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Cardiovascular - Basic



Preload

• Amount of volume filling ventricles 
during diastole

• Proportional to volume status

• Increasing preload, increases 
stroke volume (in general)

• Monitor Preload using CVP,RAP, 
LAP



Preload Problems in post-op 

Patients

Either there is not enough preload

or

The heart needs more than usual



Why too little?

•Post-operative blood loss

•Third Spacing (capillary leak 
syndrome)



Why might they need more 

preload than usual?

• Stiff Right Ventricle

• Right Ventricular Hypertrophy
–Tetrology of Fallot

• Myocardial edema
–Prolonged pump run, long cross 

clamp



Why else?

• Atrial arrhythmias or Junctional 
rhythms

–No atrial ‘kick’

• Passive blood flow to the lungs

• (Glenn Fontan Operation)



Preload - treatment

Crystalloids

vs.

Colloids



Crystalloids

• Isotonic Fluid

• Normal Saline
– 154 mEq NaCl/l

• Lactated Ringers
– 130mEq Na+

– 4mEq K+

– 3mEq Ca+2

– 109mEq Cl-

– 28mEq Lactate



Colloids

• Oncotic properties

• More likely to stay intravascular

• Longer duration of action

• Less likely to contribute to edema



Back to our diagram



Contractility

• Often impaired

• Secondary to surgery 

• CPB 



Inotropic Agents

• Dopamine

• Dobutamine

• Epinephrine

• Milrinone

• Levosimendan



Dopamine

• Alpha, beta and dopaminergic agonist
• Dose range: 2-10mcg/kg/min
• Effects: Low dose 2-5mcg/kg/min

– ‘renal’ dose
– Middle range: more beta
– Higher range: alpha starts to predominate

• Use: inotrope, vasoconstriction
• Risk: vasoconstriction, tachycardia



Dobutamine

• b1 selective

• Dose range: 5-10mcg/kg/min

• Effect: increased inotropy and 
chronotropy

• Use: to increase contractility, 
strength of contraction

• Risk: vasodilation in higher dose 
range, tachycardia



Epinephrine

• Trade name Adrenalin

• works at all receptors b>a

• Dose range: 0.05mcg/kg/min – 0.2 
mcg/kg/min

• Use: most potent inotropic effect

• Risk: vasoconstriction, ischemia, 
acidosis, tachycardia 



Milrinone

• A phosphodiesterase inhibitor

• Inhibits breakdown of cAMP

• Dose range: 0.375-0.750 
mcg/kg/min



Efficacy and Safety of Milrinone in Preventing Low 

Cardiac Output Syndrome in Infants and Children 

After Corrective Surgery for Congenital Heart Disease

by Timothy M. Hoffman, Gil Wernovsky, Andrew M. Atz, Thomas J. Kulik, David P. 

Nelson, Anthony C. Chang, James M. Bailey, Akbar Akbary, John F. Kocsis, Raymond 

Kaczmarek, Thomas L. Spray, and David L. Wessel

Circulation

Volume 107(7):996-1002

February 25, 2003

Copyright © American Heart Association, Inc. All rights reserved.



Figure 2. Primary end point: development of LCOS/death in the first 36 hours (per-protocol 

population, n=227).

Timothy M. Hoffman et al. Circulation. 2003;107:996-1002

Copyright © American Heart Association, Inc. All rights reserved.















Remember that diagram?



Afterload

• Refers to work against which the heart 
is contracting

• Either an immediate obstruction such as 
valvular stenosis or hypertrophy

• Or related to systemic vascular 
resistance

• As you might imagine decreasing the 
afterload will help the heart to contract



Afterload Reduction

•Nitroprusside

•Nitric Oxide

•Milrinone

•Levosimendan



Nitroprusside

• Mechanism of action: NO donor

• Site of action: primarily on arteries

• Action: vasodilator

• Dose range: 0.5-4.0mcg/kg/min

• Risks: profound hypotension, 
cyanide toxicity, 
methemoglobinemia



Who needs afterload reduction?

• Decreases force against which 
heart has to contract

• Particularly needed for patients 
with aortic insufficiency or mitral 
regurgitation
–Can help to decrease the amount of 

regurgitation

• Poor LV or RV function



Pulmonary Hypertension and 

CHD
• Increased pulmonary blood flow

• Pulmonary venous obstruction

• Cardiopulmonary bypass effects

• Worsened or triggered by :

Hypoxia

Hypercapnia

Acidosis

Pain



• Complete AV- canal

• VSD (in natural history)

• Truncus arteriosus

• Total anomalous pulmonary venous

connection

• Partial anomalous pulmonary venous

connection (scimitar syndrome)

• Cor triatriatum

• Aorto-pulmonary window

• Congenital mitral stenosis

The most common pathologies 

where we can meet PHT



Pulmonary vasoconstriction due to impaired 

nitric oxide production after cardiopulmonary 

bypass.
Morita K, Ihnken K, Buckberg GD, Sherman MP, Ignarro LJ.

Division of Cardiothoracic Surgery, UCLA School of Medicine, USA.

CONCLUSIONS. Cardiopulmonary bypass impairs pulmonary 

NO production, resulting in pulmonary vasoconstriction and 

right ventricular dysfunction, which can be reduced by 

antioxidants. These findings imply the validity of NO inhalation 

therapy for postoperative pulmonary hypertension as a 

supplementation of endogenous endothelium-derived relaxing 

factor.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Morita+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ihnken+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Buckberg+GD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sherman+MP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ignarro+LJ%22%5BAuthor%5D


CONCLUSION: Severe postoperative pulmonary 

hypertension occurred after 2% of the cardiac procedures 

and in most cases was managed successfully with 

conventional treatment and had a favorable postoperative 

outcome. The low incidence relative to previous reports 

may reflect the benefits of early correction and improved 

intraoperative and postoperative care.

SEVERE PHT (mean PAP = 

mean SAP) IS A RARE

EVENT (< 5%)



Pain Control/Sedation

• Stress response attenuation

• Analgesia/anxiolysis

• Fentanyl doses are suggested before 

suction



Treatment for Pulmonary HTN

• Classic:

• Hyperventilation
–pH 7.50-7.55

–Similar to treatment of PPHN in the 
neonate

• Oxygen
–A potent pulmonary vasodilator, keep 

oxygen high



Ventilator Strategies: 

Pulmonary Hypertension

Precipitating 

Event
-Cold stress

-Suctioning

-Acidosis

Metabolic Acidosis

Hypercapnia
Increased 

PVR

Decreased Pulmonary Blood Flow

Decreased LV preload

RV dysfunction

Central Venous Hypertension

Hypoxemia

Low output

Ischemia



NO



A starting point



A starting point



A starting point



A starting point



Renal

• Monitor Input and Output hourly

• Daily Weight



FLUID OVERLOAD 





PEDIATRIC CPB

• The CPB circuit 

is relatively 

much greater in 

small infants

• Longer CPB 

time at greater 

degrees of 

Hypotermia



PEDIATRIC CPB

Increase in 

total body 

water and

tissue oedema

Propensity to 

Capillary Leak



Managment

• Diuretic Therapy

• Inotropic Agents

• Renal Replacement Therapy

– Peritoneal Dialysis

– Hemofiltration

– CVVH CVVHDF



Indication of RRT

In general:

 1. Anuria or oliguria (<1ml/kg/h) > 4 
hours despite intervention

 2. Creatinine > 75 mol/L (0.85 mg/dL)

 3. Increased Creatinine level with:

– Clinical signs of fluid overload

– Hyperkalemia: Serum K+ > 5.5 mmol/L

– Persistent acidosis

– Low cardiac output syndrome



Survival and early initiation of 
RRT

Elahi MM, et al. Early hemofiltration improves survival in post-cardiotomy patients with 

acute renal failure. Eur J Cardiothorac Surg 2004;26:1027—31



 1. Anuria or oliguria despite 

intervention

 2. Increased Creatinine level 

with:

– Clinical signs of fluid 

overload

– Hyperkalemia: Serum K+ 

> 5.5 mmol/L

– Persistent acidosis

– Low cardiac output 

syndrome

Indications of PD



Fluid overload is associated to bad 
outcome and mortality

Is mandatory to treat earlier FO

Prevention of FO is possible and feasible 
(CPB prime, blood conservation, 
reduction CPB inflammatory response)








