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THE CHANGE IN SYSTEMIC
RESISTANCE BEFORE AND
AFTER CORONARY ARTERY
BYPASS GRAFTING AND ITS
EFFECTS ON CARDIAC
INDEX

This study investigated the effects of changes in systemic vascular
resistance (SVR) on cardiac performance in patients undergoing
CABG along with appropriate hemodynamic monitoring; and a
mathematical limit value was explored that could guide the ireat-
ment for SVR. Patients were categorized inlo fwo groups on the
basis of a SVR value greater than 1200 dynel/sicm2 or lower than
1000 dynefsicm5. The hemodynamic parameters (heart rate, mean
arterial pressure, pulmonary capillary wedge pressure, cardiac
index, SVR) were compared between the two groups. When the
parameters affecting the cardiac index (CI) were constani, the CI
was low (2.1 £ 0.3 Limin/m2) only in cases with the higher SVR val-
wes (1591 % 259 dynelsicm3), and the CI value was shown lo
increase (2.7 £ 0.2 Limin/m2, p < 0,001) upon the marked decline
in SVR (832 * 108 dynelsicm5) following the administration of
nitroglycerine. It was concluded that nitroglycerine was necessary
for lowering the SVR after CABG, and that the maintenance of a
SVR value below 1000 dyneisicm5 was beneficial for cardiac hemo-
dynamics.

was first introduced in 1967 for the prevention of

angina pectoris, and since that time the mortality rates
decreased from approximately 20% to 1% (1.2). Improved
perioperative myocardial protection, technical advances,
close hemodynamic monitoring during the post-operative
period, and better knowledge of cardiac hemodynamics are
the likely explanations for the decline in mortality rates
(3,4,5). A more comprehensive knowledge of hemodynamics
allows for precise and timely medical interventions, which
serve to maintain cardiac performance (6,7). While the heart
rate, ECG and central venous pressure were the only means

Cumnar:.r artery bypass grafting (CABG) technique
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of hemodynamic monitoring during early years
of CABG technique, a wide range of hemody-
namic parameters can be monitored during the
post-operative period nowadays. Particularly
with the introduction of Swan-Ganz catheter in
1970, complete monitoring of cardiac perform-
ance became possible, and by means of this
new opportunity, a new era in hemodynamic
monitoring commenced with the recognition of
the fact that the filling pressure in the right
heart did not always reflect the filling pressure
in the left heart (8,9,10,11,12). Consequently, it
was established that the rise in systemic vascu-
lar resistance (SVR, or afterload) following
CABG causes an increase in the myocardial
oxygen demand, compromising the ventricular
myocardium (3,13,14,15,16,17).

In this study we investigated the effects of the
change in SVR on cardiac performance in
patients undergoing CABG along with appro-
priate hemodynamic monitoring with the aim
of finding out a mathematical limit value that
could guide the treatment decisions regarding
SVR.

MATERIALS AND METHODS

The study population consisted of 30 patients
undergoing CABG and the patients were sepa-
rated into two groups on the basis of post-graft-
ing SVR values:

Group I: 16 male patients with a SVR value
greater than 1200 dyne/sfcm5 (Mean age:56+9
y, age range:35-78 y)

Group [1: 14 male patients with a SVR value
less than 1000 dyne/sfcm5 (Mean age:5619 vy,
age range: 40-75 y)

Patients with a SVR value between 1000 and
1200 dyne/sfemS were excluded.

The percentage of patients who suffered a
myocardial infarction (MI) before CABG was
56% and 509% in the first and the second
groups, respectively. The risk factors, angiogra-
phy findings and the results of ventncular
assessments are shown in Table I-III.
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Table I: The Risk Factors in Patient Groups

Risk Factors Group 1 Group 11
{n=1a) (m=14}

Cigarene smoking 13 13
Daabetes Mellitus 2 1
Heredity 1l )
Hypertension " T
Hypercholesterolemia 9 7

Stress I2 [1]
Obesily 0 1

Table 1I: The Resulis of the Coronary Angrography
Assessments

Angiography Resolts Group 1 Group I1
(n=16) in=14)

Single vessel 4 3

Two vessels 9 7

Three vessels 3 4

Left Main Coronary Artery 1] 0

Table 11I: The Ventriculography Assessments

Ventriculography Group [ Group 11
(n=16) (n=14)
MNormal ] 8
Moderately abnormal i f
Severely abnormal 0 i
Ventricular ancurysm 0 0

Following premedication with diazepam (i.v.,
10 mg) and ceftriaxone (i.v., 2 g) 1 hour ahead
of operation, the heart rate and rhythm was
monitored in all patients. A 16 G catheter was
inserted into the right cephalic vein, a 18 G per-
cutaneous catheter was inserted into the left
radial artery. Induction and intubation in anes-
thesia were performed with 0.3mg/kg etomi-
date, 2mg/kg fentanyl, 0.1mg/kg pancuronium.
For maintenance; 1-3 mg/kg/min fentanyl and
0.5-1 mg/kg/ hour midazolam were used. A7 F
Swan-Gantz {American Edwards), thermodilu-
tion catheter was inserted into the pulmonary
artery via right internal jugular vein were
placed in each patient to allow for continuous
monitoring of right atrial, pulmonary artery and
pulmonary capillary wedge pressures (PCWP).
Cardiac performance (Cardiac Output: CO)
was measured on the basis of thermodilution
principle with an American Edwards COM-1
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CO monitor, along with the administration of 5
cc of cold (0-5 °C) saline. Appropriate surgical
procedures were commenced for CABG.
Gambro PMO 10-220 roller pump and Bentley
BCM 7 membrane oxygenator were used for
CABG and the mean pump flow was 2
It/min/m2 at the commencement of CPB.
Bicakcilar heater/cooler was used as the heat
exchanger. Pump flow was lowered to 1.6
It/dk/m2 while the patient was cooled to 28-30
C_. Following the placement of distal and prox-
imal anastomoses, hemodynamic monitoring
was continted in the intensive care unit, and 0.5
pg/ke/min nitroglycerine was given after the
termination of CABG.

Hemodynamic assessments (heart rate, mean
systemic arterial pressure, right atnal pressure,
mean pulmonary artery pressure, PCWP) were
made before the induction of anesthesia, at the
termination of CABG, and at 1, 6, 12, and 18 h
postoperatively. Cardiac index (CI) and SVE
were estimated using the CO device and com-
puter sofiware.

Statistical assessmenis were performed with
Microstat sofiware, using the significance of
the difference between mean values or chi-
square tests. A p value less than 0.05 was con-
sidered significant, and a p valuc less than
0.001 was considered highly significant.

RESULTS

The two groups were similar with respect to
preoperative characteristics (age, preoperative
symptoms, MI, risk factors, coronary angiogra-
phy and ventriculography findings) and hemo-
dynamic parameters (p > 0.05). The CI was low
in the group with a high SVR (p < 0.001), and
there were no significant differences between
assessments in Group 1L

The comparison of operative data between the
groups is shown in Table IV, and no significant
differences were detected with respect to these
parameters (p > 0.05).

Koguyolu Heart Jourmal

Table IV: The Comparative Operative Data Between the
twir Giroups

Angiography Group | Group I1 P
Findings {n=16) (n=14)

ACCT 48,3£21.9 53.2%19.5 NS
TGT 93.0+32.4 106.9+38.2 NS
MA 2.020.7 22408 NS
Ml 3 2 NS
1ABP 2 I NS

Abbreviations: ACCT, aortic cross-clamp time: TGT, tofal
grafting time; NA, number of anastomoses; NI, need for
inotropic agents; [ABP; intra-acrtic balloon pump; N5, not

significant.

These results demonstrate that both groups
were similar with regard to preoperative and
operative characteristics. Hemodynamic data
were compared before CABG, at the termina-
tion of CABG, and at 1, 6, 12 and 18 postoper-
ative hours, and the results are shown in Tables
V-X.

Table ¥V: The Hemodynamic Parameters Before CABG in
Patieni Groups

Group 1 Group II ]

{(n=16j) (n=14)
Heart e (bpm)  T7.9+6.3 TR0 NS
SMAP 2701138 RIA+1L3 MNE
CVP 6.242.3 54+2.2 S
PAMP I4.1£01.9 1421 .6 M3
PCWP 10.0£1.7 9.4x1.9 NS
Cl 23404 25404 NS
SVER 1274187 1280£156 NS

Abbreviations: SMAP, systemic mean arterial pressure
(mmMg); CVP, central venous pressure (cmH20); MPAFP,
mean pulmonary artery pressure (mmbg); PCWE, pul-
monary capillary wedge pressure (mmbgl; CIL cardiac
index (Lt'min/m2); SVR, systemic vascular resislance
(dynelsfem5)

Table VI: The Hemodynamic Parameters After CABG in
Fatient Ciroups

Group 1 Group 11 P
(n=16) (n=14}
Heart rate (bpm)  83.3x01.4 BE1LO£I1.5 NS
SMAP T5. 71105 ThH.2+9.4 NS
CVP 6.0+2.5 54422 MS
PAME 11.0£2.8 10.2+2.4 N5
PCWP 8.342.1 E0£1.8 NS
Cl 2.1z0.3 2.440.3 < (1,00
SVR 1591£259 850105 = (L,001

Abbreviations: please refer o Table V.

[
i
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Table VII: The Hemodynamic Parameters 1 Hour After
CABG in Patient Groups

Group 1 Grrowup 1T p
in=16) in=14)
Heart rate (bpm)  84.349.7 E2448.6 NS
SMAP 78.649.2 78.0£8.1 NS
CVPp 6120 56419 NS
PAMP 10.642 4 9.542.1 NS
PCWP B.2£1.2 7.5£1.8 M5
| 22402 2.540.3 < 0,001
5VR 1581£252 53481 < 0.001

Abbreviations: please refer to Table V,

Table VIII; The Hemodynamic Parameters 1 Hour After
CABG in Patient Groups

Group 1 Group 11 P

(n=16) (n=14)
Heart rate (bpm)  31.046.5 B1.048.1 NS
SMAP 78.946.1 79064 NS
CVP 3114 3708 NS
PAMP 9.24£2.2 9,642 6 NS
PCWP 6.5+1.0 6.3%1.0 NS
Cl 284001 2.7£0.1 NS
SVR B324108 BI6ERS NS

Abbreviations: please refer to Table V.

Table 1X: The Hemodynamic Parameters 12 Hours After
CABG in Patient Groups

Group 1 Group I1

n=14) (n=16} P
Heart rate (bpm) 810465 B1.0£8.1 NS
SMAP T8.946.1 T9.0e6.4 NS
CVP Lixl4 37408 NS
PAMP 92422 96426 NS
PCWP 6.5¢1.0 6.3£1.0 NS
Cl 2.810.1 2.740.1 NS
SVR 8324108 BI685 NS

Abbreviations: please refer to Table ¥.
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Table X: The Hemodynamic Parameters 18 Hours After
CABG in Patient Groups

Grouop | Group 11 p

(n=16) (n=14)
Heart rate (bpm) 795245 a20.845.1 NS
SMAP 78.3¢5.5 82.046.8 NS
CVFP 3.5z1.0 37+10 NS
PAMP 95£2.3 87122 NS
PCWP 6.6x1.2 58114 NS
Cl 2,702 27401 NS
SVR B22487 855473 NS

Abbreviations: please refer to Table V.

In Group I, SVR remained high until postoper-
ative 12th with an associated low value for CI,
and only after that point of time an increase was
observed. The relationship between CI and
SVR is shown in Figure 1, which demonstrates
that the increase in CI in Group [ was accom-
panied with a decrease in SVR.
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Fig 1: The relationship between SVR and CI1
DISCUSSION

Systemic arterial pressure is not only a function
of the cardiac performance (CO), but also
reflects the resistance or impedance produced
by smaller arteries in the circulation (18,19).
Maintenance of cardiac filling pressure at an
optimal level is one of the most critical ele-
ments of open cardiac surgery, and this is par-
ticularly important for patients undergoing
coronary artery surgery (7). The association
between the afterload and preload has an influ-
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ence on CO (9,21,22). SVR, aortic impedance,
arterial wall resistance, intra-aortic blood col-
umn mass, and the viscosity of the blood are
important determinants of left ventricular after-
load (20); these factors also affect the myocar-
dial contractility as well as the cardiac perform-
ance. If a normal heart is pushed to the limits of
the preload reserve, the increase in afterload
restrains the ventricular wall motions resulting
in a decreased stroke volume in the left ventri-
cle, thus an inverse statistical relationship
between the stroke volume and peripheral
resistance is observed (7,23). Although 1t 1s
known that patients have a diminished ventric-
ular reserve immediately following the termi-
nation of CABG, in this study the CI value was
low in patients with a high SVR following
CABG, and an increase occurred in CI together
with a decrease in SVR (5,15,16,17); in addi-
tion, a significant increase in CO and left ven-
tricular ejection fraction was observed without
achange in mean arterial pressure, along with a
decrease in vascular impedance caused by the
diminished afterload (24,25,26). Thus, the
nitroglycerine infusion was deemed to be suffi-
cient for the desired hemodynamic effects and
for decreasing the SVR, without the need for
additional specific artenial vasodilators
{27,28,29.30,31). In our study, there were no
significant differences with respect to heart rate
and the mean arterial pressures before and after
the vasodilator therapy in patients who received
pre- and post-operative vasodilator therapy.
However, the vasodilator therapy resulted in a
decrease in SRI and an increase in CI (from 2.2
+ 0.2 L/min/m2 to 2.7 £ 0.7 L/min/m2).
Furthermore, along with a decrease in SVR at
the postoperative 6th caused by postoperative
nitroglycerine infusion, an increase in CI was
observed (p < 0.001), and the CI values became
similar in both groups when the SVR values
between the groups became also similar.
Although a SVR value below 1200 dyne/s/cm3
was proposed previously, we found that a SVR
value below 1000 dyne/sfcm3 was beneficial
hemodynamically, and that nitroglycerine infu-
sion by itself was sufficient for reducing SVR
(15).
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