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Letóscontinue our walk

Important topics in 

Paediatric Cardiac Critical Care 
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Todayósagenda

ÁWelcome and short flashback

ÁThree parts à 60 min

Á15 minutes break after each part 
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14 important topics

1. The importance of cardiac output and 

cardiovascular medications Õ

2. Human factors in paediatric cardiac critical care

3. Receiving patient from OT: assessment, 

preparation and handing-over process

4. Invasive and non-invasive methods of 

monitoring in the PCICU

5. Respiratory assessment and management; 

respiratory complications

6. Importance of pain management in paediatric

cardiac critical care

7. Fluid management and treatment of metabolic 

disorders
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14 important topics

8. Fast-track extubation in pediatric cardiac surgery

9. Resuscitation: management of cardiac arrest

10. Medistinal bleeding and cardiac tamponade

blood transfusion, coagulation disorders, and 

postoperative anticoagulation

11. Infections in the cardiac intensive care unit

12. Cardiac arrhythmias; care of patients with 

temporary pacemaker;

13. Renal failure: prevention, identification, 

management, and replacement therapy

14. Neurological complications, gastrointestinal 

complications, and nutrition
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First important message

The highly complex paediatric patients with congenital or acquired heart disease require 

interprofessional teamwork and collaboration to ensure high quality outcomes with low 

mortality and morbidity.
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Paediatric Cardiac TEAM

ÁIntensivist

ÁCardiologist

ÁNeonatologist

ÁAnaesthetist

ÁSurgeon

ÁNurses

ÁPhysiotherapist

ÁTechnicians

ÁPerfusionist

ÁRadiologist



RobinAid Foundation Angrés M 10_2015 Bucharest Marie Curie ChildrenósHospital 

Second important message

The care of critically ill children after cardiac 

surgery is challenging and best performed with 

the emphasis on an anticipatory (rather than 

reactive) approach.
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In other words

Anticipation and prevention are the most 

important keys for recognition, diagnosis, 

and successfull management of all potential 

risks and complications in the postoperative 

critical care of paediatric cardiac patients.
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Now letósstart with the

todaysóstopics

Importance of pain management 

in paediatric cardiac critical care
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Pain management myths

ÁNeonates do not feel pain

ÁInfants are less sensitive to pain than adults

ÁNeonates have no memory of pain 

ÁChildren will tell you when they are having 

pain

ÁIf a child can be distracted, he is not in pain

ÁNeonates are not able to tolerate the effects 

of analgesics

ÁNarcotics can lead to addiction in children

ÁInfants become accustomed to pain
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ÁNewborn infants have functional nervous 

systems which are capable of perceiving 

pain 

ÁPhysiologic means of assessing pain (VS) 

can be an unreliable predictor of pain

ÁInfants often develop an increase in signs of 

discomfort with repeated painful procedures

ÁPremature infants can have unpredictable 

responses to painful stimuli

ÁUnmanaged pain in the neonatal period can 

cause long term developmental 

complications 

What are the facts?
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Facing the reality
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Facing the reality

Hospitals are always painful zones for the kids especially cardiac and orthopaedic departments 

as well as intensive care units!
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What is pain?

The experience of pain is complex, multifaceted, and

ñan unpleasant sensory and emotional experience associated with actual or potential 

tissue damage or described in terms of such damageò

as defined in 2008 by the International Association for the Study of Pain. 
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Process of nociception

ÁTransduction conversion of pain stimulus 

into a nerve impulse by sensory receptors

ÁTransmission of nerve impulses from the 

periphery to the brain and spinal cord

ÁPerception the recognition of these 

impulses or signals as pain

ÁModulation whereby descending neuronal 

tracts from the brain modify the nociceptive 

transmission in the spinal cord
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ÁPhysiological effects

ÁBehavioral effects

ÁHormonal / metabolic responses

Negative effects of pain

Consider pain as a vital sign
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ÁVariations in HR 

-from tachycardia down to bradycardia

Ávariations in BP

-from hypertension down to hypotension

Áincreased ICP

-up to more than two times higher as normal  

Áincrease in oxygen consumption

-oxygen extraction can be increased to ~70% 

Áchange in color

-from hyperperfusion down to hypoperfusion

Áincreased or decreased muscle tone

-from hypertonus down to hypotonus

Physiological effects
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ÁCrying

-can vary from high pitched, tense to soft 

moaning or whining

ÁFacial expressions

-grimacing, quivering of chin

-squeezing eyes shut, furrowed brow

ÁDifficult to soothe, comfort or calm

ÁBody movements

-limb withdrawal, fist clenching

Áhypertonicity or hypotonicity

ÁState changes

-changes in sleep-wake cycles

-changes in activity levels 

-increased fussiness or irritability

Behavioral effects
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ÁIncrease in (endogen) epinephrine and

norepinephrine

ÁIncrease in growth hormone and 

endorphins

ÁDecrease in insulin secretion

ÁIncreased secretion of cortisol, glucagon, 

and aldosterone

ÁIncreased serum glucose, lactate and 

ketones

Þ
ÁCan lead to lactic acidosis

Hormonal / metabolic responses

Pain and/or fear

Þ
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Important systems in postoperative paediatric 

cardiac management:

ÁCardiovascular

ÁPulmonary

ÁRenal

ÁCNS

ÁNutrition 

ÁPain management

Important systems
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O2 Supply / Demand Imbalance

Four reasons for increased O2

consumption:

ÁStress / Pain 

ÁHyperthermia 

ÁShivering 

ÁInfection / Sepsis
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An imbalance between 

tissue oxygen consumption 

and delivery appears with the 

development of cellular 

hypoxia and leads lastly to 

cell death.

O2 Supply / Demand Imbalance
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LCOS in 

paediatric cardiac surgery

ÁLoss of AV synchrony

ÁResidual cardiac lesion

ÁPost-op. bleeding

ÁPulmonary hypertension

ÁStress by pain and / or fear

ÁEndocrine derangement (Cortisol, Thyroid, 

Vasopressin)

Etiology of Low Cardiac Output Syndrome 

following congenital heart surgery
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Situation by

undergoing cardiac surgery

Cardiac surgery

procedure

Thorax trauma

Extra corporeal

circulation

Systemic

inflammatory

response with all 

possible follow ups

Intraoperative stress

Pain / Fear 

LCOS 

Respiratory

dysfunction

Postoperative stressPotential Risks
Necessity to

become healthy
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Cardiac surgery

procedure

Thorax trauma

Extra corporeal

circulation

Systemic

inflammatory

response with all 

possible follow ups

Intraoperative stress

Pain / Fear 

LCOS 

Respiratory

dysfunction

Postoperative stressPotential Risks
Necessity to

become healthy
Inadequate pain management in 

postoperative care of children undergoing 

cardiac surgery can lead to a very big 

disaster!

Never forget
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General principles in 

pain management

ÁAnticipate and prevent pain 

ÁAssess pain adequately 

ÁUse a multimodal approach 

ÁUse non-noxious and non-painful route of 

administration 
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ÁBalanced or multimodal analgesia:

-more than one class of analgesic or adjuvant 

each working in a different way 

Þ
-synergism

-opioid sparing

-reduced risk of tolerance and morphine 

sensitisation

-reduced side effects and complications

General principles in 

pain management
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ÁMedications should be taken

-by the ladder

-schedulded

General principles in 

pain management

Analgesia Ladder
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ÁPain management is not the same as 

sedation

ÁAnxiolysis is also an impotant need in 

postoperative pain control

Important
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Effects of analgesia

ÁReduces anxiety and stress response

ÁReduces respiratory complications

ÁReduces cardiovascular complications

ÁReduces autonomic effects
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ÁEffective and quick onset

ÁSafe / no side-effects:

-no CNS or cardiorespiratory depression

-no constipation

-no nausea

ÁNo drug interactions

ÁCheap

ÁNo withdrawal, dependence, tolerance, 

addiction

ÁUseful in all patient populations

ÁReversible effect

ÁAcceptable duration of effect (long, short)

The perfect analgesic
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The perfect analgesic

ÁUnfortunately this perfect analgesic doesnôt 

exists!
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Pharmacological substances

ÁParacetamol

ÁNSAIDs

(Nonsteroidal Anti-Inflammatory Drugs)

ÁOpiods

ÁNMDA antagonists (f.e. Ketamine)

(N-Methyl-D-aspartate antagonists) 

ÁAlpha-2 agonists (f.e. Clonidine)
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ÁMild to moderate pain relief 

-Acetaminophen (Paracetamol) 

-NSAIDs  

ÁModerate pain relief 

-Tramadol

-Codeine

ÁSevere pain relief 

-Morphine 

-Nalbuphine

-Ketamine

Used painkiller in children
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ÁMild to moderate pain relief 

-Acetaminophen (Paracetamol) 

-NSAIDs 

ÁModerate pain relief 

-Tramadol

-Codeine

ÁSevere pain relief 

-Morphine 

-Nalbuphine (part. antagonist)

-Ketamine

4 most used painkiller in children

undergoing cardiac surgery
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Mechanism of action
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Acetaminophen (Paracetamol) 

ÁInhibits COX-3 (cyclooxygenase 3) in the 

hypothalamus, very low activity on COX-1, 

possible 5-HT (5-hydroxytryptamine) activity

ÁNo anti-inflammatory properties

Ámild analgesic, good antipyretic

ÁFirst-line treatment if no contraindication

ÁMorphine sparing  effect in pediatric 

patients

ÁGood safety profile

ÁContraindicated by server liver

impairement

ÁMetabolized in liver; half life is ~ 2-3 hours



RobinAid Foundation Angrés M 10_2015 Bucharest Marie Curie ChildrenósHospital 

Acetaminophen (Paracetamol) 

ÁDose per weight: ÁIV application 

Á10 kg or more:

-15 mg/kg in 30 min Q 6 H

ÁLess than 10 kg

-7.5 mg/kg in 30 min Q 6 H

ÁPeak analgesic effect of IV paracetamol

occurs in 1 hour, duration 4-6 hrs

ÁAlso oral or rectal  application possible
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Acetaminophen (Paracetamol) 

ÁNAPQI (N-acetyl-p-benzoquinone imine) is a 

toxic byproduct produced during the 

metabolism of Acetaminophen

ÁIt is normally produced only in small 

amounts, and then almost immediately 

detoxified in the liver

ÁThe dosage at which Acetaminophen causes 

toxicity usually is 10 g in the average adult

ÁThe dosage is much lower in children, 

adapted to the weight

ÁThe antidote N-acetylcysteine acts as a 

precursor for glutathione
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ÁAnalgesic, Antipyretic, Anti-inflammatory

ÁBlock cyclooxygenase (COX) enzyme Ÿ Ź 

prostaglandin synthesis

ÁCOX-2 Ÿ Prostaglandins Ÿ pain, 

inflammation, fever

ÁCOX-1 Ÿ Prostaglandins Ÿ gastric 

protection, hemostasis

ÁAvoided in:

-infants less than 6 months (?)

-children with aspirin or NSAID allergy

-renal or hepatic failure

-coagulation disorders

-peptic ulcer disease

-significant risk of haemorrhage (?)

NSAIDs 
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NSAIDs 
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ÁKetorolac

-IV NSAID (available p.o.)

-dose 0.5 mg/kg/dose Q 6 H

-onset after 10 minutes

-maximum i.v. dose 30 mg Q 6 hours

-do not use more than 5 days

-significant increase in side effects after 5 

days

-monitor renal function

NSAIDs 

ÁIbuprofen

-Oral NSAID (available rectal)

-dose 5 to 10 mg/kg Q 6 to 8 hours

-the recommended maximum daily dose is 40 

mg/kg

-potent antipyeretic, analgesic

-Ibuprofen should be avoided in patients with 

severe hepatic disease
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Opioids 

ÁUsed for thousands of years to produce:

-euphoria

-analgesia

-sedation

-relief from diarrhea

-cough suppression

ÁUsed medicinally and recreationally from 

early Greek and Roman times

ÁOpium and laudanum (opium combined with 

alcohol) were used to treat almost all known 

diseases

ÁMorphine was isolated from opium in the 

early 1800ôs and since then has been the 

most effective treatment for severe pain
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Opioids 

ÁNatural opioids occur in 2 places:

-in the juice of the opium poppy (morphine 

and codeine)

-as endogenous endorphins

ÁAll other opioids are prepared from either 

morphine (semisynthetic opioids such as 

heroin) or they are synthesized from 

precursor compounds (synthetic opioids 

such as fentanyl)
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Mechanism of action 

ÁReduction or inhibition of neurotransmission, 

due largely to opioid-induced presynaptic

inhibition of neurotransmitter release:

-involves changes in transmembrane ion 

conductance

-increase potassium conductance 

(hyperpolarization)

-inactivation of calcium channels
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Mechanism of action 

ÁMechanism of action via opioid receptors

-m- receptor

-k- receptor

-d- receptor
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ÁDelta receptor:

-it is unclear what deltaôs responsible for

ÁTwo types of Mu receptors: 

-Mu-1: located outside spinal cord, 

responsible for central interpretation of pain

-MU-2: located throughout CNS, 

responsible for respiratory depression, 

spinal analgesia, physical dependence, and 

euphoria

-Kappa receptor: modest analgesia, 

dysphoric effects

Mechanism of action 
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Pharmacological effects 

ÁSedation and anxiolysis

-drowsiness and lethargy

-apathy

-cognitive impairment

-sense of tranquility

ÁDepression of respiration

-main cause of death from opioid overdose

ÁCough suppression

-opioids suppress the ñcough centerò in the 

brain

ÁPupillary constriction
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ÁNausea and vomiting:

-stimulation of receptors in an area of the 

medulla called the chemoreceptor trigger 

zone causes nausea and vomiting

-unpleasant side effect, but not life 

threatening

ÁGastrointestinal symptoms:

-opioids relieve diarrhea as a result of their 

direct actions on the intestines

ÁOther effects:

-opioids can release histamines causing 

itching or more severe allergic reactions 

including bronchoconstriction

-opioids can affect white blood cell function 

and immune function

ÁImportant:

-Development of tolerance and addiction

Pharmacological effects 
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Morphine 

ÁMost widely used and studied opioid in 

children

ÁSafe and effective in all ages

ÁDrug of first choice by server pain

ÁCan be given by the subcutaneous, 

intramuscular, intravenous, epidural, 

intraspinal, and rectal routes

ÁContinuous or intermittent infusion of the 

dose is adjusted according to individual 

analgesic requirements
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Morphine 

ÁDose: 0.05 - 0.1 mg/kg IV dose Q 4 H 

ÁContinous application: 10 ï60 mcg/kg/h

ÁThere is no maximum dose per day

ÁMetabolism: 

-hepatic glucoronidation: morphine-3-

glucuronide (M3G) and -6-glucuronide 

(M6G)
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ÁCardiovascular effects of Morphine lead to 

vasodilatation, thus a decrease in 

systemic and pulmonary arterial pressure

ÁMorphine causes the release of histamine 

ÁSuppression of central adrenergic tone 

ÁSuppression of reflex vasoconstriction

Morphine cardiovascular effects 

Afterload®

Preload®

SVR ®

PVR ®

Myocardial

O2 demand® Myocardial

contractility ((®))
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Morphine pharmacokinetics 

ÁElimination halftimes for morphine following 

bolus i.v. administration is about 1.7-4.5 

hours

ÁOral application route is defeated by the 1st

pass metabolism

ÁIntramuscular and subcutaneous application 

routes are not recommended in 

postoperative cardiac critical care because 

of unstable absorption by disorders in 

peripheral circulation

ÁFollowing bolus administration onset time is 

relatively slow (15-30 minutes) because: 

-morphine exhibits relatively low lipid 

solubility

-at physiological pH, morphine, a weak base, 

is primarily ionized

-the ionized form does not favor passage 

through the lipid membrane 

-accordingly, only about 10% - 20% of 

molecules are un-ionized
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Morphine pharmacokinetics 

ÁBest routes of application are i.v. bolus doses or continuous infusion by syringe pump!
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Agonists and Antagonists 

ÁOpioid Agonists:

-Morphine, Codeine, Meperidine, Fentanyl, 

Sufentanil, Methadone, Tramadol, etc.

ÁOpioid Agonist / Antagonist + partial 

Agonist:

-Pentazocine, Nalbuphine, Butorphanol, 

Buprenorphine

ÁOpioid Antagonists:

ÁNalorphine, Naloxone, Naltrexone, 

Naltrindole, Nalmefene
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Ketamine

ÁN-Methyl-D-aspartate (NMDA ) receptor 

antagonists

ÁParenteral anaesthetic agent with amnestic

and analgesic properties

Árapid onset

Áuseful for short, painful procedures

ÁDissociative anesthesia may not produce 

reliable immobility

ÁMay produce transient hypertension and 

increased HR

ÁContraindicated with head trauma, increased 

ICP 
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Propofol 

ÁPropofol works by increasing GABA-

mediated inhibatory tone in the CNS

ÁPropofol decreases the rate of dissociation 

of the GABA from the receptor, thereby 

increasing the duration of the GABA-

activated opening of the chloride channel 

with resulting hyperpolarization of cell 

membranes



RobinAid Foundation Angrés M 10_2015 Bucharest Marie Curie ChildrenósHospital 

Propofol 

ÁSedative, anesthetic, amnestic, 

anticonvulsant

ÁRespiratory and cardiovascular depression

ÁUse only in mechanically ventilated patient

ÁHypotension occasionally limits its use

ÁRapid onset, short duration

ÁOnset <1 min, peak 2 min, duration 4-8 min

ÁClearance not changed in liver or kidney 

disease

ÁHighly lipid soluble

ÁMetabolised by conjugation in the liver

ÁIncreases triglycerides
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Midazolam

ÁBelongs to the Benzodiazepines

ÁRapid onset (1 - 3 min) and relatively rapid 

offset

ÁExpected duration: 60 - 90 minutes

ÁAnxiolysis plus amnesia, no analgesia

ÁAnti-convulsant

ÁHemodynamic stability

ÁReversible with Flumazenil (specific 

antagonist)

ÁProduces "true" moderate sedation in 

children

ÁVersatile + painless routes of administration
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Our protocol

Paracetamol 

Propofol

Morphine

Ketamine

Midazolam

Ibuprofen / 

Ketorolac
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Our protocol

ÁSedation with Propofol by ventilated patients 

coming out from OR when extubation is 

expected within the first 4 hours

Propofol
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Our protocol

ÁSedation with Propofol by ventilated patients 

coming out from OR when extubation is 

expected within the first 4 hours

ÁBy expected extubation time more than 4 

hours but less than 24 hours we are giving 

Propofol and Morphine additional as 

pain killer

Propofol

Morphine
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Our protocol

ÁSedation with Propofol by ventilated patients 

coming out from OR when extubation is 

expected within the first 4 hours

ÁBy expected extubation time more than 4 

hours but less than 24 hours we are giving 

Propofol and additional Morphine as pain 

killer

ÁBy need of long term ventilation (> 24 hours) 

we change to Midazolam and Morphine

Morphine

Midazolam
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Our protocol

ÁAfter extubation regularly application of 

Morphine i.v. max. 0.1 mg/kg/ Q 4 H or 

continuously with 10 ï60 mcg/kg/h

ÁAdditional application of Paracetamol i.v. 

Q 6 H 

Morphine

Paracetamol 
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Our protocol

ÁAfter extubation regularly application of 

Morphine IV max. 0.1 mg/kg/ Q 4 H or 

continuously with 10 ï60 mcg/kg/h

ÁAdditional application.of Paracetamol i.v. 

Q 6 H

ÁTo prevent the risk of vomiting we give 

Ondansetron regularly 4 Q H

Morphine

Paracetamol 

Ondansetron
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Our protocol

ÁAll painful postoperative procedures (f.e. 

removing drains) are done under Ketamine

anaesthesia
Ketamine
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Our protocol

ÁRegularly on the second postoperative day 

we are shifting our patients to normal ward 

under pain managament with Paracetamol

and Ibuprofen or Ketorolac

Ibuprofen / 

Ketorolac

Paracetamol 
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Our protocol

ÁRegularly on the second postoperative day 

we are shifting our patients to normal ward 

under pain managament with Paracetamol

and Ibuprofen or Ketorolac

ÁAt the 6th day we stop Paracetamol and also 

Ketorolac (if it was used) and continue with 

Ibuprofen orally as long as it is needed

Ibuprofen
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1.

Take home messages

The highly complex paediatric patients with 

congenital or acquired heart disease require 

interprofessional teamwork and 

collaboration to ensure high quality outcomes 

with low mortality and morbidity.
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Anticipation and prevention are the most 

important keys for recognition, diagnosis, 

and successfull management of all potential 

risks and complications in the postoperative 

critical care of paediatric cardiac patients.

2.

Take home messages
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Hospitals are always painful zones for the 

kids especially cardiac and orthopaedic

departments as well as intensive care units.

3.

Take home messages
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Take home messages

Consider pain as a vital sign.

4.
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Take home messages

Inadequate pain management in 

postoperative care of children undergoing 

cardiac surgery can lead to a very big 

disaster!

5.
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ÁAnticipate and prevent pain 

ÁAssess pain adequately 

ÁUse a multimodal approach 

ÁUse non-noxious and non-painful route of 

administration

6.

Take home messages
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ÁPain management is not the same as 

sedation

ÁAnxiolysis is also an impotant need in 

postoperative pain control

7.

Take home messages
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8.

Take home messages

ÁEffects of successful analgesia:

-Reduces anxiety and stress response

-Reduces respiratory complications

-Reduces cardiovascular complications

-Reduces autonomic effects
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9.

ÁUnfortunately there doesnôt exists a perfect 

analgesic

ÁIn ICU we are able to manage all possible 

side effects

Take home messages
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10.

ÁMost used painkiller in children undergoing 

cardiac surgery:

-Acetaminophen (Paracetamol) 

-NSAIDs 

-Morphine 

-Ketamine

Take home messages
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11.

ÁMorphine is

-the most widely used and studied opioid in 

children

-safe and effective in all ages

-has important positive effects we want in 

paediatric cardiac critical care

Take home messages
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12.

ÁUse a structured and succesful protocol for 

postoperative pain management in 

paediatric cardiac critical care

Paracetamol 

Propofol

Morphine

Ketamine

Midazolam

Ibuprofen / 

Ketorolac

Take home messages
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13.

Never let a child stay in pain!

Take home messages
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Thank you for your attention

Yes, you can!
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Letóscontinue with the next topic

Cardiac arrhythmias; care of patients with 

temporary pacemaker
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The cardiac conduction system

ÁThe Sinoatrial (SA) node is the natural 

pacemaker of the heart

ÁThe SA node releases electrical stimuli at a 

regular rate which is dictated by the needs of 

the body

ÁThe electrical stimulus from the SA node 

eventually reaches the AV node by the 

internodal pathways

ÁAfter this the stimulus passes through the AV 

node and Bundle of His into the Bundle 

branches and Purkinje fibres
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ÁEarly postoperative arrhythmias are known 

complications in paediatric cardiac surgery

ÁIncidence  between 15 - 45 %

ÁTransient and treatable in most cases

ÁHaemodynamically instable arrhythmias are 

related to increased mortality

Arrhythmias in 

paediatric cardiac surgery

Delaney JW et al. J Thorac Cardiovascu Surg 2006

Valsangiacomo E et al. Ann Thorac Surg 2002

Pfammatter JP et al. Ped Crit Care Med 2001

Rekawek J et al. J Thorac Cardiovasc Surg 2007

Hoffman TM et al. Ped Cardiol 2002 

Lan YT et al. Curr Opin Cardiol 2003
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Triggering factors

ÁResidual lesions

ÁPostoperative cardiac dysfunction

ÁScar and sutures

ÁElectrolyte disturbances

ÁCatecholamine stimulation

ÁPain, anxiety

ÁStress response

ÁLower body weight (5 to 9 kg)

ÁYounger age (6 to18 months)

ÁLonger C.P.B.P. and aortic crossclamp times

ÁUse of deep hypothermia and circulatory 

arrest

ÁInflammatory response

ÁType of intervention
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Abdelaziz O et al. Ann Pediatr Cardiol 2014 Jan-Apr; 

7(1): 19ï24.

Most important arrhythmias
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Abdelaziz O et al. Ann Pediatr Cardiol 2014 Jan-Apr; 

7(1): 19ï24.

Most important arrhythmias

ÁJunctional ectopic tachycardia

ÁTransient heart block
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Junctional ectopic tachycardia

ÁA narrow complex tachycardia with atrio-

ventricular dissociation

ÁJET is documented most commonly 

following Tetralogy of Fallot (TOF) repair,  

AVSD repair, and Senning operation 

ÁJET can be a result of a combination of 

factors, including underlying heart disease, 

type of surgical procedure, haemodynamic

instability, and electrolyte imbalance, 

specially hypomagnesemia

ÁThe pathological mechanism in detail is still 

unclear; is believed to be a result of direct 

trauma to the AV node and bundle of His
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Junctional ectopic tachycardia

ÁECG of patient with JET (using Lewis lead) 

showing the P waves dissociated from 

QRS with atrial rate less than the ventricular 

rate

P waves 
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ÁECG of patient with JET (using Lewis lead) 

showing retrograde P wave with 1:1 

ventriculoatrial conduction

Junctional ectopic tachycardia

P waves 
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ÁStep 1: 

-avoid hyperthermia 

-Optimize pain management and anxiolysis

-optimize electrolytes

-give magnesium sulfate bolus of 30 mg/kg.

ÁStep 2: 

-decrease the catecholamine dose if possible

-especially stop Dopamine

ÁStep 3: 

-Amiodarone is the first line anti-arrhythmic 

drug for all patients with haemodynamically

compromising JET

-bolus dose of 5 mg/kg over 2 h followed by 

continuous infusion of 10-20 mg/kg/24 h.

ÁPacing therapy can be used for overdrive or 

sequential pacing in selected cases

Therapeutic interventions
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ÁAtrioventricular conduction block (AV block) 

following open-heart surgery for congenital 

heart disease is uncommon but a well-

known complication

ÁIts incidence ranges between 1 and 3% 

ÁEarly-presenting heart block usually appears 

during surgery or shortly thereafter

Gross GJ et al. Heart Rhythm 2006

Lin A et al. J Thorac Cardiovasc Surg 2010

Transient  heart block
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ÁThe greatest risk for complete AV block is 

associated with corrective surgical 

procedures for:

Transient  heart block

-ventricular septal defects (VSD), usually as 

part of more complex congenital heart 

disease

-atrioventricular septal defects (AVSD), 

-left ventricular outflow tract obstruction

-L-transposition of the great arteries

- Tetralogy of Fallot (TOF) 

-discordant atrioventricular connections
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Transient  heart block

ÁMost children who require pacing for 

surgically induced AV block are less than 1 

year old

ÁSpontaneous resolution of complete AV 

block in the early postoperative period most 

often occurring between 7 and 14 days

ÁComplete AV block may resolve 

spontaneously in 43 - 92% of children 

(Gross et al. 2006) 

ÁFactors associated with a spontaneous 

recovery of AV nodal function are currently 

not known
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ÁAtrial and ventricular pacing wires are 

essentials in every open heart surgery

ÁHaving a sequential pacemaker available, 

ready, and knowing how it functioned are 

also basic essentials in paediatric cardiac 

critical care

Therapeutic interventions
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Temporary pacemakers

ÁObjectives:

-explain the situations when temporary 

pacemakers are indicated

-describe the principles of pacing

-illustrate normal and abnormal pacemaker 

behavior

-discuss the steps to be taken in 

troubleshooting a temporary pacemaker
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Indications for temporary pacing

ÁBradyarrhythmias

ÁAV conduction block

ÁSlow sinus or junctional rhythm

ÁSuppression of ectopy

ÁDrugs, electrolyte imbalances (Sick Sinus 

Syndrome)

ÁSecondary to pronounced atrial stretch

ÁOld TGA s/p Senning or Mustard procedure
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Principles of pacing

Electrical concept:

ÁElectrical circuit

-pacemaker to patient, patient to pacemaker

ÁCurrent

-the flow of electrons in a completed circuit;

measured in milliamperes (mA)

ÁVoltage

-a unit of electrical pressure or force causing 

electrons to move through a circuit; 

measured in millivolts (mV)

ÁImpedance

-the resistance to the flow of current
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Principles of pacing

Temporary pacing types:

ÁTranscutaneous

-emergency use with external pacing / defib

unit

ÁTransvenous

-emergency use with external pacemaker

ÁEpicardial

-wires sutured to right atrium & right ventricle

-atrial wires exit on the right of the sternum

-ventricular wires exit on the left of the 

sternum
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Principles of pacing

Wiring systems:

ÁUnipolar

-one electrode on the heart (-)

-signals return through body fluid and tissue 

to the pacemaker (+)

ÁBipolar

Átwo electrodes on the heart (- & +)

Ásignals return to the ring electrode (+) above 

the lead (-) tip 



RobinAid Foundation Angrés M 10_2015 Bucharest Marie Curie ChildrenósHospital 

Principles of pacing

Modes of Pacing:

ÁAtrial pacing

-intact AV conduction system required

ÁVentricular pacing

-loss of atrial kick

-discordant ventricular contractions

-sustains cardiac output

ÁAtrial / Ventricular pacing

-natural pacing

-atrial-ventricular synchrony
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Principles of pacing

3 - letter NBG Pacemaker Code (for 

temporary pacer):

ÁFirst letter: Chamber Paced

-V - Ventricle

-A - Atrium

-D - Dual (A & V)

-O - None
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Principles of pacing

ÁSecond letter: Chamber Sensed

-V - Ventricle

-A - Atrium

-D - Dual (A & V)

-O - None

3 - letter NBG Pacemaker Code (for 

temporary pacer):
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Principles of pacing

ÁThird letter: Sensed Response

-T - Triggers Pacing

-I - Inhibits Pacing

-D - Dual

-O - None

3 - letter NBG Pacemaker Code (for 

temporary pacer):
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Principles of pacing

Commonly used modes:

ÁAAI - atrial demand pacing

ÁVVI - ventricular demand pacing

ÁDDDïatrial/ventricular demand pacing, 

senses and paces both chambers; trigger or 

inhibit

ÁAOO - atrial asynchronous pacing
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Principles of pacing

ÁAtrial and ventricular sensitivity

-millivolts (mV)

-typical atrial: 0.4 mV

-typical ventricular: 2.0mV

ÁAtrial and ventricular output

-milliamperes (mA) 

-typical atrial mA 5

-typical ventricular mA 8-10

ÁAV Interval

-milliseconds (msec)

-time from atrial sense/pace to ventricular 

pace

-synonymous with ñPRò interval
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Principles of pacing

ÁRefractory period

-PVARP: Post Ventricular Atrial Refractory 

Period

-time after ventricular sensing/pacing when 

atrial events are ignored

ÁAtrial/ventricular rate

-set at physiologic rate for individual patient

-AV Interval, upper rate, + PVARP 

automatically adjust with set rate changes

ÁUpper rate

-automatically adjusts to 30 bpm higher than 

set rate

-prevents pacemaker mediated tachycardia 

from unusually high atrial rates

-wenckebach-type rhythm results when atrial

rates are sensed faster than the set rate
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Principles of pacing

ÁPacemaker care & cleaning

-batteries

-bridging cables

-pacemakers

ÁElectrical Safety

-microshock

-accidental de-wiring

-taping wires

-securing pacemaker

ÁRemoval of pacing wires

-potential myocardial trauma

-bleeding

-pericardial effusion / tamponade

-haemothorax

-ventricular arrhythmias
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Pacemaker

ÁMedtronic 5388 Dual Chamber (DDD)
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Pacemaker

ÁMedtronic 5388 Dual Chamber (DDD)
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Pacemaker ECG 

ÁEVERY PACER SPIKE SHOULD HAVE A 

P - WAVE OR QRS COMPLEX 

FOLLOWING IT!

ÁAssessing Paced ECG 

ÁIdentify intrinsic rhythm and clinical condition

ÁIdentify pacer spikes

ÁIdentify activity following pacer spikes

ÁFailure to capture

ÁFailure to sense
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P waves 

Normal pacing

ÁAtrial pacing:

-atrial pacing spikes followed by P waves Atrial pacing spikes 



RobinAid Foundation Angrés M 10_2015 Bucharest Marie Curie ChildrenósHospital 

QRS complexes 

Normal pacing

ÁVentricular pacing:

-ventricular pacing spikes followed by wide, 

bizarre QRS complexes
Ventricular pacing spikes 
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Atrial + QRS complexes

Normal pacing

ÁA-V Pacing:

Áatrial + ventricular pacing spikes followed by 

atrial + ventricular complexes
Atrial + Ventricular pacing spikes 
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Normal pacing

ÁDDD mode of pacing:

-ventricle paced at atrial rate Ventricular pacing spikes 

P waves 
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Abnormal pacing

ÁAtrial non-capture:

-atrial pacing spikes are not followed by P 

waves

No P waves 

Atrial pacing spikes 



RobinAid Foundation Angrés M 10_2015 Bucharest Marie Curie ChildrenósHospital 

Abnormal pacing

ÁVentricular non-capture:

-ventricular pacing spikes are not followed by 

QRS complexes
Ventricular pacing spikes 

QRS complexes 
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Failure to capture

ÁCauses:

-insufficient energy delivered by pacer

-low pacemaker battery

-dislodged, loose, fibrotic, or fractured 

electrode

-electrolyte abnormalities

-acidosis

-hypoxemia

-hypokalemia

ÁDanger - poor cardiac output
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Failure to capture

ÁSolutions:

-view rhythm in different leads

-change electrodes

-check connections

-increase pacer output (ŷmA)

-change battery, cables, pacer 

-reverse polarity
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Reversing polarity

ÁChanging polarity:

-Requires bipolar wiring system

-Reverses current flow

-Switch wires at pacing wire/bridging cable 

interface

-Skin ñgroundò wire
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Abnormal pacing

ÁAtrial undersensing:

-atrial pacing spikes occur irregardless of P 

waves

-pacemaker is not ñseeingò intrinsic activityP waves 

Atrial pacing spikes 
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Abnormal pacing

ÁVentricular undersensing:

-ventricular pacing spikes occur regardless of 

QRS complexes

-pacemaker is not ñseeingò intrinsic activity

Ventricular pacing spikes 

QRS complexes 
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Failure to sense 

ÁCauses:

-pacemaker not sensitive enough to patientôs 

intrinsic electrical activity (mV)

-insufficient myocardial voltage

-dislodged, loose, fibrotic, or fractured 

electrode

-electrolyte abnormalities

-low battery

-malfunction of pacemaker or bridging cable
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Failure to sense 

ÁDanger ïpotential (low) for paced 

ventricular beat to land on T wave

Þ

R- on -T phenomenon

Ventricular pacing spikes 

QRS complexes 

Ventricular fibrillation
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Failure to sense 

ÁSolution:

-view rhythm in different leads

-change electrodes

-check connections

-increase pacemakerôs sensitivity (ŹmV)

-change cables, battery, pacemaker

-reverse polarity

-hheck electrolytes

-unipolar pacing with subcutaneous ñground 

wireò
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Oversensing

ÁPacing does not occur when intrinsic rhythm 

is inadequate
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Oversensing

ÁCauses:

-pacemaker inhibited due to sensing of ñPò 

waves + ñQRSò complexes that do not exist

-pacemaker too sensitive

-possible wire fracture, loose contact

-pacemaker failure

ÁDanger:

-heart block, asystole
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Oversensing

ÁSolution:

-view rhythm in different leads

-change electrodes

-check connections 

-decrease pacemaker sensitivity (ŷmV)

-change cables, battery, pacemaker

-reverse polarity

-check electrolytes

-unipolar pacing with subcutaneous ñground 

wireò
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Competition

ÁAssessment:

-pacemaker + patientôs intrinsic rate are 

similar

-unrelated pacer spikes to P wave, QRS 

complex

-fusion beats



RobinAid Foundation Angrés M 10_2015 Bucharest Marie Curie ChildrenósHospital 

Competition

ÁCauses:

-asynchronous pacing

-failure to sense

-mechanical failure: wires, bridging cables, 

pacemaker

-loose connections

ÁDanger

-impaired cardiac output

-potential (low) for paced ventricular beat to 

land on T wave
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Competition

ÁSolution:

-Assess underlying rhythm

-slowly turn pacer rate down

-troubleshoot as for failure to sense

-increase pacemaker sensitivity (ŹmV)

-increase pacemaker rate
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Assessing Underlying Rhythm

ÁCarefully assess underlying rhythm:

-right way: slowly decrease pacemaker rate


