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omparison of Hemodynamic Changes After Acute Normovolemic Hemodilution
Using Ringer’s Lactate Versus 5% Albumin in Patients on �-Blockers

Undergoing Coronary Artery Bypass Surgery
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Objective: Acute normovolemic hemodilution (ANH) is

sed cautiously in coronary artery disease (CAD) patients

ecause of concerns of compromised coronary blood flow.

his study aimed to compare hemodynamic changes by

sing either Ringer’s lactate or albumin for ANH in CAD

atients receiving �-blockers.

Design: Prospective, randomized study.

Setting: Postgraduate teaching hospital.

Participants: Thirty patients undergoing coronary artery

ypass graft surgery (CABG) (hemoglobin >12 g/dL, on

hronic �-blocker therapy).

Interventions: Monitoring, induction, and anesthesia fol-

owed a routine protocol for CABG surgery including pulmo-

ary artery catheter placement. Patients were randomly in-

luded in group 1 (ANH by Ringer’s lactate) or in group 2

ANH by 5% albumin). A hemodynamic calculation software

rogram was used for parameters recorded before and after

NH.

Measurements and Main Results: ANH could not be com-
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12 Journal of Cardiothoracic a
ean arterial pressure (MAP) of more than 25% from base-

ine. In both groups posthemodilution MAP, heart rate, sys-

emic vascular resistance, and oxygen delivery index de-

reased, whereas stroke volume index, cardiac index, and

issue oxygen extraction increased significantly as com-

ared to baseline values (p < 0.05). Hemodynamic parame-

ers were better maintained during the study period in

roup 2 than group 1.

Conclusions: Hemodynamic stability was better main-

ained by 5% albumin than Ringer’s lactate for ANH in

hronic �-blocked CAD patients. Despite an increase in car-

iac index, systemic oxygen delivery was decreased irre-

pective of the hemodiluting fluid used. ANH to a hemoglo-

in value of 10 g/dL in chronically �-blocked CAD patients

as well tolerated.

2006 Elsevier Inc. All rights reserved.

EY WORDS: acute normovolemic hemodilution, coronary

rtery disease, �-blockers, crystalloids versus colloids, cor-
leted in 5 patients (33%) in group 1 because of a fall in onary artery bypass graft surgery
REOPERATIVE ACUTE normovolemic hemodilution
(ANH) is used to reduce the need for allogeneic blood

ransfusion and to avoid potential complications associated
ith it. The physiologic effects of ANH using non–oxygen-

arrying exchange solutions have been studied in animal mod-
ls.1,2 The most important mechanism invoked as physiologic
ompensation of acute reduction of hemoglobin (Hb) is an
ncrease in cardiac output (CO). The primary factors responsi-
le for the increase in CO are a decrease in viscosity, systemic
ascular resistance (SVR), and an increase in venous return.3,4

There are little hemodynamic data available in humans un-
ergoing ANH, especially those receiving �-blocker medica-
ions for coronary artery disease (CAD).5-9 Recently, even
reviously accepted compensatory mechanisms such as in-
reased CO have been questioned.10 The choice of a better or
afer diluent for ANH in CAD patients on chronic �-blocker
herapy has also not been addressed. Hence, the authors de-
igned this study using invasive measurements to evaluate and
ompare the hemodynamic effects of ANH by either Ringer’s
actate or 5% albumin in CAD patients receiving chronic
-blocker medications and undergoing coronary artery bypass
raft (CABG) surgery.

From the Departments of *Anaesthesia & Intensive Care and †Car-
iothoracic Vascular Surgery, Postgraduate Institute of Medical Edu-
ation and Research, Chandigarh, India.

Address reprint requests to Virendra K. Arya, MD, Department of
naesthesia & Intensive Care, Postgraduate Institute of Medical Ed-
cation and Research (PGIMER), Chandigarh–160012, India. E-mail:
ryavk_99@yahoo.com
© 2006 Elsevier Inc. All rights reserved.
1053-0770/06/2006-0011$32.00/0
MATERIAL AND METHODS

After obtaining ethics committee approval and informed written
onsent, 30 patients of New York Heart Association class II and III
ith Hb values �12 g/dL scheduled to undergo CABG for CAD were

nrolled in the study. All patients were on chronic �-blocker medica-
ions. The adequacy of �-blockade was judged as per generally ac-
epted guidelines, ie, resting heart rate (HR) between 50 and 60
eats/min and an increase in HR of �20 beats/min during exercise.11

he patients were randomly allocated into 2 groups: group 1 (ANH by
inger’s lactate) or group 2 (ANH by 5% albumin). Patients having a
yocardial infarction within 4 weeks, unstable angina (patients on

eparin and nitroglycerin infusions), associated valvular lesions,
hythm other than sinus rhythm, presence of left bundle-branch block,
ulmonary restrictive or obstructive airway disease, renal dysfunction,
nd those undergoing emergency CABG surgery were excluded from
he study. However, patients were not excluded on the basis of ad-
anced age or low ejection fraction.
All patients were premedicated with diazepam, 5 mg orally, the night

efore surgery, and received their usual cardiovascular medications,
ncluding �-blockers, calcium channel blockers, and nitrates both the
vening before as well as on the morning of surgery. However, angio-
ensin-converting enzyme inhibitors were omitted on the morning of
peration as per the institutional practice.
Preinduction continuous monitoring included 5-lead electrocardio-

ram, pulse oximetry, end-tidal capnometry, and invasive arterial blood
ressure through a 20-G catheter inserted in a radial artery. A central
enous catheter and a pulmonary arterial thermodilution catheter
Swan-Ganz, Viggo spectramed 7.5F; Becton Dickinson, Singapore)
ere inserted before or after induction of anesthesia depending on the

ondition and cooperation of the individual patient. Anesthesia was
nduced using midazolam, 0.04 mg/kg, morphine, 0.2 mg/kg, fentanyl,

�g/kg, and thiopental, 2 to 3 mg/kg. Tracheal intubation was facili-
ated with vecuronium, 0.1 mg/kg. Anesthesia was maintained with
soflurane (end-tidal concentration 0.5%) along with 66% nitrous oxide
n oxygen, and minute ventilation was adjusted to achieve normocap-
ia. No additional anesthetic drug was given during the study. Patients

eceived a normal saline infusion of 2 mL/kg/h during induction and

nd Vascular Anesthesia, Vol 20, No 6 (December), 2006: pp 812-818
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813COMPARISON OF HEMODYNAMIC CHANGES
fterwards until blood collection was started. Before ANH, additional
ormal saline was infused as per clinical indications (eg, to normalize
decrease in arterial pressure associated with low filling pressures

individual level] or marked ventilation-associated variations in the
rterial pressures). A heating mattress was used to maintain body
emperature at the basal value.

The pulmonary arterial catheter was used to monitor pulmonary artery
ressure (PAP), pulmonary artery wedge pressure (PAWP), central venous
ressure (CVP) at end-expiration, and CO by thermodilution (Horizon
000 monitor; Mennen Medicals Ltd, Jerusalem, Israel). The mean of 3 or
ore consecutive CO by thermodilution measurements (10 mL of 5%

extrose at room temperature 18°-20°C) were used. Arterial and mixed
enous blood samples were analyzed for oxygen saturation (SaO2 and
vO2), partial pressure of oxygen (PaO2 and PvO2), partial pressure of
arbon dioxide (PaCO2 and PvCO2), and acid base status, respectively. A
uilt-in hemodynamic calculation software program (Horizon 2000 mon-
tor) was used to determine ST-segment changes and calculate stroke
olume index (SVI), cardiac index (CI), SVR, and pulmonary vascular
esistance (PVR). From the directly measured variables, derived parame-
ers were computed according to the following formulae:

1. CI � CO � body surface area
2. SVR � 80 � (mean arterial pressure [MAP] � CVP) � CO
3. PVR � 80 � (mean pulmonary arterial pressure � PAWP) �

CO
4. Oxygen delivery index (DO2I) � 10 � CI � (Hb � 1.39 �

SaO2 � PaO2 � 0.003)
5. Arteriovenous oxygen content difference (AVDO2) � (Hb �

1.39 � SaO2 � PaO2 � 0.003) � (Hb � 1.39 � SvO2 � PvO2

� 0.003)
6. Oxygen consumption index (VO2I) � 10 � CI � AVDO2

7. Oxygen extraction (O -Ex) � 100 � AVDO � (Hb � 1.39 �

Table 1. Demographic Characteristics

Group 1 (n � 15) Group 2 (n � 15)

Age (y) 54.4 � 7.17 (42-66) 55.7 � 6.01 (44-64)
BSA (m2) 1.89 � 0.34 (1.4-2.6) 1.91 � 0.26 (1.37-2.51)
Preoperative Hb

(g/dL) 14.6 � 0.88 (13-16) 14.7 � 0.96 (13.6-16)
Preoperative HR

(beats/min) 59.8 � 7.69 (44-72) 57.2 � 8.63 (42-74)
LVEF % 50 � 9.28 (35-68) 53.7 � 9.87 (36-72)
LVEDP (mmHg) 16.8 � 4.95 (8-24) 16.4 � 5.78 (6-28)
Median NYHA

class 3 (2-3) 3 (2-3)
Previous MI (n) (%)

Angina only 3 (20) 2 (13.3)
One previous MI 7 (46.7) 9 (60)
Two previous MI 5 (33.3) 4 (26.7)

Affected vessels
(n) (%)

One 1 (6.6) 2 (13.3)
Two 4 (26.7) 4 (26.7)
Three 10 (66.7) 9 (60)

Calcium channel
blockers (%) 6 (40) 5 (33.3)

ACE inhibitors (%) 7 (46.7) 9 (60)

NOTE. There were no significant differences between 2 groups for
ll variables (p � 0.05).
Abbreviations: BSA, body surface area; HR, heart rate; LVEF, left

entricular ejection fraction; LVEDP, left ventricular end-diastolic
ressure; NYHA, New York Heart Association; MI, myocardial infarc-
ion; ACE, angiotensin-converting enzyme.
2 2

SaO2 � PaO2 � 0.003) m
After sternotomy, 15 minutes for stabilization was allowed, and then
NH was undertaken. To achieve a hemoglobin value of 10 g/dL, the
lood volume to be withdrawn was preoperatively calculated from the
ctual body weight and preoperative hemoglobin level, using a normo-
ram based on the formula: volume lost � blood volume � ln (hemo-
lobin start � hemoglobin final)12, where ln denotes the natural loga-
ithm. However, no more than 12 mL/kg of blood was taken out in any
atient.13 Blood withdrawal and volume substitutions were accom-
lished simultaneously over 20 to 30 minutes in both groups depending
n the blood volume to be removed and the flow of blood achieved by
ravity. The total infused volume of Ringer’s lactate was 3 times that
ithdrawn in group 1, and in group 2 an equal quantity of 5% albumin

o the volume of blood withdrawn was infused.14,15 Hemodynamic
easurements, hemoglobin, and blood gas analysis of arterial as well

s mixed venous blood were made at 5 time points: 3 baseline record-
ngs at 5-minute intervals during the stabilization period (mean of these
eadings was taken as the baseline value for subsequent comparison)
nd 2 post-ANH recordings at 5 minutes and 20 minutes after com-
letion of ANH. The ANH was stopped if mean arterial pressure fell by
5% of the basal value or new ST-segment changes (new ST depres-
ion �0.1 mV or a new ST elevation �0.2 mV) appeared on the
lectrocardiogram. If the hemodynamics in these patients improved
fter stopping ANH and remained stable subsequently without inotro-
ic support, their hemodynamic data was included in the analysis;
owever, they were not hemodiluted any further. Their hemodynamic
ata were excluded from the analysis only if mean arterial pressure
emained low (less than 25% of basal value) despite stopping ANH or
hey required inotropic support to maintain blood pressure. Both the
roups were also compared for number of patients whose target level of
lood withdrawal could not be achieved.
An SPSS-10 software program (SPSS Inc, Chicago, IL) was used to

nalyze the data collected. Analysis of variance was done for repeated
easures to identify any changes during the stabilization period or after
NH. The significant changes were subjected to unpaired and paired t

ests with Bonferroni correction. A p value of �0.05 was considered
ignificant.

RESULTS

All patients in both groups were male, and their demographic
ata and other variables were comparable (Table 1). There were
1 and 13 patients of New York Heart Association class III in
roup 1 and group 2, respectively. During the stabilization
eriod, no significant hemodynamic changes were recorded and
he mean of 3 readings was taken as the baseline value. ANH
ould not be completed to the target level in 5 patients in group
because of a fall in MAP by 25% without any associated

hythm changes after 350 mL of blood was withdrawn. The
AP improved in these patients once ANH was stopped. Mean
Fig 1. Pre- and postautologous normovolemic hemodilution he-

oglobin changes.
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814 ARYA ET AL
olume of blood withdrawn was 690 � 98.6 mL (range 350-
50 mL) in group 1 and 730 � 94.8 mL (range 400-960 mL)
n group 2.

The baseline hemoglobin values of 14.6 � 0.88 g/dL and
4.7 � 0.96 g/dL decreased to 10.2 � 0.62 g/dL and 11.4 �
.35 g/dL at 5 minutes post-ANH in groups 1 and 2, respec-
ively (p � 0.001) (Fig 1). The fall in hemoglobin values was
ignificantly higher in group 1 as compared with group 2 at this
ime (p � 0.05). After 20 minutes post-ANH, there was a rise
n hemoglobin values in group 1 to 12.9 � 0.94 g/dL that was
ot seen in group 2 (p � 0.05) (Fig 1). There was no significant
ifference between hemoglobin values at 5 and 20 minutes
ost-ANH in group 2. None of the patients in either group had
ignificant ST-segment changes in leads II and V5 during or
fter ANH.

The filling pressures (CVP, PAWP) were maintained at 5
inutes of ANH; however, CO and CI increased in both

roups, which was accompanied by increase in SVI (p � 0.01
ithin groups). These changes were significantly higher and
ell sustained until 20 minutes after ANH in group 2 (p � 0.05
etween the groups). In group 1, at 20 minutes post-ANH,
lling pressures along with CI and SVI showed significant
eclines as compared with values at 5 minutes (Table 2). HR
id not increase in either group at 5 minutes. A small but
tatistically significant decrease was observed in both groups at
0 minutes after ANH (p � 0.05) (Table 2).

Despite an increase in CI, DO2I decreased in both groups
ssociated with significant increases in O2-Ex at 5 and 20
inutes after ANH (p � 0.001) (Figs 2 and 3). O2-Ex was

omparable between the groups at 5 minutes but was signifi-
antly higher in group 1 as compared with group 2 at 20
inutes after ANH (Fig 3). This was also reflected by a

ignificant decrease in SvO2 values at similar time intervals as
ompared with baseline values in both groups (Table 3).
VDO2 showed significant decreases as compared with basal
alues in both groups (p � 0.05) (Table 3). Whole-body
xygen consumption was stable in both groups before and after
emodilution as depicted by VO2I (Fig 4).
There was a significant fall in MAP in group 1 at 5 minutes

s compared with group 2 (p � 0.05 between and within the
roups) (Table 2). PAP was not affected significantly in either
roup during and after ANH. SVR fell significantly in both
Fig 2. Pre- and postautologous normovolemic hemodilution oxy-

gen delivery index changes.

* † ‡
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815COMPARISON OF HEMODYNAMIC CHANGES
roups 5 minutes after ANH (p � 0.001 within groups). How-
ver, in group 1, SVR increased at 20 minutes along with
ignificant decreases in CVP and PCWP (p � 0.05 between the
roups) (Table 2). The changes in PVR were not statistically
ignificant in both groups (p � 0.05). Arterial PaCO2 and pH
ere not affected by hemodilution. However, there was a

ignificant decrease in bicarbonate concentration (HCO3) and
ase excess (BE) and an increase in arterial PaO2 after hemodi-
ution in both groups (p � 0.05 within groups) (Table 3).

The early postoperative course was similar in all patients.
hree patients in group 1 and 4 patients in group 2 required an

ntra-aortic balloon pump (IABP) for hemodynamic support.
one of the patients in group 1 who could not achieve target
emodilution because of hemodynamic instability required in-
ra-aortic balloon pump support postrevascularization. Patients
n both groups received similar amounts of allogeneic blood
ransfusions during first 24 hours (1.87 � 0.74 U in group 1 and
.92 � 0.81 U in group 2, p � 0.05). There was no perioper-
tive mortality in either group.

DISCUSSION

Various studies have documented benefits of hemodilution
uring CABG, both in terms of decreased number of patients
equiring blood transfusion and the amount of blood transfused

Fig 3. Pre- and postautologous normovolemic hemodilution oxy-

en extraction changes.

Table 3. Blood Gas Analysis Values Befor

Group 1 (n � 15)

Baseline
5 Minutes
Post-ANH

2

Pt. temperature (°C) 36.6 � 0.10 36.6 � 0.11 3
SvO2 (%) 78.2 � 4.24 74 � 4.15* 7
PaO2 (mmHg) 128.2 � 8.9 132.6 � 9.68* 13
PaCO2 (mmHg) 36.8 � 1.32 36.8 � 1.32 3
pH 7.44 � 0.02 7.43 � 0.02 7
HCO3 (mmol/L) 28.2 � 0.03 26.1 � 0.03* 2
BE (mmol/L) 2.4 � 0.2 1.8 � 0.02*
AVDO2 (mL/dL) 4.7 � 0.68 3.8 � 0.72*

*p � 0.05 within the group.

†p � 0.05 between the 2 groups.
er patient as compared with control groups.16-19 In the current
tudy, the authors used invasive measurements to evaluate and
ompare the hemodynamic effects of ANH by using either
inger’s lactate or 5% albumin in CAD patients receiving
-blocker medications and undergoing CABG.
In ANH, the choice of a diluting fluid can be either a

rystalloid and/or colloids. The crystalloids are recommended
n a 3:1 ratio to avoid a volume deficit.14,15 The colloids have a
rimary advantage of intravascular retention so the amount
nfused can be approximately equal to the amount of blood
emoved. Hemodynamic studies comparing various colloids
ncluding dextran, albumin, and hydroxyethyl starch have
hown no significant difference among these diluents.20 Jones
t al21 compared Ringer’s lactate, 5% albumin, 6% dextran-70,
nd 6% hydroxyethyl starch for ANH and observed that he-
odilution was well tolerated irrespective of the replacement
uid used. However, their study included patients without
AD.21 In the present study, among the group hemodiluted
ith Ringer’s lactate, ANH had to be stopped in 33% of the
atients because of a fall in MAP by more than 25% and a
light rise in PAP as compared with no changes in group 2 who
eceived 5% albumin as the diluting fluid. It can be speculated
hat group 1 patients did not receive resuscitation as quickly as
he colloid group because the rate of infusion was not measured
n this study. Had the rate of Ringer’s lactate been 3 times faster
han 5% albumin, this would most likely not have changed the
emodynamics at 20 minutes, but it might have decreased the
umber of patients in whom the target ANH could not be
chieved because of acute hypotension in group 1. However,
ecause 3 times more volume was infused in group 1 as
ompared with group 2 within the same time period of blood
ithdrawal, the rate of infusion was definitely faster in group 1,

hus decreasing the possibility of delayed resuscitation in this
roup. Although no ST-segment changes were noticed in pa-
ients when target ANH could not be achieved, it is difficult to
ule out early ischemic changes in these patients. The sensitiv-
ty of leads II and V5 to detect intraoperative myocardial
schemia is only approximately 80%.22 It is therefore possible
hat undetected myocardial ischemia might have developed in
hese patients during ANH. However, they became stable once
NH was stopped. This suggests that colloid may be a better

lternative than crystalloids in CAD patients receiving �-block-

After ANH in Both Groups (Mean � SD)

Group 2 (n � 15)

utes
NH Baseline

5 Minutes
Post-ANH

20 Minutes
Post-ANH

0.10 36.6 � 0.11 36.5 � 0.12 36.6 � 0.10
3.95* 80.3 � 4.65 76.8 � 4.73* 76.5 � 4.29*†
9.23* 125.9 � 7.85 130.2 � 6.47* 135.3 � 6.67*
1.32 34.7 � 1.42 34.7 � 1.42 34.7 � 1.42
0.02 7.44 � 0.02 7.43 � 0.02 7.43 � 0.02
0.02* 28.0 � 0.02 26.2 � 0.03* 26.0 � 0.03*
0.02* 2.6 � 0.02 2.0 � 0.02* 1.6 � 0.03*
0.67 4.52 � 0.48 3.36 � 0.59* 3.40 � 0.51*
e and

0 Min
Post-A

6.6 �

2.6 �

3.4 �

6.8 �

.42 �

5.0 �

1.2 �

4.2 �



e
i
a
t
r
p

4
e
i
t
o
t
w
a
t
v
r

t
w
M
u
t
a
o
i
e
s
a
t

5
d
g
t
t
d
i
S
O
t
s

c
e
T
a
a
w
i
m
C
p
i
e
a
c
I
c
t
i
o
t
l
c
m
fl
b
f
a
c
t

C
s
r
a
o
b
i
i
w
t
s
s

g
s
c
m
d
Q
n
C
h
P
A
s

p

g

816 ARYA ET AL
rs because less replacement is required with colloid and there
s no acute overload on the ventricles or excess of dilutional
nemia (with 3 times crystalloid replacement), which may lead
o myocardial ischemia and hemodynamic instability. This
ationale may be even more applicable to CAD patients with
oor ejection fraction and low Hb values.
Some studies suggest that preoperative hemodilution using

% albumin on a 1:1 volume basis for blood substitution
nhances the extravasation rate of albumin and fluid into the
nterstitial tissues and isovolemic conditions are not main-
ained.23 This may be because of low colloid oncotic pressure
f 4% albumin compared with human serum. Hence, substitu-
ion with an identical volume of the 4% albumin solution alone
ould not be useful for “isovolemic” hemodilution. To obtain
clinically safe and approximately normovolemic hemodilu-

ion, the authors replaced the withdrawn blood with an equal
olume of 5% albumin solution instead of 4% albumin as
eported in previous studies.23,24

Anesthesia itself has effects on the cardiovascular response
o ANH. However, in the present study, the anesthesia regimen
as not altered in any patient during the observation period.
oreover, before ANH and during the stabilization period

nder anesthesia, hemodynamic variables did not change, and
he mean of 3 readings was taken for comparison to rule out
ny bias because of the anesthesia regimen. The similar choice
f anesthetizing agents and the prolonged stabilization period
n this study make it less plausible that anesthetics could
xplain the differences observed after ANH. The small but
ignificant decrease in HR in both groups post-ANH may be
ttributed to the anesthetic effect in �-blocked patients because
here was no surgical stimulation during this period.

There was a significantly greater decrease in hemoglobin at
minutes post-ANH in group 1 than group 2 because of

ifferent amounts of substitute volume. This indicates the
reater effect of hemodilution by Ringer’s lactate (crystalloid)
han 5% albumin (colloid) immediately after ANH. In contrast
o ANH by 5% albumin, hemodilution by Ringer’s lactate
ecreased over time because of further redistribution of fluid
nto the interstitial space, which led to falls in CVP, PAWP,
VI, and CI accompanied by rises in hemoglobin, SVR, and
2-Ex at 20 minutes post-ANH. This implied that compensa-

ory increases in SVI and CI were better preserved by colloid

Fig 4. Pre- and postautologous normovolemic hemodilution oxy-

en consumption index changes.
olutions in �-blocked CAD patients after ANH. t
In this study, the hemodynamic responses to ANH were
haracterized by compensatory increases in CI and oxygen
xtraction in both groups that were better preserved in group 2.
his is similar to studies conducted on �-blocked experimental
nimals without CAD, who showed increases in CI and O2-Ex
s compensatory mechanisms for ANH.25-27 The increase in CI
as solely dependent on an increase in SVI because HR did not

ncrease because of the �-blockers. Licker et al28 studied he-
odynamic changes during ANH in anesthetized patients with
AD using a transesophageal Doppler and showed that the
rimary compensation was by an increase in stroke volume that
ncreased CO similar to that found in the present study. Spahn
t al29 showed that increases in CO in anesthetized humans are
chieved primarily by increases in stoke volume, and an in-
rease in heart rate should be viewed as a sign of hypovolemia.
ncreases in SVI can also be attributed to reduced blood vis-
osity because it increases venous return and decreases SVR. In
he present study, a combined increase of CI and O2-Ex resulted
n maintained whole body VO2I despite compromised arterial
xygen content because of reduced hemoglobin. This observa-
ion is similar to other studies of ANH in which Hb was
owered quickly during hemodilution by clear fluids.25-29 The
apacity of patients with CAD to adapt to lowered Hb levels
ay be related to an increase in transstenotic coronary artery
ow during ANH, maintained myocardial oxygen consumption
ecause of prevention of an increase in HR by �-blockers, and
acilitated left ventricular ejection because of a decrease in
fterload.29 Moreover, animal studies have shown that normal
oronary arteries respond to acute anemia by substantial dila-
ation before oxygen delivery is affected.30

In a study by Spahn et al,31 comparing patients undergoing
ABG surgery with and without �-blocker therapy, it was ob-

erved that chronically �-blocked patients tolerated ANH compa-
able to non–�-blocked patients. Patients on �-blockers tolerated
n acute decrease in arterial oxygen content by increasing CI and
xygen extraction. In their study, the increase in CI was primarily
y increases in SVI, similar to the present findings. The increase
n SVI in chronically �-blocked patients may be because of an
ncrease in the number of myocardial �-adrenergic receptors,
hich maintains cardiac contractility as observed during long-

erm �-adrenergic blocker therapy,32,33 which may also be respon-
ible for increased exercise tolerance34 and an exaggerated re-
ponse to exogenous catecholamines such as dobutamine.33

There were no significant changes observed in PVR in both
roups. Unchanged as well as decreased PVR have been de-
cribed during hemodilution.35 The authors observed an in-
rease in PaO2 with hemodilution in both groups. During he-
odilution, intrapulmonary shunt (Qs/Qt) may increase or

ecrease, depending on ventilation-perfusion relationships (V/
).36 It has been reported that during ANH when V/Q ratio is
ormal, Qs/Qt may actually decrease because of the increased
I leading to exaggerated perfusion of more lung units with a
igher alveolar oxygen partial pressure resulting in higher
aO2.37 The comparative changes in HCO3, BE, SvO2, and
VDO2 after ANH in both groups of the present study are

imilar to previous studies on hemodilution.13,30,31,35

The postoperative course of patients in both groups was com-
arable. The requirement for IABP support and need of blood

ransfusion in the first 24 hours after surgery could be due to a
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umber of other factors such as the surgeon’s experience, skill,
ifficult dissection, CPB time, prior antiplatelet therapy, adequacy
f myocardial preservation, or poor target vessels. In this study,
ABP support was required postoperatively in those patients
hose CPB time was long because of the surgeon facing technical
ifficulties in grafting the diseased vessels. None of the 5 patients
n group 1 who developed hemodynamic instability during ANH
equired IABP support postrevascularization.

In conclusion, the present study showed that hemodynamic
tability during ANH was better maintained with colloids (5%

lbumin) as compared with crystalloids (Ringer’s lactate) in p
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rease postoperative bleeding. Ann Thorac Surg 62:1431-1441, 1996
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hronically �-blocked CAD patients. Hence, colloids may be a
etter or safer diluent for ANH in these patients. The patients
olerated ANH to an Hb value of approximately 10 g/dL before
ABG without signs of myocardial ischemia. During the early
hase of hemodilution, compensation was primarily by in-
reases in SVI and O2-Ex and not by an increase in HR. Despite
ncreases in CI resulting from hemodilution, overall systemic
xygen delivery was decreased because of the fall in oxygen
ontent. Because most of the CAD patients in this study were
elatively healthy, the results cannot be extrapolated to sicker

atients.
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