心臟血管系統之監測

             詹 聖 霖
· Non-invasive monitoring:

Heart rate and Blood pressure

· Invasive monitoring: 

Arterial line, Central venous pressure, Pulmonary artery pressure

1. Arterial line (A-line) monitoring:

  Indications: (1) frequent ABG or blood sampling (2) continuous arterial BP monitoring (3) monitor effects of vascoactive agents

  Insertion sites: umbilical, radial, femoral, dorsalis pedis, posterior tibial arteries

             (temporal A-line is not recommended in neonates)

  Interpretation: (1) Arterial blood pressure: usually more accurate than cuff BP and 5-20mmHg higher than cuff BP

Normal BP in neonates and children

	Age
	Systolic pressure
	Diastolic pressure

	Birth (<750gm)
	35-54
	14-34

	Birth (1000gm)
	39-59
	16-36

	Birth (1500gm)
	40-61
	19-39

	Birth (3Kg)
	50-70
	25-45

	Neonate (96hr)
	60-90
	20-60

	Infant (6 mo)
	87-105
	53-66

	Toddler (2 yr)
	95-105
	53-66

	School age (7 yr)
	97-112
	57-71

	Adolescent (15 yr)
	112-128
	66-80




· Median (50th percentile) systolic pressure: 

                = 90 + (2 × age in years) mmHg

· Lowest (5th percentile) systolic pressure:

                = 70 + (2 × age in years) mmHg 
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Precautions: (1) periodically correlate values with cuff pressure.

             (2) monitor distal extremity for color, temperature and sensation.

             (3) never manually irrigate a clotted line.

             (4) high pressure lines (>60mmHg) need 2ml/hr; low pressure lines (<60mmHg) need 1ml/hr infusion rate and measure I/O.

  Complications: decreases pulse, blanching at site, fluid overload, infection, hemorrhage, thromboembolism, nerve trauma etc.   

2. Central venous pressure (CVP) monitoring:

  Indications: (1) assess cardiac function and right heart pressure (2) assess intravascular volume status and venous return (3) fluid and drug administration (TPN, large volume, vasoactive agents, hypertonic solution etc.) 

  Insertion sites: (1) umbilical, external/internal jugular, subclavian, femoral, basilic/cephalic veins.

               (2) CVP tips placement: slightly into RA (SVC/IVC near atrium).

               (3) confirm position: X-ray, O2 saturation, pressure waveform,

echocardiography.

   (4) catheter size: < 3kg: 3F, 3-10kg: 4F, 10-20kg: 5F, >20kg: 6F   

  Interpretation: (1) CVP: normal mean value: 0-6 mmHg (end-expiration), if CVP > 8 mmHg considers abnormal, such as myocardial dysfunction, or increased intrathoracic pressure.

(2) waveform: a-c-v waves and x-y descent (identical to adult).

   a-wave: atrial contraction, c-wave: ventricular contaction against a closed tricuspid valve, v-wave: atrial filling; 

normal: a-wave > v-wave  
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· Characteristics of abnormal CVP trace

	Wave
	Physiology
	Possible causes

	“Cannon” a
	1.obstructed TV
	Tricuspid stenosis, complete heart block, RA myxoma 

	
	2.resistance to RV filling
	Pulmonary hypertension, pulmonary stenosis

	Absent a
	No effective atrial contraction
	Atrial arrhythmia

	“Giant” v
	RV pressure transmitted to RA


	Tricuspid regurgitation


Precautions: (1) accurate measurement of CVP is at the level RA.

(2) avoid air to enter the lines, especially all infants less than 3 months are assumed to have R to L shunts and patients with cyanotic CHD.

(3) infusion pumps may increase pressures and change waveform.

(4) CVP is influenced by lung compliance / resistance, mean airway

 pressure, myocardial function, and intravascular volume.  

(5) Sudden increase CVP may indicate tension pneumothorax or

 reaccumulation of air after chest tube is clamped.

  Complications: arrhythmia, A-V fistula, bleeding, cardiac perforation and

 tamponade, thrmboembolism, fluid overload, infection,

 pneumothorax/hemothorax, thoracic duct injury etc.

3. Pulmonary artery and wedge pressure (PAP/PAWP) monitoring:

  Indications: (1) assess cardiac function: cardiac output, right heart pressure, and left heart indirect pressure, systemic vascular resistance (2) assess pulmonary function: pressure, flow, pulmonary vascular resistance, and oxygenation (3) diagnosis and management of heart and lung diseases (4) assess fluid status. 

  Contraindications: large intracardiac shunt, serious arrhythmia, severe coagulopathy, very low cardiac output when risk > benefits.  

  Insertion sites: (1) umbilical, external/internal jugular, subclavian, femoral, basilic/cephalic veins.

               (2) confirm position: pressure waveform, X-ray, O2 saturation, and echocardiography.

(3) catheter size: <10kg: 2-3F, 10-18kg: 4-5F, >18kg: 6-7F

  Interpretation: (1) measure CVP, PAP, PAWP and their normal values, PEEP and positive pressure ventilation cause falsely high measurements; labored or obstructed breathing will increase intrapleural negative pressure and cause falsely low measurements.

	Pressure
	Normal value

	CVP
	  0-6 mmHg

	  PAPs
	  15-25 mmHg

	  PAP d
	  8-15 mmHg

	PAPmean  
	  10-15 mmHg

	  PAWP
	  4-12 mmHg

	  PAPd-PAWP
	  0-6 mmHg




(2) Hemodynamic values derived from PA catheter, and these measurements should be made at end-expirartion.

	Derived value
	Formula
	Normal range

	Cardiac index (CI)
	CO/BSA
	3-5 L/min/m2

	Stroke volume (SV)
	CO/HR
	1 ml/Kg

	Stroke volume index (SVI)
	CI/HR
	40-60 ml/m2

	SVRI (Woods unit/m2) 
	(MAP-CVP/Qs)×BSA
	9-18 units/m2

	PVRI (Woods unit/m2)
	(MPAP-PAWP/Qp)×BSA
	1-3 units/m2

	PVRI / SVRI
	
	< 0.1

	LV stroke work index
	(MAP-PAWP)×SVI×0.0136
	45-60 g/m/m2

	RV stroke work index
	(MPAP-CVP)×SVI×0.0136
	5-10 g/m/m2




Qs: systemic flow, Qp: pulmonary flow, PVRI: pulmonary vascular 

resistance index, SVRI: systemic vascular resistance index 

· Cardiac output (CO) measurement: direct vs indirect

1. Direct method: thermodilution 

  CO = V(Tb-Ti)K1K2 /∫Tb(t)dt 

  (V: volume injected, Tb: blood temperature, Ti: injectate temperature, K1: factor is specific for catheter size, K2: constant for specific Tb and Ti, Tb(t)dt: the change in blood temperature as a function of time.)

( Before CO measurement, must record injected volume, Tb, Ti (ice D5W), catheter size, and injection time must < 4sec.   

( Change in blood temperature over time is inversely proportional to the CO, and computer will measure.

2. Indirect method: Fick principle 

  Cardiac index (CI) = minute O2 consumption / a-v O2 

minute O2 consumption = 140-160 ml/min/m2
a-v O2 : Arteriovenous oxygen difference 

= arterial O2 content – mixed venous O2 content

= SaO2 ×Hb×1.36－SvO2 ×Hb×1.36 

= (SaO2－SvO2 )×Hb×1.36

· CI < 2.5 in any age = low cardiac output

 (2) waveforms:

    Cannon a wave: nodal rhythm, complete heart block, mitral 

stenosis, aortic stenosis etc.

Giant v-wave: mitral regurgitation, decrease LV compliance.
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Wedging protocol: slight head-up and right lateral tilt posistion.

( lowly inflate balloon while observing PA waveform

(Note: never add more than recommended volume, usually < 1.5ml, and if wedge obtained with less than recommended volume suggests peripheral migration of the catheter.)

( stop inflation when waveform changes to PAWP waveform

( record PAWPmean at end expiration (Note: PAWP is always less than PAPd or PAP mean, if PAWP > PAPd ( artifact).

( passive deflation of balloon (Note: do not deflate balloon

with negative pressure) within 15 sec or max of 5 breaths.

( PA waveform should reappear immediately, and insure 

balloon is fully deflated.
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Blood sampling: SvO2 (mixed venous O2 saturation) when balloon deflated, and

SaO2 (wedge/LA) when balloon inflated.  

Note: SvO2 = O2 demand (normal value: 60-80%)

     If SvO2 > 80% = O2 supply > O2 demand

     If SvO2 < 60% = O2 supply < O2 demand

· Causes of↑SvO2: 

1.↑O2 delivery (↑cardiac output, excessive O2 therapy)

      2.↓O2 demand (hypothermia, induced muscle paralysis,

coma, anesthesia -- ) 

      3. L ( R shunt

· Causes of↓SvO2:

      1.↓O2 delivery (↓cardiac output, anemia, hypoxia)

      2.↑O2 demand (pain, agitation, hyperthermia, seizure --)

      3. R ( L shunt 

Precautions: (1) avoid air to enter the lines and prevent balloon rupture, especially 

all infants less than 3 months are assumed to have R to L shunts

and patients with cyanotic CHD.

(2) verify proper tip placement by continuous monitoring of 

waveform (Note: upon balloon inflation: PAWP waveform and

balloon deflation: PA waveform reappears), but minimize number 

of wedges to prevent balloon rupture. (PAWP: q2-4h)  

(3) insure all measurements and tracings are done consistently: same position, same reference point, same on or off ventilator, and same part of respiratory cycle (end-expiration).

(4) do not infuse any medications or fluid through the distal lumen, 

except iv flush q1-2 hrs.

(5) avoid peripheral migration and pulmonary infartion may occur.

(6) check line and stopcocks q2h for air bubbles.

(7) never manually irrigate a clotting line.

(8) CxR qd or stat if catheter seems displaced.      

  Complications: arrhythmia, balloon rupture, bleeding, cardiac perforation and tamponade, thrmboembolism, fluid overload, hypotension by PA obstruction, pneumothorax/hemothorax, pulmonary artery rupture, pulmonary infarction, thoracic duct injury etc. 

· Pressure monitor and possible clinical diagnosis:

	CVP
	PAWP
	SVR
	CI
	Clinical diagnosis

	(
	Normal or ( 
	Normal or (
	(
	RV failure

	(
	(
	PVR (
	(
	Pulmonary hypertension, cardiac tamponade, or ( intrathoracic pressure

	(
	(
	(
	(
	Cardiogenic shock

	(
	(
	( or (
	( or (
	Septic shock

	(
	(
	(
	(
	Hypovolemia and/or bleeding
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