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In this communication we shall highlight cer-
tain aspects of the postoperative management
of the cardiovascular surgical patient as devel-
oped and practiced at the University of Ala-
bama in Birmingham. The considerations that
we shall emphasize have been inspired and led
by Dr. John Kirklin and Drs. Nicholas Kouch-
oukos, Robert Karp, Albert Pacifico, and mem-
bers of the cardiovascular surgical team at this
medical center.

In our postoperative cardiac intensive care
unit, we routinely measure certain parameters
to assess the function of the cardiovascular
system in the early postoperative period. Arte-
rial pressure is obtained with an indwelling
cannula usually placed percutaneously in the
radial artery. Heart rate and rhythm are deter-
mined from standard electrocardiographic
leads. Left and right arterial pressures are de-
termined from fine polyvinyl catheters placed
at the time of operation. Measurements of arte-
rial and atrial pressures are obtained at 5- to 15-
minute intervals in the first 24 to 48 hours
following operation. In our experience, the use
of these indwelling arterial and cardiac cathe-
ters for this period of time has been associated
with an extremely low complication rate. The
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volume of drainage from pericardial,
mediastinal and pleural tubes, the
amount of blood infused, and the
output of urine from a urethral cath-
eter are recorded at hourly intervals.
All the above measurements can be
obtained, analyzed, and displayed
automatically with a digital computer
(Fig. 1). Use of such an automated
system has greatly facilitated the
management of patients following
cardiac surgical procedures.

Cardiac output is usually deter-
mined by the indicator dilution tech-
nique by injecting indocyanine green
dye into the left atrial catheter and
sampling from the arterial catheter
or alternately, injecting into the right
atrial catheter and sampling from a
catheter placed in the pulmonary ar-
tery at the time of operation. The
latter system is preferred when the
left-sided cardiac chambers are large
and the cardiac output is low. This
latter technique will minimize distor-
tion of the dilution curves and errors
in the calculated value for cardiac
output. When the thermodilution
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Fig. 1. Oscilloscopic display of hemodynamic
data from a 3-second interval obtained from
two patients connected to an automated moni-
toring system. Chest drainage and urine out-
put are expressed as total milliliters and as
milliliters for the previous clock hour. (Repro-
duced with permission from Kouchoukos NT,
Sheppard LC, Kirklin JW: Automated patient
care following cardiac surgery. Cardiovasc
Clin 3: 109-120, 1971, FA Davis Company.)
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technique is employed, cold saline is
used as the indicator and is injected
into the right atrium with measure-
ment of temperature change of the
blood in the pulmonary artery by
means of a thermistor-tipped cathe-
ter.

The measurement of cardiac out-
put is required in many circum-
stances to assess accurately cardiac
function. Some patients do not man-
ifest the signs of low cardiac output,
that is, restlessness or agitation, cool,
moist, cyanotic extremities, weak or
absent peripheral pulses, and low
urine flow. In adult patients follow-
ing mitral valve replacement, a mean
postoperative cardiac index of 1.5 L/
min/M? or less was associated with
10% or greater probability of death.
The probability of death rose steeply
in both groups at indices below these
values (Fig. 2).

In patients with low cardiac output
and impaired left ventricular func-
tion, as evidenced by abnormally ele-
vated mean left arterial and left ven-
tricular end-diastolic pressures, the
mortality and morbidity rates early
after operation are significantly in-
creased. Figure 3 demonstrates the
cardiac outputs and mean left atrial
pressures of 30 adult patients in the
first 4 hours following a variety of
cardiac surgical procedures. Of 16
patients with cardiac indices less than
2.2 L/min/M? and left atrial pressures
greater than 15 mm Hg, three died
within 24 hours of operation of irre-
versible ventricular arrhythmias, and
two others continued to have low
cardiac outputs and died 2 weeks
later of ventricular arrhythmias.
Among the 14 patients with lower left
atrial pressures and generally higher
cardiac indices, there was only one
postoperative death. In our experi-
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Fig. 2. Probability of death from acute cardiac failure from the average cardiac index (L/min/M?)
of 125 patients following mitral valve replacement. (Reproduced with permission from Appelbaum
A, Kouchoukos NT, Blackstone EH, et al: Early risks of open heart surgery for mitral valve disease.
Am ] Cardiol 37: 201-209, 1976, American College of Cardiology, the Dun-Donnelly Publishing

Corporation.)

ence, measurement of cardiac output
combined with measurement of arte-
rial pressure and mean left atrial
pressure —in the absence of stenosis
or incompetence of the mitral valve —
allows a more accurate assessment of
cardiac function and response to var-
ious therapeutic interventions than
does measurement of arterial and
central venous pressures.

To combat hypovolemia, generally
blood is infused from the pump-oxy-
genator at the termination of perfu-
sion to achieve a mean left atrial
pressure of 14 to 18 mm Hg in adults.
These levels of left atrial pressures

result in optimal stretching of the
sarcomeres —that is, preload —and
do not produce pulmonary conges-
tion or edema. The left and right
atrial pressures generally decrease to
more normal levels in the early post-
operative period. In adult patients
with valvular heart disease, blood vol-
ume is decreased and whole body
venous tone increased following op-
eration. These changes are maximal
24 to 48 hours following operation
and approach the preoperative val-
ues by the fourth postoperative day.

Left ventricular filling pressure de-
termined as mean left atrial pressure

Downloaded from www.ccjm.org on July 15, 2025. For personal use only. All other uses

require permission.


http://www.ccjm.org/

Spring 1978

or pulmonary wedge, or pulmonary
arterial end-diastolic pressure is the
most reliable guide to the adequacy
of volume replacement during the
postoperative period. The effects of
blood infusion on left atrial pressure

Comparison of cardiac index and mean left atrial
pressure in 30 adult patients in the first four
hours after open intracardiac operations
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Fig. 3. Relation of cardiac index and mean
left atrial pressure early after open intracar-
diac operation. Increased mortality occurred
in patients with cardiac indices less than 2.2 L/
min/M? and left atrial pressure greater than 15
mm Hg. (Reproduced with permission from
Kouchoukos NT, Karp RB: Management of
postoperative cardiovascular surgical patient.
Am Heart J 92: 513-531, 1976, CV Mosby
Company.)
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and cardiac output early after surgi-
cal procedures for acquired heart dis-
ease are shown in Figure 4. In nine
patients with normal mean left atrial
pressures, that is, less than 12 mm
Hg, infusion of blood to increase left
atrial pressure an average of 3.4 mm
Hg produced a statistically significant
increase in cardiac index (2.52 to 2.93
L/min/M?) while heart rate remained
constant. In nine patients with mean
left atrial pressures before blood in-
fusion of greater than 12 mm Hg
(mean 15.6 mm Hg), comparable in-
crease in left atrial pressure was pro-
duced, but cardiac index did not in-
crease and the mean value actually
decreased (2.58 to 2.41 L/min/M3).
Thus, if cardiac output is low and left
atrial pressure is low or normal (less
than 12 to 14 mm Hg), infusion of
blood will generally increase cardiac
output early postoperatively. If left
atrial pressure is already elevated
above this level, further augmenta-
tion of blood volume and filling pres-
sure does not usually increase cardiac
output.

In postoperative adult patients
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Fig. 4. Effect of elevation of left atrial pressure by blood infusion on cardiac index in adult patients
early after open intracardiac operations (heart rate constant). (Left) Nine patients with preinfusion
mean left atrial pressures (LAP) of less than 12 mm Hg. (Right) Nine patients with preinfusion
mean left atrial pressures of greater than 12 mm Hg. (Reproduced with permission from
Kouchoukos NT, Karp RB: Management of the postoperative cardiovascular surgical patient. Am

Heart J 92: 513-531, 1976, CV Mosby Company.)
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Fig. 5. Effect of infusion of trimethaphan camsylate (Arfonad) on mean left atrial pressure (MLAP)
in patients within 6 hours after intracardiac operation. The eight patients in the group with poor
cardiac performance (cardiac index less than 2.1 L/min/M?, mean left atrial pressure greater than 15
mm Hg) had undergone mitral or mitral and aortic valve replacement. (Reproduced with permission
from Kouchoukos NT, Sheppard LC, Kirklin JW: Effect of alterations in arterial pressure on
cardiac performance early after open intracardiac operations. ] Thorac Cardiovasc Surg 64: 563—

572, 1972, CV Mosby Company.)

with elevated mean arterial pressure,
high peripheral vascular resistance
and low cardiac output, improve-
ment in cardiac output has been
achieved by reduction of arterial
pressure. This results in reduced
impedance to left ventricular ejection
or systolic wall stress, that is, after-
load. In a group of patients with high
mean arterial pressure (greater than
100 mm Hg) and evidence of im-
paired cardiac performance (cardiac
index less than 2.1 (L/min/M? and
mean left atrial pressure greater than
15 mm Hg), infusion of trimetha-
phan camsylate (Arfonad) produced
a significant increase in stroke index
and cardiac output in all patients
studied, averaging 18% and 15% re-
spectively (Fig. 5). Comparable re-
duction of arterial pressure in pa-
tients with higher cardiac indices and
lower left atrial pressures, suggesting
more normal left ventricular func-
tion, resulted in a decrease in stroke
volume, presumably as a result of
decrease in left ventricular filling

pressure (preload). Similar observa-
tions have been made using sodium
nitroprusside, a potent vasodilator,
in adult patients with significantly
impaired ventricular function. In
postoperative patients when cardiac
index is low and left atrial pressure,
mean aortic pressure, and peripheral
vascular resistance are elevated, re-
duction of arterial blood pressure or
afterload will allow more effective
emptying of the left ventricle with
reduction of left ventricular end-dia-
stolic pressure.

In summary, certain important
principles of postoperative manage-
ment have been learned. Measure-
ment by many physiological parame-
ters may be systematized and deter-
mined automatically. Cardiac output
is inaccurately assessed clinically and
must be measured. Measurement of
cardiac output, left ventricular filling
pressure and arterial pressure allows
a more accurate assessment of car-
diac function and response to various
therapeutic interventions than does
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measurement of arterial and central
venous pressures. Infusion of blood
to a left ventricular filling pressure of
12 to 14 mm Hg early postoperatively
will optimize cardiac function.
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Impedance reduction with vasodila-
tors for left ventricular dysfunction
allows improved left ventricular per-
formance.

Downloaded from www.ccjm.org on July 15, 2025. For personal use only. All other uses
require permission.


http://www.ccjm.org/



