Rationale: Elimination of atmospheric pressure on PA measurement.

a. Tum transducer off to patient
b. Open air reference stopcock to air

c. Zero and calibrate monitor as per monitor manufacturer's instructions

5. LEVEL TRANSDUCER TO PATIENT REFERENCE POINT WITH EVERY
POSITION
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Catheter in
" intemal jugular

woreto?
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Tne pagent’s midchest position is measured. marked. and used as an anatomic reference | N
patni for placement of the ransducer. : =
Lie— )

Fig. 2 Daaminaton of aniznior and postenior measun;
posnus for lateral aecubitus posiuoas Top, Line a represer
the ‘curth intercostal space and line & is the midsternal lin
Bottom, Line a represents tive fourth intercosal space (T.-
loved) and line b 13 the cudline of the spinal column

|
N -

Fig. 3. Detarminadon of the supioc measuring potnt by ux
of the phiebostauc axis. Line a reprosenss the fousth iatereas
ulspx:andlincbinhcniduiﬂaryﬁnc

Leveling Eliminates of hydrostatic pressure on PAmeasurement.

a. Patient supine - midaxillary line, 4th intercostal space
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b. Patient lateral or semi-lateral - midsternal line 4th intercostal space. (The semi-
lateral position point is not defined in the literature although this is a common

patient postition).

¢. Mark reference point on patient with pen. Keep same reference points throughout
patient stay

d. Use carpenter's level to ensure reference point equality.

NOTE: The important point is that the two reference points are always the same. A 1cm
difference in reference point causes a 1.34 mm difference in the pressure reading. These
two reference points should be marked with an X on every patient with a Swan Ganz
catheter to insure consistency in measurement technique and eliminate reference point
differences as a cause of PAWP measurement discrepancy.

6. CONDUCT "SQUARE WAVE" TEST BEFORE EVERY READING

Rationale: Elimination of artifactual influences on PA pressure
measurements (air bubbles, blood clots, kinks in catheter)

a. Power flush the catheter after PA waveform confirmation with
every measurement - also done during set-up before patient is connected

b. Observe the flush waveform for number of oscillations and sharpness
("squareness”) of the flush waveform. Flush waveform should have no more than

2-6 oscillations and should be sharp.
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mm g

A | i
— Normuat anterial wavelorm (ART) with normal square —Damcmm(aar)dmmm
wave response dusng 1apsd liushwng with contnuous fush SQUare wave tecponse.

svsiom
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NOTE: Flush waveforms which slope or have greater than 6 oscillations indicate technical
problems within the catheter-flush tubing-monitor system which need to be corrected
before PA and PAWP measurements can be obtained with that system. Sloped flush
waveforms signal air bubbles, loose connections, or a partially clotted catheter tip; PA
and PAWP measurements obtained on a system with this response will overestimate
diastolic pressures and underestimate systolic pressures. Flush waveforms with greater
than 6 oscillations indicate frequency discrepancy problems between the monitor and the
patient; PA and PAWP measurement obtained on a system with this response will
underestimate diastolic pressures and overestimate systolic pressures. It has been
recommended by catheter manufacturers that measurements should not be obtained on
catheter systems which fail the "square wave" test. -

7. BALLOON INFLATION:

- c L s m—
o
. TFEE== ! ] =\h

Rationale: Elimination of potential for overwedge/eccentric balloon inflation
or non-wedge.

Inflate balloon slowly in .2 cc increments, continuously observing waveform, and

ceasing balloon inflation immediately on observing "flattening" or change in observed
waveform.

a. Balloon inflation volume should be between .8 and 1.5 cc of air

(1) Balloon inflation volume < .8 cc: With balloon inflation volumes less than .8 cc
of air there has been migration of the catheter to peripheral PA. With
peripheral migration there are increased chances of overwedge and eccentric
balloon inflation causing erroneously high PAWP measurements.
Measurements of PAWP obtained with balloon inflation volumes less than .8
cc should not be recorded. The Swan should be pulled back by the physician.
Repeated inflation of a peripherally migrated catheter balloon cannot only
cause an increased potential of pulmonary infar¢t and PA rupture.
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(2) Balloon inflation volume > 1.5 cc: with balloon inflation volumes greater than
L5 cc of air, the balloon is probably in main PA instead of a branch of the PA
causing increased €hance of eccentric balloon inflation. The physician should

refloat the Swan.

b. Slower balloon inflation is warranted when the patient has high pulmonary vascular

resistance (PVR): In circumstances causing increased PVR, such as hypoxia,
ARDS, PEEP, it takes longer for blood to flow from the point of balloon occlusion

- the catheter tip-to the left atrium.

Faster rates of balloon inflation under conditions of increased PVR can cause
ncreased potential of overwedge and eccentric balloon inflation.

8. RECORD PA PRESSURES AT END EXPIRATION:

Rationale: Elimination of effects of respiratory variation.

End expiration is identified as the most stable portion of the respiratory cycle, PAWP
measurements at end expiration most closely parallel left atrial (LA) pressures.

. Pressure (mmkg)

Sponteneous
Respiration

E~a
Expiration

Pcsitive Preasure
Ventliation

Pulmonary Capillary Wedge Pressure Waveform. Pulmonary
capillary wedge pressure decreases during spoptancous inspiration and
increases during positive pressure mechanical ventilation. Pulmonary
capillary wedge pressure measurements should be obtained during the end-

cxpiratory phase of respiration.



a. Patient spontaneously breathing: When the patient is spontaneously breathing, end
expiration causes the PA/PAWP waveform to rise due to the effect of intrapleural

pressure on central intravascular pressures.

b. Patient on positive pressure ventilation: When the patient is on positive pressure
ventilation, the intrathoracic pressure changes are reversed: inspiration causes
central intravascular pressures to rise and expiration causes these pressures to fall.

c. Patient on IMV: When patient is in intermittent mandatoryventilation, the
principles on a. an b. still apply. The nurse must be able to differentiate the
spontaneous from the ventilated breaths.

d. PEEP: Do not take the patient off the ventilator to obtain hemodynamic
measurements. PEEP decreases venous return to the heart related to the
increasing intrathoracic pressure. Taking the patient off PEEP .can cause

bradycardia and asystole related to baroreceptor response cause by the "flooding"
of the heart.

e. Patient on inverse ratio ventilation and pressure support: Patients on inverse ratio

ventilation or pressure support ventilation will have PA and PAWP readings taken
or exhalation also.

9. DEFLATE BALLOON BY ALLOWING PASSIVE BALLOON DEFLATION

Decreased potential of balloon rupture.

10. EVALUATE PA DIASTOLIC (PAD) - PAWP RELATIONSHIP:

PAd MUST BE > PAWP

IF PAWP > PAd ONE OF FOLLOWING PROBLEMS EXISTS
OVERWEDGE

ECCENTRIC BALLOON INFLATION
UNRECOGNIZED END-EXHALATION
DAMPED WAVEFORM
WAVEFORM WITH WHIP OR FLING
UNRECOGNIZED A AND/OR V WAVES
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11. PLACE THE PA STRIP IN THE PATIENT'S CHART.

12. NOTIFY THE MD for the following

a. PAWP > 18 or PAWP < 8-12 or have MD set notification parameters

b. Inability to obtain PAWP

c. Abnormal PAWP waveform (A, V, and A and V waves)

d. PAWP >PAd HEMQDYNAMIC CHECKLIST

APPROPRIATE WAYEFORM
ZERO

LEVEL

SQUARE WAYE

BALLOON INFLATION
- BALLOON VOLUME
- WAVEFORM

END EXPIRATION

o @ P

EVALUATE PAD - PAWP RELATIONSHIP
PA STRIP IN CHART
NOTIFY MD

v ® N O

F. Standard of Practice: Hemodynamic Monitoring: Cardiac Output

Qutcome: Accurate assessment of patient's cardiovascular status so that appropriate
diagnoses and intervention can be instituted by the physician.

1. SET UP IN LINE OR BATH PROBE CARDIAC OUTPUT INJECTATE SYSTEM:

2. SETS MONITOR PARAMETERS APPROPRIATELY:

Rationale: Ensures validity of cardiac output measurements. Indicates on monitor

a. In line vs bath probe

b. Volume of injectate 3 cc, 5 cc, or 10 cc
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¢. French of PA catheter

d. Height and dry body weight of patient

(99

. DRAW UP VOLUME OF INJECTATE INDICATED AND ENSURE NO AIR
BUBBLE PRESENT:

4. INJECTS SOLUTION SMOOTHLY AND QUICKLY OVER A MAXIMUM OF
FOUR SECONDS:

Rationale: Ensures validity and reliability of cardiac output measurements

5. ASSESSES CARDIAC OUTPUT WAVEFORMS AND DISCARDS
MEASUREMENTS OBTAINED WITH UNACCEPTABLE WAVEFORMS:

A High cardiac output state
12 liters' min

Low cardiac output state
3 liters:min

Normal cardiac output state
6 liters/min

D Faulty njection—disregard
cardiac output value

6. PERFORMS A MINIMUM OF 3 CARDIAC OUTPUT MEASUREMENTS:

7. AVERAGES 3 CARDIAC OUTPUT MEASUREMENTS THAT ARE WITHIN 10%
OF EACH OTHER:

Rationale: Ensures reliability of cardiac output measurements

Cardiac output should not be obtainéd during periods of increased ectopy or
hemodialysis related to their known effects (decreases and increases) or cardiac output
measurements.

8. PERFORMS CARDIOVASCULAR CALCULATIONS:
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9 COMPARE CURRENT HEMODYNAMIC PROFILE WITH PATIENT'S
PREVIOUS PROFILES:

10. NOTIFIES MD OF ABNORMALS:
a. CI<2.5 or >4.5 or CI outside MD notification parameters
b. SVR <800 or >1200 or SVR outside MD notification parameters

c. Significant changes from previous hemodynamic profile

CARDIAC OUTPUT CHECKLIST

1. IN-LINE SET-UP 6. 3 CO INJECTIONS

2. SET PARAMETERS 7. CO MEASUREMENTS WITHIN 10%
3. NO AIR BUBBLES 8. GV CALCULATIONS

4. SMOOTH, QUICK INJECTIONS 9. COMPARE

5. ASSESS CO WAVEFORM 10. NOTIFY MD

G. SVO,
1. Mixed Venous Oxygen Saturation (SVO,)

a. Reflects the amount of oxyhemoglobin returning to the heart after oxygen
extraction by the tissues

b. Measured in the pulmonary artery; a reflection of overall tissue utilization of
oxygen

c. Normal 60-80%
d. Continuous or single sample measurement
e. Measures adequacy of four factors which influence tissue perfusion

(1) SaO, - arterial oxygen saturation or the adequacy of ventilation
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(2) CO - cardiac output or the adeq\iacy of the heart to bring oxygenated blood to
the tissues

(3) Hgb - the amount of hemoglobin in the vascular system or the capacity of the
vascular system to carry oxygenated blood to the tissues

(4) VO, - the amount of oxygen being consumed by the tissues
f. SVO, is a measure of the supply and demand of oxygen in the body

(1) Dysfunction in any one of the supply factors causes the body to rely on its
compensatory mechanisms to increase oxygen delivery to the tissues

(2) Any time there is an increased tissue consumption, there is a decrease in SVO,

(3) A patient with a small cardiac reserve will not be able to increase his cardiac
output to meet either increased demand or decreased supply

2. Oxygen supply/demand dynamics
a. Factors which alter the O, delivery/consumption
(1) | supply
(2) T demand
b. Compensatory mechanisms
(1) T cardiac output
(2) T oxygen extraction-->SVO, (use of venous oxygen reserve)

c. Changes in oxygen supply/demand balance are reflected in SVO, and can be
measured clinically at the bedside

(1) SVO, < 60%
(a) !8Sa0,
®) 1 co
(c) 1Hb
(d) T O, consumption
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(2) SVO, > 80%

(a) T oxygen delivery

(b) ! oxygen demand (consumption)

(c) Other
1) Wedged PA catheter
2) Cell poisoning
3) Paget's disease

3. Indications for continuous SVO2 measurement

a. As a monitor

(1) Early wamning of alterations in hemodynamic status that may warrant
therapeutic intervention

(2) Continuous monitoring of changes in cardiorespiratorystatus that may warrant
therapeutic intervention

CARDIAC ARREST

100
8o}
P
~ 60 l
o
>
(2]
s0}
: s 20 -] 3o
b. At a patient management device ° '

Time, min

(1) Titration of vasoactive drugs

(2) Volumeloading

(3) Effects of routine patient care such as turning, suctioning, weighing, etc.
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(4) Ventilator adjustments
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4. Clmical Applications

a. Clinical ranges

HIGH SvO,

NORMAL SvO,

LOW SVOQ,

100 Turrrg Patent
Ses Bath  Suctonng 4 Crangng
& Weneg / Bed
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N
~ 60
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(2]
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20
o ts 30 43 60
Time, min
Clinical $%0, Probable
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1 O, Delivery
80-95%
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Hgb
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co
<E0%
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40
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204 39 327

T.me, min
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170,
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Hypomnerma, Szzss
Areshesa
Phaermacdlegic Pazyss
Adequai2 ussue
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snd Left Vealricular [nd Disstolic Yolume (LVLDV)

STEP 1 Are tachaical criterts for °
rellahic and accurate meas-
uresmenl of LVEDP and LVEDY

mct?

—

—

—

Heasurerent oblained
with wedge waveform
i3 not ¢ messure of
[(VeOP or LYEDY.
{See Rendies)

uo vis

Mcasurement ohtained with
wedge waveform i3 potent-
1ally o mcasuce of LVIDP
and LVEDV

STEP 11 13 the PAd > PAWP

|

NO YES

HKeasurecent obtained
with wedge waveform i3
not & mzasure of LVEDP
or LVEDY but i3 the re-
sult of:

MECHANICAL OOSTRUCTICN
MITRAL VALVE OYSFUNCTION
JATROGENIC INFLUENCE
{See Remedies)

Hcasurement obtalined with
wedge wavelors {3

tentiell
a mcasure of LVEDP and TVIOV,

STEP M

—

L{Y]

1 Lhare no-mal lung compliance

|

YES

Measurement obtained
with wedge waveform

Is higher than actual
LYEDOP, use a wave 8%

best estimate. \

STEP 1Y

Messurement oblained with wedge

of LYEDP and (VEOV.

is there normal left ventricula

iNO lr""“—’

Mcasurement obtained with

wedqe waveform {5 an accurate
scasurement of LYEDP but does
not accurately reflect LYEDV.
Tocreased compliance will yleld
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ed compliance will yleld increas-
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LYEDY.
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Cycle (End-expiration)

Salloon Inflation Volume Between .8 and 1.3 cc

?
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r compliance?
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NORMAL VALUES OF HEMOOYNAMICALLY SIGN{FICANT VARIABLES

MEASURED AT BEDSIDE

PARAMETER

HOW MEASUREMENT OBTAINED

NORMAL VALUES

RAm - mean right atrial pressure
or Cvp

RY - right ventricular pressure
(systollc/dlastol l¢)
PA - pulmonary artery (systolic/
end-dlastollc
PCWP - pulmonary caplllary wedge
pressure
CO - cardlac ouput

BSA ~ body surtface area

Ci -~ cardiac Index

MAP - mean arterial pressure

SYR - systemic vascular
resistance

‘YR - pulmonary vascular
resistance

HR - heart rate

07 transport - amount oxygen
transported to tlssues per
minute In al

consunption - oxygen consumed
by tissues in mi/min

PVOZ - mixed venous pO;

Lactate
S| - stroke Index

LYSWI - left ventricular stroke
work [ndex

RVSW| = right ventricular stroke
work [ndex

CPP - coronary perfusion pressure

RPP - rate pressure product

Direct measurement

Direct measurement, or systolic
inferred from PA systolic and
diastollc Inferred from RAm

Dlrect measurement

Dlrect measurement, or inferred
from PAedp under appropriate
condltlions

Direct measurement

Calculated atter direct measure-
ment of height and weight from
Dubols chart

CO/BSA

Direct measurement, or

2(arterial dlastolic pressure)+
systollc pressure

3
MAP - RAm
—Z5 X 80
PAm - PCWP
— 55— X 80

Direct messurement
CO X arterial O, content, or
Cl X arterial O, content X 10

CO X (arterlal-mixed venous O
content), or

Ct X (arteriai-mixed venous O,
content) X 10

Direct measurement

Direct measurement

Cl =R

SI X MAP X 0144
St X PAm X 0144

Arterial diastolic pressure - PCWP

Systollc arterial pressure X R

41

0 ~ 8 mm Hg

20 - 30

T -8 mmHG

15 - 30

"% <17 mm Hg

15 - 12'mm Hg

5 -6 L/min

2.5 = 3.5 L/mln/Mz
85 - 95 mm Hg

900 - 1200 dynog .
sec * cm ~

150 = 250 dynes_°
sec ° cm -5

60 - 90 beats/min

520 - 720 mi/min * M2

100 = 180 mi/min * M2

35 - 40 mm Hg
2 mEq/L

30 - 50 mim2

44 - 68 g + MM

4-ag'M/N2

60 - 70 mm Hg
< 12000 unlts



EFFECTS OF VARIOUS PATHOLOGIES ON RIGHT ATRIAL MEAN (RAm), PULMONARY ARTERY (PA)
AND PULMONARY CAPILLARY WEDGE PRESSURE (PCAP) )

Lett ventricylar
compl lance

2> - —»

RAm pA 3YsTol ic
(normal 18370l iC PCaP
PATHOLOGIC OR vaiue 0 - 8 | norma!l value:| (normal vaive ASSOCIATED WAVEFORM PATTERN CHANGES
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10ck v $ — _t_ ¥ Oftferentiated on basis of oxygen consy
Hypovolemic (H) # — Iy tion, oxygea transport, SVR, PYRC, co,
Neyrogenic (N) H-¥ CO, ¢ Oy Transport, ¥ O, consumoti
Septic (S) N =y SYR, «== PYR, e 4 C0, +— 02‘(
consumption ¢
S —~eeriy: 4 Co, T +ransporT ¢ 24
consumprion  SVR 4 PVR s
—late: | CJ, ¢ O, transporty :
consumption, £ SVR < 2vd
ypervoiemia ) j_ OF Sm——d U
4 —
tght ventricular ? e G
tallure et
ricuspid disease 'T —b D ——— Regurgitation: oprominent ¥ wvave
e Stenosis: prominent A wave
N t 4 4t
ericardial tamponade — le PAWP = [Am
’ * 2. Diastolic plateau with paradoxical
resplratory rise
3« & pulse pressure (n PA
4. ProminentT A and V waves and X descent
ericar‘'al disease T % T Same as Tamponade, excepT A
ncreased pulmonary
esistance— A
Acute: Hypoxemia, PS, Cmmeerd = (dramatic)| & or?t 1. 4 Oiscrepancy between P4 diasTollic
Preumothorax t pressure and PCaP
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