
PICU  



AIRWAY 



INTUBATION SEQUENCES 

Pre-intubation: 100% FiO2 for > 3 min, PPIV, suction, ETCO2- sensor, oral airway, 
alternative ETT and blades. Have NS bolus available if patient has Ź BP with PPV 

RAPID SEQUENCE INTUBATION 
Etomidate IV/IO: 0.3 mg/kg (max 20 mg) OR Propofol IV/IO: 2 mg/kg (max 100 mg) 
Rocuronium IV/IO: 1 mg/kg (max 100mg) OR Succinylcholine IV/IO: 1 mg/kg  (max 150mg) 
(Succinylcholine may be given IM at 3-5 mg/kg, max 150mg, infants may require higher IV doses) 
Consider: Atropine IV: 0.02 mg/kg (min 0.1mg, max 1mg) for < 5yrs or  with succinylcholine 

Hold cricoid pressure from loss of consciousness until ETT confirmed 
After Intubation: Midazolam IV/IO/IM/IN: 0.2 mg/kg (max 10 mg) 

 
  

STANDARD SEQUENCE 
Fentanyl IV/IO: 2 mcg/kg (may increase if BP stable) 

Midazolam IV/IO/IM/IN: 0.2 mg/kg (less for low BP, max 10 mg) 
Consider: Atropine IV: 0.02 mg/kg (min 0.1mg, max 1mg) for children < 5yrs 

Vecuronium IV/IO: 0.1 mg/kg  OR  Rocuronium IV/IO: 1 mg/kg (max 100 mg) 

 

ASTHMA SEQUENCE 
Consider: Atropine IV: 0.02 mg/kg (min 0.1mg, max 1mg) for children < 5yrs 
Ketamine IV/IO: 2 mg/kg (max 5 mg/kg) IM: 7 mg/kg (max 13 mg/kg) 

Vecuronium IV/IO: 0.1 mg/kg  
After Intubation: Midazolam IV/IO/IM/IN: 0.2 mg/kg (max 10 mg) 

  

HEMODYNAMIC INSTABILITY SEQUENCE 
Ketamine IV/IO: 2 mg/kg, IM: 7 mg/kg OR Etomidate IV/IO: 0.3 mg/kg (max 20 mg) 

Consider: Atropine IV: 0.02 mg/kg (min 0.1mg, max 1mg) for children < 5yrs 

Vecuronium IV/IO: 0.1 mg/kg OR Rocuronium IV/IO: 1 mg/kg (max 100 mg) 
After Intubation: Midazolam IV/IO/IM/IN: 0.1 mg/kg (max 8mg if BPs are normal) 

  

HEAD INJURY SEQUENCE 
Lidocaine IV/IO: 1mg/kg (max 100 mg) 
Etomidate IV/IO: 0.3 mg/kg (max 20 mg) 

Consider: Atropine IV: 0.02 mg/kg (min 0.1mg, max 1mg) for children < 5yrs 
Rocuronium IV/IO: 1 mg/kg (max 100 mg) OR Vecuronium IV/IO: 0.1 mg/kg IV 

 

RENAL OR LIVER FAILURE CONSIDERATIONS 
Propofol IV/IO: 1-2 mg/kg (Ź ICP, BP) OR Etomidate IV/IO: 0.3 mg/kg  

Consider: Midazolam IV/IO/IM/IN: 0.1 mg/kg (max 5 mg) 
Atracurium IV/IO: 0.4 mg/kg OR Cisatracurium IV/IO: 0.2 mg/kg  
(Both rapidly degraded by plasma esterases, may need an infusion) 

ACID BASE CORRECTIONS 

Metabolic Acidosis 
(starts in 30 min, done  by 12 hrs) 

PaCO2 = [(1.5)(HCO3) + 8] Ñ 2 OR PaCO2 = (HCO3) + 15 
PaCO2 = Decimal digits of pH 

Metabolic Alkalosis ŷ PaCO2 by 0.7 mmHg per 1 
mEq/L ŷ in [HCO3] 

Respiratory Acidosis 

(Comp complete in 3 days) 
ŷ [HCO3] by 1 

mEq/L per ŷin 10 mmHg PaCO2 
ŷ [HCO3] by 4 

mEq/L per ŷin 10 mmHg PaCO2 (after 3 days) 

Respiratory Alkalosis 
Ź [HCO3] by 2 

mEq/L per Ź in 10 mmHg PaCO2 
Ź [HCO3] by 5 

mEq/L per Ź in 10 mmHg PaCO2 



DIFFICULT AIRWAY 

Provide maximal amount of oxygen at each step, Call for help (TART), adjuvants 
Consider risks of awake v. sedated v. paralyzed (ABILITY TO BMV) 

 

3-3-2 Rule 

Mouth Opening 
Tip of mentum  
to hyoid bone 

Thyromental 
distance 

 

Access to airway and 
ability to obtain glottic 

view 

Ability to deflect 
tongue with the  
laryngoscope 

Predicts location of 
larynx to base of the 
tongue (ñanterior viewò) 

Rapid Airway Exam 
Not really predictive , but good practice 

ŷ wƛǎƪΥ ғмȅκƻΣ ǳƴŘŜǊǿŜƛƎƘǘΣ !{! LLLκL± 

L Look externally:  
Malformations, ability to BMV 

E Evaluate 3-3-2 

M Mallampati score 

O Airway Obstruction? 

N Neck mobility 

S Saturations  



Suction catheter for ETT size 

Size Min ETT 

6 F 2.5 

8 F 3.5 

10 F 4.0 

14 F 5.0 

LMA Sizes 

LMA # Wt 

1 < 5 kg 

1.5 5 ï 10 kg 

2 10 ï 20 kg 

2.5 20 ï 30 kg 

3 30 ï 50 kg 

4 50 ï 70 kg 

5 70 ï 100 kg 

Oral Airways 

Size mm 

00 40 

0 50 

1 60 

2 70 

3 80 

4 90 

5 100 

6 110 

Nasal Airways 

Size L (mm) ID (mm) 
OD 
(mm) 

20 100 3.6 6.7 

22 105 4.6 7.3 

24 110 5.2 8 

26 118 5.8 8.7 

28 125 6.0 9.3 

30 127 6.6 10 

32 140 7.2 10.7 

34 155 7.8 11.3 

36 170 9.0 12 

Airway Equipment Sizes 

Glidescope Blades 

GVL # Wt 

0 < 1.5 kg 

1 1.5 ï 3.6 kg 

2 1.8 ï 10 kg 

2.5 10 ï 28 kg 

3 10 kg ï adult 

4 > 50 kg 

Mallampati Classification & Cormack-Lehane View Grade  

5ƛŀƳŜǘŜǊ όƳƳύ Ґ CǊŜƴŎƘκо 

OA: Oral Axis 
PA: Pharyngeal Axis 
LA: Laryngeal Axis 
Shoulder roll may help align OA 



ANAPHYLAXIS 

100% O2, ABCs, Consider Nebulized albuterol or nebulized epinephrine 
EPINEPHRINE: SubQ/IM (1:1,000) 0.01 mL/kg (max 0.5 mL) repeat q10min 
                           IV/IO (1:10,000) 0.01 mL/kg, then 0.1 mcg/kg/min  
                               EpiPen: 0.1 mg: 7.5-13 kg, 0.15 mg: 13-25 kg, 0.3 mg: >25 kg 

Hypotension: Trendelenburg position, 20 mL/kg NS, Epinephrine infusion 
Antihistamine: Benadryl 1-2 mg/kg IM/IV over 5 min OR Atarax 0.5-1 mg/kg 
Corticosteroids: Solumedrol IV/Prednisone PO 2 mg/kg (late reaction) 
Glucagon: 0.02 mg/kg (max 1 mg) load and 0.05-0.1 mCg/kg/hr (max 5 mg/hr) 

UPPER AIRWAY OBSTRUCTION 

Nebulized Epinephrine 2.25%: 0.5 mL q2hrs (use 0.5 mL/kg 1:1000 in 3 mL NS) 
Dexamethasone: 0.25-0.5 mg/kg/dose q 6 hr; For extubation 0.25-0.5 mg/kg/dose  
Heliox: 70/30 or 60/40 (cannot use if FiO2 requirement is >35%) 
Consider Neo-synephrine 0.25%, 2 drops q4hr x3 days, nasal trumpet, cool mist 

ASTHMA 

Albuterol: 0.1-0.3 mg/kg (max 5 mg) neb q20 min for 2 hours OR 0.5 mg/kg/hr to 40 mg/hr 

Ipratropium:  <12y/o: 0.25 mg, >12y/o 0.5 mg q20 min for 2hrs for 3 doses 
Solumedrol/Prednisone: 2 mg/kg IV load then 1 mg/kg/dose IV q6hrs 
OR Decadron: 0.6 mg/kg IV load (max 16 mg) then 0.2 mg/kg/dose q6-12hrs 
MgSO4: 50 mg/kg IV over 20-30 min, max 2 grams, CI: 25-50 mg/kg/hr (goal >4) 
Terbutaline IV:10 mcg/kg over 10 min, 0.1-10 mcg/kg/min (max 6 mcg/kg/min) 
Ketamine: 1-2 mg/kg IV bolus then 0.5-1 mg/kg/hr, Sevofluourane or ECMO 

STEROID POTENCY / CONVERSION 

Agent Equiv. 
Dose (mg) 

Glucocorticoid 
Potency 

Mineralocorticoid 
Potency 

Half Life 
(hours) 

Cortisone 25 0.8 0.8 8-12 

Hydrocortisone 20 1 1 8-12 

Prednisone 5 4 0.8 18-36 

Methylprednisone 5 5 0.5 18-36 

Dexamethasone 0.75 25 0 36-54 

EXTUBATION READINESS TESTING 

Patient  
Factors 

Is respiratory failure reversed? Is vent set low enough? 
Is patient awake? Are sedatives reduced? 
Is patient strong enough? Protect their airway? Are secretions a problem? 
Is there an ETT leak? Would Dexamethasone be appropriate? 
Is the patient NPO? 

Equipment 

Bedside suction (Yankouer, soft suction, deep suction)? 
Oral Airways? Bag and mask w/O2 flowing? Towels to position patient? 
Appropriate medications drawn up? 
Re-intubation supplies? Special airway (LMA, glidescope)? 
Nurse, RT, parents notified? Anesthesia or ENT notified is appropriate? 



RESPIRATORY 



pH = -log [H+] 
PaCO2 = K (VCO2/VA) 
Bohr Equilibrium: 

Oral intake 
Metabolism 
Oral intake 

Metabolism 

Kidney Kidney 
Stomach 

Lung 





Super Important Pulmonary Equations 

Compliance: C = ȹV/ȹP; Elastance: E = ȹP/ȹV 

Ohmôs Law: Flow = ȹP/R and Poiseulle: R=(8nl)/(ŕ4) 

A-a Gradient = [(FiO2)(Patm-PH2O) ï (PaCO2/0.8)] ï PaO2 (nl <15)  
Estimate: (Proj PaO2=7(FiO2 ï PaCO2)) 

Newtonôs Resp Eq of Motion: PRS=PAO-PMUS=VT/CR+(꜡)(R) +PEEP 

Dead Space Ratio: VD/VT = (PaCO2 ï Et CO2)/(PaCO2) 

OI = (FiO2)(MAP)/(PaO2) (Resp failure >12, HFOV or ECMO >30) 

PaCO2 å PACO2 = (VCO2)/(VE) = [(RQ)(VO2)]/[f(VT-VD)] 

Mean Airway Pressure = (PIP ï PEEP) x (Ti / Ttot) + PEEP 

VT = 5 to 7 
ml/kg 

VD =2 to 3 
ml/kg 

VC = 65 to 75 
ml/kg 

CDYN = (VT ï VD)/PIP ï PEEP 
CSTAT = (VT ï VD)/PPLAT ï PEEP  

Min Vent = (RR)(VT) 
Alv Vent = (RR)(VA) 

Ị=(R)(C) 

Vital Cap. Respiratory Pathology Ventilator Management 

70-45 mL/kg Normal None 

45-25 mL/kg  Poor cough, ŷ secretions,  Chest physiotherapy, IS 

15-25 mL/kg Poor sigh, ŷ atelectasis, hypoemia, ŷ shunt HFNC, elective intubation 

< 15 mL/kg Hypoventilation, hypoxia, hypercapnea PPV to full mechanical support 



PARDS DEFINITION AND MANAGEMENT 

PARDS Mild Moderate Severe 

Nonï invasive vent. 
P/F < 300, S/F < 264 

Invasive Vent. 
OI: 4-8, OSI: 5-7.5 

Invasive Vent. 
OI: 8-16, OSI: 7.5-12.3 

Invasive Vent. 
OI: >16, OSI >12.3 

1. Onset within 7 days of insult. 2. Respiratory failure not explained by cardiac failure or fluid  
overload. 3. New infiltrates on CXR consistent with pulmonary parenchymal disease 
Wean FiO2  to saturation of <97% to obtain S/F ration or OSI 

VT: 6-10 mL/kg with PaCO2 65-85 if pH > 7.15 and no ICP , PPLAT: < 30 cm H2O to minimize 
barotraumas, PEEP: 10-15 cm H2O: (higher if diffuse lung injury) 
FiO2: 60-80% Tolerate PaO240-60, SpO2 85-95% 

MECHANISM OF HYPOXEMIA 

Hypoventilation 
Abnormal respiratory mechanics, normal A-a 
Abnormal central respiratory control 

Ventilation-Perfusion 
mismatch 

Most common cause of hypoxemia 
V/Q = [8.63(R)(CaO2 ï CmvO2)] / PACO2 

Shunting of pulmonary blood Shunt >30% does not respond to increased FiO2 

Diffusion restriction Increased A-a gradient 



HIGH FREQUENCY OSCILLATORY VENTILATION 
MAP: 15-30 cmH2O to recruit ~7-9 ribs on CXR (typically 2-8 cmH2O higher than CV) 
I:E Ratio: 1:3 to 1:1 (1:1 more appropriate with diffuse lung injury), FiO2: 60-80% 
æP: Typically 2-7 cmH2O as determined by PCO2 
Bias Gas Flow: Flow of gas that removes CO2 and adds O2 to circuit: >18L/min 

Starting Amplitude 

achieve visible chest vibrations 
Starting Frequency 

3-15 Hz, lower in adults, higher in infants 

Infant 40-50 cm H2O < 2 kg 15 Hz 21-30 kg 7 Hz 

Child 50-60 cm H2O 2-12 kg 10 Hz >30 kg 6 Hz 

Adult 50-100 cm H2O 13-20 kg 8 Hz     

HFOV TITRATION 

DECREASE CO2 INCREASE O2 

Decrease frequency 

Increase amplitude 

Adjust bias flow (A: 20  or B: 30 LPM) 

Reduce ETT cuff pressure, increase i-time 

Increase FiO2 

Increase Bias flow 

Increase MAP 

Increase ETT cuff pressure 

Adjust HOB to 30 degrees 

HFPV Trial (VDR Bronchotron) 

Initial Settings: Keep PIP and PEEP from CMV, Set 
Demand PEEP to 4 , Oscillatory PEEP to 10 mmHg, 
Adjust I:E to 1:1 to establish Convective Rate to 12-18 
(adults), 15-25 (child), 20-40 (infant), Set Pulse  
Frequency by adjusting Pulse I/E ratio to 300-700 (keep 
I:E 1:1). Monitor mean arterial pressure closely. 

ŷ PO2 
ŷ Oscillatory PEEP 
ŷ Pulse Frequency  
ŷ  PIP 
Ź E-time (2:1 I:E min) 
Add Convective 
Pressure rise by 5 
Minimize ETT cuff 
leak 

Ź PCO2 
Ź Pulse Frequency 
ŷ  PIP 
ŷ I-time  
ŷ Convective rate 
Add Convective 
Pressure rise by 5  
Allow ETT cuff leak 

ŷ Secretions 
Ź Pulse Frequency 
ŷ I-time  
ŷ Humidity 
(double heater) 



Normal Values for Lung Function 

Age 1 wk 1 yr 3 yr 5 yr 8 yr 12 yr 18 yr M 18 yr F 

FRC (mL) 75 260 530 660 1174 1855 3030 2350 

VC (mL) 100 475 910 1100 1855 2830 4620 3380 

VE (mL/min) 550 1775 2460 2600 3240 4150 6000 5030 

VT (mL) 17 78 112 130 180 260 500 420 

Rate 30 24 22 20 18 16 12 12 

VA (mL/min) 385 1245 1760 1800 2195 2790 4140 3530 

VD (mL) 75 21 37 49 75 105 150 126 

C1 (mL/cmH2O) 5 16 32 44 71 91 163 130 

Peak flow (L/min) 10 - - 136 231 325 457 365 

R (cmH2O/L/sec) 29 13 10 8 6 5 2 2 

CO (L/min) 0.9 1.9 2.7 3.2 4.4 5.7 7.6 7.2 

Lung weight (g) 49 120 166 211 290 470 730 700 

PAO2 å 40 

PACO2 å 45 

PAO2 å 100 

PACO2 å 40 

PMVO2 å 40 

PMVCO2 å 45 

(Deadspace) 

PMVO2 å 40 

PMVCO2 å 45 

PPVO2 å 40 

PPVCO2 å 45 

PIO2 å 150 

PICO2 å 0 
PIO2 å 150 

PICO2 å 0 

PAP 

V/Q < 1 

Deadspace 

Followed by ETCO2 

V/Q å 1 

Ideal matching 

V/Q > 1 

Shunt 

PCWP 

Followed by SaO2 

PPVO2 å 100 

PPVCO2 å 40 

PAO2 å 150 

PACO2 å 0 

(Shunt) 

PIO2 å 150 

PICO2 å 0 

Right shift of lung  

compliance will Ź FRC 
 

Supine position 

Sedation, paralysis 

Obesity 

ŷ Abdominal pressure 

Left shift of chest wall  

compliance will Ź FRC 
 

Sedation, paralysis 

Obesity 

Chest wall edema 

Super-Important Random Cardio-Pulmonary Graphs 

No perfusion No ventilation 



Alveolar time constant: Ị=(R)(C) 

PaO2 SpO2  

10 10% 

20 30% 

27 50% 

40 75% 

60 90% 

80 95% 

>100 100% 

PaO2 å 5 Ĭ FiO2 

Hgb Dissociation Curve 

Left shift 
Favors O2 
loading 
(i.e. in lung) 

Oxygen cascade 

     Right shift 
 Favors O2 delivery 
 (i.e. in tissues) 
ŷ Temperature 
ŷ H+ (Bohr) 
ŷ CO2 (Haldane) 
ŷ 2,3-DPG 
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Trachea starts 
near C6 level 

Generation 5 has 
highest resistance 

Lung volumes and capacities 

Closing  
Capacity 

Closing  
Volume 



Congestive heart failure 
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V/Q matching 

DO2/VO2 Relationship 

Supply 
Independent 
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Value Importance Normal 

PAOP LV filling Pressure 10-15mmHg 

SV Indicates volume status >1 mL/kg, 50-100 in adults 

SI Indicates contractility 45 mL/m2 

SVR Peripheral vascular tone 800-1000 

DO2 Oxygen delivery 600-650 ml/min/m2 

ŷ Inotropy or Ź Afterload 

Ź Inotropy or ŷ Afterload 

Equilibrium point 
Measured CVP 

PMSF 

PMSF =  
Ven Vol 

Ven C 

Slope =  
PMSF - RAP 

Rvenous 

ŷ Intravascular volume  
or Ź Venous complance 

Ź Intravascular volume  
or ŷ Venous complance 

Starling and venous return curve coupling 





CARDIOLOGY 



VENTRICULAR FIBRILLATION 
 PULSELESS VENTRICULAR TACHYCARDIA 

Paddle Size 
Infant paddles: Infants <1 yr or <10 kg 
Adult paddles: Children >1 yr and >10 kg 

ALWAYS ASSESS AND SUPPORT ABCôS ï INITIATE CPR 
IF there is a QRS, Use SYNC Mode 

Then up to 3 SHOCKS rapidly: Give sedation/analgesia prior to shocks. 
CHILDREN: 2 J/kg, 2 J/kg, 4 J/kg (Check rhythm after each shock) 
ADULTS: 200 J, 300 J, 360 J (Check rhythm after each shock) If Rhythm fails to  
convert after 3 shocks, continue CPR and begin medicine administration 

Medication regimen for VF and pulseless VT 
FOLLOW EACH MED DOSE IN 30-60 SECONDS WITH DEFIB 4 J/KG* 

  Medicine Route Conc. Dose 

1st 
EPINEPHRINE 

(give epi every 3-5 min) 
IV, IO 
ETT 

0.1 mg/mL 
1 mg/mL 

0.01 mg/kg (1 mg max) 
0.1 mg/kg 

Then 
LIDOCAINE 
Lidocaine drip 

IV, IO, 
ETT 

5 to 20 mg/mL 
1 mg/kg (300mg max) 
drip: 20-40 mcg/kg/min 

OR 
AMIODARONE 
(consult cardiology) 

IV, IO 
2 mg/mL to 50 
mg/mL in D5W  

5mg/kg load   
(Adults:150mg, 300mg max) 

OR 
MAGNESIUM 

(Torsade's, VT with low Mg) 
IV, IO   

MgSO4: 25-50 mg/kg 
(max 2 g) 

Pattern repeats: DRUG, SHOCK, DRUG, SHOCK, DRUG, SHOCKé 
*ADULTS: FOLLOW EACH MED DOSE IN 30-60 SEC WITH DEFIB 360 J 

Adult Doses: Epinephrine 1 mg (in 10 mL); Vasopressin 40 Units 
Amiodarone 300 mg, Lidocaine 100 mg, Magnesium 2 grams 

SUPRAVENTRICULAR TACHYCARDIA 

Infants HR usually >220; Children HR usually >180 

Consult cardiology. Continuous ECG. Attempt Vagal Maneuvers (Ice Bag over Face, 
Gag, etc.) ï Do not delay shocks if unstable. If vagal maneuvers fail, proceed to: 

 
STABLE 

ADENOSINE: 0.1 mg/kg (max 6 mg) rapid IVP with stopcock and rapid 
flush. May double (max 12 mg) and repeat dose once only. Prepare  
for cardioversion. (ŷ action with Tegretol, Ź with theophylline/caffeine)  

 
UNSTABLE 

SYNCHRONIZED CARDIOVERSION (SYNC mode) ï Initial 0.5 to 1 
J/kg. Second and subsequent shocks: 2 J/kg (Adult 100-360 J). Give 
sedation if possible, but do not delay shocks. Support ABCs. 

STABLE VENTRICULAR TACHYCARDIA 

Consult cardiology. Obtain ECG. Give Lidocaine and/or Amiodarone at above doses. 
Prepare for cardioversion. Identify and treat etiology.  



BRADYCARDIA 

Assess and support ABCs, obtain vascular access, attach monitor 
Consider Hypoxia, Hypovolemia, Glu/Lytes, Head injury, Heart block, Toxins/Drugs, 
CHEST COMPRESSIONS if HR <60 (infants), <40 (children) with signs of poor systemic 
perfusion is present 
Epinephrine IV,IO: 0.01 mg/kg, (0.1 mL/kg  of 1:10,000) Repeat every 3-5 min 
        OR        ETT: 0.1 mg/kg, (0.1 mL/kg of 1:1,000, followed by 5 mL NS flush and 5 BMV) 
Atropine (AV block or ŷ vagal tone): IV/IO/ETT 0.02 mg/kg (min 0.1 mg, max 0.5 mg child, 
1 mg adult) (may repeat atropine only once) 

ASYSTOLE / PEA 

These rhythms should not be shocked 
Assess and support ABCs, obtain vascular access, attach monitor, CPR, NS bolus 
Consider Hypoxia, Hypovolemia, Glu/Lytes, Head injury, Heart block, Toxins/Drugs,  
pneumothorax, tamponade, thromboembolism. Send blood gas, lytes, iCal, 

Epinephrine IV,IO: (1:10,000) 0.1 mL/kg (0.01 mg/kg); Repeat every 3-5 minutes 
                      ETT: (1:1000) 0.1 mL/kg (0.1 mg/kg, followed by 5 mL NS flush and 5 BMV )  

CARDIOVASCULAR MEDICATION 

CaCl2 2.5-20 mg/kg/hr For Ź Ca or sick heart; no ŷ HR 

Dopamine 2-20 mcg/kg/min 
Distributive or cardiogenic shock (D>b>a) 
Less active in alkaline solutions (NaHCO3) 

Dobutamine 2-20 mcg/kg/min Hypotension; ŷ HR, Ź myocardial VO2 

Epinephrine 0.02-1 mcg/kg/min 
Resistant cold shock, dilates coronary, ŷ glu, Ź GI 
perfusion, bronchodilator. 

Lidocaine 20-40 mcg/kg/min Follow levels q 12-24 hrs 

Milrinone 0.3-0.75 mcg/kg/min Hypotension, renal clearance, hepatoxicity 

Nitroprusside 0.2-10 mcg/kg/min Check thiocyanate levels 

Norepinephrine 0.02-2 mcg/kg/min Resistant warm shock (a1=a2>b1) 

Phenylephrine 0.1-0.5 mcg/kg/min Pure Vasoconstrictor 

Vasopressin 0.01-0.05 units/kg/hr 
Useful if adrenergic side effects (ŷ HR) or heart failure; 
check vasopressin level 

Atropine 
 0.02 mg/kg  
(min 0.1 mg) 

Blocks M2 receptors: ŷ HR, M3 receptors: Ź secretions, 
sweating and mydriasis 

Drug Ŭ1 ɓ1 ɓ2 D Clinical effect 

Phenylephrine +++ 0 0 0 ŷŷ SVR, ŷ/Ź CO, ŷ/Ź HR, ŷ smooth muscle 

Norepinephrine +++ ++ 0 0 ŷŷ SVR, Ź/ŷ CO, Ź/ŷ HR 

Epinephrine +++ +++ ++ 0 ŷŷ CO, Ź SVR (ŷ SVR at high dose), ŷŷ HR 

Dopamine 0.5-2 0 + 0 ++ ŷ CO, ŷ/Ź HR 

Dopamine 5-10 + ++ 0 ++ ŷ CO, ŷ SVR, ŷ HR 

Dopamine 10-20 ++ ++ 0 ++ ŷ CO, Ź SVR, ŷ HR 

Dobutamine 0/+ +++ ++ 0 ŷ CO, Ź SVR, ŷŹ HR 

Isoproterenol 0 +++ +++ 0 ŷCO, Ź SVR, ŷŷ HR, relax smooth muscle 

Propranolol 0 --- --- 0 Ź CO, Ź HR, Ź GI bleeding 

Metoprolol 0 --- 0/- 0 Ź CO, Ź HR, Ź CO, Ź inotropy 



P A L Sñ Pediatric Cardiac Arrest Algorithm  



P A L S ñPediatric Bradycardia With a Pulse Algorithm                    

Transcutaneous pacing: 30-80 mA at 100 

BPM; OK to do CPR during pacing 



P A L S ñPediatric Tachycardia With a Pulse Algorithm  

SUPER Important Cardiology Equations 

Ohmôs Law: Q=æP/R 

Law of Laplace: Tension (Afterload) = (PTM Ĭ r) / (2 Ĭ thickness) 

Oxygen extraction ratio: OER = VO2/DO2 = (SaO2-SmvO2)/SaO2 

DO2 = CO Ĭ CaO2 
DO2 = (HR Ĭ SV) Ĭ (1.34 Ĭ Hgb Ĭ SaO2 + PaO2 Ĭ 0.003), normal å 500 mL O2/min  

Mind the units: 
mL O2/min = (

beat/min Ĭ 
mL/beat) Ĭ (

mL O2/g Hgb Ĭ 
g Hgb/dL Ĭ % + mmHg Ĭ 

mL O2/dLĬmmHg) 
 

Burst pace to break SVT 
Pace at rate 10-15% above 
SVT rate for 10-15 secs 



ADRENERGIC  RECEPTOR  TYPES 

Ŭ1  GqŸ ŷPLCŸŷIP3ŸŷDAGŸŷCa2+ 

Ŭ2  GiŸ Ź Adenylate cyclase Ÿ Ź cAMP 

ɓ1  GsŸ ŷAdenylate cyclase Ÿ ŷcAMP 

ɓ2  GsŸ ŷAdenylate cyclase Ÿ ŷcAMP 

Hypertensive Emergency 

Chem10, CBC, UA, UPreg, UTox, EKG, ECHO, 4 ext. BPs, Renal U/S, Neuro/eye exam.  
Goal to decrease BP by 25% quickly then to >99th percentile over 24 to 48 hrs 
Nitroprusside: 0.3 mcg/kg/min (max 10), Nicardipine: 0.5 mcg/kg/min (max 5 mcg/kg/min) 
Hydralazine IV or IM: 0.1 to 0.6 mg/kg (max 20 mg/dose) q4 or q6, Furosemide IV:1 mg/kg  
Labetalol: 0.2-1 mg/kg bolus (max 40 mg) then 0.2 mg/kg/hr (max 3 mg/kg/hr),  
Esmolol: 100-500 mcg/kg bolus over 2 min then 50-500 mcg/kg/min (max 1mg/kg/min).  

Isradapine PO: 0.05-0.1 mg/kg (max 5mg) q8, Nifedipine PO:0.1-0.25 mg/kg (max 10mg) q4 
Hydralazine PO: 0.25mg/kg (max 20mg) q6, Captopril PO:0.05 mg/kg (max 6mg/kg/d) 

Sympathetic  Neurotransmitters 
Acetylcholine ð> Norepinephrine 
Parasympathetic Neurotransmitters 
Acetylcholine ð> Acetylcholine 



NORMAL INTRA-CARDIAC PRESSURES 

  Newborn Child Adult LŸR shunt RŸL shunt 
RAP mean 0 ï 4 2 ï 6 0 ï 8 5 0 ï 2 
RVP 65-80 / 0-6 15-23 / 3-7 25-30 / 0-8 25/5 110/8 

Pulm Art 65-80 / 35-50 15-23 / 10-16 15-30 / 6-12 18-20 / 8-10 20 / 8 
Pulm Wedge 6 ï 9 8 ï 11 4 ï 12 2 3 ï 8 
LA mean 0 ï 6 5 ï 10 4 ï 12 8 2 
LV 65-80 / 0-6 90-110 / 7-9 100-130 / 4-12 100 / 8 96 / 8 
Aorta 65-80 / 45-60 90-110 / 65-75 100-130 / 60-90 140 / 80 96 / 8 
CVP 0 ï 8 2 ï 6  0 - 8 5 0 - 2 

NORMAL QRS VALUES 
Each large square= 0.2 sec (#Boxes:HR = 1:300, 2:150, 30:100, 5:60, 6:50) 

 

Oxygen Content: CaO2=(SaO2)(Hgb)(1.36) + (PaO2)(0.003) 
normal 16-22 mL O2 / 100 mL  

O2 Extraction: A-V O2 = (CaO2 ï CmvO2) / CaO2   (normal = 0.25) 

Cardiac Output: CO = (HR)(SV) =  BP/SVR = (HR)(EDV)(EF)/100 
Normal CO: 0.8-1.3 L/min (infant), 1.3-3 L/min (child), 4-8 L/min (adult) 
Cardiac Index = CO/BSA, Normal CI=3.5 to 5.5 L/min/m2 

Normal Stroke Volume = (~2mL x Pulse P): 5-13 mL  (infant), 13-50 mL (child), 60-100 mL (adult) 

FICK EQUATION 

FICK: VO2=(CO)(Ca)-(CO)(Cv) therefor:  

CO=VO2/(Ca-Cv) 

SHUNT EQUATION 
Qt=Qs+Qc, therefor: Qc=Qt-QS 

Qt(CaO2)=Qs(CvO2)+(Qt-Qs)(CcO2), expand to: 
Qs(CcO2)-Qs(CvO2)=Qt(CcO2)-Qt(CaO2) 
Qs/Qt = (CcO2-CaO2)/(CcO2-CvO2) 



Pulmonary Artery Catheter Normal Values   
Variable Description Adults Child Infant 
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Cardiac Output (L/min) Measured by thermodilution 4-8 3-6 1-3 

Mixed venous O2 saturation (%) From pulmonary artery 60-70 > 75 > 75 

Pulmonary artery occlusion pressure 
PAOP, (mmHg) 

Approximates LV filling 
Pressure 

4-12 8-11 6-9 

Also measure central venous pressure (CVP), right atrial pressure (RAP), right ventricle pressure (RVP) 
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Systemic vascular resistance 
(dyn)(sec)(m-5) 

SVR = (MAP-CVP)/CO 
900-1300 

1200-
3000 

2800-
4000 

Pulmonary vascular resistance 
(dyn)(sec)(m-5) 

PVR = (PAP-PAOP)/CO 
20-120 40-320 

2000-
3000 

Cardiac index (L/min/m2) CI = CO/BSA 2.8-4.2 3-4 2-4 

Stroke volume index (mL/beat/m2) SVI = SV/BSA 30-65 40-70 40-75 

Pulmonary vascular resistance index  
(dyn)(sec)(cm-5)(m2) 

PVRI = [(PAP-PAOP)(80)]/CI 
250-400 < 200 < 200 

Systemic vascular resistance index 
(dyn)(sec)(cm-5)(m2) 

SVRI = [(MAP-CVP)(80)]/CI 1500-
2400 

1300-
1800 

900-1200 

Right ventricle systolic work index 
(g)(m)/m2 

RVSWI = [1.36(PAP-CVP)
(SVI)]/100 5-10 5-10 5-11 

Left ventricle systolic work index 
(g)(m)/m2 

LVSWI = [1.36(MAP-PAOP)
(SVI)]/100 45-60 30-50 2-40 

Oxygen delivery index (mL/min/m2) DO2I=(10)(CO)(CaO2)/BSA 450-640  450-700 450-700 

Oxygen consumption index (mL/min/m2) VO2I=(10)(CO)(CaO2-CvO2)/BSA 85-170  140-190 150-200 

Measures of PRELOAD, Measures of AFTERLOAD, Measures of CONTRACTILITY 

Pulmonary Hypertension 

Pulmonary HTN (PH) mPAP>25 mmHg at sea level, >3 m/o WHO Classifications 
1: PAH  
2: PH associated with left heart disease 
3: PH due to lung disease or hypoxia 
4: PAH due to chronic thromboembolic disease  
5: Multifactorial or unknown cause 

Pulmonary arterial HTN (PAH) PH with PAWP< 15 mmHg and PVRI>3 WU*m2 

Idiopathic PAH No underlying disease etiology 

Pulmonary hypertensive 
vascular disease (PHVD) 

TPG (mPAP-LAP or PAWP)> 6 mmHg 

PH Crisis: CPR, sedation, Ventilation(Ź PaCO2, ŷ PaO2 to Ź PVR), 100% FiO2, NaHCO3, 40 ppm NO, milrinone, ECMO 

Chronic PH: 1.Gentle diuresis, anticoagulation, O2, digoxin 2.Ca
2+ channel blocker trial, Sildenafil, endothelin receptor antagonist 

(bosentan, ambrisentan), PGI2 analogues (iloprost, epoprostenol, treprostinil) Correct LŸR shunt if PVRI <6WU*m2 or PVR/SVR <0.3 

Right heart catheterization 
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YNHH CARDIAC POST-OP ORDER SET 

Admit to PICU: NPO, VS q1hr, Foley to gravity. Vent: PC SIMV: VTe: 8-10 ml/kg 
IVF at 2/3 maintenance: D5W for > 3 m/o, D10 İ NS for < 3 m/o 
On arrival: CXR, ABG, lactate, BMP, divalents, Coags, EKG 
Continue milrinone at 0.5, Dopa, Epi, Nitroprusside at bedside as needed. 
1 U PRBC must be kept in-PICU fridge for any intra-cardiac lines 

Overnight: CBC, Coags, ABG, Lactate, Divalents q6hrs 
Goal ABG: 7.4/40 (Glenn 7.30/55), Give NaHCO3 for BE < -2, Goal Hgb: >10 
Antibiotics for 48hrs, GI prophylaxis, Mg > 2, K > 3.5, nl iCal 
CT Output: Concerning for >3ml/kg x3hrs, >5ml/kg x1hr, or sudden change 

OVERVIEW OF CARDIAC SURGERIES 

Surgery Indication Description Comments 

BT Shunt Inadequate pulmonary 
blood flow Subclavian to RPA or LPA  gortex shunt Palliative 

Central shunt Inadequate pulmonary 
blood flow 

Shunt between in the ascending AO and 
MPA Palliative 

Damus-Kaye-
Stansel 

LVOT obstruction 
DILV, Tricuspid atresia 

PA anastomosis to AO. Usually combined 
with a valved conduit from RV to PA to 
augment pulmonary blood flow 

Palliative or corrective 

Fontan HLH stage 3 or any 
single ventricle IVC to PA anastomosis, +/- fenestration Corrective 

Elective around 2 y/o 

Glenn HLHS stage 2 SVC to PA anastomosis Palliative, HTN common 
Performed at 4-6 months 

Hemi-Fontan HLH stage 2 
SVC to PA anastomosis with baffle placed 
in superior RA to direct IVC flow to LA 
(atrial lateral tunnel) 

Palliative 

Jatene Arterial 
switch D-TGA Transection of AO with homograft recon-

struction, 
Corrective 
Performed in first weeks 

Konno Sub-aortic stenosis Ross with AV annular enlargement IVS 
incision, patch closure of surgical VSD 

Corrective 
Long procedure 

Mustard D-TGA Atrial switch via intra-atrial baffle. RA to LV 
and LA to RV Corrective 

Norwood HLHS stage 1 
PA anastomosis to AO with homograft 
arch construction, conduit from RSCA to 
MPA 

Palliative 
Performed at birth 

Rastelli D-TGA, Any CHD with 
pulmonary atresia 

Valved conduit from RV to PA bypassing 
pulmonary valve, VSD closure with LV to 
AO baffle 

Corrective 
Typically long CC, BP 

Ross Aortic stenosis or 
insuffiency 

Pulmonary autograft to AO, pulmonary 
homograft, CA re-implantation Corrective 

Sano HLHS stage 1 Norwood plus RV to PA conduit instead of 
BT shunt Palliative 

Senning D-TGA Atrial switch with intra-atrial baffle Corrective 

TOF repair  TOF 
Closure of VSD, resection of muscular 
RVOT obstruction,  RVOT patch, +/- 
transannular patch 

Corrective 

Warden High SVC connecting 
APVR 

Patch redirection of APVR return to LA 
with SVC to RA appendage 

Corrective 
RV dysfunction common 

IV g Wire 

24 0.015 

22 0.018 

16 0.032 

EZ-IO 

kg mm 

 < 3 15 

3-39 25 

> 40 45 



Normal Valentine Diagram  

 
 
 
 
SpaO2 is equal to SaO2 in single vent 
Be sure to note QRV = Qp+Qs 
Total QRV is more important 
60% 0.75:1, 70%, 1:1, 90%, 3:1 

 

In single ventricle: 
 
 
 
 
Only true if (almost never true): 
Normal A-VDO2 
No pulmonary venous desaturations 

CARDIAC SEGMENTAL ANATOMY 

Visceroarterial Situs (side of liver, right atrium and SVC) 

{S} Situs solitus, right-sided morphologic right atrium, normal SVC and liver 

{I} Situs inversus, left-sided morphologic right atrium, SVC and liver 

{A} Situs ambiguous, indeterminate atrial morphology, spleen, SVC and liver 

Ventricular looping (AV valves following morphologic ventricles) 

{D} RV is anterior and to the right of the morphologic LV 

{L} RV is posterior and to the left of the morphologic LV 

{X} Ventricular morphology or anatomy is ambiguous 

Great Vessel Connections 

{S} Aorta is leftward and posterior to pulmonary artery 

{I} Inverted normally related great arteries 

{D} Aorta is anterior and to the right of the pulmonary valve 

{L} Aorta is anterior and to the left of the pulmonary valve 

{X} Position of the great vessels is ambiguous 
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Congenital Heart Disease Physiology 

Contractile dysfunction (myocarditis) Inotropes, judicious volume 

Obstruction to systemic flow (ŷLVP, ŹSV, ŹCO) ŷ CO: Prostin, inotropes, Ź WOB, Ź LŸR shunt 

Obstruction to pulm flow (RŸL shunt, Ź pulm flow), 
Pulm stenosis, TOF, Ebsteins, TAPVR w/obs  

Prostaglandin in neonates, Ź RVOT  obstruction, ŷ 
SVR, ɓ-blockers, minimize inotropes, Ź PVR 

Volume overload (LŸR shunt, ŷ pulm flow) Diuresis, inotropes, ŷ Hct, optimize Qp:Qs  

Transposition (parallel circulations) Assist mixing, ŷ CO, Ź pulm edema 

Single ventricle (Qp:Qs  determined by resistances) SaO2 Í Qp:Qs, Balance Qp:Qs by SVR, ŷ Qp+Qs 



PACEMAKER CODES 

I: Chamber 
Paced 

II: Chamber 
Sensed 

III: Response 
to sensing 

IV: Program. 
rate modulation 

V: Anti-arrhythmia 
functions 

O ï None 
A ï Atrium 
V ï Ventricle 
D ï Dual (A&V) 

O ï None 
A ï Atrium 
V ï Ventricle 
D ï Dual (A&V) 

O ï None 
T ï Triggered 
I ï Inhibited 
D ï Dual (A-trig, 
  A&V inhibition) 

O ï None 
P ï simple program. 
M ï Multi program. 
C ï Communicating 

O ï None 
P ï Pacing 
S ï Shock 
D ï Dual (P & S) 

1. Turn on Pacer without connecting wires, check battery 
2. Turn HR to 10 beats lower than intrinsic rate 
3. Turn atrial output to lowest setting (0.1mA) 
4. Turn off ventricle output, then hit arrow key to select 
AAI sensitivity 
5. Set Sensing: Pacemaker ability to detect intrinsic 
cardiac electrical activity: Turn counterclockwise until 
pace flashes continuously without sensing.  Turn clock-
wise until sensor starts to flash. Sensing threshold is that 
number. Sensitivity will be İ that number  
6. Now turn rate to be 10 beats above intrinsic rate 
7. Set Capture: Ability of pacemaker to excite 
(capture) myocardium to produce contraction: Go 
back to atrial output, turn clockwise until consistent cap-
ture. (Pacing light is continuous and no sensing light). 
Set output 2-3x this threshold value 
8. Lock pacer with these settings. 

Transposition Physiology  


