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We evaluated how positive end-expiratory pres-
sure (PEEP) affects ventilator output (V0) and deli-
vered tidal volume (Vrd) in 3 anesthesia machine
ventilators.

The Narkomed III and Ohmeda Modulus II with 7000
or 7810 ventilator were tested with a standard, poly-
ethylene-corrygated-tubing circle anesthesia breath-
ing circuit at a fresh gas flow of 0, inspiratory-to-
expiratory ratio of 1:2, and respiratory rate of 10
breaths/min., Calibrated Vqd was 500 or 1000 ml; a
test lung simulated compliance (C) of 0.15, 0.1,
0.05, 0.03, 0.02, and 0.01 L/cm Hy0 and resistance
(R) of 2 apd 20 cm HpO s/L. PEEP was increased in
5-cm Hy0 steps from O to 30 cm Hy0. Gas flow was
measured at the output of the ventilator bellows and
at the Y piece with a. differential pressure trans-
ducer; VO was measured by flow signal integration.
Measurements were repeated 5 times; data ftom the 3
machines were compared by ANOVA and Tukey.

When PEEP increased, VO and Vpd of all 3 ma-
chines decreased (P < 0.05), especially at low Vr
and low C (fig.). Decreases in VO and Vqd with
the Narkomed were less than with the 7000 angd 7810° (P
< 0.05). Vyd decreases were due to volume de—
creases from both VO and breathing circuit. Volume
decreages from breathing circpit, which were calcula-
ted as VO ~ Vqd, did not differ among the 3 ‘mg-
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A new heat thermodilutiqn method has been
developed to measure cardiac output automatically and
connnuouslyl and has be'eq evaluated in sheep2.
Pulmor;ary artery catllelers are modnf:ed to locate a 10 cm’
long heating element in the right ventricle during use.
An average of 7.5 watts of heat i§ added to the blood
according to a pseudo random binary sequence. The
resulting temperature change is' cletected downstream in
the pulmonary artery and cross-correlated with the input
sequence to: produce a thermodilution "washout" curve.
Cardiac output is computed from a cpnservation of heat
equation using the area under this curve.

After obtaining institutional approval and
informed consent, flow-directed pulmonary artery
catheters with heating elements were inserted into five
ICU patients (75 - 110 kg). The catheter was connected to

the new device and cardiac output measured continuously.

At convenient times, the catheter was connected to a
Marquette monitor and two to five room temperature 10 cc
bolus thermodilution cardiac output determinations made
asynchronously with ventilation. For comparison, an
average of the heat thermodilution(HTD) method before
and after theé sequence of bolus injections was compared
to the average of the complete set of bolus
thermodilutiongBTD) determinations, The relative error
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chines; thus the difference in Vpd between Narkomed
and Ohmeda machines was due mainly to the differept
VO. Change in R did not alter Vpd or VO,

Ventilator design may improve VO and add feed-
back circuitry to adjust for volume 1losses. Vpd
must be monitored to detect hypovent:llatz.on, espé-
cially during PEEP.
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FIG. Effect of increasing PEEP on mean VO (top) and

mean Vqpd (bottom) with 3 anesthesia ventilators.
Abbreviations are defined in the text.
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(100*(BTD-HTD)/BTD) was computed.

The time plot of one patient is shown in the figure.
Twenty-eight data pairs were obtained, flows ranging
from 2.5 to 10.0 L/min. The regressign coefficient (R) is
0.94. The mean relative error is -5% and the standard
deviation of the relative error is 12%.

Despite the limitations of bolus thermodilution
cardiac output as a "gold" standard, the new heat
thermodilution method is demonstrated to be effective in
measuring cardiac output continuously in intensive care
patients. The technique requires no user calibratiop and
ehmmates the need for bolus thermodlluuon
1. Yelderman ML. Continuous measurement of cardiac
output using stochastic system ldenuhcauon techmques
J Clin Monjt(In Press)

2. Yelderman ML, Quinn MD, McKown RC. Continuous
thermpdilution cardiac output in sheep. Soc CV Anes
Meet, 1990.

HEAT THERMODILUTION and BOLUS THERMODILUTION versus TIME
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