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Effects of chronic ����-blockade on compensatory mechanisms during acute 

isovolaemic haemodilution in patients with coronary artery disease 

D. R. SPAHN, B. SEIFERT, T. PASCH AND E. R. SCHMID 

 

Summary 

We have compared compensatory mechanisms 
during acute isovolaemic haemodilution of 12 
ml/kg body weight of blood with hydroxyethyl 
starch (450 000/0.7) exchange, in non-�-blocked 
and �-blocked patients with coronary artery 
disease. During haemodilution, mean concentra- 
tions of haemoglobin decreased from 12.8 (SEM 
0.2) to 10.1 (0.1) g dl�1 (P�0.01). Only �-blocked 
patients had an increase in cardiac index (P�0.01); 
in non-�-blocked patients, cardiac index remained 
constant. In both groups oxygen extraction 
increased (P�0.01), but the increase tended to be 
greater in non-�-blocked patients (P�0.06). 
Oxygen consumption was maintained in both 
groups. There were no ECG signs of myocardial 
ischaemia. We conclude that �-blocked and non-�- 
blocked patients with coronary artery disease 
tolerated well moderate haemodilution to a 
haemoglobin value of approximately 10 g dl�1, 
however, compensatory haemodynamic mecha- 
nisms differed fundamentally between the two 
groups. (Br. J. Anaesth. 1997; 78: 381�385). 
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Increases in cardiac output and oxygen extraction 
are the two major compensatory mechanisms during 
acute isovolaemic haemodilution.1 The effect of 
chronic �-adrenergic blocker therapy on these com- 
pensatory mechanisms, however, is largely unknown 
in patients with coronary artery disease.1 

Acute i.v. �-adrenergic block did not compromise 
an increase in cardiac output in animals undergoing 
experimental haemodilution,2–4 but short-term oral 
�-adrenergic blocker therapy blunted this compen- 
satory mechanism.5 6 Conversely, long-term �- 
adrenergic blocker therapy resulted in an increase in 
myocardial �-adrenergic receptors7 8 with a con- 
comitant increase in left ventricular ejection fraction 
in patients with congestive heart failure.7 9–11 
Chronic �-adrenergic blocker therapy therefore 
could modify the increase in cardiac output during 
haemodilution. 

We have compared prospectively haemodynamic 

compensatory mechanisms in patients receiving 
chronic �-adrenergic blocker therapy and those 
not receiving �-adrenergic blockers, undergoing 
coronary artery bypass surgery during preoperative 
isovolaemic haemodilution. 

Patients and methods 

With approval of the local Ethics Committee and 
written informed consent, over a period of 2 yr we 
studied 20 consecutive patients not receiving �- 
adrenergic blocker therapy and 62 chronically �- 
blocked patients undergoing elective first-time 
coronary artery bypass graft (CABG) surgery. The 
chronically �-blocked patients were studied in a 
variety of different designs but were haemodiluted in 
the same way as the non-�-blocked patients (see 
below). These 62 chronically �-blocked patients 
served as a pool from which patients matched for age 
and left ventricular ejection fraction were selected 
for comparison. For each of 20 non-�-blocked 
patients, two �-blocked patients matched for age 
and left ventricular ejection fraction were chosen by 
a person with no other knowledge of patient 
characteristics. Thus the final groups comprised 20 
non-�-blocked and 40 �-blocked patients. Ejection 
fraction was derived digitally from cineangiography. 

Exclusion criteria for �-blocked and non-�- 
blocked patients were myocardial infarction within 
10 days, unstable angina (heparin and nitroglycerin 
infusions and being cared for in the intensive care 
unit), concomitant valvular cardiomyopathy, left 
main coronary artery stenosis of more than 50%, 
absence of sinus rhythm, presence of left bundle 
branch block and a preoperative haemoglobin con- 
centration of less than 11 g dl�1. Patients were not 
excluded on the basis of a low ejection fraction or 
advanced age. 

The evening before operation and also on the 
morning of operation, patients received their regular 
cardiovascular drugs, including �-blockers (when 
applicable), calcium entry blockers and nitrates. 
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Angiotensin converting enzyme (ACE) inhibitors 
were not given on the morning of operation corres- 
ponding to an institutional practice in patients 
undergoing CABG surgery. The preoperative �- 
blocking regimen consisted of atenolol in 27 patients 
(daily doses of 25 mg in two, 50 mg in 17 and 100 
mg in eight patients), metoprolol in eight patients 
(daily doses of 50 mg in two, 100 mg in one and 200 
mg in one patient), bisoprolol (5 mg) in two patients 
and propranolol (60 mg), bopindolol (1 mg) and 
celiprolol (200 mg) in one patient each. Patients 
were premedicated with oral flunitrazepam 1–2 mg, 
approximately 2 h before induction of anaesthesia. 

In the anaesthesia induction area, patients were 
monitored with pulse oximetry and five-lead ECG, 
and a peripheral venous cannula and a radial arterial 
cannula were inserted. Patients were given Ringer’s 
lactate 5 ml kg�1. Anaesthesia was induced with 
fentanyl and midazolam, and neuromuscular block 
was produced with pancuronium. Anaesthesia was 
maintained with infusions of fentanyl 0.05 �g kg�1 
min�1 and midazolam 0.75 �g kg�1 min�1.12 .After 
tracheal intubation a triple-lumen central venous 
catheter and a pulmonary artery catheter were 
inserted via the right internal jugular vein. An addi- 
tional large gauge (14-gauge) catheter was inserted 
into a cubital vein of the contralateral arm for future 
removal of blood. The lungs were ventilated 
mechanically to normocapnia using an air-oxygen 
mixture with an inspiratory oxygen concentration of 
50% and a ventilatory frequency of 10 bpm. 

After baseline measurements, patients were 
haemodiluted in a two-step procedure. Initially, 6 ml/kg 
body weight (BW) of blood was removed from the 
cubital vein and replaced simultaneously and 
isovolaemically with 6% hydroxyethyl starch over 
15–20 min (450 000/0.7) (Plasmasteril, Fresenius 
AG, Bad Homburg, Germany) according to central 
venous pressure, that is maintaining central venous 
pressure stable at each patient’s individual level 
before haemodilution. Thirty minutes after the first 
measurement, a second set of measurements was 
performed. An additional 6 ml/kg BW of blood was 
then exchanged with 6% hydroxyethyl starch (total 
12 ml/kg BW) over 15–20 min and a third set of 
measurements was performed 60 min after the first 
measurement. During haemodilution no other drugs 
(apart from fentanyl and midazolam infusions) and 
no other infusions (apart from 6% hydroxyethyl 
starch (450 000/0.7)) were administered. All 
measurements were performed before surgery. 
Measured variables were: heart rate, systemic and 
pulmonary artery pressures, central venous pressure, 
pulmonary capillary wedge pressure, cardiac output 
measured by thermodilution (10 ml of cold saline 
injections), arterial and mixed venous blood-gas 
tensions (BGElectrolytes and IL482 Co-Oximeter, 
Instrumentation Laboratory, Inc., Lexington, MA, 
USA), ST segments (J�60 ms13) in leads II and V514 
and rectal temperature. From these variables, 
cardiac index, systemic and pulmonary vascular 
resistances, and oxygen delivery, oxygen consump- 
tion, oxygen extraction and arteriovenous oxygen 
difference were computed according to standard 
formulae.15 

Changes during haemodilution were compared 
using repeated measures analysis of variance with 
Greenhouse–Geisser correction (Superanova 1.11, 
Abacus Concepts, Inc., Berkeley, CA, USA) 
followed by paired t tests with Bonferroni correction 
(Statview 4.02, Abacus Concepts, Inc., Berkeley, 
CA, USA). Patient characteristics and baseline data 
were compared using unpaired t tests and Fisher’s 
exact tests. P�0.05 was considered statistically 
significant. Data are presented as mean (SEM). 

Results 

PREOPERATIVE PATIENT CHARACTERISTICS 

Non-�-blocked and �-blocked patients were similar 
in preoperative characteristics (table 1); the only dif- 
ference was a lower heart rate in �-blocked patients 
on the evening before operation. Similar amounts of 
fentanyl, midazolam and pancuronium were used for 
induction of anaesthesia in the non-�-blocked and 
�-blocked patients. 

BASELINE DATA 

At baseline, during anaesthesia and immediately 
before haemodilution, the two groups were very 
similar (table 2, fig. 1); only PCWP was slightly 
higher in non-�-blocked patients and the ST seg- 
ment in lead II was marginally negative in non-�- 
blocked patients, whereas it was minimally positive 
in �-blocked patients. 

RESPONSE TO HAEMODILUTION 

During haemodilution, haemoglobin concentrations 
decreased from 12.7 (0.3) to 10.0 (0.3) g dl�1 in 
non-�-blocked patients and from 12.8 (0.2) to 10.1 
(0.1) g dl�1 in �-blocked patients (table 2). Filling 
pressures were constant in both groups (table 2). 
Cardiac index, however, increased only in �-blocked 
patients whereas in non-�-blocked patients cardiac 
index remained unchanged during haemodilution 
(fig. 1A). Oxygen extraction increased in both groups 
during haemodilution but the increase tended to be 
greater in non-�-blocked patients (P�0.06) (fig. 1B). 
Correspondingly, a slightly more exaggerated 
decrease in mixed venous oxygen saturation in non- 
�-blocked patients (P�0.05) was observed (table 2). 
However, this was not substantiated in (Bonferroni 
corrected) post hoc t tests (0.025�P�0.05) (table 2). 
Oxygen delivery decreased similarly in non-�- 
blocked and �-blocked patients during haemodilu- 
tion (table 2). Oxygen consumption was unchanged 
in non-�-blocked patients and increased minimally 
in �-blocked patients (table 2). ST segments in lead 
II were unchanged during haemodilution in both 
groups. ST segments in lead V5 were unchanged 
during haemodilution in non-�-blocked patients and 
became minimally less negative in �-blocked 
patients (table 2); this was not statistically significant 
in post hoc t tests with Bonferroni correction 
(0.025�P�0.05) (table 2). 

Heart rate was generally higher in non-�-blocked 
patients but decreased in both groups during 
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haemodilution (table 2). Stroke volume index 
increased during haemodilution in both groups 
(table 2). According to analysis of variance, the 
increase in stroke volume index was greater in �- 
blocked patients. In post hoc t tests (with Bonferroni 
correction), this difference, however, was not 

substantiated (P�0.028) (table 2). Mean arterial 
pressure was unchanged during haemodilution in 
both groups (table 2). Systemic vascular resistance 
was unchanged in non-�-blocked patients but 
decreased during haemodilution in �-blocked 
patients. Mean pulmonary arterial pressure was 

Table 2 Haemodynamic and pulmonary data during haemodilution in non β-blocked and β-blocked patients. Values are mean (SEM). 
Hb�Haemoglobin, Temp. �temperature, MAP�mean arterial pressure, MPAP�mean pulmonary artery pressure, CVP�central venous 
pressure, PCWP�pulmonary capillary wedge pressure, HR�heart rate, SVI�stroke volume index, AVDO2�arteriovenous oxygen difference, 
ST II�ST segment deviation in lead II, ST V5�ST segment deviation in lead V5, 

2OaP �arterial oxygen partial pressure, 
2COaP �arterial 

carbon dioxide partial pressure, BE�base excess, HCO3
��bicarbonate concentration, 

2OvS �mixed venous haemoglobin saturation, 
DO2I�oxygen delivery index, VO2I�oxygen consumption index, SVR�systemic vascular resistance, PVR�pulmonary vascular resistance. 
†(P�0.05) at baseline, *P�0.05, (Bonferroni corrected) compared with baseline (intra-group comparison) 

Non β-blocked   �-blocked    

Baseline 6 ml kg�1 12 ml kg�1 Baseline 30 min 60 min 

Hb (g dl�1) 12.7 (0.3) 11.3 (0.3)* 10.0 (0.3)* 12.8 (0.2) 11.5 (0.2)* 10.1 (0.1)* 
Temp. (°C) 35.9 (0.1) 35.6 (0.1)* 35.4 (0.1)* 35.9 (0.1) 35.6 (0.1)* 35.4 (0.1)* 
MAP (mm Hg) 70.1 (1.7) 68.1 (2.0) 68.4 (2.1) 68.8 (1.3) 67.4 (1.1) 69.2 (1.2) 
MPAP (mm Hg) 16.0 (1.0) 15.5 (1.0) 16.0 (1.0) 14.3 (0.5) 14.2 (0.5) 14.9 (0.5)* 
CVP (mm Hg) 6.5 (0.5) 6.2 (0.5) 6.5 (0.5) 5.9 (0.4) 5.6 (0.4) 5.7 (0.4) 
PCWP (mm Hg) 8.5 (0.8)† 7.9 (0.8) 8.5 (0.8) 6.3 (0.5) 6.0 (0.5) 6.3 (0.5) 
HR (beat min�1) 62.4 (3.3) 59.5 (3.2)* 57.6 (3.1)* 57.0 (1.5) 55.3 (1.5)* 53.9 (1.5)* 
SVI (ml m�2) 37.3 (1.6) 39.7 (2.0)* 40.8 (2.0)* 37.1 (1.0) 40.2 (1.1)* 42.9 (1.1)* 
AVDO2 (ml dl�1) 4.6 (0.2) 4.7 (0.2) 4.5 (0.2) 4.8 (0.2) 4.9 (0.2) 4.5 (0.1)* 
ST II (mV) �0.017 (0.010)† �0.014 (0.009) �0.010 (0.008) 0.010 (0.005) 0.010 (0.005)  0.011 (0.005) 
ST V5 (mV) �0.046 (0.014) �0.045 (0.014) �0.044 (0.014) �0.017 (0.008) �0.014 (0.008) �0.014 (0.008) 

2OaP (kPa) 15.4 (1.1) 15.9 (1.1) 17.5 (1.1)* 14.5 (0.8) 14.8 (0.8) 16.6 (0.8)* 

2COaP (kPa) 5.3 (0.1) 5.1 (0.1)* 5.1 (0.1)* 5.2 (0.1) 5.1 (0.1)* 5.0 (0.1)* 
pH 7.43 (0.01) 7.43 (0.01) 7.43 (0.01) 7.43 (0.01) 7.43 (0.01) 7.43 (0.01) 
BE (mmol like�1) 2.6 (0.4) 2.1 (0.3)* 1.8 (0.4)* 2.2 (0.2) 1.7 (0.2)* 1.4 (0.2)* 
HCO3

� (mmol like�1) 26.4 (0.4) 25.6 (0.4)* 25.4 (0.4)* 26.0 (0.3) 25.4 (0.2)* 25.0 (0.3)* 

2OvS  (%) 74.0 (0.9) 70.7 (1.1)* 69.0 (1.1)* 72.5 (0.9) 69.9 (1.0)* 69.3 (0.9)* 
DO2I (ml min�1 m�2) 399 (17) 356 (14)* 318 (12)* 371 (13) 352 (13)* 327 (12)* 
VO2I (ml min�1 m�2) 103 (4) 105 (4) 101 (3) 99 (3) 104 (3)* 101 (3) 
SVR (dyn s cm�5) 1204 (47) 1159 (47) 1157 (43) 1302 (40) 1227 (41)* 1208 (41)* 
PVR (dyn s cm�5) 140 (12) 141 (11) 139 (12) 163 (8) 161 (8) 161 (8) 

Table 1 Patient characteristics (mean (SEM or range), or percentage or number). LVEF�Left ventricular ejection 
fraction, NYHA class�functional class (angina) according to the New York Heart Association, MI � myocardial 
infarction, ACE inhibitors�angiotensin converting enzyme inhibitors. *P�0.05 compared with non—blocked 
patients 

 Non �-blocked �-blocked 

Patient characteristics   
Age (yr) 61 (41–78) 61 (46–78) 
Sex (M/F) 17/3 36/4 
LVEF (%) 55 (5) 57 (3) 
Body surface area (m2) 1.9 (0.1) 1.9 (0.1) 
NYHA class 3 median 3 median 

Coronary artery disease   
One vessel disease (%) 0 5 
Two vessel disease (%) 35 22.5 
Three vessel disease (%) 65 72.5 

Previous myocardial infarction   
No myocardial infarction (%) 55 37.5 
One myocardial infarction (%) 30 40 
Two myocardial infarctions (%) 15 20 
Three myocardial infarctions (%) 0 2.5 
MI within 6 months of operation (%) 10 35 

Preoperative drug therapy   
Ca2�-channel blockers (%) 65 42.5 
ACE inhibitors (%) 35 22.5 

Haemodynamics and haemoglobin the day before operation   
Heart rate (beat/min�1) 72 (3) 60 (1)* 
Systolic arterial pressure (mm Hg) 125 (3) 128 (3) 
Diastolic arterial pressure (mm Hg) 79 (2) 77 (2) 
Haemoglobin concentration (gm dl�1) 14.0 (0.3) 14.2 (0.2) 

Anaesthesia induction   
Fentanyl (�g kg�1) 7.8 (0.7) 6.9 (0.5) 
Midazolam (�g kg�1) 97 (8) 97 (8) 
Pancuronium (mg kg�1) 0.13 (0.01) 0.13 (0.01) 



384  British Journal of Anaesthesia 

unchanged during haemodilution in non-�-blocked 
patients but increased slightly in �-blocked patients 
(table 2). Pulmonary vascular resistance was 
unchanged during haemodilution in both groups 
(table 2). 

2OaP  increased similarly during haemodilution and 

2COaP  decreased slightly in both groups (table 2). 
Base excess and bicarbonate decreased during 
haemodilution similarly in both groups. pH was 
stable during haemodilution in both groups. 
Arteriovenous oxygen difference was unchanged in 
non-�-blocked patients but decreased in �-blocked 
patients during haemodilution (table 2). 

Discussion 

We have found that chronically �-blocked and non- 
�-blocked patients with coronary artery disease 
tolerated well moderate isovolaemic haemodilution 
to a haemoglobin concentration of approximately 
10 g dl�1. However, compensatory haemodynamic 
responses of chronically �-blocked and non-�- 
blocked patients differed. While chronically �- 
blocked patients compensated for acutely lower 
arterial oxygen content by increases in cardiac index 

and oxygen extraction, non-�-blocked patients 
demonstrated an increase in oxygen extraction only 
and there was no increase in cardiac index. 

As short-term oral �-adrenergic blocker therapy 
reduced the increase in cardiac index in animals 
undergoing experimental haemodilution,5 6 a 
blunted increase in cardiac index might also be 
expected in chronically �-blocked patients during 
preoperative haemodilution. However, we observed 
the opposite, namely an increase in cardiac index 
exclusively in chronically �-blocked patients whereas 
cardiac index did not increase during haemodilution 
in non-�-blocked patients (fig. 1A). This might be 
because of increased numbers of myocardial �- 
adrenergic receptors, as observed during long-term 
�-adrenergic blocker therapy,7 8 resulting in 
increased exercise capacity10 and an exaggerated 
response to exogenous catecholamines such as 
dobutamine.8 As endogenous catecholamines 
increase during acute isovolaemic haemodilution16 17 
and this is considered an important mechanism for 
the increase in cardiac index,1 it is conceivable that 
after long-term oral �-blocker therapy patients may 
respond with a greater increase in cardiac index 
compared with non-�-blocked patients. 

Alternative explanations for why non-�-blocked 
patients responded differently to haemodilution have 
to be considered. Oral �-blockade is initiated fre- 
quently in the medical treatment of coronary artery 
disease in the referral area of our hospital. Thus non- 
�-blocked patients might represent a particular 
selection of patients. In 10 of the 20 non-�-blocked 
patients studied (50%) a specific reason existed why 
the referring physician chose not to prescribe oral 
�-blocker therapy. These reasons were chronic 
obstructive pulmonary disease (six patients), 
peripheral arterial occlusive disease (two patients), 
side effects of �-blocker therapy (one patient) and 
symptomatic bradycardia before initiation of �- 
blocker therapy (one patient). In the remaining 10 
patients no specific reason was found in the medical 
history why oral �-blocker therapy had not been 
given. Left ventricular ejection fraction was not lower 
in these patients without a clear reason for not being 
�-blocked (57.6 (6.3) %) compared with patients 
with a reason (52.8 (7.5) %). Conversely, most 
patient characteristics and baseline data were similar 
in non-�-blocked and �-blocked patients. The only 
differences were a lower heart rate on the evening 
before CABG surgery in �-blocked patients 
(table 1), a slightly higher PCWP at baseline, that is 
immediately before haemodilution (table 2) and a 
slightly negative ST segment in ECG lead II at base- 
line (table 2). The lower heart rate and the lower 
PCWP are caused by long-term �-blocker therapy.8 9 
18  The effect of a slightly negative ST segment in 
ECG lead II at baseline in non-�-blocked patients 
compared with a slightly positive ST segment in this 
lead in �-blocked patients (table 2) on the differen- 
tial response during haemodilution is difficult to 
judge. However, because the slightly negative ST 
segment in ECG lead II in non-�-blocked patients 
became minimally but significantly less negative 
during haemodilution, myocardial ischaemia 
induced by haemodilution in non-�-blocked patients 

 

Figure 1 Changes in cardiac index (CI) (A) and oxygen 
extraction (O2-Ex) (B) during progressive haemodilution of 
6 ml/kg body weight (HD6) and 12 ml/kg body weight (HD12) 
of blood for hydroxyethyl starch exchange. *P�0.05 (Bonferroni 
corrected) compared with baseline (BL) (intra-group 
comparison); †P�0.05 (Bonferroni corrected) between non- �- 
blocked and �-blocked patients during haemodilution (between- 
group comparison). 
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is not a likely reason to explain the lack of increase in 
cardiac index during haemodilution. Also, the trend 
towards a higher incidence of myocardial infarction 
within 6 months before operation in the �-blocked 
patients (table 1) is not a likely reason for why these 
patients had an increase in cardiac output during 
haemodilution compared with non-�-blocked 
patients with a slightly lower incidence of recent 
myocardial infarction. Thus we consider such alter- 
native explanations for the different response of non- 
�-blocked and �-blocked patients as relatively 
unlikely. 

We did not observe ECG alterations suggestive of 
myocardial ischaemia in any patient (new ST 
depression �0.1 mV or a new ST elevation �0.2 
mV13). However, the combined sensitivity of leads II 
and V5 to detect intraoperative myocardial 
ischaemia is only approximately 80%.14 Thus there 
is a possibility that undetected myocardial ischaemia 
might have developed during haemodilution. This is 
unlikely because of the absence of secondary mani- 
festations of ischaemia, such as cardiac arrhythmias, 
increases in PCWP or decreases in arterial pressure 
or cardiac index.19 
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