoxins, microvascular 
dysfunction, and catecholamines administered for 
shock could also mediate cardiotoxicity.  50 , 51   Among 
medical ICU admissions, one-fi fth manifest clinical 
cardiac dysfunction.  9   In septic shock up to 50% of 
patients manifest LV dilation or systolic dysfunction, 
but there is evidence to suggest this may be an adap-
tive response with survival advantage.  44   

 There are no established guidelines for managing 
LV dysfunction in sepsis but the importance of effec-
tively addressing the source of infection cannot be 
overemphasized. Cardiovascular support with fl uids 
and inotropes (such as dopamine) helped optimize 
outcomes in dog model of sepsis.  47 , 52   One case cohort 
study suggests chronic statin therapy for CAD may 
reduce incidence of sepsis by about 20%.  53   Statins 
may reduce myocardial infl ammatory mediators, 
thereby potentially improving LV dysfunction and 
survival in sepsis.  54 - 58   These pleiotropic effects show 
promise, but large placebo-controlled randomized 
trials are needed to establish the role of statins in 
acutely ill patients with multiple comorbidities.  59     

 Metabolic and Multiorgan Insults 

 LV dysfunction in the critical care setting could 
be related to severe hypoxia, hypothermia, drowning, 
anemia, pheochromocytoma, thyrotoxicosis, ARDS, 
systemic infl ammatory response syndrome, and mul-
tiorgan dysfunction.  46 , 60   Cardiac arrest survivors have 
reduced cardiac output 4 to 8 h later due to cardiac 
dysfunction, and this normalizes typically by 24 h.  61   
Systolic LV dysfunction was demonstrated in 28% of 
adult patients following electroconvulsive therapy 
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but was transient in all patients.  62   Elegant animal 
studies demonstrate reproducible LV dysfunction in 
anaphylactic shock. The mechanism appears to be direct 
cardio-inhibition by the mediators of anaphylaxis.  63      

 Diastolic Dysfunction in the Critically Ill 

 The available literature is limited and suggests dia-
stolic dysfunction may worsen outcomes in sepsis; an 
in-depth review of this topic is beyond the scope of this 
review.  39 , 64 , 65   Importantly, about 50% of acute heart 
failure occurs in the absence of systolic cardiac dys-
function and the term heart failure with normal ejec-
tion fraction (HFNEF) is more appropriate.  66   This is 
because Doppler transmitral fl ow velocity has many 
limitations and not all HFNEF patients manifest echo-
cardiographic characteristics of diastolic dysfunction. 
Direct measurement of pulmonary capillary wedge or 
LV diastolic pressure may offer defi nitive proof of 
HFNEF but is not routinely performed because of its 
invasive nature. Clinical signs and symptoms of heart 
failure as well as radiographic pulmonary congestion 
are often suffi cient to make the diagnosis of HFNEF. 
ICU therapy involves IV loop diuretics, restriction 
of fl uid intake, and optimization of heart rate and BP 
control for symptom relief, systemic arterial oxygen 
saturation, and radiographic improvement.  67   Long-term 
management requires particular attention to optimal 
BP control, car diovascular risk factor reduction, and 
lifestyle measures.  68     

 LV Dysfunction Management Principles in 
the Critically Ill 

 During the initial evaluation and with signifi cant 
changes in the clinical condition, two specifi c ques-
tions should be addressed:

    How is the LV dysfunction contributing to the 1. 
critical illness?  
   How is the critical illness contributing to the 2. 
LV dysfunction?   

  A careful review of all available clinical and hemo-
dynamic information, level and trend of troponin 
elevation, as well as echocardiographic features of 
the LV dysfunction determine the likelihood of ACS 
and amount of myocardium at risk. Medical man-
agement, including aspirin, anticoagulation with 
heparin,  b -adrenergic blockade, statins, and nitrates 
should be initiated if ACS is suspected.  Figure 2  
outlines broad indications for urgent catheterization, 
which is typically reserved for ST elevation myocardial 
infarction and CAD with hemodynamic instability, 
heart failure, or arrhythmias refractory to medical 
management. Diagnosing ACS is challenging in the 
critical care setting because of atypical presentations 
and sedation. If and when percutaneous coronary 
intervention is performed, only the culprit lesions 
corresponding to an RWMA should be intervened 
upon to minimize anticoagulation and bleeding-
related morbidity.     

 Figure 2.      Algorithm for management of LV dysfunction in the critically ill based on clinical presentation 
and cause of cardiac pathology. ACS  5  acute coronary syndrome; BNP  5  brain natriuretic peptide; 
CAD  5  coronary artery disease; CK-MB  5  creatine kinase-MB fraction; LV  5  left ventricular; 
LVOTO  5  LV outfl ow tract obstruction.    
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 Stress cardiomyopathy has a relatively better progno-
sis compared with ACS if the patient responds ade-
quately to supportive treatment of heart failure, arrhyth-
mias, and hypotension. LV outfl ow tract obstruction 
requires adequate  b -blockade and aggressive IV fl uid 
replacement. Repeat echocardiography documenting 
recovery of RWMA may be the only “proof” of this diag-
nosis when catheterization is not possible because of 
comorbidities or patient wishes. 

 Ongoing assessment of sepsis, systemic infl amma-
tory response syndrome, hemodynamics, electrolyte 
and metabolic parameters, pulmonary function, and 
nutritional support are required on a daily basis in 
patients with global LV dysfunction. Optimal systolic 
BP is probably  ,  140 mm Hg and resting heart rate 
 ,  85 bpm from a cardiac standpoint. LV outfl ow tract 
obstruction may respond to lowering the heart rate to 
 ,  65 bpm.  37 , 38    

 Inotropes and Vasopressors 

 Selection of inotropic agents can be quite diffi cult 
in the ICU setting, especially if conditions favor a 
stress cardiomyopathy and LV outfl ow tract obstruc-
tion. By taking many factors into consideration, the 
likely cause of LV dysfunction can be ascertained. 
Depending on regional perfusion to many critical 
vascular beds and the total cardiac output, the practi-
tioner can determine which inotropic agent or pres-
sors may assist in providing hemodynamic support. 
The choice of inotropic agent is reviewed in detail 
elsewhere.  69   The deleterious effects of these agents, 
namely increasing cardiac workload, arrhythmias, 
tachycardia, supply-demand mismatch, and direct 
myocardial toxicity should be carefully considered 
when evaluating using these agents in patients with 
LV dysfunction.  30 , 70   

 Patients with acute decompensated heart failure 
with renal insuffi ciency or diuretic resistance may 
benefit from ultrafiltration. This is an effective 
method of fl uid removal with advantages that include 
adjustable fl uid removal volumes and rates, no effect 
on serum electrolytes, and decreased neurohormonal 
activation. Ultrafi ltration is associated with signifi cant 
increases in fluid removal at 24 h and fewer heart 
failure rehospitalizations without impacting renal 
function.  71 , 72     

 Circulatory Assist Devices 

 When associated with refractory pump failure and 
hypoperfusion-related organ dysfunction, cardio-
genic shock carries a signifi cant mortality. There are 
no clearly defi ned indications for mechanical circu-
latory assist devices, but recent technical advances 
have made them a potential tool for circulatory failure 

refractory to conventional medical therapy and 
resusci tation.  60   The choice of a particular device is 
based on patient characteristics, operator prefer-
ence, and expected length of support. Venoarterial 
extracorporeal membrane oxygenation can gener-
ally be initiated as temporary life support for severe 
acute respiratory or cardiac failure if it is potentially 
reversible.  73   Newer portable modular extracorpo-
real membrane oxygenation systems may expand 
the use of mechanical assist devices to improve per-
sistent cardiogenic shock prehospital in the ambu-
lance, disaster areas, air, sea, and battlefi elds, and 
can provide effective hemodynamic support for at 
least 6 months.  74 , 75      

 Conclusions 

 LV dysfunction is common in critically ill patients. 
It is imperative to consider the clinical, hemody-
namic, biochemical, and imaging data as well as their 
temporal trends to determine if the LVD is the cause, 
effect, or a coincidental finding. Coronary angiog-
raphy and revascularization should be judiciously 
performed because of the additional morbidity in the 
critically ill. Adequately addressing the critical illness 
and optimizing LV dysfunction management through 
a concerted team effort is needed to maximize patient 
outcomes.     
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