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Albumin Versus Crystalloid for Pump Priming in Cardiac Surgery:
Meta-Analysis of Controlled Trials
James A. Russell, MD,* Roberta J. Navickis, PhD,† and Mahlon M. Wilkes, PhD†
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Objectives: To determine the effects of pump priming

uid choice on platelets, fluid balance, and clinical out-

omes.

Design: Meta-analysis of controlled clinical trials. Primary

ndpoints were platelet counts, colloid oncotic pressure,

n-bypass fluid balance, postoperative weight gain, and col-

oid usage.

Setting: Cardiac surgery with cardiopulmonary bypass.

Patients: Adult and pediatric patients undergoing cardiac

urgery, including coronary artery bypass grafting, valve

rocedures, and correction of congenital cardiac anomalies.

Interventions: Extracorporeal circuit priming with either

lbumin or crystalloid.

Measurements and Results: The meta-analysis included

1 controlled trials with 1,346 total patients. Albumin prime

ignificantly reduced the on-bypass drop in platelet counts.

he pooled weighted mean difference in platelet count drop

ith albumin versus crystalloid prime was �23.8 � 109/L

confidence interval [CI], �42.8 to �4.7 � 109/L). The colloid

ncotic pressure decline was also smaller when albumin
artly on the lack of unequivocal evidence that albumin prime
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ournal of Cardiothoracic and Vascular Anesthesia, Vol 18, No 4 (August),
ather than crystalloid was used for priming, with a pooled

eighted mean difference of �3.6 mm Hg (CI, �4.8 to �2.3

mHg) during bypass and �2.0 mmHg (CI, �2.9 to �1.1

mHg) after surgery. Albumin prime correspondingly re-

uced on-bypass positive fluid balance (�584 mL; CI, �819

o �348 mL) and postoperative weight gain (�1.0 kg; CI,

0.6 to �1.3 kg) compared with crystalloid. Postoperative

olloid usage was lower with albumin than crystalloid prime

�612 mL; CI, �983 to �241 mL).

Conclusions: Albumin prime better preserves platelet

ounts than crystalloid. Albumin also favorably influences

olloid oncotic pressure, on-bypass positive fluid balance,

ostoperative weight gain, and colloid usage. The clinical

ignificance of these observations merits further investiga-

ion.

2004 Elsevier Inc. All rights reserved.

EY WORDS: cardiopulmonary bypass, extracorporeal circu-

ation, hemodynamics, on-pump, platelets
INCE THE early 1970s, albumin has been commonly
added as a constituent of the extracorporeal circuit priming

uid during cardiac surgery. Two chief considerations have
rompted the use of albumin for this purpose. First, albumin
an coat the fluid pathway surface, thereby diminishing contact
etween the blood and nonbiological materials that could result
n protein denaturation, platelet activation and consumption,
elease of inflammatory mediators, and initiation of the com-
lement cascade.1-3 Second, albumin in the prime can attenuate
he on-bypass fall in colloid oncotic pressure (COP) that might
ead to myocardial, pulmonary, intestinal, and cerebral
dema.4,5

Effects on platelet number and function are a central concern
n choice of priming fluid because of the risks of platelet-
elated thrombotic and hemorrhagic complications associated
ith cardiopulmonary bypass (CPB). Intraoperatively, platelet

ctivation by thrombogenic surfaces of the extracorporeal cir-
uit can contribute to oxygenator thrombosis manifested by
igh transoxygenator pressure gradients and sharply reduced
latelet counts.6 Inclusion of albumin in the prime is the only
easure shown to be effective in avoiding oxygenator throm-

osis, which is the leading cause of emergency oxygenator
eplacement.7 Postoperatively, platelet depletion and dysfunc-
ion may promote nonsurgical bleeding. In a study of patients
ndergoing surgery with CPB, total chest tube drainage was
hown to be significantly associated with decreases in both
latelet count and aggregability.8

Avoidance of fluid shifts because of decreasing COP may be
f value in maintaining adequate respiratory function. Inclusion
f albumin in the prime has been shown to reduce extravascular
ung water accumulation and pulmonary shunt fraction.9,10 Not-
ithstanding these advantages of albumin, crystalloid has been

ncreasingly substituted as the prime to reduce fluid acquisition
osts. This practice has been based partly on inconsistencies in
he data documenting the benefits of albumin in the prime and
mproves outcomes. For instance, the lack of a significant
lbumin prime effect on respiratory function and time to extu-
ation has been reported.11

Because most reported trials comparing albumin with crys-
alloid prime have involved small numbers of patients, it is
ifficult to judge whether inconsistent findings indicate that
ifferences in priming fluid effects are small or simply that the
rials lacked statistical power. For example, in most trials, the
rtificial colloid hydroxyethyl starch was not found to exert a
ignificant effect on bleeding after cardiac surgery; whereas,
hen all the trials were combined in a recent meta-analysis, a

onsistent and significant increase in postoperative bleeding
as apparent in patients receiving hydroxyethyl starch either

or pump priming or volume expansion.12 Thus far, the evi-
ence from trials comparing albumin with crystalloid as the
riming fluid has not been systematically reviewed. The au-
hors therefore conducted a meta-analysis of such trials to test
he hypothesis that albumin prime better maintains platelet
ounts and COP and lessens on-bypass and postoperative fluid
mbalance. The study also assessed whether choice of priming
uid significantly affects postoperative colloid usage, time to
xtubation, homologous blood transfused, and length of stay.
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Table 1. Characteristics of Included Trials

Trial n* Setting

Prime

Major FindingsComposition
Albumin

(%)†

Öhqvist et al, 19814 14 Aortic valve
replacement

2,000 mL Ringerdex� v 200 mL 20%
albumin � 1,800 mL Ringerdex�

2 COP and arterial oxygen tension higher
in albumin prime group after bypass

Öhqvist et al, 19815 16 Aortic valve
replacement

2,000 mL Ringerdex� v 400 mL 20%
albumin � 1,600 mL Ringerdex�

4 Smaller COP decline during bypass in
albumin than crystalloid prime group
and earlier post bypass return to
baseline

Sade et al, 19859 57 CABG, valve
procedures
and CABG/
valve
procedures

2,500 mL RL v 800 mL/m2 5% albumin
added to RL to make total volume of
2,500 mL

3 Intraoperative COP higher in albumin
than RL prime group and
postoperative pulmonary shunt
fraction and weight gain lower

Kamada et al, 198815 38 Coronary
bypass
operation

1,000 mL Isolyte� S � 500 mL
20% mannitol with no albumin v with

100 mL 25% albumin v with 200 mL
25% albumin

1.6
3.1

Proportions of crenated erythrocytes
respectively greater by 18 and 10 fold
during and after bypass with
crystalloid prime as compared with
3.1% albumin prime

Karliczek et al, 198916 —‡ Routine
coronary
artery
surgery

RL v 5% albumin in RL —‡ Albumin prime attenuated on-bypass
hypotension

Marelli et al, 198917 100 Aortocoronary
bypass, valve
and other
reparative
intracardiac
procedures

1,600 mL RL v 200 mL 25% albumin �

1,400 mL RL
3.1 Intraoperative crystalloid requirement

greater in RL prime group and
postoperative CVP and PAWP lower;
urine output greater in RL group at
6-12 h postoperatively; 21% of
albumin patients received diuretic at
24 h v 4% of RL group

McGrath et al, 198918 49 Elective
myocardial
revascular-
ization

2,000 mL RL v 500 mL 5% albumin �

1,500 mL RL
1.25 In crystalloid prime group, 4.5-fold

greater postoperative colloid
requirement and 58% larger post-
operative weight gain

Bonser et al, 199019 24 Elective
coronary
artery
operations

2,000 mL Hartmann’s solution v 400
mL 4.5% albumin � 1,600 mL
Hartmann’s solution

0.9 No between-group differences in
complement factors B and C3 or split
products Ba and C3d

Hoeft et al, 199110 20 CABG 1,400 mL RL � 500 mL 5% glucose �

100 mL bicarbonate v 400 mL 20%
albumin � 1,000 mL RL � 500 mL
5% glucose � 100 mL bicarbonate

4 Intra- and postoperative COP and COP-
PAWP gradient greater in albumin
prime group; EVLW in RL group
increased by over 60% v baseline
level but minimal EVLW increase in
albumin group; no difference in
alveolar-arterial oxygen gradient

Boldt et al, 19921 36 CABG 2,250 mL RL v 250 mL 5% albumin �

1,000 mL RL � 1,000 mL 5%
dextrose v 400 mL 20% albumin �

1,850 mL RL

0.6
3.6

Lower on-bypass positive fluid balance in
albumin prime group; in 0.6% albumin
group maximum platelet aggregation
greater than in other groups

London et al, 199220 60 CABG and
valve
procedures

2,000 mL RL v 300 mL 25% albumin �

1,700 mL RL
3.8 Intraoperative COP higher and volume

requirement lower in albumin prime
group

Zabala et al, 199321 60 Open heart
surgery using
CPB

1,250 mL Isolyte� E � 20 mL/kg 20%
mannitol v 200 mL 20% albumin �

1,000 mL Isolyte� E � 20 mL/kg 20%
mannitol

3.3 Intra- and postoperative COP maintained
closer to baseline level in albumin
prime group; blood lactate
concentration higher in crystalloid
group during surgery and after
transfer to ICU

Abbott et al, 199422 19 Elective, first-
time CABG

2,000 mL sodium lactate, 15 mmol KCl,
20 g mannitol, 8000 IU heparin, 1.5 g
cefuroxime v 2000 mL 4.6% albumin
as plasma protein solution, 15 mmol
KCl, 20 g mannitol, 8,000 IU heparin,
1.5 g cefuroxime, 50 mmol sodium
bicarbonate

4.6 2 fold rise in on-bypass intraocular
pressure contemporaneous with 50%
fall in COP among crystalloid but not
albumin recipients
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METHODS

Controlled trials were included if they compared albumin with
rystalloid as the pump priming fluid in cardiac surgery with CPB. Both
andomized and nonrandomized controlled trials were eligible for
nclusion. The primary endpoints of interest were platelet counts, COP,
uid balance, and colloid usage. Time to extubation, homologous blood

ransfused, and length of stay were also assessed as secondary end-

Table 1. Characteristic

Trial n* Setting Compo

Jenkins and Curtis,
199511

51 Elective cardiac
surgery
requiring CPB

2800 mL RL � 1000
300 mL 25% album
� 10000 units hep

Scott et al, 199523 64 Nonurgent first-
time CABG

2,000 mL Plasma-Ly
4.6% albumin as p
solution � 1,000 m

Buhre et al, 199724 26 Mitral valve
replacement
in patients
with 3rd or
4th degree
mitral valve
insufficiency

1,400 mL RL � 500
100 mL bicarbona
albumin � 1,000 m
5% glucose � 100

Aukerman et al,
199825

76 Correction of
congenital
heart
anomaly in
pediatric
patients

8.4% Normosol� R,
100 U/kg heparin,
mannitol � antibi
albumin added to
of 4%§

Palanzo et al, 19993 40 Non-emergency
first-time
open-heart
surgery

2,200 mL Isolyte� S
bicarbonate and 5
sodium heparin w
mL 25% albumin

Canver and Nichols,
200026

428 Isolated
primary
CABG

2,200 mL Isolyte� S
albumin � 2150 m

Zarro et al, 200127 53 Non-emergency
myocardial
revascular-
ization in
consecutive
patients

2,200 mL Isolyte� S
albumin � 2000 m

Myers et al, 200228 115 CPB 1,800 mL Normosol
heparin (5000 uni
albumin � 1,550 m
60 mL heparin (50

Abbreviations: CABG, coronary artery bypass graft; COP, colloid
ressure; EVLW, extravascular lung water; ICU, intensive care unit; P
Products: Ringerdex�, Pharmacia, Uppsala, Sweden; Isolyte� S, McG

axter Healthcare Proprietary Ltd, Old Toongabbie, NSW, Australia;
*Total patients receiving albumin or crystalloid prime in study.
†Final prime albumin concentration in patients receiving albumin p
‡Not reported.
§Packed red blood cells added to prime for all patients weighing

esultant hematocrit after hemodilution would be less than 18%-20%
oints. Availability of data for all endpoints was not a trial inclusion t
riterion, and the meta-analysis comparing albumin and crystalloid
ith respect to a particular endpoint (eg, COP) was based on the subset
f included trials with data for that endpoint.
Between-trial heterogeneity was anticipated, and 3 potential effect

ize modifiers were identified a priori that might explain such hetero-
eneity: prime albumin concentration, the use of randomization, and
ear of publication. Analyses were planned to assess the influence of

cluded Trials (Cont’d)

e

Major Findings
Albumin

(%)†

s heparin v
2800 mL RL

2.4 On-bypass positive fluid balance greater
in RL than albumin prime group; no
significant difference in respiratory
parameters or time of extubation

1,000 mL
a protein
asma-Lyte�

2.3 Greater postoperative positive fluid
balance and colloid requirement in
crystalloid prime group: lower intra-
and postoperative urine output and
greater postoperative furosemide
requirement in albumin group

glucose �

00 mL 20%
� 500 mL
icarbonate

4 No significant difference in
hemodynamic function, EVLW or time
of extubation; marked fall in stroke
volume index at 1 h postoperatively in
crystalloid but not albumin prime
group

Eq/L NaHCO3,
0.5 g/kg 25%
ithout v with
concentration

4 Less postoperative weight gain in
albumin prime group

Eq sodium
porcine

t v with 100

1.1 Intraoperative plateletdrop in crystalloid
but not albumin prime group

mL 25%
lyte� S

0.6 No between-group differences in blood
product usage, length of stay or
mortality

mL 5%
lyte� S

0.6 38% less postoperative weight gain in
albumin prime group, but difference
not statistically significant

60 mL
50 mL 5%
rmosol� R �

its)

0.7 Higher COP, lower volume requirement
and smaller platelet count drop during
bypass in albumin prime group

tic pressure; CPB, cardiopulmonary bypass; CVP, central venous
, pulmonary arterial wedge pressure; RL, Ringer’s lactate.
nc, Irvine, CA; Isolyte� E, Baxter, S.A., Valencia, Spain; Plasma-Lyte�,
osol� R, Abbott Laboratories, North Chicago, IL.

.

an 5 kg and also for those greater than 5 kg if patient’s calculated
s of In

Prim

sition

0 unit
in �

arin

te� v
lasm
L Pl

mL 5%
te v 4

L RL
mL b

25 m
0.25-
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final
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000 U
ithou
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hese variables. Prime albumin concentration was selected to assess
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432 RUSSELL, NAVICKIS, AND WILKES
ose dependency. Empirical data suggest that in some contexts the
esults of randomized trials may differ systematically from those of
onrandomized trials, and, therefore, in the planned analyses this
ossibility was investigated. Changes over time in methods and stan-
ards of care in cardiac surgery might alter effects attributable to choice
f priming fluid, and thus year of publication or completion was chosen
s the metric for temporal changes.

Published and unpublished trials conforming to the previously men-
ioned selection criteria were sought by a variety of methods. These
ncluded computer searches of bibliographic databases, the Cochrane
ibrary, and other Internet-resident information resources; hand search-

ng; inquiries with investigators in the field and medical directors of
uid management product suppliers; and perusal of reference lists. No

anguage restrictions were applied. Searches were conducted between
une and November 2002.

Two investigators (MMW and RJN) independently selected trials
nd extracted data. Disparities in selection and extraction decisions
ere resolved through discussion. Extracted data consisted of patient
emographics; surgical procedures performed; priming fluid composi-
ion; trial design; major study findings as reported; and pre-, intra- and
ostoperative variables.
The primary outcome measure for the meta-analysis was the

eighted mean difference in effect size between groups. Statistically
ignificant differences are denoted by the absence of zero from the
orresponding 95% confidence interval (CI). In the case of platelet
ounts and COP, the difference between albumin and crystalloid in
hange from baseline was calculated, and the variance for change from
aseline was imputed from the reported standard deviations on the
ssumption of intragroup correlation equal to 0.5.13 Data were com-
ined using random effects models, which are designed to accommo-
ate between-trial heterogeneity. The impact of the 3 selected explan-
tory variables was evaluated by univariate and multivariate random
ffects metaregression. Publication bias was assessed by Egger’s test.14

RESULTS

Twenty-one trials with a total of 1,346 patients were in-
luded.1,3-5,9-11,15-28 None was unpublished. The characteristics
f the trials, which were reported in the period 1981 to 2002,
re summarized in Table 1. The median number of patients per
rial was 50 (range, 14-428). Seventeen trials involved adults, 1
ediatric patient, and 3 of unspecified age. For the adult trials,
atient age, and weight were 59.8 � 6.2 years and 75.1 � 5.1
g, respectively (mean � standard deviation). For patients

Table 2. Operative and

Parameter n*

Operative
Ischemia time (min) 13
Bypass time (min) 14

Postoperative
Time to extubation (h) 8
Homologous blood transfused (mL)† 5
Blood Loss (mL)† 10
Intensive care unit stay (d)‡ 4
Hospital stay (d)‡ 3

*Number of trials with data.
†First 24 hours postoperatively.
‡Data from 1 study excluded because length of stay determined by

ondition.26
eceiving albumin in the prime, the median prime albumin d
oncentration was 3% (range, 0.6%-5%). No significant be-
ween-group differences were evident in duration of ischemia
r bypass (Table 2).
Fourteen trials (67%) were randomized.1,3-5,9-11,16,17,19,20,22-24

ome form of blinding was used in 5 of 21 trials
24%).11,17,19,22,23 Patient selection criteria were described in the
eports of 8 included trials.3,9,11,18,20,22,23,28 Preoperative coagu-
opathy was the most frequent exclusion criterion and was
pplied in 5 of 8 of these trials (62%).

In 6 of 7 controlled trial comparisons (86%), the on-bypass
rop in platelet counts was smaller in the albumin than the
rystalloid prime group, and in 1 trial comparison there was no
ifference (Fig 1). The pooled difference in platelet drop of
23.8 � 109/L (CI, �42.8 to �4.7 � 109/L) was statistically

ignificant. The magnitude of the difference was not signifi-
antly related to prime albumin concentration (p � 0.60), trial
esign (p � 0.42), or year of publication (p � 0.40). No
vidence was found of publication bias with respect to platelet
rop difference (p � 0.97). Postoperatively, there was no
ignificant platelet drop difference between the albumin and
rystalloid groups (p � 0.10).

As shown in Figure 2, the on-bypass COP drop was smaller
or the albumin prime group in 9 of 9 of trials (100%), and the
ooled difference (�3.6 mmHg; CI, �4.8 to �2.3 mmHg) was
ignificant. In a multivariate model, the difference was larger at
igher prime albumin concentrations (p � 0.001), whereas
tudy design was without effect (p � 0.71). The model could
xplain 77% of the between-trial variance. Publication year was
ot a significant determinant of the difference (p � 0.23), nor
as there evidence of publication bias with respect to this

ndpoint (p � 0.36).
A significant COP drop difference (�2.0 mmHg; CI, �2.9 to
1.1 mmHg) persisted postoperatively, although the difference
as smaller than that on bypass. The postoperative COP drop
as smaller among albumin recipients in 6 of 7 trials (86%).
he postoperative difference was greater at increasing prime
lbumin concentrations (p � 0.0005) but was not significantly
nfluenced by study design (p � 0.42) or publication year (p �
.96). The concentration effect could explain 72% of the be-
ween-study variance. Publication bias in this endpoint was not

operative Patient Data

Pooled Group Mean (CI)

pAlbumin Crystalloid

7.3 (56.6-78.0) 64.3 (55.4-73.1) 0.40
5.2 (86.7-123.7) 103.9 (90.7-117.1) 0.80

8.6 (15.2-22.0) 17.5 (13.9-21.2) 0.82
812 (408-1,215) 817 (414-1,220) 0.88
817 (587-1,048) 881 (693-1,069) 0.17
3.6 (1.7-5.5) 2.8 (1.6-4.1) 0.70
9.5 (5.8-13.2) 9.8 (4.9-14.6) 0.98

ans Administration hospital system policy rather than patient clinical
Post

6
10

1

Veter
etectable (p � 0.60).
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433PUMP PRIME
Pooled on-bypass positive fluid balance was lower among
lbumin recipients in 10 of 10 controlled comparisons (100%),
nd the pooled difference (�584 mL; CI, �819 to �348 mL)
as significant (Fig 3). The fluid balance difference increased

t higher prime albumin concentrations, although this relation-
hip was not statistically significant (p � 0.30). The difference
id not vary significantly in relation to study design (p � 0.47)
r year of publication (p � 0.88). No publication bias was
pparent in this endpoint (p � 0.23).

Data on weight gain at 24 hours postoperatively compared
ith preoperative weight were reported in 4 trials of

dults.9,18,20,27 Weight gain was smaller for the albumin than the
rystalloid prime group in all 4 trials with a significant pooled
ifference of �1.0 kg (CI, �0.6 to �1.3 kg). Significantly
reater weight gain was also reported in a pediatric trial.25

Total fluid input, including crystalloid, colloid and blood
roducts, throughout the intraoperative period, as well as the
rst 24 hours postoperatively, was reported for 3 trials of
dults.4,23,27 Total fluid input in the crystalloid group exceeded
hat in albumin recipients; however, the pooled difference of

829 mL (CI, �2,973 to 1,316 mL) was nonsignificant.
Quantitative data on postoperative diuretic usage were re-

orted for 3 trials.17,20,23 In these trials, diuretics were admin-
stered more frequently to albumin prime group patients, al-
hough this observation was not statistically significant (pooled
dds ratio, 2.52; CI, 0.95-6.64). In contrast, average diuretic
ose, which was reported in 1 of the 3 trials,20 was lower for the

Fig 1. Difference between albumin and crystalloid prime in on-byp

rials are scaled in proportion to meta-analytic weight.
lbumin prime group. In 2 additional trials without quantitative b
ata, diuretic usage was reported to be similar between the
lbumin and crystalloid prime groups.9,25

During the first 24 hours postoperatively, colloid usage was
ower in the albumin than the crystalloid prime group in 6 of 6
dult trials (100%), as indicated in Figure 4. The pooled colloid
sage difference (�612 mL; CI, �983 to �241 mL) was
ignificant. The difference was augmented by higher prime
lbumin concentrations, although this dose effect was not sta-
istically significant (p � 0.20). The difference was not affected
y trial design (p � 0.71) or publication year (p � 0.48), and
ublication bias was not evident (p � 0.13). Postoperative
lbumin usage was also lower in 1 pediatric trial,25 although the
ifference was not statistically significant.

In 4 trials of adults, data were available on combined total
olloid usage for the intraoperative period, including prime
olloid, and the first 24 hours after operation.4,9,23,27 Although
ombined total colloid usage was higher in the albumin group,
he pooled difference (98 mL; CI, �193 to 389 mL) was
onsignificant.

Postoperative crystalloid usage over the first 24 hours was
ower with albumin prime in 2 of 3 trials (67%) with data.17,18,27

owever, the pooled difference (�97 mL; CI, �538 to 345
L) was not significant. The albumin and crystalloid groups
ere similar in time to extubation, homologous blood trans-

used, and intensive care unit and hospital stay (Table 2).
lbumin recipients experienced less postoperative blood loss,

atelet count drop. Data points representing differences for individual
ass pl
ut the difference was not significant (p � 0.21).
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434 RUSSELL, NAVICKIS, AND WILKES
DISCUSSION

This meta-analysis shows that albumin exerts significant
avorable effects during bypass on platelet count, COP, and
ositive fluid balance, as well as on postoperative COP, weight
ain, and colloid usage in patients undergoing cardiopulmonary
ypass. No significant differences were apparent in markers of
emorrhagic complications because of bypass (ie, postopera-
ive blood loss and transfusion). Unfortunately, thrombotic
omplications such as stroke and neurocognitive dysfunction
ere not reported.
It is noteworthy that significant differences for several end-

oints could be detected in this meta-analysis, even though the
ncluded studies generally involved highly selected, lower risk
atient populations. It is possible that these differences would be

Fig 2. Difference between albumin and crystalloid prime
ore pronounced in routine cardiac surgical practice. CPB is often m
ttended by potentially harmful physiologic derangements such as
latelet activation, thrombosis, systemic inflammatory response
yndrome, edema, organ dysfunction, thrombocytopenia, and non-
urgical hemorrhage. Perioperative fluid management could influ-
nce all of these consequences of CPB.

The optimal priming fluid in cardiac surgery is a topic of
nduring and lively debate. Proponents of colloid-based prime
mphasize the importance of avoiding a COP decline and
oncomitant edema that can compromise organ function. This
eta-analysis amply shows that indeed the use of colloid prime

ttenuates the fall in COP. Albumin prime reduced on-bypass
ositive fluid balance by an average of nearly 600 mL and
owered postoperative weight gain by 1 kg.

Crystalloid advocates note the lack of clear evidence that

OP decline from baseline during bypass and after surgery.
ore expensive colloidal priming fluids quantifiably im-
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rove patient outcomes. This meta-analysis provides a basis
or that viewpoint as well because no significant differences
ould be detected in time to extubation or length of stay.

Fig 3. Difference between albumin and cry
evertheless, use of crystalloid as pump prime is associated m

Fig 4. Difference between albumin and crystalloid prime in
ith increased postoperative colloid infusion to achieve
omparable outcomes, as has been suggested by others.20

his study documented an average increase of more than 600

id prime in on-bypass positive fluid balance.
L in postoperative colloid usage in the crystalloid com-
colloid usage during the first 24 hours postoperatively.
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436 RUSSELL, NAVICKIS, AND WILKES
ared with the albumin group. This difference would at least
artly offset the higher unit acquisition cost of albumin than
rystalloid for pump priming. Thus, combined total intra-
nd postoperative colloid usage did not differ significantly
etween the two study groups.
Change in platelet number is also a variable used in selecting

riming fluid. In an investigation of in vitro extracorporeal
embrane oxygenation circuits, albumin priming reduced the

apid fall in platelet counts and marked increase in platelet
ctivation induced by crystalloid prime.2 On-bypass platelet
ctivation and consumption can potentially cause early throm-
otic events as well as promoting subsequent thrombocytope-
ia and platelet dysfunction leading to nonsurgical bleeding.1

cquired transient platelet dysfunction is well recognized as a
ommon contributor to hemorrhage in cardiac surgery pa-
ients.1 Awareness has recently increased of intraoperative
hrombotic events such as oygenator thrombosis, which has
een more frequently encountered with the more widespread
ubstitution of crystalloid for albumin prime.6 Although typi-
ally transient and self-limiting, oxygenator thrombosis can in
ome cases necessitate emergency oxygenator replacement and
eopardize the outcome of the procedure.7 Another risk related
o on-bypass platelet activation would be microthrombosis in
he vascular bed and consequent impaired organ perfusion. For
nstance, neurocognitive dysfunction after CPB is frequently
ncountered,29 and intraoperative microvascular thrombosis is
ne proposed mechanism for the syndrome.
A consistent difference was observed in on-bypass platelet

ount drop between patients receiving albumin and crystalloid
rime. That difference, 23.8 � 109/L, was equal to approximately
1% of the pooled mean on-bypass platelet count in the crystalloid
roup. The clinical significance of such a difference cannot be
ully addressed by this meta-analysis because of the lack of re-
orted data on thrombotic events and neurocognitive function in

he included studies. However, a trend toward increased postop- w
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rative blood loss in patients who received crystalloid rather than
lbumin was found, which warrants future investigation.

Priming fluid may affect additional clinical outcomes. In 1
tudy, albumin prime attenuated on-bypass hypotension.16 In
nother, albumin prime blunted the on-bypass and postopera-
ive rise in blood lactic acid concentration, which was shown to
e negatively correlated with COP.21 In a third study, crystal-
oid but not albumin prime induced a large abrupt on-bypass
ise in intraocular pressure temporally coinciding with a pre-
ipitous COP decline.22 Elevated intraocular pressure second-
ry to altered COP has been implicated in the development of
ptic neuropathy after cardiopulmonary bypass.30

Although these observations on hypotension, lactic acidosis,
nd intraocular pressure can be attributed to the oncotic prop-
rties of albumin, other effects may be caused by nononcotic
roperties of albumin. These properties include antioxidant and
ree radical-scavenging activity; ability to modulate inflamma-
ory processes; capacity for specifically inhibiting apoptosis in

icrovascular endothelial cells; and binding affinity for lipids,
ons, drugs, toxic substances, and other ligands. One included
tudy showed significantly reduced erythrocyte crenation dur-
ng and after bypass with use of albumin prime.15 Crenation
ith concomitant impairment of erythrocyte deformability and

ompromise of microcirculatory performance may result from
ncorporation of unbound free fatty acids into the erythrocyte
embrane, and albumin prime was shown to reduce the pro-

ortion of unbound free fatty acids during and after bypass.15

hus, the salutary effect of albumin on erythrocyte crenation
ay issue from its lipid-binding properties.
Currently available evidence assembled in this systematic

eview suggests differences favoring albumin for extracorpo-
eal circuit priming by several criteria. Further studies are
arranted to delineate more precisely the effects of priming
uids on thrombotic and hemorrhagic complications of CPB as

ell as other clinical outcomes.
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