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Manual Use

This Clinical Guide is designed tr support clinicians and biomedical
technicians in the application of flow-directed catheter monitoring for
pressure derivation and calculation of cardiac output.

-— FOR THE CLINICIAN:

— FOR THE BIOMEDICAL TECH:

Section 2 provides the complete instructions
for catheter insertion, placement, and
monitor set-up to provide PA (and RA)
monitoring and PCWP derivation. Section 3
provides set-up and operating instructions
for calculation of cardiac output and related
hemodynamic parameters. Section 1 is recom-
mended reading for informational purposes;
Section 4 provides operating instructions for
Ventricular Functional Analysis (optional);
Section 5 provides a brief troubleshooting
guide for problems in either «clinical
approach or monitored results.

Section 1 provides a detailed explanation of
the Swan-Ganz flow-directed catheter, and its
application in cardiac function monitoring.
It should be carefully studied before evalu-
ating or attempting to correct difficulties
experienced with HORIZON 2000 by the clinical
staff during invasive monitoring or C.O.
calculation. Sections 2 and 3 provide
clinical procedure and operating instructions
for wedge pressure derivation and C.O. calcu-
lation, respectively. Section 5 is a clinical
trouble-shooting guide. It should be
consulted together by the technician and the
clinical staff for clinical solutions to
apparant monitor malfunctions. Hardware
diagnosis should only be attempted following
a review of clinical solutions.
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Section 1

memodynamic
Functions
Derived in
Swan-Ganz
Monitoring

11 General

1-2 This section is intended to review the role of the Swan-Ganz
catheter and its associated monitoring equipment in the derivation of
pressures and the calculation of hemodynamic parameters critical to
determining cardiovascular function. Its purpose is to familiarize the
user with the parameters derived by the MENNEN MEDICAL HORIZON 2000 patient

*
monitor interfaced with the Swan-Ganz catheter. This knowledge is particu-
larly relevant to calibration and maintenance of critical-care patient

monitors, since faulty clinical technique may be diagnosed as faulty
monitoring equipment.

1-3 As an introduction to Swan-Ganz catheter monitoring, conventional
two—point (CVP/RA and ART) pressure monitoring used in the determination of
cardiac function will be reviewed with respect to derived clinical data:

limitations of conventional two-point monitoring will also be discussed.

k1

*Swan~-Ganz" is a trademark of the American Edwards Laboratories
Division of American Hospital Supply Corporation..  No further trademark
reference is made in this manual. '
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Section l. Hemodynamic Functions Derived in Swan-Ganz Monitoring

1-2

i=4 Two-Point Invasive Pressure Monitoring

1-5 Until the development of the Swan-Ganz cathetet, conventional
invasive pressure nwniioring was focused on two sites: the central venous
return (typically the superior vena cava) and the arterial system for
comparison of mean pressure values. For comparison of waveforms, the right
atrial (RA) pressure has been compared with the arterial pressure (ART).
These points in the circulatory system are represented in Figure 1-1 and

Figure L-2.
PULMONARY e . N
CIRCULATION e
PULMONARY *
ARTERY :

LEFT
ATRIUM

CATHETER SITE:
CVP MONITORING
(MEAN VALUES)
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VENA CAVA CATHETER SITE:
RIGHT RIGHT ATRIAL MONITORING
ATRIUM (DYNAMIC VALUES)
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VENTRICLE VENTRICLE
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L -/
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SYSTEMIC CIRCULATION \%m MONITORING

TYPICAL PRESSURES

CVSITE | mmHg [ARTSITE| mmHg | RASITE | mmHg
SYS 120 SYS 6
DIAS 80 DIAS 1
MEAN 4-12 MEAN 95 MEAN 4

Figures l-1. Circulatory System

1-6 The central venous pressure (CVP) is normally monitored in the
superior vena cava (Figure l-1 and Figure 1-2a), the catheter typically
being inserted through the sub-clavian vein (Figure 1-2b). Arterial
pressure (ART) is typically monitored from a catheter inserted in the radial
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Catheter Sites

artery (Figure L-2c). In place of the CVP site, the right atrium may be
used tor right-side monitoring. Note Figure l-2a. CVP values are virtually
constant, and mean CVP is referenced in monitoring; right atrial monitoring,
however, would provide a more accurate reference of right heart function.
Reyardless of the catheter site, the catheter interfaces with a fluid colum
and transducer (Figure l-2c), which outputs a voltage proportional to
pressure. Virtually all transducers output a signal of 5uV per volt of
excltation per mmHg pressure. Transducer characteristics lie outside this
discussion, but a numoer of relevant monographs are listed in the
Bibliography at the end of this section.

SUPERIOR
VENA CAVA
SITE

CATHETER
(SEE FIG 1-2a)

Figure 1-2a. Figure 1-2b.

D5W SOLUTION
FOR CONTINUOUS

_ TRANSDUCER

TO MONITOR
BP INPUT

LUER-LOCK
FITTING

3 WAY
COLUMN STOPCOCK

Figure 1-2c.

Figure l1-2. Catheter Sites.
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Section l. Hemodynamic Functions Derived in Swan-Ganz Monitoring

1-4

Both CVP and ART monitoring provide critical indicators of cardiac function.
The pressure differential between mean ART and mean CVP (see Table in
Figure l-l1) represents regulation of blood flow by the arterioles. The

relative pressuce values of each indicate various cardiovascular conditiqgs,
as indicated in Table l-1.

SYHPTOM POSSIBLE CAUJSE

cvPp 1, ART — pulmonary congestion; edema;
tricuspid valve incompetence:
cirrhosis of the liver.

CVvP t, ART t hypertensiony
hypervolemia
Ccvp ], ART 1 pulmonary congestion; edema;

mitral or pulmonary valve
stenosis; left ventricular

infarct.
cvp 1, ART l hypovolemia; hypotension
cve l, ART —~ mild hypovolemia
Cvp l, ART T stenotic vena cava
CVP —, ART T hypertension
CVP—=, ART 1 left ventricular infarct;

pulmonary valve stenosis.

LEGERD : ‘ elevated pressure readings
normal pressure readings

depressed pressure readings

Illllll

Table l-1. Physiological symptoms associated with relative mean pressure
deviations

1-7 In addition to mean pressure values, the RA and ART waveforms,
viewed on a non-fade display or recorded on a chart strip, provide indica-
tions of specific cardiac failures. This is because each waveform reflects
the mechanical activity of the heart, as explained below.

MENNEN MEDICAL INC.




ART Waveform

1-8 The Arterial Waveform -

The Arterial Pressure (ART) waveform reflects the pumping action of the left
ventricle and the overail resistance of the vasculature. Figure 1-3 shows
the ART waveform labelled with corresponding cardiac events. Changes in
left ventricular pressure are also plotted for comparative purposes.
However, this pressure cannot readily be monitored via an invasive catheter.

LEGEND

A = END OF VENTRICULAR FILLING.
MITRAL VALVE CLOSES.
H .
me B = START OF LEFT VENTRICULAR
CONTRACTION. PULMONARY
VALVE OPENS.

1104

100+ C = BBGIN VENTRICULAR EJECTION.

D = PEAK VENTRICULAR EJECTION;

90- VENTRICULAR PRESSURE FALLS.

E = END VENTRICULAR EJECTION.
VENTRICULAR PRESSURE FALLS
BELOW ART; AORTIC VALVE
CLOSES (DICROTIC NOTCH).

80

70 F = MITRAL VALVE OPENS.

VENTRICULAR FILLING BEGINS.

G = END DIASTOLE. LEFT
VENTRICULAR PRESSURE = LEFT
ATRIAL PRESSURE.

= ART WAVEFORM

————— = VENTRICULAR PRESSURE

Figure 1-3. ART waveform at HR of 60 BPM.

1-9 Cardiac events occurring when ART is higher than the system-
determined diastolic pressure level (80 mmHg in Figure 1-2) are revealed by
the ART waveform. Especially visible are mitral valve closure, aortic valve
closure (dicrotic notch), and the relation between peak systolic pressure
and system arterial pressure. Ventricular infarcts will be indicated by
reduced systolic amplitude; valvular incompetence will not only be indicated
by reduced waveform amplitude, but by a reduced slope rise because blood
flow out of the left ventricle will be restricted (Figure 1-4).

MENNEN MEDICAL INC.




Section l. Hemodynamic Functions Derived in Swan-Ganz Monitoring

110
100 -
(RN
[} \
I\ NORMAL ART WAVEFORM
| \
90 i \\
l' \ DICROTIC NOTCH SUPPRESSION DUE
| \_ //TO AORTIC VALVE INCOMPENTENCE
80 !
70
60
Figure l-4. Aortic valve incompetence.

1-10 Right Atrial Pressure Waveform
Right Atrial Pressure (RA) varies only slightly during the cardiac

1~11
However, right-side ventrictlar cycles are reflected in the RA wave-
form by three significant pressure variations, termed the "a", "c*, and "v"

cycle.
waves. These three waves are shown in Figure 1-5.
c
12 mmHg ¢ a € ‘ v
8 mmHg ¢ t \
4 mmHg t
Figure l-5. RA Wavetorm with a, ¢, and v waves marked.
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CVP Waveform

The "a" wave 18 produced by atrial cortraction during atrial systole; the
"e" wave (often not visible ) is produced during right ventricular systole
by the tricuspid valve leaflets bulging back into the atrium, causing a
brief rise in RA; the "v" wave corresponds to the gradual refilling of the
rignt atrium following ventricular systole.

1-12 A generally elevated waveform baseline corresporids to hypertension
or pulmonary congestion; this elevation may mask the normal a, ¢, and v
waves. Of particular significance are elevated a, ¢, or v waves. For
example, Figure l-6a indicates tricuspid valve incompetence hindering the
complete closure of the valve during right ventricular contraction. Figure
1l-ob shows a false c wave riding on a generally elevated RA which appears

synchronously with ventricular systole. This waveform indicates possible
tricuspid regurgitation.

mmHg mmHg o
ELEVATED C WAVE c
20 20 —_’/\
a v,
15 15
10 10
Figure l-6a. Figure 1-6b.

Figure l-b. Abnormal RA waveforms,

i-13 Limitations of Two-Point Monitoring

1-14 By comparing the ART waveform with the RA waveform, the physician
can assess dynamic interrelationships among cardiac action, vascular tone,
and blood volume. However, if the right and left ventricles are not
tunctioning with relatively equal efficiency, the RA waveform does not
provide a valid reflection of the myocardium's pumping effectiveness. Nor
will the ART waveform necessarily reflect infarcts in the left ventricle.
For example, in patients with hypertension, the resultant elevation in ART
will compensate for the loss of pressure caused by reduced left ventricle
stroke work. That is to say, if system resistance increases in equal pro-
portion to a decrease of blood flow, pressure remains the same. To truly
judge left ventricular cardiac function it is necessary to be able to
observe two parameters not visible in two-point monitoring: left ventri-
cular diastolic pressure and actual cardiac output. As explained below, the
Swan-Ganz catheter enables monitoring of both parameters.

MENNEN MEDICAL INC.




Section l. Hemodynamic Functions Derived in Swan-Ganz Monitoring

1-15 Another limitation of two—-point monitoring is specific to physio-
logical hazards associated with long-term CVP or RA monitoring. In order to
obtain good pressure waveform frequency response, CVP catheters are
typically of large diameter and stiff construction. Tf the catheter is
ingerted roo far, =o that it penetrates the tricuspid valve, its presence
can set off right-ventricular PVCs. A mis-directed catheter can also
implant on the right atrial wall, setting off ectopic foci and potentially
damaging the endocardium. Embolism is also a potential danger if tubing and
Luer-Lok fittings are not air tight. Finally, long-term continuance of
cardiac invasion risks infection. Although certain of these hazards also
exist in Swan-Ganz monitoring, a rigid catheter tip is not present in the
right atrium.

=16 The Swan-Ganz Catheter: An Overview

1-17 The Swan-Ganz catheter provides for six independent though related
monitoring functions:

1) continuous monitoring of pulmonary arterial pressure (PA)

2) derivation of pulmonary capillary wedge pressure (PCWP)

3) continuous monitoring of CVP or right atrial pressure

4) continuous monitoring of cardiac blood temperature

5) calculation of cardiac output via the thermodilution technique
6) 1intracardiac drug infusion by bolus or IV

Figure l-7a depicts a 7 French Swan-Ganz catheter with its four lumens and
corresponding ports and orifices. Figure 1-7b details the distal end of the
catheter with the balloon inflated; Figure 1-7c details the catheter's cross
section. Paragraphs 1-18 through 1-26 describe the four catheter lumens and
the role they play in cardiac function monitoring.

1-18 THE DISTAL LUMEN

1~19 The distal lumen is the transmission path for changes in pulmonary
arterial blood pressure. During continuous PA monitoring the distal lumen
opening (Figure 1-7b) floats in the pulmonary artery with the associated
balloon deflated. The lumen is filled with heparinized normal saline or D5W
and interfaces with a standard transducer and a continuous flush device at
the distal port. Continuous flush is provided by pressurizing the bag

‘holding the D5W. During wedging (as explained below), the PA waveform

converts to provide left ventricular end-diastolic pressure.

1-20 THE PROXIMAL LUMEN
1-21 The proximal lumen serves three independent functions:
1) if fluid-filled with heparinized D5W or saline, it can be

transducer-interfaced for reading CVP or RA pressure, de-
pending upon where the proximal orifice is sited.

MENNEN MEDICAL INC,




Swan-Ganz Catheter

DISTAL PORT: CONNECTS TO TRANSDUCER SYSTEM TO MONITOR PA OR PCWP.

PROXIMAL PORT: t) CONNECTS TO TRAMSDUCER IF CVP IS MONITORED.
2) COUPLES TO INJECTATE SYRINGE IN C.0. CALCULATIONS PROCEDURES.
3) PERMITS INTRACARDIAL IV INFUSION.

THERMISTOR PORT: CONNECTS VIA ADAPTOR TO HORIZON C.O.
INPUT FOR C.0. CALCULATIONS

AND Tg MEASUREMENTS
TERMINATION OF

DISTAL LUMEN

THERMISTOR

FOR BALLOON
INFLATION

BALLOON INFLATED
(FIGURE 1-7b)

PROXIMAL LUMEN
ORIFICE

10 cm, MARKINGS/
Figure 1-7a.
DISTAL LUMEN
DISTAL
LUMEN
OPENING BALLOON LUMEN
THERMISTOR LUMEN
THERMISTOR
WIRES
PROXIMAL LUMEN
BALLOONK CROSS-SECTION
Figure 1-7b. Figure l-7c.

Figure 1~7. The Swan-Ganz Catheter.
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Saction 1. Hemodynamic Functions Derived in Swan-Ganz Monitoring

2) as a fluid port it allows injection of the injectate into the
right atrium via the proximal orifice during a C.O. calcula-
tion trial. The proximal port is coupled to a syringe for the
injectate bolus.

3) as a fluid port it permits bolus or IV medication to be intro-
duced into the right atrium through the proximal orifice.

1-22 THE BALLOON LUMEN

1-23 The balloon lumen is a column of air driven from a 3 ml syringe
which forces air into the balloon surrounding the distal end of the catheter
(Figure 1-7b). As explained below, the balloon is inflated with 0.5 - 1.5 ml
of air during PCWP derivation. During continuous PA monitoring the balloon
is kept deflated.

1-24 The balloon also serves to act as a float (H.J.C. Swan termed it a
*sail") during introduction of the catheter into the heart; when inflated,
the balloon draws the catheter from the right atrium through to the pul-
monary artery during systole.

1-25 THE THERMISTOR LUMEN

1-26 The thermistor lumen is a conduit for the wires (Figure 1l-7¢) which
carry bridge current from the monitor through the thermistor. The thermis-
tor rests in the pulmonary artery. Changes in thermistor temperature cause
changes in current. HORIZON 2000 utilizes a bridge circuit to scale
thermistor current values to equivalent blood temperature values. The
thermistor's principle role is detecting changes of blood temperature caused
by the injectate passing through the right ventricle during C.O. calculation
trials. Previous to sensing blood temperature changes, HORIZON determines
average blood temperature from the average thermistor current. The ther-
mistor lumen port is wired to a three-pin miniature connector to which the
HORIZON adapter cable is fitted.

1=27 The Swan-Ganz Catheter in PCWP Monitoring

1-28 As explained previously, a significant limitation of two-point
monitoring is the inability to read left ventricular diastolic pressure. The
Swan-Ganz catheter provides for interpreting end-diastole ventricular
pressure when the balloon is inflated and “wedged® in a pulmonary artery.
The reason that a balloon-wedged PA catheter yields left ventricular end-
diastolic pressure is revealed in Figure 1-8.

1-10 MENNEN MEDICAL INC.




Wedge~pressure Derivation

OCCLUDED PA
WAYEFORM ——
ool HORIZON 2000
LA WAVEFORM ‘; g BP3/BP4 INPUT
PA TRANSDUCER &5 556080 Q0 _él
SN LA
. TRANSDUCER
SWAN-GANZ CATHETER / Y NEEDLE
P
= v
| // ALVEOLI
4 DISTAL LUMEN —
LAl wy

Figure 1-8a.

CAPILLARIES

(>

Figure 1-8b.

[

INFLATED BALLOON
WEDGED IN SUPERIOR
PULMONARY ARTERY

)
27

DISTAL LUMEN

Figure 1-8. Wedge pressure reflect
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Saction 1. Hemodynamic Functions Derived in Swan-Ganz Monitoring

l=-12

1-29 In Figure l-8a it is imagined that the pulmonary artery has been
tied off below the tip of the distal lumen. The preasure sensed by the PA
transducer is, therefore, a reflection of left atrial pressure -- the
pulmonary system dnes nnt normally add a significant pressure gradient to
left atrial pressure. By the finish of the end-diastcle interval, blood has
flowed from the right ventricle through the pulmonary system and left atrium
into the left ventricle; pressure throughout is uniform. While the mitral
valve remains open, therefore, the displayed PA waveform and corresponding
pressure value represent left ventricular pressure. During systole, the
mitral valve closes, isolating the distal lumen from left ventricular
pressure increase; the ligature (as shown) isolates the distal lumen from
the right ventricular pressure increase normally seen in the PA waveform.
Therefore, throughout the cardiac cycle, the pressure in the isolated lumen
remains close to the left ventricular end-diastolic pressure (LVEDP).

1-30 As shown in Figure 1-8b, inflating the balloon while the catheter
is floating in the pulmonary artery will cause it to follow the blood flow
up into the arterial system where it will occlude, or "wedge," a principal
artery. If the balloon is kept sufficiently inflated so that it remains
stationary in the artery, the distal lumen will be isolated from right
ventricular contraction; the pressure on the display will be converted to
pulmonary capillary wedge pressure (PCWP).

1-31 Clinical Significance of Wedge Pressure Monitoring

1-32 Because PCWP reflects LVEDP (typically 6 - 12 mmHg) it is a good
index of left heart function. In conjunction with ART and PA it can narrow
down cardiac dysfunctions to ventricular, systemic, or pulmonary causes.
However, there are certain limitations in the relationship of PCWP and left
ventricular functions. Normally LVEDP and wedge pressure are approximately
equal. However, in cases of pulmonary congestion and edema PCWP will be
higher than LVEDP; a wedge waveform will not reflect LVEDP in the presence
of severe emphysema, for example,

1-33 Additional causes of elevated wedge pressure are mitral valve and
aortic valve stenosis or left ventricular failure. In these three instances
the right ventricle carries a greater portion of the cardiac load and left
atrial pressure will rise accordingly. Causes of elevated wedge pressures
may be further distinguished between left heart and pulmonary failure by
comparing them with diastolic PA pressures.

1-34 RELATIONSHIP OF DIASTOLIC PA AND PG®

1-35 The PA diastolic value, like the mean PCWP value, should be
relatively close to LVEDP -- typically in a range from 8 to 15 mmHg.
Generally the PA diastolic value is slightly higher (2 - 4 mmHg) than wedge
pressure, since the wedged lumen is measuring a pressure farther
*downstream.® This PA-wedge pressure relationship remains constant in the
presence of left ventricular disease or valvular stenosis. Thus if a

| MENNEN MEDICAL INC.




PCWP Waveform

ventricular failure causes PA diastolic pressure to rise from a normal level
of 15 mmHg to a level of 20 mmHg, wedge pressure will correspondingly rise
from 12 mmHg to L7 mmHg. It can be said that an equal rise in PCWP and PA
diastolic pressure indicates left-heart failure, especially in the presence
of decreased ART systolic values. '

1-36 In the presence of severe lung congestion, the corresponding
increase in diastolic PA pressure will be greater than the increase in PCWP.
This greater pressure difference results from the increased work the right
ventricle faces in forcing blood through constricted pulmonary capillaries,
During wedging, the distal lumen reflects only a portion of the pulmonary
back~-pressure seen in PA monitoring. The wedge pressure < diastolic PA
pressure differential will be greater than 5 mmHg in the presence of lung
disease, and both pressures will be elevated. Systolic PA will also be
substantially elevated above normal values.

1-37 It is important to keep in mind that mean PA should always be
greater than PCWP. If monitoring conditions indicate PCWP greater than PA,
the distal orifice may be clotted or lodged against the endocardium, among
other problems.

1-38 In summary, it may be said that an equal increase of PA diastolic
and weddge pressure indicates left heart failure; a greater increase of PA
diastolic pressure relative to wedge pressure indicates pulmonary failure.
In both instances wedge and PA pressures can be above 25 mmHg.

1-39 PCWP WAVEFORM

1-40 In the foregoing comparison of PA and PCWP values, the diastolic PA
pressure was compared with the mean PCWP. The mean PCWP value is the one
derived by the HORIZON patient monitor during wedge pressure averaging. The
waveform signal will typically vary only slightly (+5 mmHg) in a normal PCWP
waveform, if respiratory artifact is discounted (see Paragraph 1-41). It
will closely resemble the RA wavefrom (Figure 1-5) and be marked by a, c,
and v waves. Of particular significance is the v wave in the RA waveform:
mitral valve incompetence will allow blood flow into the left atrium during
ventricular systole. This will cause a sharply elevated v wave in the PCWP
waveform.

1-41 RESPIRATORY ARTIFACT IN PA ARND PCWP WAVEFORMS

1-42 During normal (unassisted) inspiration, pressure in the pulmonary
vascular system decreases; expiration causes a corresponding increase in
pressure (+ 5 mmHg). When the patient is on a ventilator, however, the
opposite effect is seen in the waveform -- forced inspiration increases PA
pressure — and the pressure deviation is typically greater (+ 10 mmig).

These pressure deviations can cause mlslnterpretatlon of the PA and PCWP
waveform. Proper waveform interpretation is discussed in Section 2.

MENNEN MEDICAL INC.
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Section l. Hemodynamic Functions Derived in Swan-Ganz Monitoring

1-14

i=-43 The Swan-Ganz Catheter in Cardiac Output
Monitoring

1-44 Although pressure readings in conjunction with the patient's BECG
provide substantial raw data from which cardiac function can be determined,
neither measurement technique provides direct evidence of the left vent-
ricle's pumping ability. This can be obtained by calculating cardiac output
via the thermodilution technique. During this calculation the Swan-Ganz
thermistor lumen is used first to measure average blood temperature and then
to sense the change in blood temperature as injectate flows past the
thermistor during right ventricular systole. The injectate is forced into

the proximal lumen by a syringe, and flows out the proximal orifice. See
Figure 1-S.

SWAN-GANZ™ THERMISTOR

THERMODILUTION
CATHETER

RIGHT VENTRICLE
VOLUME: 70 mi
(TYPICAL)

PROXIMAL ORIFICE:
INJECTATE

Figure 1-9. Swan-Ganz catheter inserted for thermodilution monitoring.

1-45 The specific interface of the Swan-Ganz catheter with the injectate
system and the HORIZON monitor is discussed in Section 3, Preparation and
Method for Calculating Cardiac Output. The discussion which follows
explains the correspondence between change of blood temperature occurring
during a thermodilution trial and left ventricular cardiac output.

1-46 The Thermodilution Curve and the Stewart-Hamilton Equation

1-47 Assume that a 10 ml bolus of DSW at 1% is injected into the right
atrium through the proximal orifice (Figure 1-9). The injection of a 10 ml.
bolus will typically require 3 - 4 seconds because of the narrow diameter of
the lumen. At a heart rate of 60 BPM, therefore, approximately 1/3 of the
injectate will be pumped through the right ventricle with each beat and some
injectate bolus will be added to the pulmonary artery and accumulate near

MENNEN MEDICAL INC.




Thermodilution Curve

the thelcmistor:‘k following each beat. The result will be a gradual cooling of
the thermistor over a time period of 4 - 5 seconds. In another four beats
the cooled blood supply will have been replaced by normal-temperature blood,
and the thermistor will be returning to its baseline temperature. Because
the injectate bolus is gradually admitted to and expelled from the pulmonary
artery, the changes of blood temperature will be a fairly uniform 4T/dt
(incremental temperature change per increment of time) progression, with the
lowest temperature point occurring 4 seconds following the injection. The
dT/dt progression is plotted in Figure 1-10.

Tin°C

36.2° 4.

36.4° L

36.6° L

36.8° |

° 1 s L i
37 i J <+ + 4

INJECTION/‘ 2 3 4 5 6 7 8 9 10
STARTS tin seconds

Figure 1-10. Normal thermodilution curve (C.0. = 5.0 L/min.).

1-48 = Note that the Y axis of the curve is plotted as a function of
decreasing temperature. This is a convention in thermodilution curve repre-
sentation. The peak temperature change is only 0.7% because the volume of
blood pumped by the right ventricle is only slightly diluted (3.3 ml of
injectate per beat cooling 70 ml in the right ventricle).

1-49 Now assume a patient with significant left ventricular failure,
reducing the left ventricle's pumping ability by 50%. Figure 1-11 shows the

resultant thermodilution curve plotted along with the normal curve from
Figure 1-10.

1-50 During systole the right ventricle sees an elevated PA diastolic
pressure because left atrial end diatolic pressure has been elevated due to
the left ventricle's inability to pump out the normal volumes of blood.
This results in the injectate being captured in the pulmonary artery for a
longer interval, with subsequently increased thermistor cooling. Note also
that the return to baseline temperature takes substantially longer than the
initial change due to thermodilution because the injectate transfers more

rapidly into the pulmonary artery than it exits from it.

*

The ventricle does not completely empty during systole, but delivers
an ejection fraction of the ventricular contents. For purposes of clarifi-
cation, this fraction is assumed to be 1.0.

MENNEN MEDICAL INC.
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Section l. Hemodynamic Functions Derived in Swan-Ganz Monitoring

Tin°C
358"} N LOW C.O.
Y N CURVE
[
36.0° | 4 AN
/ N
/ N TRUNCATION
36.2° L / AN POINT: ATg
/ =g~ " P\ RETURNSTO 70%
. / .. OF BASELINE Tg
36.4° | N
. / NORMAL///’ N
36.6° L / C.0. CURVE ~N
N\
~N
368° L i
|
i
37° . . L ! .
L] ] 1 L 1 1] ¥ 1 T
1 2 3 4 5 6 7 8 g 10
INJECTION .
STARTS t in seconds

Figure 1-11. Thermodilution curve of patient with low C.O. (2.6 L/min.)

1-51 It can be seen from the above examples that cardiac output is
inversely proportional to total thermodilution change, which is represented
by the area under the thermodilution curve. The Stewart-Hamilton equation
relates the area under the thermodilution curve to cardiac output in liters/

minute:
c.o. = (1.08) x (K) x (60) x (Vp) x (T - Ty)
1.22/0‘radt
WHERE : 1.08 = ratio of density x spec. heat of 5% dextrose to density
x spec. heat of blood
K = injectate correction factor. See Paragragh 1-53
60 = converts C.0. to Liters/minute
VI = volume of injectate in Liters
TB = baseline blood temperature in °c
T, = temperature of injectate. See Paragraph 1-53
_['TBdt = area under thermodilution curve from point of baseline

change (0) to time (t) when curve returns to 70% of
baseline TB' See Paragraph 1-52.

1.22 = trupgcation correction factor. See Paragraph 1-52
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K-factor

1-52 The constant 1.22 in the denominator of the equation is not part of
the Stewart-Hamilton equation, but is a modification to shorten the time of
calculation. Since the thermodilution curve decays exponentially, the
calculation .s truncated when the T value returns to 70% of baseline.

MENNEN MEDICAL has assigned the factor 1.22 as a constant to represent the
truncated portion of the thermodilution curve (see Figure 1-11),

1-53 The injectate is warmed as it passes thrdugh the Swan-Ganz
catheter. The degree of warming is a function of catheter French size,
injectate volume, and injectate temperature. The K factor effectively

reduces the TB - TI differential, since the TI value is derived from
injectate temperature before injection. The HORIZON patient monitor

automatically provides the correct K factor for injectate temperature,
catheter French size, and injectate volume for both Edwards and Spectramed
separate-bath catheters. Injectate temperature is continuously monitored;
injectate volume and French size are operator-entered. Table 1-2 lists a
sample of K factors for various injectates parameters using either separate-
bath injectate system. A full chart of K-factors for corresponding injectate
systems is provided in Section 3.

N TATE !NJkINJ FRENCH#S&S& FRENCH #7 FRENCH#75
T'E B‘AJIE%AN Ge | TMP VoL K-FACTOR K-FACTOR K-FACTOR
(*C) {(ml) |[eDWARDS [SPECTRAMED| EDWARDS | SPECTRAMED | EDWARDS | SPECTRAMED
10 .899 - - .837 566 .870 566
CHILLED 0-5 5 .841 279 .764 270 793 270
3 .788 .160 .681 151 736 161
10 .925 - - .892 628 .898 628
NON-CHILLED j19-22 5 .801 316 .846 309 854 308
3 - - .188 792 .180 802 .180
10 953 - - 919 - - 837
23-25} 5 .948 - - .888 - - .804
3 909 - - .851 - - 874

Table 1-2. K-factor chart for Edwards and Spectramed Separate-bath Injectate
System.
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Section 1. Hemodynamic Functions Derived in Swan-Ganz Monitoring

1-54 The calculation of cardiac output for a given patient is subject to

a number of variables that affect the thermodilution curve.
causes of unreliable C.0. calculations can be listed:

Saven principal

1. Thermistor position: the monitor must be checked to verify
that the distal end of the Swan-Ganz catheter has not migrated
to the intima or otherwise inhibited the lumen's patency.
Also, if the thermistor is at too distal a location in the

pulmonary artery, insufficient ATB may result.

2. Change in cardiac rhythm: sudden changes

in systolic

intervals, such as those associated with couplets or PVC's,
will cause erratic changes in C.0. values. Note that the
Swan-Ganz catheter itself can be a cause of right ventricular

PVC's.

3. Motion . of distal lumen: the thermistor should remain
stationary. "catheter whip" -— typically caused by cardiac
pumping -- results in varying TB values. On patients who are

ventilator-assisted, forced inspiration may also cause Ty

variation or uneven thermodilution bolus mixing.

To insure

consistency on ventilated patients, injection should take

place during end-expiration.

4. Change in patient position: changing the patient's supine
angle or limb position may affect venous return and corres-

ponding thermodilution effect.

5. Variation in injectate temperature or blood temperature: the
latter factor is especially significant for those patients
just returned from cardiac surgery, since suppressed chest

cavity temperatures are returning to normal.

6. Changes in medication: these are especially significant as
they relate to changes in blood pressure and venous return.

7. Injectate technique: very slow as opposed to rapid injections

prolong and flatten the thermodilution curve.

As explained in Section 3, the HORIZON patient monitor applies certain win-
dows of acceptance toATB, TB' and TI during a C.0. calculation to determine

whether variations outside of acceptable limits for reliable calculation
have occurred. However, the windows are wide enough to allow substantial

variations between successive C.O. calculations; for this reason,
C.0. trials are usually run before a C.O. value is accepted.

1-18 MENNEN MEDICAL INC.
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Clinical Applications

1-55 CARDIAC INDEX

1-56 C.0. 18 proporctional to the patient's physical size. To obtain a
relative comparison between patients c<f 2iffsrent height and weight, the
C.0. is divided by body surface area (BSA) to obtain the Cardiac Index. BSA
is calculated by the DuBois and DuBois formula:

Bsa = w-4B ; 0-75 | 4 007184
Body Surface Area (Mz)

Weight (kg)
Height (cin)

T =
Wi n

HORIZON automatically calculates BSA and corresponding cardiac indexes if
the patient's heigint and weight were entered previous to C.0. calculation.

1-587 Clinical Application of Hemodynamic
Measurements

1-54 The Swan-Ganz catheter pecrmits the physician to obtain right ven-
tricular cardiac output and LVEDP, as well to continuously monitor PA and
CVP. Because PA pressure reflects forces in the arterial system due to both
vascular tone and cardiac output, the apility to independently determine
C.0. Dby the thermodilution technique provides further information as to
whether abnormalities 1in PA pressure are related to left ventricular or
systemic problems. Consider Taole 1-3,

CAUSES SYMPTOMS
PA C.0. ART
Hypertension T — T
Hypervolemia T t T
Lett Ventricular 1 1 i
Infarct
Pulmonary tdema T —_— —
Mitral Stenosis t l .
LBEGEND: = elevated
= npormal
= reduced

Table 1-3. Causes of elevated PA pressure and correlative hemodynamics.

MENNEN MEDICAL INC.
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Section l. Hemodynamic Functions Derived in Swan-Ganz Monitoring

1-20

Table l-3 shows five causes of elevated PA pressure. Comparison of PA with
ART demonstrates that the same symptoms (e.g., elevated PA and ART) appear
from quite different causes. Note however that a comparison of PA, ART, and
C.0. provides a unique symptom chaii for sach cause.

1-59 STARLING'S LAW AND HEMODYNAMIC MEASUREMENTS

1-60 A properly functioning heart should obey Starling's Law: an
increase in diastolic filling produces a corresponding increase in cardiac
output. In critically ill patients, however, Starling's Law will not operate
in all cases: as venous return increases, the heart is unable to increase
C.O. Appropriate therapeutic intervention is based on that procedure which
returns the cardiovascular system to the efficiency level necessary to
permit C.O. to emulate atrial filling. The relative efficiency of a given
cardiac system can be judged by plotting C.O. against PCWP, since wedge
pressure corresponds to end-diastolic pressure. This plot is shown in Figure
1-12 for a patient with mitral stenosis.

SOL NORMATIVE ‘ VENTRICULAR QUTPUT
C.O.inL/M RESPONSE i FAILURE
40} e
/” ' RN
» N
30 b ,’, ‘ \
\

o N
20L \‘
1.0

5 10 15 20 25 30
PCWP in mmHg

Figure 1-12. Starling Curve of a Patient with Mitral Valve Stenosis.

The increase of PCWP shows normal cardiac response until the defective
mitral valve starts cutting back on ventricular filling while simultaneously
increasing atrial pressure. Heart rate will also increase (following
Starling's Law), adding further mitral stress and increasing stenosis due to
trauma. Therapeutic intervention is required under stress conditions to
return the patient to a safe region of Starling's Curve until appropriate
medical treatment is determined.

1-61 BLOOD VISOOSITY AND ITS EFFECT ON VENTRICULAR FUNCTION
1-62 Another significant factor in cardiac efficiency is the viscosity

of the blood. With highly viscous blood (blood with a high concentration of
red blood cells), more work is required to push the blood past the intima,
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Derived Hemodynamic Parameters

thus increasing the afterload on the heart. Also, increased viscosity tends
to aggravate maldistribution of red blood cells (erythrocytes) at the cap~-
llary branches. This can lead to anoxia of the tissue, which will result in
_ncreased blood-flow demand and a corresponding increase in heart race. Thus
high-viscosity blood decreases cardiac efficiency by increasing afterload
nd simultaneously increasing heart rate.

1-63 Several techniques are used for reducing afterload by reducing
riscosity, including hemodilution (thinning the blood with plasma), and
lefibrination (fibrin is the agent that links erythrocytes together; fibrin
Levels correspond to viscosity). With hemodilution, the total blood volume
is increased, which also causes a corresponding increase in filling pressure
PCWP) .

1-64 A measure of blood visocity is the percentage of hematocrit. Hema-
:ocrit is the percentage concentration of erythrocytes in a given volume of
)lood. The normal hematocrit concentration is 35 to 40%. It can be seen that
the higher the percentage of hematocrit, the greater the viscosity of the
hiood. For a given wedge pressure, a decrease in viscosity will lower the
ifterload on the heart and thereby increase cardiac output, without increas-
ing heart rate. This change of efficiency is represented in Figure 1-13; the
lower curve reproduces the Starling curve for the patient in Figure 1-12;
:he upper curve represents the relationship of C.0. and PCWP at a lower
7iscosity level.

NORMATIVE | VENTRICULAR OUTPUT

5.0} RESPONSE | FAILURE
CO.inL/M e
40} Poie . STARLING CURVE
NPTl Bt N FOR 35% HEMATOCRIT
T R ! 'Y
3.0} ¢ < STARLING CURVE
s N FOR45% HEMATOCRIT
20} )
1.0L

5 10 i5 20 25 30
PCWP in mmHg

o

Figure 1-13. Starling Curve of a Patient with Mitral Valve Stenosis for Two
Levels of Hematocrit. -
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1-65 I1f cardiac index (C.0./BSA) is plotted as a function of both
hematocrit and wedge pressure, and both are altered in steps (through hemo-
dilution, for example) a WVC plot -- Wedge pressure, Viscosity, Cardiac
index —- can be graphed which will represent charges in cardiac output
resulting from a decrease in viscosity. This is represented in Figure 1-14,
the WVC plot. Note that hemodynamic and oxygenation data are listed for one
point in the plot. Successive hemodilutions should generate successive data
tables which indicate reduction in afterload and improvement in oxygen
delivery. Thus, as the blood is diluted progressively in Steps 2, 3, and 4
in Figure 1-14, one would anticipate a decrease in systemic resistance, a
decrease in heart rate, and an increase in oxygen consumption.

cL= .
L/M + BSA HCT%
% HEMATOCRIT HRT o8
ot ART MEAN 112
A1 Cl. @ 20 mmHg PWP 130% pAMEAN 20
and 32% HCT CVP MEAN 7
o8l PCWP 16
) HEMATOCRIT 41
254 4 40% BSA 1.8
SV 40.4
22} TSR 2262
m @ A 2 oad
PVR 1
19+ T45% 0, AvaIL 840
05 CONSUMP 260
O3 EXTRACT  30.9

10 12 t4 16 18 20 22 24

M XY DATA
PCWP in mmHg POINT 2 HEMO/O

Figure 1-l14. WVC Plot and One-point Data.
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1-66 The HORLIZON 2000 Patient Monitor equipped with Option -003, Data
Management, provides for ventricular function analysis via both Starling
curves and WVC plots. The procedure for obtaining these graphs is explained
in Section 4: Ventricular Function Analysis.

1-67 Derived Hemodynamic Parameters
1-68 SYSTEMIC RESISTANCE
1-69 Since blood pressure is a measure of pumping force and C.O. is a

measure of blood flow, the systemic resistance (SR) will always be a ratio
of pressure and C.O. This parallels Ohm's Law:

R = B
I

Specific resistances can be obtained by measuring the difference between two
pressure points and dividing by C.O.

1-70 STROKE VOLUME AND STROKE WORK

1-71 Stroke volume -~ the amount of blood output by the ventricle during
each systole -- is obtained by dividing C.O. by heart rate. Differing stroke
volumes for patients of different size may be correlated by dividing S.V.
by BSA, which yields Stroke Index (similar to Cardiac Index — see

Paragraph 1-55).

1-72 Stroke work is the product of blood pressure and stroke volume. It
corresponds to the electrical Formula: P = EI. Stroke work may be specified
for left or right ventricles by factoring in the appropriate pressure. If
C.0. is substituted for S.V. as a factor, the product is cardiac work, which
is proportional to heart rate.

1=73 Hemodynamic Function Table

1-74 Table 1-4 (Page 1-23) lists the hemodynamic functions mathemati-
cally derived from ART and Swan-Ganz measurements in conjunction with heart
rate. An optional Data Management Package (260-OPT-003) available with the
HORIZON Patient Monitor automatically performs the calculations listed in
Table 1-4 if the required parameters are monitored or manually entered.

1-75 In addition, the HORIZON monitor automatically calculates the most
commonly used hemodynamic parameters and displays them following acceptance
of C.0. Calculations in a Hemodynamic Summary. An example of the Summary is
presented in Figure 1-15.

1-76 ‘Specific instructions rzlative to obtaining hemodynamic parameters
from the HORIZON Patient Monitor are provided in Section 3.
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Figure 1-15. Hemodynamic Summary.

MENNEN MEDICAL INC.




Table of Hemodynamic Parameters

HEMODYNAMIC FUNCTIONS
PARAMETER ABBREV BQUATION Moo AL UNITS
W

Heart Rate HRT beats/min
krterial Blood Pressure ART g

Systolic

Diastolic

Maan MAP mmilg
Pulmonary Artery Pressure PAP mmiig

Sysuolic

Diastolic

Maan MERP mmig

Waedge pCwe nndly
Central Venous Pressure BP3 mig
Haxght Ht cm
Waight Wt Kg
Body Surface Arsa BSA mz
Caraiac Output ® (1.08(60)V K(T,-T;))/1.22 /Tat 4-7 L/min

1.22 1dt
Cardiac ‘Index o4 ¢ CO/BSA 3-4 [./mj.n/m2
Stroka Voluoe sV (CO/HRT) x 1000 50-115 ml/beat
Stroke Index st (CI/HRT) x 1000 35-70 ml/beat/m’
Total Systemic Resistance TSR 80 MAP/CD dyne s<-:<:/<:m5
Systemic Vascular Resistance SVR 80 (MAP-cvP)/cot) 770-1500 |  dyne sec/cm’
Systemic Vas. Resistance Index SVRI 80 (MAP-CVP)/CI dyne sec m2/cn5
Pulmonary Vascular Resistance PVR 80 (MPAP-PWG)/CO 20-120 dyne set:/cul5
Pulmn. Vas. Resistance Index PVRI 80 (MPAP-PWG)/CI dyne sec mZ/cmS
Latt Cardiac Work LOW @ x MAP x 0.0136 kg o
Left Cardiac Work Index LOWI LOW/BSA 3.6~4.4 kg ll/lll2
Left Ventricular Stroke Work LVSW SV(MAP - PWP) x 0.0136 qu m
Left Ventric. Stroke Work Index | LVSWI | SI(MAP - PWe) x 0.0136 45-57 g w/n’
Right Cardiac Work RCW QO x MPAP x 0.0136 ke
Right Cardic Work Index ROMI CI x MPAP x 0.0136 0.44-0.56 Xy w/n
Right Ventric. Stroke Work RVSW SV x MPAP x 0.0136 gm B
Rt. Ventric. Stroke Work Indsx RVSWI SI X MPAP X 0.0136 5~7 gm n/nz
1) .

NOTES: Where (MAP - CVP)/CO = mmHg/L/min

Table 1-4. Calculation of Hemodynamic Parameters,
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Glossary of Terms

Glossary of Terms

Terms helow are derived in part from:
Taber's Cyclopedic Medical Dictionary, F.A. Davis, 1981.

algorithim —

alveoli -

arterioles -

artifact -

aspiration -

bolus -

cardiac work ~

cathater -

catheter whip -

A procedure for solving a mathematical problem
in a finite number of steps that frequently
involves repitition of a procedure or reitera-
tion of steps.

Plural of alveolus. A small hollow. A pulmona
alveolus is one of the terminal sacules of an
alveolar duct where gasses are exchanged in
respiration.

A minute artery, esp. one which, at its distal
end, leads into a capillary.

Anything artificially produced. In histology
and radiography, any structure or feature
produced by the technique used and not occurring
naturally.

Aspiration; to draw in or out by suction.

A mass of masticated food ready to be swallowed.
A rounded preparation of medicine for oral
ingestion. A concentrated mass of a diagnostic
substance given intravenously, such as an opaque
contrast medium, or an intravenous medication.

The product of blood pressure and cardiac out-
put, expressed in Kilogram—meters.

A tube passed through the body for evacuating or
injecting fluids into body cavities. Made of
elastic, elastic web, rubber, glass, metal, or
plastic.

Uncontrollable motion of a catheter within the
pulmonary artery.
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couplet -

cubital fossa -

dicrotic notch -

distal -

ectopic —

embolism —

end-expiration —

endocardiuvs -

erythrocyte -~

exhalation -

A pairing of a premature systole and normal
systolic beat, just following the normal beat.

Triangular area lying anterior to and balow the
elbow, bounded medially by the pronator teres
and laterally by the brachioradialis muscle.

In a pulse tracing, a notch on the descending
limb,

Farthest from the center, from a medial line, or
from the trunk. Opposed to proximal.

In an abnormal position. Opposite of entopic.
With reference to the endocardium, relates
specifically to foci abnormally positioned,

" causing abnormal intervals between beats.

A local or generalized condition in which the
body tissues contain an excessive amount of
tissue fluid.

Obstruction of a blood vessel by foreign
substances or a blood clot. Diagnosis depends
upon predisposing factors. Arteriosclerosis
favors a diagnosis of thrombosis while atrial
fibrillation, bacterial endocarditis, or throm-
bophlebitis point to embolism. Embolism is
usually due to blood clots.

Interval following exhalation when no further
decrease in tidal volume takes place previous to
inhalation.

Serous lining membrane of inner surface and
cavities of the heart. It is continuous with
the intima or interior coat of arteries.

A mature red blood cell or corpuscle.

The process of breathing outward; emanation of a
gas or vapor.
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French scale -

hematocrit —

heparinize -

hypervolemia -~

hypovolemia —

infarct —

inspiration -

intima -

ligature —

Luer-Lok fitting —

luman -

Glossary of Terms

A system used to indicate the outer diameter of
catheters. Each unit on the scale is approxi-
mately equivalent to 0.33 mm (French size 7 is
2.2 me diameter catheter).

The volume of erythrocytes packed by centrifuga-
tion in a given volume of blood, expressed on a
percentage of total volume.

To inhibit coagulation of blood with heparin.

Plethora of blood; abnormal increase in the
volume of circulating blood.

Insufficiency of blood; opposite of hyper-
volemia.

An area of tissue in an organ or part which
undergoes necrosis following cessation of blood
supply. May result from occlusion or stenosis
of the supplying artery or more rarely from
occlusion of the vein that drains the tissue.

Inhalation; drawing air into the lungs.

Innermost coat of a blood vessel. SYN: tunica
intima.

Process of binding or tying. A band or bandage.
A thread or wire for tying a blood vessel or
other structure in order to constrict it. Cord
or material used may be catgut, q.v., synthetic
suture materials such as nylon or dacron, dan-
garoo gut, polyglycollic acid, and natural
fibers such as silk or cotton. Some times
strips of fascia obtained from the patient are
used as a ligature.

A glass syringe fitting made to permit rapid and
firm attachment of the needle. '

The space within an artery, vein, intestine, or
tube,
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myocardivm -

orifice -

patency -

proximal -

pulmonary stenosis -

PVCas —

radial artery —

semilunar -

Starling's Law of -

heart

stroke volume -

stroke work -

sub~clavian vein -

The middle layer of the walls of the heart,
composed of cardiac¢ muscle.

Mouth, entrance, or outlet Lo any dapercure.

The state of being freely open.

Nearest the point of attachment, center of the
body, or point of reference. Opposite of
distal.

Narrowing of the opening into the pulmonary
artery from the right cardiac ventricle.

Ventricular extrasystolic beats. They occur
after a normal contraction of the ventricle has

ceased, usually followed by a long compensatory
pause,

Small artery extending along the inner forearm
branching into the hand.

Shaped lika a crescent. Referent to the shape
of tne pulmonary valve.

The force of the heartbeat is determined prim-
arily by the length of the fibers comprising its
muscular wall; an increase in diastolic filling
increases force of heartbeat.

The amount of blood ejected by the left ventri-
cle at each beat. Amount varies with age, sex,
and exercise.

The product of blood pressure and stroke volume,
expressed in gram—meters.

Large vein draining arm. It unites with the
interior jugular to form the innominate vein.
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thrombosis -

thro=bus -

tidal -

transducers -

tricuspid vaive -

truncate -

vasculature -

vaena cava —

ventilator -

Glossary of Terms

The formation, development or existence of a
blood clot or thrombus within the vascular
system.

A blood clot that obstructs a blood vessel or a
cavity of the heart. Anticoagulants are being
used in prevention and treatment of this con-
dition.

Periodically rising and falling, increasing and
decreasing.

A device which converts one form of energy to
another. Used in medical electronics to receive
the energy produced by sound or pressure and
relay it as an electrical impulse to another
transducer which can either convert the energy
back into its original form or make a record of
it on a recording device.

Right atrioventricular valve.

Having a square end as if it were cut off;
lacking an apex. To shorten by cutting off the
end; to amputate.

The arrangement of veins in the body or any pact
of it, including their relationship and func-
tions.

The principal vein draining the upper portion of
the body. It is formed by the junction of the
rigr.t and left innominate veins and empties into
the right atrium of the heart.

A mechanical device for artificial ventilation
of the lungs. The mechanism may be hand
operated or machine driven, and in. the latter
case may be automatic.
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Section 2

Deriving
Pulmonary
Capillary
Wedge
Pressures

2-1 Introduction

2-2 This section provides instructions on insertion of the Swan-Ganz
catheter for PCWP and C.O. monitoring, as well as operating procedures for
PCWP derivation with the HORIZON 2000 patient monitor. In addition,
clinical precautions (Paragraph 2-34 ff.) describe common problems in
obtaining wedged pressure waveforms.

2-3 Swan-Ganz Catheter Insertion and
Monitor Set-up

2-4 Initial Steps
2-5 CATHETER PREPARATION

2-6 Flush heparinized saline or D5W through all ports. The PA trans-
ducer (distal lumen) should be saturated with solution, as should the CVP
transducer (proximal lumen), if CVP is to be monitored. If CVP is not to be
monitored, proximal lumen patency will be maintained by continous flushing

at a minimum flow rate. Insure that there are no air bubbles in the
Intraflow chamber.
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Section 2. Deriving Pulmonary Capillary Wedge Pressures

2-7 Attach the distal and proximal ports to stopcocks and flush,
Throughflush distal and proximal lumens to ensure patency. After flushing,
submerge the catheter tip in a basin of sterile saline or water to maintain
surface lubrication. Alternately, the catheter tip may be wiped with a
sponge wetted with saline just previcus to insortion.

2-8 With the catheter tip submerged in the basin of water (Paragraph

2-7):; inflate the balloon with approximately 1.0 mlt of air to test for
leaks. Be alert for air bubbles. Obtain another catheter if air bubbles
appear around the ends of the balloon where they surround the catheter tip.
Deflate the balloon following confirmation of balloon integrity. The
catheter is now ready for insertion.

2-9 PATIENT MONITOR SETUP

2-10 The following monitoring set-up procedure assumes familiarity with
operation of HORIZON 2000 patient monitors. However, cross reference is
made throughout to relevant instructions (Tab numbers) in the HORIZON 2000
User's Guide. 1If the operator is not familiar with HORIZON 2000's inter-
actions, the User's Guide should be at hand before continuing. For complete
product familiarity, it is recommended that the operator carefully review
Section 7, Deriving PCWP/C.O., of the HORIZON 2000 Operating Manual.

2-11 Before insertion of the Swan-Ganz catheter the HORIZON should be
displaying the patient's EQG and Resp waveforms (User's Guide, Tab 4). The
HORIZON can simultaneously monitor ART and PA waveforms, in addition to EQG
and Resp.

2-12 In clinical situations where ART and PA are being monitored on BP
inputs 1 and 2, and CVP monitoring is additionally desired via the proximal
lumen, the HORIZON 2200 Monitor permits the addition of CVP via BP input 3
or 4 (User's Guide, Tab 6). HORIZON 2100 also permits intermittent
monitoring of CVP by substituting proximal lumen pressure for distal lumen
pressure.

2-13 Display the ECG waveform on Lead II (unless another lead provides a
better QRS) in Display Field 1 and Respiration in Display Field 2 (User's
Guide, Tab 5). Display Fields 3 and 4 will provide an expanded PA waveform.

Press |ponchons| ¢ then | SR | . Fields 3 and 4 will reformat to pre-

sent the PA channel waveform scaled for 0 - 50 mmHg (Figure 2-1). This
waveform will be used to follow the progress of the catheter through the
cardiovascular system. Zero the transducer before inserting the catheter

(User's Guide, Tab 7).

* »
With narrower Swan-Ganz catheters (less than 7 French), balloon size
will require smaller air volumes. Check manufacturer's specifications

before inflation.
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Catheter Insertion

2-15 The physician will insert the catheter at the insertion site and
advance che catheter the appropriate distance. based on site of insertion.
Table 2-1 shows typical insertion lengths at corresponding sites.

SITE INSERT LENGTH (IN CM)
Left cubital fossa 50 cm
Right cubital fossa 40 cm
sub-clavian or jugular 15 cm

Table 2-1. Catheter Insertion site/length of catheter inserted.

2-16 The cathet:r should now be in the vicinity of the right atrium.
Observe the waveform in the PA field (Fields 3 and 4) to confirm entry of
the catheter into the right atrium. Pressures should be nominally in the

1l - 20 mmHg range; the RA waveform will usually present a, ¢, and v waves.
Note Figure 2-1.

50 = - - - - - - -

Figure 2-1. Right atrial waveform.
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Section 2. Deriving Pulmonary Capillary Wedge Pressures

2-17 Now 1nflate the balloon to its recommended volume (typically
1.0 ml). 15 <n of catheter is advanced to permit the balloon to be carried
throujn to the pulmonary artery. The catheter tip will initially be drawn
from the right atrium into the right ventricle through the tricuspid valve.
Passaye through this valve can incite right ventricular PVC's: observe the
ECG wavetorm for actopic events. The balloon should advance through the
pulmonary valve Jduring systole. The waveform will show a relatively rapid

sequential conversion from the right atrial to the right ventricular to the
PA waveform (Figure 2-2).
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Figure 2-2. Change 1n distal lumen pressure waveform as catheter advances.

2-13 Right ventricular end-diastolic pressure (RVEDP) should be the same
as right atrial pressure. Pulmonary arterial end-diastolic pressure is
typically 5 mmHg above RVEDP because of left-atrial back pressure. How-
ever, nigher pressure differentials can be present in cases of pulmonary
conyestion or edema.

2-19 If the waveform does not convert from RA to RV to PA, the distal
orifice may be trapped in the right ventricular endocardium, or the catheter
may have looped on itself, preventing passage through the tricuspid or
pulmonary valve. Note Figure 2-3. If 15 cm of catheter have been advanced
and the pressure signal has not fully converted to the PA waveform, the
balloon should be deflated and the catheter should be carefully withdrawn.

If resistance to withdrawal is experienced, an X-ray

should be taken to confirm the catheter's position. The
catheter is radio—opaque.
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Problems in PA Monitoring

Figure 2-3. Kinking in Right Ventricle.

2-20 The cathetec 13 positioned for continuous PA monitoring when the
pressure waveform displays typical PA values. If the balloon is maintained
in its 1ntlated state, the catheter will be drawn into the pulmonary artecy
until wedging occurs., Conversion to a wedy2 pressure waveform confirms
appropriate positioning of the catheter. See Figure 2-7. It is assumed
hare that the wedge pressure waveform is obtained solely for purposes of
establishing catheter position. If 1t is further desired to derive mean
PCWP, see Paragraph 2-23. The oalloon should then be permitted to passively
deflata (see Paragraph 2-21). PA is thereafter continuously monitorad.

Press to return to the main menu.

Continuous monitoring conditions should be observed for four possible
problems:

1) ARRHYTHMIAS: The EQ; wava2form should not indicate the
presence of PVC's or other severe ectopic events. Runsg of
right venticular PVC's in particular will substantially
elevate PA readings; left ventricular PVC's will alter wedge
pressure,

2) RESPIRATORY ARTIFACT: The balloon should be relatively
stationary. Some respiratory artifact is always present in PA
and PCWP waveforms. Note Figure 2-4.

so= - - - - - - - =~ = = ==

5 mmHg
DEVIATION

IN
1=  SYSTOLIC
PEAKS
DUETO
RESPIRATORY
ARTIFACT.

0

Figure 2-4. Variations in PA Waveform Dus to Respiratory Artifact.
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Section 2. Deriving Pulmonary Capillary Wedge Pressures

HORLZON 2000 Patient Monitors employ a unique filtering
algorithm which minimizes the effect of respiratory artifact
on the derived PA values (systolic, mean, diastolic).
However, for best PCWP derivaticii, ovérall deviation of the PA
waverorm due to respiratory artifact should not exceed +5
inmHg . If the patient's breathing is being supported by a
ventilator, forced inspiration should be maintained at the
minimum necessary tidal volume.

NOISE AND RINGING. Some noise is always present in the PA
wavaform because of the high sensitivity of the amplifier
setting necessary to observe the PA waveform. However,
excessive catheter whip -- due to balloon location too close
to the pulmonic valve — or small air bubbles in the distal
lumen will cause excessive ringing, as shown in Figure 2-5.
Consult the Troubleshooting Chart (Section 4) for procedures
to reduce noise.

50— = - =T - - - - - = = -

Figure 2-5., Excessive Ringing in PA Waveform.

4.

DAMPED WAVEFORM. The RV waveform will typically show a
pressure differential ot 25/0; the corresponding PA dif-
ferential will approximately 20/10 (Figure 2-2). If RV and PA
waveforms are not clearly differentiated on passing through
the pulmonary valve, or if the waveforms are flattened, there
may be air buboles oc clots in the catheter, or the catheter
may be wedged. Additionally, if pressure bags (or infusers)
are below regquired pressure, clotting may develop in the
catheter. See the Troubleshooting Chart (Section 4).

If a damped waveform appears in place of the PA wave-
form, deflate the balloon immediately. Do not fast-flush
the catheter to remedy clotting; this can cause

pulmonary embolism.
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Obtain Wedge Pressure

2-21 DBFLATING THE BALLOOR

2-22 fhe palloon will deflate by itself (passive deflation) if syringe
pressure is resleased by the operator. The operator should allow balloon
deflation to occur passively, rather than manually withdrawing the syringe
plunger.

2-23 Obtaining the Wedge Pressure

2-24 The following procedure incorporates the operating instructions in
the HORIZON 2000 Operating Manual. For rapid familiarization, reference is
made to the HORIZON 2000 User's Guide. A copy of this guide may be kept at
the HORIZON 2000 bedside.

2-25 Unless the display is already formatted for wedge pressure deri-

vation (Figure 2-6) enter the wedge pressure program by pressing Foneanes | o

then l DERIVE (User's Guide, Tab 3). The PA waveform will occupy both

CO/PCWP
Fields 3 and 4 (Figure 2-6).

58- . - . - . . - . . - . . - . . - . . . . HP
@9- -

NAAAY

Yerify correct catheter plocesent and press beain for

Rofiian D%

CARDIFC
AT

Figure 2-6. HORIZON 2000 PCWP Display Format.

If a valid PA waveform is present, and pressures are within a window of
0 - 40 moHg, the operator may advance to wedging. However, if the PA sys-
tolic peak is above 50 mmHg, pulmonary congestion or left ventricular
failure may be present, and the wedged pressure waveform may also not lie in
the 0 - 50 mmHg field. Select the 25 - 75 mmHg scale in these instances.
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“1 2. bLeriving Pulmonary Capillary Wedge Pressures

2-26 RECOBDING THE WEDGED WAVEFORHM

2=27 The PCWP waveform will be recorded during the wedging procedure

- ® ;
automatically, if 3o configured. Record speed is either 12.5 mm/sec or
25 mm/sec, as selected (User's Guide, Tab 8). The recording will run fol-

lowing depression of the| BeGin key, until the‘ FREEZE lkey is pressed.

2-28 WEDGING THE PULMONARY ARTERY
2-29 When the appropriate range has been selected for the wedge waveform
(Paragraph 2-25), press BEGIN (User's Guide, Tab 8). Begin inflating

the palloon with air; the catheter will advance from blood flow. Observe the
PA waveform. As the balloon floats into an arterial branch, it will lodge
in and occlude (wadge) it. The PA waveform will convert to the wedge
waveform.

507 = = - - - = = - - - ===~ - - - - = -PWP

PA WAVEFORM

PCWP WAVEFORM

0

Figure 2-7. Conversion of PA to PCWP Waveform.

If the balloon does not lodge in an arterial branch following inflation, an
X-ray should be taken to ascertain catheter position.

2-30 Wwhen the wedge condition 1is obtained, press FREEZE and

IMMEDIATELY DEFLATE THE BALLOON (CAUTION: ALLOW PASSIVE DEFLATION — SEE
PARAGRAPH 2-21) . The wedge waveform will remain frozen on the display, and

the level at which the PCWP is derived will be marked by a red cursor. The

PCWP value will appear above the ACCEPT key. If it is desired to

obtain the PCWP value from a point on the wedge waveform other than the mean
level indicated by the red cursor, use [z ] and [[A& ] keys to alter the

cursor position.

*
Reference HORIZON 2000 Operating Manual, Page 8-32, for HORIZON PCWP
configuration settings.
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Clinical Precautions

2-31 The ability to shift the cursor is particularly useful in deter-
mining relative a and ¢ wave levels, especially when the c wave is elavatad.
Note that the cursor will change from red to yellow when moved, indicating
that mean PCwP is no longer displayed. When the desired PCWP value has been

ey

found, press | accepr ].

2=32 If wedging is not firm, as indicated by the presence of systolic
complexes or excess artifact in the PCWP waveform, the monitor will prompt
the operator to "VERIFY WEDGE PRESSURE." Repeat the wedging procedure:

press ; REPEAT |, and reinflate the balloon. If this is the first attempt at

wedginy (trial waveform coanversion after catheter insertion), it may be
necessary to advance the catheter to obtain a firm wedge.

2-33 Accepting the PCWP value enters that value into the Patient Chart
(User's Guide, Tab 10) and advances the operator to the Cardiac Output
Calculations program.

2-34 Clinical Precautions in PCWP Derivation

2~35 Certain precautions should always be kept in mind during wedge
pressure monitoring. Improper balloon inflation can lead to infarcted or
ruptured pulmonary arterioles; improper catheter advancement may cause
tanglingy of the catheter and reguire surgical intervention. Precautions
oelow are listed in order of procedure.

2-36 CATHETER ADVANCEMENT

2-37 Following insertion, advance only the length of catheter needed to
reach the right atrium (see Table 2-1). In order to ascertain position,
have the patient couygh periodically. When the catheter is in the right
atrium, coughing will cause an approximate 40 mmHg jump in the RA waveform.

2-38 BALLOON INFLATION

2-39 Maintain an air volume in the balloon inflation syringe less than
the maximum balloon volume. When inflating the balloon, a resistance should
be felt on tne plunger. If resistance decreases during inflation, withdraw
the plunger to deflate the balloon. During the catheter transition period
maintain only enough balloon pressure (0.5 - 0.75 ml) to cause the balloon
to pass through to the pulmonary artery. However, do not inflate to less
than 50% of the balloon's recommended volume, as this may cause wedging at a
too distal arteriole site. See Paragraph 2-43.

2-40 When the PA waveform is displayed, allow the balloon to deflate and
anchor the cathetar at the insertion site if a wedge pressure rsading is not
to pbe derived immediately. Continue to observe the PA waveform during
monitoring; be alert to waveform flattening —— this indicates possible
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Section 2. Deriving Pulmonary Capillary Wedge Pressures

2-10

formation of clots in the distal lumen or migration of the catheter to the
pulmonary arterial wall. Turn the patient on his side or stimulate coughing
to dislodge a catheter wedged in the endocardium. It is also possible that
the distal lumen may migrate to the right ventricle. Observe the PA wave—
form to confirm that systolic and diastolic values are within PA ranges. RV
systolic values will be higher; diastolic values lower (see Figure 2-2).

2-41 HEDGING
2-42 The balloon should be inflated in small increments while observing
the PA waveform. Once wedging is achieved, do not further inflate the
balloon. Excessive inflation can damage the artery in which the balloon is
lodged. A symptom of overinflation is a continuing rise in PCWP after
wedging. Note Figure 2-8.

50~ - - - - - < - < - - - T - - - - - <-—T<=

0
Figure 2-8. Excessive Balloon Inflation Following Wedging.
2-43 When the balloon 1is wedged, 1inflation volume should be

approximately the rated full inflation volume. If inflation volume is
substantially less than the rated maximum for wedging, the catheter distal
end will have advanced too far into the artery, and may wedge in an arter-
iole. Wedging in an anteriole can appear as an excessively elevated PCWP

value. If arteriole wedging is suspected, deflate the balloon, and repeat
the procedure with a greater inflation volume.

2-44 CATHETER WITHDRAMAL

2-45 Any difficulty experienced in withdrawing the catheter (PVC's,
patient cespiratory difficulty, pain) should be checked by x-raying the
catheter position. Normally catheter withdrawl is easiest if the balloon is
fully deflated, but a slight inflation may be maintained in order to reduce
the possiblity of catheter knotting during withdrawal.
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Section 3

Preparation
and Method
for Calculating
Cardiac Output

3=-1 General

3-2 Instructions provided in this section require that the Swan-Ganz
catheter already be in place for monitoring PA, and that the proximal
orifice is in the right atrium. The balloon must not be inflated in any
way. The clinician' should confirm the presence of a proper PA waveform. If
the catheter is too far advanced, it may lodge in the intima of the artery.
This will inhibit proper recording of changes in blood temperature., Swan-
Ganz insertion techniques are explained in Section 2, which is prerequisite
reading to this section. It is moreover assumed that a PCWP value has
already been obtained; PCWP and C.0. are both required for certain hemo-
dynamic parameter calculations (see Table 1-4 on Page 1-22).

3-3 The HORIZON 2000 User's Guide is referenced throughout by Tab
numoer. This section also incorporates the operating procedures provided in
Section 7, Deriving PCWP/C.O., in the HORIZON 2000 Operating Manual. For
the operator who wishes to learn all of HORIZON's capabilities in Cardiac
Output Monitoring, a complete review of Section 7 in the Operating Manual is
suggested.
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Section 3. Preparation and Method for Calculating Cardiac Output

32

3-4 HORIZON 2000 patient monitors permit the use of either closed-
injectate or separate-bath systems. The closed-injectate system for which
the monitor has been optimized is the Edwards Model 93-500 Cold Injectate
Delivery System. The separate-bath system requires a YSI Series 400 temp-
erature probe for continuous monitoring of injectate temperature. Either
Edwards or Spectramed separate-bath systems may be used.

3-5 Iced, chilled, or room temperature injectate may be used for the
thermodilution bolus. See Table 3-1 (Page 3-4) for a listing of acceptable
injectate temperatures.

HORIZON 2000 is configured to derive injectate temp—

erature from either the Edwards Oc:—-Set:'m or the ¥SI 400

separate-bath probe. Use of an improperly coafigured

injectate probe will cause erroneous C.0. calculations.
See the Operating Manual, Page 8-32, to determine
configuration of the BORIZON monitor under use.

3-6 Set-up Procedure

3-7 SEPARATE-BATH INJECTATE TEMPERATURE MEASUREMENT

3-8 Prepare the number of syringes to be used for the C.O. trials, one
sterilized syringe per trial. Each syringe should be filled with the amount
of injectate appropriate to the stroke volume of the patient, and to the
French number of the .catheter to be used. HORIZON provides for a choice of
3, 5, or 10 ml injections. NOTE! Not all French sizes can be used for all
injectate volumes. Consult Table 3-1 on Page 3-4 for a schedule of standard
French sizes and corresponding injectate volumes and temperatures.

3~9 Stand the prepared syringes in a beaker assembly filled with
sterile D5W or normal saline. See Figure 3~1. For chilled injectates,
allow ample time (45 minutes) for the syringe case temperature to come down
to injectate temperature. Place the injectate bath temperature probe
(PN 800-060-0.0) interfaced with the C.O. adaptor cable (PN 800-030-1390)
into the injectate bath; the ideal probe position will be in an open, fluid-
filled syringe (Figure 3-1).

3-10 Wwhen ready for an injection, remove the syringe from the bath and

connect it to the syringe fitting near the proximal lumen stopcock
(Figure 3-1).
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Edwards Co-Set and Separate Bath Set-ups

NON-STERILE
ICE SLUSH

YS| 400

PN B00-060-010
INJECTATE
PROBE CABLE

SYRINGE
FITTING

1 ¥
i

THERMISTOR LUMEN
CONNECTOR ON
SWAN-GANZ CATHETER

Figure 3~-1.

Separate Bath Set-up.

FDWARDS CO-SETT CLOSED INJECTION SYSTRM

The Edwards Co—SetTM system provides the user with two distinct

The injectate

advantages over the separate-bath system:

remains in a sealed, sterile conduit between the

bag and the proximal lumen port.

As many trials may be run as desired without changing

syringes.

Preparation of the Co-Set is indicated in Figure 3-2.
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Section 3. Preparation and Method for Calculating Cardiac Qutput

INJECTATE IHd |INJ |FRENCH#34,5,8 FRENCH #7 FRENCH #7.5
; , TEMPIVOL K-FACTOR K-FACTOR K-FACTOR
TEWMP RANGE |, : ; o ; - ;
("C) _|(ml) [eEpwaRDS ISPECTRAMED EDWARDS [SPECTRAMED | EDWARDS |SPECTRAMED|
iced 10 .889 - - .837 566 .870 .566
(Separsate 0-5 5 .841 279 .764 270 .793 270
Bath Only) .788 .160 .681 .161 736 151
Chilled 6-12{ 10| - - - - 866 - - 886 .-
(CO-Set onﬂy) 8' 16 5 880 - - .799 - - 886 - -
10 .825 - - 892 .628 898 .628
19-22| 5 901 316 .846 308 .854 309
Non-Chilled 3| - - .188 792 180 802 180
(Separate
Bath Only) 10| .953 - - 919 - - .37 - -
23-25| 5| .948 - - .888 . - 904 - -
3| .908 - - 851 - - 874 - -
Non-Chilled 10 - - - - .938 - - 918 - -
(CO-Set Only) |18-25} 5 .948 - - .929 - - 8920 - -
Table 3-1.

eratures for

Table of French numbers, injectate volumes, and injectate temp-

Separate—~bath and Edwards Co--SetTM injectate systems.

NON-VENTED
IV-SPIKE EDSLAB COOLING

500m| BAG:
STERILE DSW

SYRINGE

FLOW-THROUGH
HOUSING

COVER

'CONTAINER CHECK VALVE ‘
(OPTIONAL) INPUT giﬁgs T\/ALVE

THERMAL DETAIL A: CHECK VALVE
TUBING
SYRINGE HORIZON 2000

FLOW-THROUGH C-O/INJINPUT
HLUSING

PROXIMAL
INJECTATE HUB

INJECTATE
[}
oBING T USERSUPPLIED
3-WAY STOPCOCK
COOLING COL CONTINUOUS FLUSH
TEMPERATURE
INSIDE PARTITION PROBE TO IV/PRESSURE
INLINE TUBING MONITORING
CONNECTOR:
PLACE INSIDE
COOLING CONTAINER
PN 800-030-200
C.O. ADAPTER CABLE
70 THERMISTOR
LUMEN " 2
CONNECTOR
Figure 3-2.

Edwards Co~Set.
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Entering the C.0. Calculation Routine

3-13 The injectate bag should be hung not more than three feet above the
in jection site. The cooling coil may be placed in any suitable container
which will permit the cooling medium to entirely surround the coil. The
tubinj coil permits the injectate bag to be hung at a distance from the
cooling coil. The check valve is a one-way port which permits fluid to be
drawn into the syringe, but prevents it from reentering the tubing during an
injection. The tubing and syringe are connected to the check valve, as
shown in Detail A of Figure 3-2., NOTE! insure that the syringe is
connected to the check valve input, as shown in Detail A. If the syringe is
connected to the output port of the flow-through housing, damage can result.

3-14 Open the snap~clamp on the bag and pull solution into the tubing by
pulling back on the syringe plunger. Depress the plunger to force the with-
drawn fluid out the flow-through housing port. Repeat the process at least
six times in order to ensure that no air remains in the system. Following
system priming the snap clamp should be again closed and the injectate
permitted to remain in the cooling coil with cooling solution (iced or
otherwise) for at least 15 minutes.

3-15 When the temperature of the injectate is sufficiently chilled,
attach the flow-through housing to the proximal lumen port stopcock. Attach
the temperature probe (PN 800-060-410) to the flow-through temp fitting.
Secure the system so that moving the plunger and valve do not cause strain
at the catheter insertion site. Finally, open the snap-clamp at the bag.

3-16 Performing a C.0. Calculation

3-17 ENTERING THE C.O. CALCULATION PROGRAM

3-18 If a wedge pressure has just been derived, HORIZON is already in
the C.O. program (Figure 3-3). If wedge pressure has not been derived,
entry to the C.0. program is made from the default menu:

SPECIAL CALCULATE CARDIAC
- Press |runcrions| + then copcwp | ¢+ then OUTPUT (User's

Guide, Tab 9). Tha C.O. menu will be displayed, and the screen
will reformat to present the C.O0. Curve Field, Error Field,
Data Field, and Trial Table (Figure 3-3).
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Section 3. Preparation and Method for Calculating Cardiac Output
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Figure 3-3. Entry to C.O. Program.

3~-19 If the patient is being monitored for CVP or RA, shut-off the
stopcock connecting the transducer to the patient. Flush the proximal lumen
via the fast-flush on the Interflow (if IV drip is being administered).

3-20 Calculating the K Factor

3-21 The K factor is automatically calculated when catheter size and
injectate volume are enterad; if the catheter uses standardized K factors
(User's Guide, Tab 9). K-factors have been standardized for Edwards or

Spectramed catheters.  Select SPESIAMEDl  if  that catheter is used.

NOTE: Only separate bath Spectramed injectate systems may be used with
HORIZON 2000.

To enter the appropriate catheter French number, Press S,fgé‘ . With

each key depression the displayed catheter size advances to the next avail-

able number in the menu: 2.5, 5, 7, 7.5. If the catheter French size is not

provided in the menu, continue depressing gggﬂm until "OTHER" appears.
Then consult Paragraph 3-23. -

3-22 To enter the injectate volume, press L%’,_E;CT“TE . EBach key

depression advances the menu of standard injectate volumes: 5 and 10 ml.
Wwhen the correct catheter size and injectate volume are displayed in their
respective key windows, HORIZON is ready to calculate the K-factor. Proceed

to Paragraph 3-25. NOTE! Do not enter an injectate volume if the key reads

*OTHER," or if the catheter does not use standard K-factors (e.g.: Sorensen
Hodel 7485-010). MNon—standard catheters require the K-factor to be entered

manually. See Paragraph 3-23.
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K Factor

3-23 HANUAL BENTRY OF K FACTOR
324 The K factor must be entered manually only if the catheter size is
different from the standard French numbers provided in the gf‘{;ETE“ menu,

or if the catheter does not use standard K factors. Manual entry requires
the use of the optional Hand-Held keypad (PN 260-150-010). Moreover, the
monitor must be configured for Hand-Held keypad use. Consult the HORIZON

2000 Operating Manual, Page 7-47, for instructions in entering K factors
manually,

3-25 Running a C.0. Trial

3-26 When the corract catheter size and injectate volume are displayed,
Press | STaRT to initiate the C.0. calculation program. The program
S

begins by measuring the baseline blood temperature (TB) in the pulmonary

artary. While this measurement is in progress, prepare the injectate bolus
by pulling the appropriate volume into the syringe (Co~-Set System), or
fitting the pre-filled syringe into the Luer-Lok fitting on the proximal
lumen stopcock (separate bath system). The operator is prompted by a tone
and displayed message to "BEGIN INJECTION" following baseline calculation.
Twelve seconds will be allowed following the BBEGIN INJECTION prompt for the
injection to begin. As a general rule, injection should take place during

the end-exhalation period; particularly if the patient's respiration is
ventilator-assisted.

IMPORTANT

Inject the injectate as rapidly and smoothly as pos-
sible. Optimum results require the injection to be
completed in less than four seconds. A pnevmatic
injector will provide smooth delivery and uniform injec-
tion time for repeated trials. If for any reason the
injection does not proceed satisfactorily, the C.O.

3-27 If the injection has not begun within twelve seconds, the message
NO CURVE DETECTED will be displayed in the Menu Area (Figure 3-4). Press

REPEAT to perform another trial.

AT

i {1 1]
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g
e 8
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3
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ERROR MESSAGE r—“‘"
\t © e e Tm’l | W]E

Figure 3-4. Error Message in Menu Area,
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Section 3. Preparation and Method for Calculating Cardiac Output

3-8

3-28 Following successful calculation, cardiac output and stroke volume
values will be displayed in the Trial Table under a representation of the
C.0. waveform (csTb/t). This waveform will appear in red:; the corresponding

C.0. and S.V. values will ve surrounded by a cursor (Figure 3-5).

3-29 HORIZON also provides for calculation of Cardiac Index (C.I.) and
Stroke Index (S.I.), as explained in Section l. Calculation of both indexes
requires the patient's height and weight to have been previously entered
during registration or at the start of the procedure (User's Guide, Tab 5).

3-30 'REPEATING TRIALS

3-31 As many as eight trials may be run to derive a more consistent
average C.0. value. The first trial typically yields a C.0O. value higher
than true value because the proximal lumen will provide slightly more
warming to the injectate on the first trial. As a general rule, at least
three C.0. trials should be run before accepting an average C.0O. value. To

begin another trial, press | Repear (Figure 3-5). Repeat the steps in

Paragraph 3-26. Each trial will successively present calculated values in
the Trial Table, corresponding to the trial number. The trial corresponding

to the most recent run will present a red C.O. curve; the curves of previous
trials will be shown in blue.

R 124% & JH 8 &2:18
‘k\ﬂ*Lh~ALx—ALx~ALx—l 78 LATEST TRIAL
IN RED

M £015%- )

LED | FILTER 1N
O I N T {42

4N N\ AR LR R AT

SN VAN E 76 {8 1856 s f0rc
9 (DRMRIA © °  Awellgdiv N 9 |kt 86 SIZ: 784

S

~aY—

S i Sl ASTERISK MARKS
............ 28 45 2 . . SUSPEGCT TRIAL
............ il 6.8 166 Wt

: CURSOR SURROUNDS
T It B %7 LATEST TRIAL

@ w5 o anleied

Review older dote: | CELETE WP
Fiﬁﬁil ]y | T wmul

—

Figure 3-5. Repesat Trials. Note suspect trial marked by asterisk.
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Error Messages

3-32 ERROR HMESSAGES DISPLAYRD DURING A C.O. RUN

3-33 The C.0. program provides error messages which prompt the operator
that an equipment problem exists (e.g., catheter not connected), or that
monitoring conditions are not suitable for accurate C.O0. determination
(e.g., excessive catheter whip). Messages which indicate that a C.O.
calculation is suspect because of compromised monitoring conditions appear
in the Error Message field; compromised values are marked by an asterisk
(Figure 3-5). Messages which indicate that C.0. cannot be computed appear
in the menu area. Error messages are summarized below.

3-34 CABLE QUE: This message appears if the C.O. adaptor cable
(PN 800-030-1%90 or 800-030-200) is not plugged into the monitor, or if the
cable 1s defective. No C.0. calculation will be attempted.

3-35 INJECTATE PROBE FAULT: This message appears if the injectate bath
temperature probe (PN 800-060-010) is not connected, or is defective. No
C.0. calculation will be attempted.

3-36 INJECTATE TEMP ERROR: This message indicates that the injectate

temperature (for Edwards CO—SetTM) or the injectate bath temperature (for
YSI 400 injectate bath probes) lies outside the acceptable window for C.O.
calculation. Acceptable temperature ranges are shown in Table 3-1 on

Page 3-4. An asterisk will be placed in the Trial Table to mark a suspect
trial (Figure 3-5).

3-37 BASELINE TEMP ERRDR' This message appears if blood temperature has
varied more than 0.067°C within the two second interval immediately
preceding the "BEGIN INJECTION" prompt. A typical cause is catheter whip,
due to cardiac pumping (thermistor too close to pulmonary valve). An

asterisk will be placed in the Trial Table to mark a suspect trial (User's
Guide, Tab 8).

3-38 NO CQURVE DETECTED: This message appears if the blood temperature
does not change sufficiently to enable C.O. to be computed. Typical causes
are false starts (small amount of injectate prematurely injected), insuffic-
ient injectate (quantity of injectate less than volume shown in calculations
field) or injection too slow. No C.O. calculation will be attempted.

3-39 TIMBOUT ON CJRVE: This message indicates that HORIZON has accepted
the initial change in temperature as the beginning of a thermodilution
curve. However, it did not detect a valid end of the curve within a
predetermined time. When this message is displayed, HORIZON will compute
the C.O. value using the data it has and will display the data in the Trial
Table with an asterisk, indicating suspect data.

3-40 Editing and Averaging C.0. Trials

3-41 When a sufficient number of trials has been run in order to
determine a valid C.O.. average, the operator has the option of averaging all

MENNEN MEDICAL INC,

3-9



Saction 3. Preparation and Method for Calculating Cardiac Output

3~10

trials shown, or editing the Trial Table. Editing permits deletion of
trials which are invalid. Note that HORIZON will indicate trials associated
with procedural errors by an asterisk next to the corresponding value
(Figure 3-5).

3-42 To edit the Trial Table: Press |SELECT. | to review C.0. values

during previous trials. The cursor will surround previous values and the
corresgg_nding thermodilution curve will be displayed in red. Press

% 35;5{%3 to remove any line of calculations not desired in the final
averaging. The line of data will be deleted, and the cursor will surround
the previous data. The average will also automatically update.

, , ACCEPT
3-43 To average edited trial values: Press AVERAGE

. The averages

shown will be entered in the Hemodynamic Summary. The time of averaging and
averaged values will be listed in the Hemodynamic Summary (Figure 3-6).
Display of the Hemodynamic Summary completes the C.0. calculations routine.
The operator may either store the displayed hemodynamic data in the HEMO

SUMMARY or delete the hemodynamic data. Choosing either option results in a
return to normal monitoring.

R 1824 E. SHITH 82 i 8 06:12
m>=Iza.7 THIC SUVRY
HENOOY
| SV DN DN DN DR I 4
I BB | ——
_weer frteriol-fen % mallg
159........3141Pulm\r|‘\em 12 waiig
AN AV A A Venous-Hean 5
74 [Pulsonry o 12w
o |BSA 2.05 sm
' WIE TS
930 83 4.3)
W 157 6L
5 (425)
SR 68 (1674)
2 e 182 Q12

DT § (5.61)
s 1.l (83.8)
R 1.4 (8.78)
RIS 28.5 (18.8)

DELETE STORE
pEr0 et | vEng e |

Figure 3-6. Hemodynamic Summary.
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Editing Trials

344 Improving Accuracy of C.Q. Trials

3-45 So long as cardiac function remains uniform during C.0. trials,
C.0. calculations should remain within l0% of each other, from trial to
trial. However, a number of procedural errors or monitoring variables can
cause wide divergences in trial values. A list of monitoring variables which
cause unreliable C.O. monitoring is provided in Section 1, Paragraph 1-54,

3-46 ICED OR ROOM TEMPERATURE INJECTATE?

3-47 Iced injectate is the generally preferred indicator. However, room-
temperature injectate is also acceptable so long as the temperature is not
above 25.0°C. With room-temperature injectate, the K factor will be greater
for a given trial.

3-48 Of greater significance than the absolute temperature of the
injectate is warming of the injectate caused by syringe handling. 1In
Separate bath systems especially, the syringe barrel should not be in
continuous contact with the hand.

3-49 Hemodynamic Summary

3~50 Following acceptance of the average C.0. value derived from the
trial tables, the HORIZON will display the results in the Hemodynamic
Summary (Figure 3-6). The Hemodynamic Summary presents a display of
calculated hemodynamic parameters for bedside review of the patient's
cardiovasular functions. See Section 1, Page 1-23, for a tabular summary of
formulas used in hemodynamic calculations.

3-51 STORING HEMODYNAMIC VALUES IN THE PATIENT CHART
3-52 The patient chart (User's Guide, Tab 10) will be updated with the
values for C.0., S.I., and SVR displayed in the Hemodynamic Summary, if

B e—
configured. Press |puemyopam| tO Store the displayed data in the Hemodynamic

Summary. Press | peLeTE to return to normal monitoring without saving the
HEMO DATA

averaged data.
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Section 4

Ventricular
Function

Analysis

4=1 Introduction
4-2 VENTRICULAR FUNCTION PLOTS: "THE STARLING CURVE AND WVC PLOT

4-3 As explained in Section 1 (Page 1-20), the efficiency of the heart
is a function of afterlaod and filling pressure. Filling pressure is
reflected by PCWP, and therefore, a plot of cardiac outputs measured for
particular wedge pressures, taken over several successive measurements, will

yleld a plot which reveals relative cardiac efficiency. If the plot points

are 1nterconnected the result is a Starling Curve. In order to normalize
data so that C.0. variations due to height and weight differences are
factored out, the graph will plot C.I. (C.0./BSA) over PCWP. '

4~-4 Blood viscosity is a significant factor in afterload. If the hema-
tocrit (proportional to viscosity) is plotted as a vertical axis against
PCWAP on the horizontal axis, and cardiac index is plotted as the resultant
on the opposite vertical axis, the graph produced will be a WVC plot (Wedge
pressure, Viscosity, Cardiac output). Interconnected plot points will be
indicative of the effectiveness of hemodilution or defibrination in reducing
afterload.
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Section 4. Ventricular Function Analysis

4-5 When HORIZON 2000 Monitors are provided with Option -003, Data’
Management, a graphics program, Ventricular Functions, is provided for the
plotting of Starling Curves or WVC plots. The choice is made by configura-

tion (Figure 4-1). ''ne l bTANUAHDl configuration provides automatic plotting

of a Starling Curve. With successive wedge/C.0O. measurements a graph will be
drawn indicating changes in cardiac index as a function in changes in wedge
pressure. Correlative hemodynamic data will be provided for each measure-
ment, 30 long as the required parameters were monitored at the time of
wedge/C.0. acquisition.

E<TEHCED OPTICHS

L. Mverlopeing Traces L S
2. Orift Hode Hid YES
3. Oato Horesement HO
4. Medicotions List ) Oit )
S, Uentricular Function Plot Hisrye WU

HIRE FETURN TO
CEFIRITIONS]  HELP

Figure 4-1. Ventricular Function Plot Configuration Choices.

4~5 If| wvC is configured, the function plot will graph C.I. against

PCWP and hematocrit. Hematocrit data is entered manually. As with the
Starling curve plot, each plot point will be provided with correlative
hemodynamic data. Oxygen availability and consumption are also calculated,
if appropriate data is entered in the Oxygenation Calculationa program.
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Configuration Instructions

4-7 Configuration Instructions

4-8 The configuration of the monitor is determined at time of installa-
tion, and can only be changed by authorized personnel. Contact the
Biomedical Engineering Department if it is desired to alter the monitor's
configuration from STANDARD to WVC.

4-9 Steps to Plot a Starling Curve

4~10 The Starling Curve is a retrospective presentation of the patient's
response to treatment, as evinced by successive PCWP/C.0. measurements. The
following steps should be completed in order.

1. Ensure that the patient's height and weight have been entered.
C.I. cannot be calculated otherwise. If height and weight
need to be entered, the user can access data entry via the

ENTER PT KT, key in Cardiac Output set-up menu (Figure 4-2).
WT, NAME
R 1745 92 3K 86 9%
Al ] ' 79 :
- [
¥ ! CURVE FIELD
W K% %
50 ¢ FILTE W | ~
WA AL N A 141 —~ ERROR FIELD
\j\\‘/\/\\f \ . 75 g‘_ o s~ DATA FIELD
BB Awdvdiv N @ [KC BT SIE 25
SRLUL.L S . L T
R 1T
AN R A s TRIAL TABLE
%Wﬁ w |k ~
[
7
8

11

Figure 4-2. C.0. Data Entry Menu.
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Section 4. Ventricular Function Analysis

2. Take PCWP and C.O. measurements. Accepting the C.O. measure-
ment will enter hemodynamic data in the Hemodynamics
Calculations Edit Field (Figure 4-3).

TE_PEIOTRIICS, CRLCUL TS 6

T BB PN |AfT 1227 0% 37) mba [C0 3.2 2395 |FEFERENGE TITE:
PP 12 Bemin (PR 25/ 10 1Sheeba (B3 206 wd 2335 0L S 3
TP il 13 i

THe: ' |pF |5 wiHy_23:33

Figure 4-3. Hemodyanmic Calculations Edit Field.

£dit the data (if necesscy) and calculate hemodynamics. Review
Pages 17 - 23 of the Data Management Package Operating Manual
for operating procedures on hemodynamic calculations, if nec-
essary. Upon completion of calculations,

- Press STORE to save calculated data in the
ALCULATION

patient chart. Data must be stored if it is de-
sired to edit it at a later date.

3. The Starling Curve is plotted if both wedge and C.O. measure-
ments have been taken. However, resistances and cardiac work
can only be calculated for a corresponding plot point if the
appropriate parameters were monitored at the time wedge and
C.0. values were acquired. For convenience, the parameters
which must be monitored for corresponding hemodynamic calcula-
tions are listed in Table 4-1.

HEMODYNRAMI C—FUNCTIONS REQJIRED-PARAMETERS
Stroke Volume HRT, C.O.
Total Systolic Resistance ART, C.O.
Systolic Vascular Resistance ART, CvP, C.O.
Pulmonary Vascular Resistance PA, PCWP, C.O.
Left Cardiac Work ART, C.O. :
Left Ventricular Stroke Work HRT, ART, C.O.
Right Cardiac Work Pa, C.O.
Right Ventricular Stroke Work HRT, PA, C.O.
All Indexes BSA

Table 4-1. Monitoring Requirements for Hemodynamic Function Calculations.
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4-11 VIBWING THE STARLING CURVE
4-12 To view the Starling Curve,
- Press SPECIAL ' PATIENT‘ !
FUNCTIONS CHARTS

VENTRICULAR
| _FuncTion

Viewing the Starling Curve

The display will present the Starling Curve, plotting the relationship
between the four most recently acquired PCWP/C.O. measurements. The most
recent measurement will be marked by the cursor; its number indicates the
total number of PCWP/C.O. measurements taken (Figure 4-4). The monitored and
calculated hemodynamic data for the corresponding plot point are provided in
the colums to the right of the graph. Indexes are shown in parentheses. The
time and date shown at the right represent the point in time when the C.O.

data was accepted (See Page 3-43).

TIME AND DATE
OF MONITORED/
ACQUIRED VALUES
4 VEHTRICULAR FUMCTIOH Mo, S 1207 6l J
Cl ECL-HRT o
HET HEAH 37 | MONITORED
LAT(E:lSJ'? 3223"6?5’(@5»” Fit 1ERH L |y VITAL SIGNS
3 VENDIS MERH 13
4 FA HEDGE K]
IR S L 2.4 0 BEN
B el 1659 Kkl
] TaR 240 2%
SR S ¢ Z5ER)
FUR o3 R H
LCH NN dc)
LU 10,9 REXED
T e . s el 1230
P24 oE 8o 12 14 16 13 29 22 X RUSH 2.8 i)
Pé VEDGE
SHOM FRIOR ADJUST CURSOR HEMODYHAHIC | RETURH TO
FOINT SUAH CATA [EARLIER PT | LATER PT SINEARY CHARTS
HEMO, ——
CALCULATIONS
AND INDEXES
Figure 4-4. Starling Curve.
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Section 4. Ventricular Function Analysis

Prompts indicate incomplete calculations (INC), calculations with resultants
too large to display (OVR), or values which lie outside normal physiological
ranges (backlighted numbers). Consult the HORIZON 2000 Data Management
Package Operating Manual, Page 89, for a definition of normative ranges.

To view earlier plot points,

- Press SHOWIFOR! . The plot will be extended back to the

previous measurament (Figure 4-5).

HEHTETRE & _
4 EHTRICULAR FUNCTION o & 13:23 06 Jull-63
(1 ECGAHRT 24
HET HEAH a7
Fr HERH le
g VENDUS HERH 13
’ PR HEDGE M
N S, 00 g.4 ¢ Y
[ 2\ 165.0 | EEEY)
3 T:R 324 2330)
S SR S { 25e4)
FUE =g OUR?
LEH TN at))
LUSH 110.5  REYED
l T T T T T T T T Y T T R':u 1':.3 ‘ M)
bor o4 e o8 1012 14 1613 M8 2 Y RUSH 2.3 10
FA LEDGE
SHOW FRICR ROJUST CURSOR HEMDDYNANIC | RETURM 10
FOINT | Sl (Th JEARLIER PT | LATER PT SANERT | CHARTS
Figure 4-5. Starling Curve Extended Back to Prior Point.
To view hemodynamic data for any point:
- Press EARLIER PT to view hemodyanmic data for the point

numbered previous to the point on which the cursor rests.

- Press |LATER PT | to view data for the next higher number point.

- Press |scanoan | for a progressive scan of all points. The dis-
play will leaf through data for all points in numerical order.
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Deleting Points from the Graph

4~13 DELETING POINTS FROM THR GRAPH
4-14 To delete a point, note the time and date at which the measurement
was taken. The corresponding time and data will be looked up in the
Vital Signs Chart, and the data deleted.

When time and date have been noted:

- Press LEADING ) .

The display reformats and presents the Vital Signs Chart where the
corresponding data is listed.

- Press %%TERTYE + Use the cursor keys to mark the line with the

the previously noted date and time; then,

DELETE YES

- Press ' - The chart entry will be marked with
a red DELETE message; the data will still be displayed for
reference. However, upon returning to the Starling curve the
corresponding point will have been removed and the graph
redrawn.

4-15 Steps to Graph a WVC Plot

4~16 PRELIMINARY
4-17 The monitor must be configured for WVC before these graphs will be
drawn.

'NOTE

WVC plots cannot be drawn for any patient data entered
or calculated before reconfiguration. Reconfiguration

will destroy all patient data in memory. Do  NOT
reconfigure the monitor unless the patient has been

discharged.

4-18 PROCEDURE

4-19 The WVC graph is generally plotted on a point-by-point basis; a
single reading is taken, with further trials dependent upon studying the
response to each reading. Follow the steps listed below in order: These
instructions assume that the user has already reviewed steps for plotting
the Starling Curve.

MENNEN MEBICAL INC.
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Saction 4.

4~8

Ventricular Function Analysis

Ensure that the patient height and weight have been entered.
C.I. cannot be calculated without height and weight, unless
BSA is entered manually. ‘

Assure that parameters necessary for full hemodynamic
calculations are being monitored. See Table 4-1, above.

Take the first PCWP and C.O. measurement. Accepting the C.O.
measurement will enter hemodynamic data in the Hemodynamics
Calculations Edit Field. Edit the data (if necessary) and
calculate hemodynamics. Upon completion of calculations,

STORE

- Press CALCULATION to save the calculated data

in the patient chart. Data must be stored if it
1s desired to edit it at a later date.

~ Press SPECIAL to continue the procedure.
FUNCTIONS
CLEAR . s

- Press to exit the procedure. Exiting

the procedure is recommended if blood oxygen data
is not readily available from the lab.

Obtain blood oxygen data required for oxygenation calcula-
tions. See Page 41 of the HORIZON 2000 Data Management Package
Operating Manual for the list of parameters to be entered. In
addition to the listed data, hematocrit percentage concentra-
tion must also be obtained.

Set up to calculate oxygenation data:

- Press CALCULATION

FUNCTIONS ' OXYGENATION .

Enter and calculate the oxygenation data. Note the REFERENCE
TIME in the upper right corner of the Edit Field (Figure 4-6).
This is the time at which the previous PCWP/C.O. measurement
was acquired. Oxygenation data will, therefore, be made to
correspond to hemodynamic data derived from this measurement.
See Pages 4L - 47 in the Data Management Package Operating
Manual for calculation instruction familiarization, if
necessary.
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Steps to Graph a WVC Plot

15 OXTGENATION CALCULATIONS X

HeT [y B Hb vl 8] 8.2 18:51  |REFEREMCE TIHE:
R®P B Bmin | Se02 % B 3.3
FIR2 = Sv02 % - P2 oy
P8 760 nwkg PaC02 nate Pv2 _
, o URLUE THDEX UKITS HORH UALS HORH [NDS
ALVEOLAR OXYGEN TEMSION Pol(2 twHg 198-138
ARTERIAL OXYGEH COHTENT L2 nl/dl 15-23
LENOUS OXYGEN CONTENT v nl/dl ‘
ARTERTOVENQUS OXTGEN DIFF  avD02 nlzdl  4.1-5.1
DXYGEN ARILABILITY 02} nl/xin S98-658
0RYGEN COHSIXPTIOH W2 nl/win  258-208  115-165
DXYGER EXTRACTION RATIO 2R % 4-28
ALVEOLAR-ARTERIAL 02 OIFF  AoDO2 ineHg 18-15
PERCENT SHUHT s/t %
Enter data then calculate: STORE REVIEN
CURSIR « | CURSOR v § HEXT COL. ] | CALCIRATE |CALCULATION|  CHART
Figure 4-6. Oxygenation Calculations Edit Field.
~ Preas bALgL?.:$IO [ The oxygenation values

corresponding to

the calculated hemodynamic

values will be stored in the patient chart.

- SPECIAL
Press FUNCTIONS

to continue the procedure.

The menu

prompts to enter the hematocrit percentage.

0. Enter the hematocrit concentration (Figure 4-7).

Enter values and accept

48 %

Wl 69:53 16 MAY 88
ACCEPT

FUHCTION

VENTRICULAR |

Figure 4-7.

Hematocrit Entry.
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Section 4. Ventricular Function Analysis

If a C.0. value has not been acquired to which the hematocrit

entry will correspond, the menu prompts for C.O0. acquisition
(Figure 4-8).

‘ - e aw

lledae ond Cardioc Otput nust be done GERIE | SPECIAL
hefore Hct values can be entered COPUP | FURCTIOHS

Figure 4-8. No C.O. Has Been Acquired Which Corresponds to HCT Entry.

Following hematocrit entry, press COP and enter colloid
osmolar values; if desired. COP values have no influence on
the WVC plot. When values are entered,

CEP \ . .
- Press ACCEPT . The display immediately presents

the WVC plot (Figure 4-9). The vertical line indi-
cates that HCT (top of square) and C.I. correspond
to the same PCWP.

|

... ENTRICLAR FUNCTION 25 Mo, 1 11:49 06-Ja-83

el Het  ECGART 9
................... L 73 ART HERH 9?
................... Fg rEF‘N ll'

3 0 HCTCONCENTRATION '~~~ ' "'"L 35  VEWOUS PEAN 3
...... / mim 46
...... ; SRRREOROEERE B . 41 C Em)
ClvAaLue—g T s 31.2 (M)

2 e, + 45 TSR 1802 ( 1527)

o SUR 1834 ( 3133

S L 58 PUR 791 13
i ¥ CoP _

1 T T T 1 T T U 55 02 mnn“ 823 ( m)
¢ & 5 9 10 12 14 16 18 20 2 24 02 COHSUP. oaN ( M)

Pat WEDGE 02 EXTRACT. 27.4
| A0JUST CLRSOR HEMOOYNRMIC | RETUR T0
SCAN DATA JEARLIER PT ] LATER PT SUIVRY | CHwTS

Figure 4-3. WVC Plot for First C.0. Acquisition.
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Graphing Additional Plot Points

4~20 GRAPHING ADDITIONAL PLOT POINTS

4-21 Follow Steps 1 - 6, above, for successive plot points. Figure 4-10
shows that a second reading has been taken following , hemodilution (PCWP
elevated, hematocrit reduced).,

4 VENTRICULAR FUHCTION Bl 2 (ot et
ot ECCART 75
- 38 ART e 97
PA HEGH 3
L 35 VENOUS MEAR 5
PA WEDGE 9
g et 2
00 4.4 ( )
v 8.7 ()
-8 TR 1763 ¢ 3233)
1 O 1673 ¢ 3066)
o &g e ( 133)
! — e L e (2 AAIL, 823 ( )
2 4 6 8 10 12 14 16 18 280 2 24 02 Cotsp. W ( )

- PA HEDGE 02 EXTRACT. i
SHOW PRIOR | ADJUST CURSOR HEMOOYMAHIC | RETURM TO
POIHT | SCAH DATA JEARLIER PT T LATER PT SUTERY | CHARTS

Figure 4-10. Second WVC Plot Following Hemodilution.

- Pressin SHOW PRIOR reveals the improvement in C.I. between
g POINT mp.

Reading #1 and Reading #2, due to hemodilution (Figure 4-11).

MENNEN MEDICAL INC. 4-11



Section 4.

Ventricular Function Analysis

Moo VENTRICULAR FURCTION - 35 Mo 2 1144 0G-JNHES
o Het  ECCART 75
................... L 30 ART MEAH 97
................... Pn rEm 13
3‘ .................... ] 35 LEH“B rEgH 5
o L PR WEDGE 9
................... i Het 2

T ® 44 (BRI

v 8.7 (EEN)

2 - 45 TR 1763 ¢ 3233)

] SUR 1673 ( 366)

1 se E&ég s 133)

A e g5 02 ANIL. 323 ( FER)

B 2 4 6 8 10 12 14 16 18 20 22 24 02 COHSLKP.  WEEI ()
PA IEDGE 02 EXTRACT. ol

ADJUST CURSOR HEMOGYNANIC | RETUPH 10

SCAN DATA [EARLIER PT | LATER PI SUBERY | CHARTS

Figure 4~11.

Connecting Line Between Points 1 and 2 Shows C.I. Gain.

4~22 EDITIRG THE GRAPH
4~-23 Editing the graph for a WVC plot is identical to editing a Starling
Curve plot. See Paragraph 4-13.
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Section 5

Quick Reference
Troubleshooting

Chart

5-1 General

5-2 This section is intended as a quick look-up guide in solving
monitoring problems encounterad in hemodynamic parameter derivation or
calculations. It is divided into two parts: CLINICAL PROCEDURE and
MONITORING PROCEDURE. Although complications can occur with clinical
procedure when the staff is relatively new to Swan-Ganz monitoring, most
difficulties will be encountered in monitoring procedures.

5-3 The Quick Reference Troubleshooting Chart is intended only as a
supplement to the detailed analysis of catheter insertion and parameter
monitoring techniques discussed in Sections 2 and 3.

5-4 CHART USE

5-5 Determine whether the difficulty encountered is with Clinical Pro-
cedure (Chart 1) or with use of the HORIZON 2000 Patient Monitor (Chart 2).
Chart 2 is further sudivided into colums for PCWP monitoring and C.O. cal-
culation. Find the problem in the appropriate chart, and take corrective

actions listed. Also, refer to manual sections listed (in parentheses) for
each corrective action.
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Saction 5.

Quick Reference Troubleshooting Chart

CHART 1.
TROUBLESHOOTING CHART:
CLINICAL PROCEDURE

CORRECTIVE ACTION
(REF. BY PARENTHESES NUMBER)

Difficulty in cathater
insertion; resistance to
insertion in venous system.

Excessive cathetar fric-
tion: excessive insertion
force causing kinking.

fuibricate catheter before
insertion, check catheter
French number. (2-7).

Arrhythmias -
(APC's or PVC's)

Irritation of atrial or
ventricular myocardium;
irritation of tricuspid
valve; catheter knotting:
excessive catheter length.

Suture catheter at insertion
site if catheter migrates
easily. X-ray upper chest
for possible catheter knot-
ting, lodging. (2-20).

Pulmonary infarction or
hemorrhage.

PA infarction or rupture
due to overdistension of
arterial walls during
wedging. Distal end of
catheter lodged in PA vessel
wall, causing thrombosis.

Inflate balloon slowly
during wedging. Do not ad-
vance catheter until balloon
is at proper volume: do not
underinflate balloon.
(2-36).

Pulmonary thromboembolism

Migration of thrambus from
catheter into pulmonary cir-
culation. Thrombus created
by cverwedging, too frequent
wedging, or wedging in ar-
teriole.

Inflate balloon only long
enough to derive PCWP, and
not exceeding 12 seconds.
NOTE! Do not fast-flush
catheter if embolism is sus-
pected or to free catheter
from clotting. Aspirate
blood, or employ anticoagu-
lation therapy. (2-39).

Air emboliem

Balloon rupture due to ex-
cessive pressure in balloon
lumen or weak balloon due
to loss of elasticity:
balloon latex absorbs
lipoproteins and loses
elasticity.

Do not exceed manufacturer's
inflation volume spec. Do
not inflate more than 50
times. Do not leave cathe-~
ter in site for more than 48
hours. (2-36).

Difficulty in catheter
withdrawl.

Balloon still inflated:
knotting in catheter:
catheter lodged in endo-
cardium.

Take x-ray before continued
withdrawal attempt. I
catheter lodged, have
patient cough while ex-
tending arm with catheter
incision. (2-42)
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Monitoring Procedure for PCWP Derivation

CHART 2.

TROUBLESHOOTING CHART:

PROBLEM -

CAUSES

CORRECTIVE ACTION

Transducer will not zero.
HORIZON requests rezero.

Vibration in catheter in-
terface with transducer.
HORIZCOW will not accept
"zero" waveform with more
than +2 mmHg variation.

Keep transducer/mount
fittings firm. Check for
vibration in transducer or
tubing caused by ventilator,
infusion pump, or associatad
equipment. (User's Guide,
Tab 7).

No right atrial waveform
upon catheter insertion.

- waveform range on monitor
too wide.

- air bubbles in tubing/
catheter.

- clotting.

Use 25 mmHg range.

Check Intraflow, stopcock,

and transducer for bubbles.

Gently flush to remove
bubbles. (2-21, Step 4).

See "Damped PA waveform."

Damped PA waveform:
systolic amplitude de-
creasing while diastolic
increasing.

- air bubble in tubing or
transducer.

— catheter kinked or lumen
tip wedged against endo~-
cardium: NOTE: kinking/
wedging causes sharp and
immediate damping of
pressure.

~ clotting in lumen. NOTE:
clotting is typically
associated with progres-
sive waveform dampening.

See "No right atrial wave-
form."”

Have patient cough and/or
extend limb with inserted
catheter to free catheter
tip. If no progress
achieved, obtain x-ray.
(2-19).

DO NOT FLUSH! Fast flush
my result in pulmonary
thromboembolism. Aspirate
blood until thickening de-
creases. If aspiration ise
succeasful, flush gently t>
restore patency. Also, check
that pressure in flush bagxs
is sufficient to maintain
patency. If aspiration un-
succeasful, withdraw
catheter (2-21, Step 4).

MENNEN MEDICAL INC.
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Section 5,

Quick Reference Troubleshooting Chart

CHART 2.

TROUBLESHOOTING CHART:

HMONITORING PROCEDURE FOR PCWP DERIVATION

PROBLEM

CAUSES

CORRECTIVE ACTION

Excessively noisy
PA signal

Respiratory artifact.

NOTE: HORIZON BP data
averaging circuits filter
out waveform variations due
to artifact. S, D, M values
will remain stable even
though waveform varies.

Reduce tidal volume on vent-
ilator. Anti-hypertension
therapy may also be
required. (2-20, Step 2).

Wedge pressure waveform
not obtainable.

- balloon damaged.

- insufficient air in
balloon.

- catheter insufficiently
advanced.

CEASE ATTEMPTED INFLATION
IMMEDIATELY IF BACK PRESSURE
NOT SENSED ON SYRINGE DURING
INFLATION! WITHDRAW
CATHETER.

Deflate and start again.

If balloon not at rated in-
flation volumwe, increase
volume., If waveform still
will not convert to wedge,
x-ray patient to determine
catheter position. (2-26).

X~-ray patient to Jdetermine
catheter pogition (2-25).

PA waveform remains wedged
after balloon is daflated

End of lumen wedged in
arterial wall.

see "Damped PA waveform,"
above.
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Monitoring Procedure for C.O.

CHART 2.

TROUBLESHOOTING CHART:

MONITORING PROCEDURE FOR C.O. CALCULATION

PROBLEM

CAUSES

CORRECTIVE ACTION

No prompt tone or
"BEGIN INJECTIOW" message

following entry of | srtanr

cable or probe fault.

Observe display for fault
message in menu. Follow
corrections in Section 3.
(3~34, 3-35).

No C.0. calculated fol-
lowing injection. No C.O.
curve in display.

insufficient change in T
for C.0. determination.

Check catheter position by

observing PA waveform. In-
crease speed of injection;

increase injectate volume;

decrease injectate tempera-
ture. (3-38; 3-48).

Calculated data marked with
aaterisk. Error message
displayed in error field.

- injectate temperature out
of range for K factor.

- catheter whip.

~ injection too slaow.

Consult Table 3-~1 on Page
3-4 (3-36).

Examine PA waveform for
excessive (>+ 5 mmHg) varia-
tion. Reduce ventilator
tidal volume (3-37).

Inject faster and more
smoothly (3-39).

No C.I. or S.I. values

patient height and weight
not entered during regis-
tration.

Enter patient's heiaght and
weight (3-239).

Large variations in C.O.
values between successive
trials, even though clin-
ical evidence suggests
cardiac function is stable.

- injectate temperature
changing beatween trials.

- catheter whip.

Keep syringes at constant
temperature (separate hath),
Flush flow-throwsh system
several times before con—
necting to proximal lumen

port (Co—SetTM).

Change distal lumen position
(2-20).

MENNEN MEDICAL INC,
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Deriving PCWP/C.0,

CARDIAC OUTPUT AND PCWP CALCULATIONS

INTRODUCTION

The HORIZON 2000 family of monitors permits optional calculation of cardiac output and derivation of
pulmonary capillary wedge pressure (PCWP).

PCWP is read from the distal lumen of the Swan-Ganz* catheter following inflation of the ballon. Pre-
vious to mean PCWP calculation, the user may range the pressure waveform for optimal presentation.
Calculation of mean PCWP during wedging is automatic; following defiation of the balloon, the operator
can alter the point on the wedge waveform from which mean PCWP is derived (Figure 7-11a}.

Cardiac output can be calculated from blood temperature changes caused by right ventricular output of
the injectate. Body surface area and K-factor can be entered manually or calculated automatically. If
body surface area has been entered manually or calculated, corresponding cardiac indexes wiil also be
calculated for each C.O. trial. Each C.O. trial also results in the display of a thermodilution curve, rep-
resenting blood temperature deviation (Figure 7-11b).Up to eight trial injections may be compared for
thermodilution response curves and corresponding data. The operator can average all trials, or selected
trials, to derive the accepted C.O. value. The operator is also notified of invalid trials, or other procedural
problems preventing trials (Figure 7-11c¢).

The HORIZON may be configured to interface with two types of injectate systems. Configuration also
permits automatic charting of accepted C.O. values, and recording of the C.O. waveform during atrial. See
Page 8-33 for a description of configurable C.O. options.

*“Swan-Ganz” is a trademark of the American Edwards Laboratories’ Division of American Hospital
Supply Corporation. No further trademark reference Is made in this manual.

MENNEN MEDICAL INC.
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Figure 7-12a.
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Figure 7-12. Entry into PCWP Program.
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Pulmonary Capillary Wedge Pressure Calculations

PULMONARY CAPILLARY WEDGE PRESSURE CALCULATIONS
CLINICAL PRECAUTIONS

Proper clinical procedure for placement of the Swan-Ganz catheter and infiation of the balioon is critical
for correct wedge pressure derivation. Improper inflation of the balloon and/or extended wedging of
pulmonary arterioles can cause wall damage and/or respiratory distress. For operators not familiar with
wadging techniques, MENNEN MEDICAL publishes the “Clinical Guide to Cardiac Function Monitor-
ing.” A copy of this Guide is provided with the HORIZON 2000 Operating Manual. Additional coples of the
“Clinical Guide to Cardiac Function Monitoring” are available from your MENNEN MEDICAL representa-
tive at no charge.

STEPS TO DERIVE PULMONARY CAPILLARY WEDGE PRESSURE

PRELIMINARY

The Swan-Ganz catheter balloon must be properly situated in the pulmonary artery, with the balloon
initially deflated. A PA waveform, corresponding to pressure variations at the distal lumen, will appearas
shown in Figure 7-12a. Ensure that this waveform has been obtained before proceeding to the next
step.

PCWP DERIVATION PROCEDURE

-Press |pShesishs | in the default menu (Figure 7-12b).

HORIZON 2000 will provide the Special Functions menu (Figure 7-12¢). To derive PCWP,

DERIVE CVP or DERIVE

-Press | " copwp CO/PWP

(Figure 7-12c-- Configuration determines key label).

The display will reformat to Full Waveform mode, and the PA waveform will be presented in Fields 3 and 4
(Figure 7-12d). This mode allows for viewing the expanded waveform as the catheter is advanced during
initial placement.

The default pressure range for PCWP is the same as the range previously setfor P.A. monitoring. However
a different range may be selected, as desired.

-Press untilthe desired scalelimitis backlit. Usetheincrement &  and

decrement W keys to set the desired limit values. The upper scale limit is from 0-300
mmHg, and the lower scale limit is from -25 to 50 mmHg.

The default display speed is 25 mm/sec., presenting 8 seconds of PCWP waveform for averaging. The
average may be derived from 16 seconds of PCWP waveform by selecting the 12.5 mm/sec. speedor 4
seconds of the PCWP waveform by selecting the 50 mm/sec. speed.

To modify the sweep speed: -Press 25m/sec.

This will cause HORIZON 2000 to cycle to the next higher dispiay speed setting and present itinthe
key label.

Changing the sweep speed affects all displayed waveforms. Once a sweep speed is selected, it is
retained until changed by operator interaction or tne defauit menu is returned. For speeds other than 25
mm/sec, the speed is annotated in the header just before the time.

-Press [DERIVEPCWP| when display speed and pressure range have been selected, and the

operator is ready to inflate the balloon (Figure 7-12¢).

MENNEN MEDICAL INC,
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Figure 7-13a.

Figure 7-13b.

Figure 7-13c.
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Figure 7-13. Catheter Wedge »and PCWP Derivation.

7-32

MENNEN MEDICAL INC.




Pulmonary Capillary Wedge Pressure Calculations

The menu reformats to that shown in Figure 7-13a; the operator is prompted to inflate the balloon. Inflate

the balloon and observe that the PA Waveform converts to a PCWP waveform (Figure 7-13a). When the '

wedged pressure waveform fills the entire display:

-Press FREEZE

The PCWP waveform will be frozen, and the mean PCWP value wiil be calculated and displayed above

ACCEPTY key. Upon mean PCWP derivation, the message “CATHETER WEDGED" willbe

the

displayed to the right of the waveform. A red cursor line willmark the pressure level atwhich the mean
PCWPisderived (Figure 7-13b).

If the FREEZE

wedged, HORIZON will alert the operator via the “VERIFY WEDGE PRESSURE” prompt that the PA
waveform is excessively pulsatile for a wedged pressure (Figure 7-13c). This message may also be dis-
played for correctly wedged waveforms with excessive respiration artifact. In these cases, manual

key is depressed while the catheter is still in motion, or if the arteriole is not fully

positioning of the cursor may be necessary to correctly determine end-expiratory wedge pressure. See

Page 7-35.

If the displayed waveform is acceptable for PCWP calculation (even though pulsatile),

-Press ACCEPT

(Figure 7-13c).The PCWP value will be derived from the displayed waveform.

If it is desired to attempt further wedging to stabilize the waveform,

-Press | REPEAT . Return to “PCWP Derivation Procedure” on Page 7-31.

WARNING!

DO NOT CONTINUE TO FURTHER INFLATE THE BALLOON AFTER THE
KEY HAS BEEN DEPRESSED. OVER INFLATION RISKS

FREEZE

BALLOON BREAKAGE AND SUBSEQUENT EMBOLISM.

MENNEN MEDICAL INC,
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Pulmonary Capillary Wedge Pressure Calculations

Following display of the “CATHETER WEDGED"” message,

- Deflate the balloon.

' WARNING!

DEFLATE THE BALLOON IMMEDIATELY UPON SEEING THE "CATHETER
WEDGED” MESSAGE. EXTENDED WEDGING OF THE PULMONARY
ARTERY CAN CAUSE WALL DAMAGE OR RESPIRATORY DISTRESS.

Twelve seconds after the FREEZE key has been depressed, HORIZON will begin flashing a

“DEFLATE BALLOON” prompt (Figure 7-14a). This message reminds the operator that the balloon must

be deflated; it will continue flashing until the operator presses ACCEPT or REPEAT

If it is desired to read PCWP at some point on the waveform other than that indicated by the red
cursor,

o , h 4

- Press or : to alter the cursor line and the corresponding’

PCWP value (Figure 7-14b). The cursor and corresponding value will ehange color from red to
yellow whenever the operator has moved away from the derived value. Toreturn to the mean PCWP
value derived by HORIZON:

- Press A or A 4 until the cursor line returns to a red color.

EVALUATING RESPIRATORY ARTIFACT

In selecting the point where the PCWP is read, the presence of respiratory artifact should be taken into
consideration. For patients on respirators, in particular, mean PCWP readings will be influenced by tidal
volume and peak-inspiratory pressure settings.

itis generally desirable to read mean PCWP during the end-expiratory period. This assures a stablevalue
unaffected by pressure elevation due to forced inspiration.

-Select RESP for the Field 2 waveform (see Page 3-7).

-Adjust the cursor so that it crosses the PCWP waveform during end-expiration, Observe the patient

chest motions to determine the inspiration/expiration pattern, and verify the waveform segment
corresponding to exhalation. (Figure 7-14c).

Note that the monitor can be cbnfigured to display RESP in Field 2 automatically upon entrance to the
wedge program. See Page 8-31.

The operator-selected or derived PCWP value can be stored in the Patient Chart. To store data in the
Patient Chart:
ACCEPT

-Press (Figure 7-13c). Data will be stored in the Patient Chart with the time of
acceptance (see Page 7-21). The most recently accepted PCWP value will also be provided in the fower
right hand corner of the half-screen display.

Accepting the displayed PCWP value will cause automatic exit from the PCWP derivation program; the
display will switch to the start of the cardiac output calculations program (Figure 7-14d), if configured, or
will return to the default menu.
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Pulmonary Capillary Wedge Pressure Calculations

If it is desired to reposition the catheter, or if additional pressure readings are desired for the same
catheter site, the entire PCWP derivation can be repeated. To derive an additional PCWP reading:

-Press REPEAT

NOTE

(Figure 7-15). Return to Page 7-31 and repeat the entire procedure.

Pressing

REPEAT

will cause the currently displayed PCWP value

to be lost. Successively saved PCWP values will be distinguished by the time

ofday atwhichtheywere savedin the Patient Chart. See Page 7-21 forfurther
details on the Patient Chart.

RECORDING THE PCWP WAVEFORM

If configured (see Page 8-3 1), the PCWP waveform will be automatically recorded on a dedicated recorder. The

recording will start when

DERIVE PCWP

is pressed, and will run until the operator selects | prpeze

MENNEN MEDICAL INC.
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Pulmonary Capillary Wedge Pressure Calculations
CALCULATING CARDIAC OUTPUT VIA THE THERMODILUTION TECHNIQUE

CLINICAL PRECAUTIONS

The accuracy of the C.O. calculation is dependent upon the proper placement of the Swan-Ganz catheter.
Advancing the distal lumen too far into the pulmonary artery may lead to an insufficient thermodilution
curve; respiratory artifact may also prevent an accurate C.O. calculation. Retracting the distal lumen too
far toward the puimonary valve may also cause calculation errors due to catheter whip. In any instance,

improper placement of the Swan-Ganz catheter will typically cause one or more error messages to
be displayed.

For users not familiar with proper Swan-Ganz placement techniques for Cardiac Output monitoring, the
MENNEN MEDICAL “Clinical Guide to Cardiac Function Monitoring” is recommended reading. A copy of
this Guide is available from your local MENNEN MEDICAL representative at no charge.
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Figure 7-16. Mathematical Derivation of C.O.
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Cardlac Output via Thermodilution

SUMMARY OF FEATURES

The following Is a summary of the features which are a part of HORIZON 2000's cardlac output
calculations program capability.

AUTOMATIC K-FACTOR

Utilizing either a separate bath probe, or the injectate probe associated with the Edwards CoSet™,
HORIZON automatically determines the injectate temperature. For separate bath systems, HORIZON
supports either Edwards 93A - series catheters or Spectramed 5100 -and 5500 - series catheters. The
choice between Edwards and Spectramed catheters is made by a menu entry. in response to promptsin
the Instruction Area, the operator enters the catheter French number and injectate volume. HORIZON
2000 automatically provides the correct K-factor for 2.5, 4, 5, 8, 7, and 7.5 French catheters, where the
catheter manufacturer uses standard K-factor values (see Figure 7-16b). K-factor Is utilized in the
calculation of cardiac output; the K-factor adds a coefficient, based on catheter French size, injectate
volume, and injectate temperature, which compensates for the warming of the injectate as it passes
through the catheter lumen.

Calculation of cardiac output is provided by a modified form of the Stewart-Hamilton equation:

1.08 XBOXYV XKX(Tg-T)
CO.=

1.22 x / Tpdt
WHERE: C.0. = Cardiac Output in liters/minute.
1.08 = Conversionconstant expresses specific gravity and heat of blood interms

of specific gravity and heat of 5% dextrose.

60 = Converts C.O. to liters/minute from liters/second.
Vi = Injectate volume in cc.
K = K-factor.
Tg = Temperature of blood in pulmonary artery, °C.
T| = Temperature of the injectate: valid between 0° (iced), and 25° C (room
temperature).
/TBdt = Area under the thermodilution curve (see Figure 7-16a).
1.22 = Extrapolation factor for 30% cutoff (see Figure 7-16a).

MANUAL ENTRY OF K-FACTOR (COMPUTATION CONSTANT CONVERSION)

HORIZON allows the manual entry of K-factor for catheter of other than standard French size (2.5,5, 7,
7.5), or for catheters not using normative K-factors for standard French size. When entering or accepting
K-factors in HORIZON, verify that K-factors are being used and not Computation Constants, which some
manufacturers provide with the catheter. The Computation Constant combines four terms inthe Stewart-
Hamilton equation, including the K-factor, into one number which differs significantly from K-factor
values. To convert a Computation Constant to a K-factor, use the K-factor Conversion Table in Figure 7-16b,
or calculate the correct K-factor using the following formula:

MENNEN MEDICAL INC.
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Cardiac Output via Tharmodilution

CC X 1000
1.08 X 60 X V|
WHERE: K = The K-factor
CC = The Computation Constant.
vy = The Injectate Volume in cc.

Manual entry of the K-factor requires a hand-held keypad (PN 260-150-010). If the HORIZON

in use is not configured for a hand-held keypad (see Page 8-13), the monitor must be recon-
figured. Contact the Biomedical Engineering Department for assistance.

AUTOMATIC CALCULATION OF BODY SURFACE AREA (BSA)

If indexes are desired, BSA must be calculated or manually entered before the C.O. calculation routine.
HORIZON 2000 will automatically calculate BSA from patient height and weight, using the DuBois and
DuBois formula:

BSA = W0.425 x H0.725 x 0.007 184

WHERE: BSA = Body Surface Area (M2)
W = Weight(Kg)
H = Height(cm)

Upon completion of the C.O. calculation, HORIZON 2000 will display cardiac index and stroke index as
well as cardiac output and stroke volume. Figure 7-17a shows the C.O. and indexes Data Field, with
calculated values forone trial shownin the Trial Table. Individualtrials can be deleted from the Trial Table.
All trials are automatically averaged; the average can be added to the Patient Chart, if desired. The for-
mulasapplicable toC.0, C.1, S.V, and S.l. calculationsare listed adjacent to the Trial Table(Figure 7-17a).
Note that S.V. is calculated using the monitored heart rate at time of trial.

DISPLAY OF BLOOD TEMPERATURE (PULMONARY ARTERY)

HORIZON 2000 will display the thermistor temperature (nominally blood temperature in the PA) as “Tb”
in the Data field at the time a C.O. trialis being run(Figure 7-17a). If it is desired to monitor blood tempera-
ture continuously, as a core temperature, HORIZON can be configured to display TB in place of T2, or in
addition to T1. See Page 8-35. '

DISPLAY OF TIME OF ENTRY/COMPUTATION
When the average of C.O. trials are accepted, the time of averaging and C.O. value will be indicatedonthe

display if the half-waveform screen format is selected (Figure 7-17b). Time of averaging will also be
indicated in the Patient Chart (Page 7-21), if the operator elects to save C.O. data.

MENNEN MEDICAL INC,
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Figure 7-18. Error Messages.
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Car&lac Output via Thermodilution -

ERROR MESSAGES DISPLAYED DURING THE C.0. ROUTINE

The C.O. program provides error messages which prompt the operator that an equipment problem exists
(e.g., catheter not connected), or that monitoring conditions are not suitable foraccurate C.O. determina-
tion (e.g. excessive catheter whip). Messages whichindicate thata C.O. calculation is suspect because of
compromised monitoring conditions appear in the Error Message field (Figure 7-18). Messages which
indicate that C.O. cannot be computed appear in the menu area. Error messages are summatized

below.

CABLE OUT:

INJECTATE PROBE FAULT:

INJECTATE TEMP ERROR:

This message appears if the C.O. adaptor cable (PN 800-030-
190 or 800-030-200) is not plugged into the monitor, or if the
cable is defective. No C.O. calculation will be attempted.

This message appears if the injectate bath temperature probe
(PN 800-060-010) is not connected, or is defective. No C.O.
calculation will be attempted.

This message indicates that the Injectate temperature (for
Edwards Co-Set™) or the injectate bath temperature (for separate
bath injectate probes) lies outside the acceptable window for
C.O. calculation. Acceptable temperature ranges are shown in
the Acceptable Temperature Range Table(Figure 7-19a), which
is part of the table of Computation Constants (Figure 7-16b).An
asterisk will be placed in the Trial Table to indicate suspectdata
(Figure 7-19¢).
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BASELINE TEMP ERROR:

NO CURVE DETECTED:

TIMEOUT ON CURVE:

Cardiac Output via Thermodilution

This message appears if blood temperature has varied more
than 0.067° C within the two second interval immediately pre-
ceding the “BEGIN INJECTION” prompt. A typical cause is car-
diac pumping which causes the baseline temperature to vary.
SeeFigure 7-18b. An asterisk will be placed inthe Trial Table to
indicate suspect data (Figure 7-19c¢).

This message appears if the blood temperature does not
change sufficlently to enable C.O. to be computed. Typical
causes are false starts (small amount of injectate prematurely
injected), insufficient injectate (quantity of injectate less than
volume shown in data field), or injection too siow. No C.O.
calculation will be attempted.

This message indicates that HORIZON has accepted the initial
change in temperature as the beginning of a thermodilution
curve. However, it did not detect a valid end of the curve withina
predetermined time. When this message is displayed, HORIZON
will compute the C.O. value using the data it has and will display

the data in the Trial Table with an asterisk (Figure 7-19¢).

indicating suspect data.
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Figure 7-20. Performing C.O. Calculations.
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Cardiac Output via Thermodilution

CALCULATING CARDIAC OUTPUT

et

Cardiac Output calculation is provided under Special Functions. To select C.O. calculation:

- Press ng%%ghs in the default menu (Figure 7-20a).

The Special Functions menu is displayed. To enter the C.0. calculations routine:

DERIVE DERVECVP |  (Figure 7-20b),then | SARDIAC | (Figure 7-200).

- Press CO/PWP or | corpwp ouTPUT

The C.0. menu will be displayed, and the screen will reformat to present the C.O. Curve Field,
Error Field, Data Field, and Trial Table (Figure 7-20d).

NOTE

If a PCWP has just been accepted, HORIZON 2000 will already be in C.O.
calculation mode. If PCWP has not been derived, values for Pulmonary Vas-

cular Resistance (PVR) will be calculated using mean Left Atrial Pressure
(LAP), if monitored. Otherwise the value will be represented by asterisks in

the Hemodynamic Summary.
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Table of injectate volumes and French sizes for which K factors will be calculated.

Figure 7-21. Manual Entry of K-factor.
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Cardiac Output via Thermodilution

The operator is next prompted to indicate catheter type (if Spectramed), French size, injectate volume,
and patientheight and weight (Figure 7-214). Catheter size, type, and injectate volume mustbe entered
in order to accurately compute the K-factor (see Page 7-39). To enter the catheter size and injectate

volumes:

-Press

CATHETER
SiZE: until the appropriate value appears in the menu space, Figure 7-21b lists

the selectable catheter sizes.

-Press

INJECTATE I . ) ;
voL: until the appropriate value appears in the menu space. Figure7-21b liststhe allow-

able injectate volumes for given French sizes with Co-Set™ and separate-bath systems.

if the catheter is an Edwards model no operator entry is required. If the catheter is a Spectramed
separate-bath type (Models 5105, 5107, 5107S, 55607, 65075, 5527),

-Press

SPECTRAMED] | jf 4 Spectramed separate bath catheter is used and this selection is not made,

K-factor will be calculated incorrectly.

The K-factorfor French sizes 4, 5,and 6 areidentical.Ifa4 or6 French catheter isused,the 5 Frenchentry
will provide the appropriate K-factor.

HORIZON will automatically calculate the K-factor from the injectate temperature, volume, and catheter
size and type selected.

NOTE

HORIZON 2000 provides K factors only for catheters utilizing standard
instrument values. If the catheter is not optimized for standard K-factors, its
applicable K factor must be manually entered. The tabie in Figure 7-16b pro-

vides K-factors for one non-standard catheter, the Sorensen 74085-010. Its
K-factors must be entered manually via the hand-held keypad.

Patient height and weight need only be entered if indexes are to be calculated. See Page 7-55.

If the catheter size, catheter type, injectate volume, and patient height and weight (optional) have been
selected, proceed to CALCULATION OF CARDIAC OUTPUT (Page 7-53).If the K-factor must be manually
entered, proceed to MANUAL ENTRY OF K FACTOR (Page 7-53).
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Cardiac Output via Thermodilution

MANUAL ENTRY OF K-FACTOR

K-factor need be entered only if the catheter employed uses non-standard K factors for the given injec-
tate volume, or if the French number and corresponding injectate volume to be injected are not provided
in the table in Figure 7-21b.

To enter the K-factor (if known) from the hand-held keypad:

-Press | catHeter | until”"OTHER" is displayed in the menu(Figure 7-22a). Enter the K-factorvia

the hand-held keypad. If the K-factor forthe catheteris not known, it can be determined by referring tothe
chartinFigure7-18b (Page 7-40).Note that this chart lists Computation Constantsaswell as K-factorsfor
various infectate volumes and températures. Some vendors provide the Computation Constant instead
of the K-factor for purposes of C.O. calcutation. If the K-factor corresponding to a computation constant is
not provided by the chart in Figure 7-16b, it may be calculated using the formula on Page 7-43.

CALCULATION OF CARDIAC OUTPUT

Cardiac Output may be calculated following selection of catheter size, type and injectate volume or
manual entry of the K-factor.

To begin a Cardiac Output calculation procedure:

-Press START | (Figure 7-22a).

Determination of the patient’s baseline temperature (TB) beginsimmediately. Following determination of T8,
HORIZON 2000 is ready to calculate Cardiac Output. A tone and prompt message will signal the operator to
begin the injection. When the prompt “BEGIN INJECTION" is displayed in the menu area:

--inject the injectate. HORIZON 2000 allows 12 seconds following the prompt tone to
begintheinjection. If the injection has not begun within 12 seconds of the prompt, the
message “NOCURVE DETECTED" is briefly displayedin the errorfield (Figure 7-22c).

Press | REPEAT to perform another trial. The above sequence Is repeated (Figure 7-22a).

--Once started, the injection must be performed smoothly and as rapidly as possible.
Optimum results are achieved if the injection is completed within four seconds. A
pneumatic injector will provide consistency for repeated trials.

Note that the menu provides a“DC TRIAL” prompt for*DISCONTINUE TRIAL" (Figure 7-22d). If an injec-
tion is not performed properly, or if the clinician suspects the trial will be invalid, simply press

D/C TRIAL during the trial. The menu will reformat and prompt for another start (Figure 7-22b).

Following successful calculation, C.0. and S.V. (Stroke Volume) values will be displayed in the Trial Table
under a representation of the C.O. waveform ( ATB/t). Thiswaveform willappearin red(Figure 7-22e). The
corresponding C.0O. and S.V. values will be surrounded by a cursor.
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Cardiac Output via Thermodilution

In addition to values for C.0. and S.V, the Trial Table will also list corresponding indexes, if the body sur-
face area(BSA) has been calculated (Figure 7-23a). Otherwise, C.I. and S.I. values will be replaced by

asterisks (Figure 7-23b).

INOTE!

Calculation of BSA requires patient height and weight to be entered.

If height and weight were not entered during registration, they may be entered at this time. To enter
height and weight,

‘ ENTER PT HT.
-Press WT. NAME

-Turn to Page 3-15 for data entry instructions.

Values for C.O,, 8.V, C.l, and S.1. will also be shown in the AVG column (Figure 7-234). The values are
updated to represent the average of all trials displayed in the Trial Table as each new trial is added.

To perform an additional trial,

- Press REPEAT . The sequence is repeated (Figure 7-22a). Inject the injectate when prom-

pted. The new trial will be represented by a red thermodilution curve, and the corresponding values
will be surrounded by a cursor. Previous trials will be represented by blue thermodilution curves.
Trial results are listed in sequential order; up to eight trials can be averaged (Figure 7-23c).
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Cardiac QOutput via Thermodilution

EDITING AND AVERAGING C.O. TRIALS

When the number of trials is sufficient to determine a valid C.0O. average, the operator has the option of
averaging all trials shown, or editing the Trial Table. Editing permits deletion of trials which are suspect.
Note that HORIZON will indicate trials associated with procedutral errors by an asterisk next to the cor-
responding value (Figure 7-243a). '

To edit the Trial Table:

-Press SELECT @ toreview C.O. values during previous trials. The cursorwill surround pre-

vious values and the corresponding thermodilution curve will be displayed in red.

-Press g%&{res toremove anyline of calculations not desired in the final averaging. The

line of data will be deleted, and the cursor will surround the previous data (Figure 7- 24b) The
average will also automatically update.

To summarize edited trial values:

ACCEPT

- Press AVERAGE . The time of averaging and dveraged values will be listed in the

Hemodynamic Summary (see below), and displayed in the lower right corner of half-waveform
default screens,

HEMODYNAMIC SUMMARY

Upon command to accept the averages displayed in the AVG column, HORIZON calculates correlative
hemodynamics parameters and displays these in addition to the accepted average values in a Hemodynamic
Summary (Figure 7-24c¢).

Calculations used in determining Hemodynamic Summary values, and the clinical significance of these
values, are provided in MENNEN MEDICAL's “Clinical Guide to Cardiac Function Monitoring.” A copy of
the Guide is provided with this operating manual; additional copies are available at no charge from your
MENNEN MEDICAL representative.
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Hemodynamic Summary

Display of the Hemodynamic Summary completes the C.O. calculations routine. The operator may
additionally store all displayed values in the Hemodynamic Summary Chart (see Page 7-25).

To store values in the Hemodynamic Summary Chart:

. STORE
Press HEMO DATA

To return to normal monitoring without saving the averaged data:

i DELETE
Press HEMO DATA

if the default display is half-screen-format, the most recehtly averaged C.0O. value will be displayed inthe’

lower-right corner, along with the time of averaging. If previously determined, the PCWP vaiue willalsobe
displayed with time of acquisition (Figure 7-25a).

RECORDING THE THERMODILUTION CURVE

If HORIZON is so configured, C.O. recording of the thermodilution curve will be performed automatically
on a dedicated bedside recorder when the injection begins. The recorder will run at 5 mm/sec. and stop
automatically atthe end of the trial. Calculated C.O. values and time of recording will be printed across the
top of the strip (Figure 7-25b).

See Page 8-35 for the configuration menu applicable to C.O. Contact the Biomedical Engineering
Department if the monitor requires reconfiguration to support C.O. recording.
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