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Colloids versus crystalloids as priming solutions for cardio-
pulmonary bypass : a meta-analysis of prospective, randomised

clinical trials

D. HivpE

Summary : Using Cochrane methodology a review was
performed of prospective randomized clinical trials
comparing colloidal pump priming solutions for car-
diopulmonary bypass. Dextrans were not considered.
Database searches from 1966 through December 2002
delivered 265 articles. Seventeen studies finally met the
eligibility criteria involving 997 patients. Summary odds
ratio estimates from the 5 studies reporting mortality
were 1.46 (n = 326 ; 95%-Confidence-Interval : .55 to
3.85 ; p = .49) for crystalloids against colloids and .74 (n
=150 ; 95%-Confidence-Interval : .17 to 3.36 ; p = .49)
for albumin versus synthetic colloids. Most commonly
used outcome measures further included postoperative
blood loss, platelet-count, fluid-balance and, colloid
osmotic pressures from which Standardized Mean
Differences (SMD) and their 95%-Confidence-Interval
(95%CI) were extracted. Colloids produced significant-
ly higher oncotic pressures and less positive fluid-bal-
ances. Although across 9 studies postoperative bleeding
between colloids and crystalloids did not differ (n = 663
; SMD : -.03, 95%CI : -.18 to .12; p = .69), platelet
counts significantly favoured crystalloids (n = 465 ;
SMD :-.42 ; 95%CI : -.68 to -.16 ; p = .00). However,
compared to albumin platelet counts were significantly
disfavoured only by starches (n = 321; SMD: -.55;
95%Cl : -.77 to -.32 ; p = .00). To conclude, using mere
crystalloids produced more pronounced positive fluid
balances and their avoidance as a single pump-prime
component can be suggested. Since albumin is not nec-
essarily associated with better outcomes and is more
expensive, it is hard to continue its use. However, there
is still insufficient evidence available to allow definitive
conclusions.

Key words: Meta Analysis; Albumin; Colloids,
hydroxy-ethyl-starch, gelatine ; Cardiopulmonary
bypass, fluids, priming.

INTRODUCTION

Recent meta-analyses demonstrated adverse
effects on outcome of using colloids (8, 41, 51). By
contrast, the results of an older meta-analysis by
Velanovich concluded colloids were rather benefi-

cial during elective surgery but not in trauma resus-
citation (49). The latter is again in agreement with
the more recent findings by Choi (9). Controversial
conclusions result from ignoring underlying differ-
ences between subgroups, requiring separate
analyses.

Therefore, although still a matter of debate (4,
6, 50), colloids might have advantages in well-
defined sub-populations such as these exposed to
cardio-pulmonary-bypass [CPB] (2, 12, 42, 44).
Maintaining acceptable oncotic pressures during
CPB should contribute to more optimal fluid bal-
ances and better clinical outcomes (20, 21, 38). On
the other hand, some colloids known to have
already negative effects per se on blood coagula-
tion and platelet function may aggravate the CPB
related effects on the haemostatic system (7, 10, 26,
52).

The actual meta-analysis tested mainly the
following hypotheses :

(I) using colloids for the CPB pump-prime is
more beneficial than crystalloids and,

(IT) the choice of the pump-prime can modify
postoperative blood-loss.

Only comparative trials of fluid loading dur-
ing cardiopulmonary bypass were included, to
avoid interferences with conditions in which fluids
were given for other purposes.

METHODS

Following the Cochrane methodology (36) a
review was performed of relevant comparative,
prospective clinical trials available by December
2002 that included either albumin (ALB) or
hydroxy-ethyl-starches (HES) or gelatines (GEL)
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Major end-points of the included prospective, randomized clinical trials

Reference Patients (n) Major comparable end-points shared within the different trials

BoLpt [3] 46 Postoperative Bloodloss, Platelet Counts and Function

HavLLoweLL [11] 62 Mortality, Fluidbalance

HivrE [18] 105 Mortality, Postoperative Bloodloss, Platelet Counts, Colloid Osmotic Pressure, Acid-base status
Hokrt [19] 20 Colloid Osmotic Pressure, Extra Vascular Lung Water,

JANSEN [20] 20 Postoperative Bloodloss, Fluid Balance, Colloid Osmotic Pressure, Clinical Score & Hospitalstay
KUITUNEN [25] 45 Postoperative Bloodloss,Platelet Counts

Lonpon [28] 90 Mortality, Postoperative Bloodloss, Platelet Counts, Fluid Balance & Hospitalstay

MaRELLI [30] 100 Mortality, Postoperative Bloodloss

Onovist [31] 14 Fluid Balance, Colloid Osmotic Pressure

PaLanzo I [32] 79 Postoperative Bloodloss, Platelet Counts, Colloid Osmotic Pressure

PaLanzo 11 [33] 84 Postoperative Bloodloss, Platelet Counts

SADE [37] 83 Postoperative Bloodloss, Platelet Counts, Body Weight Gain (Fluidbalance), Colloid Osmotic Pressure
SAUNDERS [39] 20 Postoperative Bloodloss, Platelet Counts, Body Weight Gain (Fluidbalance)

Scortr [43] 93 Postoperative Bloodloss, Platelet Counts, Fluidbalance

TaBucHI [45] 60 Postoperative Bloodloss

TIGCHELAAR [46] [47] 36 Postoperative Bloodloss, Fluid Balance, Colloid Osmotic Pressure

ToLLOFSRUD [48] 40 Mortality, Postoperative Bloodloss, Fluid Balance

Total : 997

as components of the CPB pump-prime. Dextrans
were not considered. A search of bibliographic
databases (MEDLINE & EMBASE) and other
resources such as conference reports and abstracts
was performed. Also examined were the references
in colloid-related prior published meta-analyses (8,
9,41, 49, 51, 52).

End Points

Mortality, if reported, was considered a major
outcome. Other commonly retrieved end-points
consisted of fluid balance, colloid osmotic pres-
sure, blood-loss and, platelet-count after cardiopul-
monary bypass. Based on statistical grounds, a pool
of 150 individual patients sharing a given end-point
across several studies was considered a minimum
to allow valid meta-analysis (35).

Statistical Analysis

In the case of reported mortality the odds
ratios were obtained. For continuous data such as
blood loss and fluid balances, the Standardized
Mean Difference (SMD) and its 95% confidence
interval (95%CI) between the randomized groups
was calculated. This standardization transforms
study results to a common scale (standard deviation
units) facilitating the pooling of data (23, 35).
According to Wilkes, it is appropriate for compar-
isons across studies that report fluid balance data or
postoperative bleeding in different units using dif-
ferent measurement methods or apply techniques
associated with substantial differences in, for

instance, recorded blood-loss (52). Heterogeneity
between trials was taken into account (15). Forest-
plots express Standardized Mean Differences
(SMD) per study as boxes scaled according to
weighting. Error bars indicate 95% confidence
intervals. Summary estimates are shown at the bot-
tom as diamonds that span the confidence interval.
The specialized software package Comprehensive
Meta-Analysis (Biostat, NJ, USA) was used for the
necessary calculations and transformations.

REsuLTS

From 265 references a set of 21 prospective,
comparative clinical trials were selected. Due to
duplicate publication one study was dropped from
the analysis (47). Another publication on comple-
ment activation could not be factored in since none
of the other selected studies shared this particular
end-point (5). The studies respectively by
ABBOTT (1) on intra-ocular pressure and by
LumB (29) on extra-vascular lung-water (EVLW)
were excluded for similar reasons.

Seventeen eligible trials finally remained,
including 997 patients prospectively studied
(Table I). The enrolment of the study with the
relevant steps of hypothesis testing is displayed in
figure 1.

Table II summarizes the different prime com-
positions of the included trials. Priming fluid regi-
mens vary widely. In most institutions, pump cir-
cuits are filled up with a quantity of crystalloids,
to which one or more units of a colloid are added
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Mortality: colloids
versus crystalloids
(4 RCT's - n=326)

Mortality: artificial
colloids versus
albumin

Fluid balance and colloid osmotic pressure:

all colloids versus crystalloids
(7 RCT's - n=493)

(3 RCT's - n=150)

Postoperative Bloodloss:
all colloids versus crystalloids
(9 RCT's - n=663)

N\

Fluid balance and colloid osmotic pressure:
artificial colloids versus albumin
(4 RCT's - n=158 )

Bloodloss:
starches versus albumin

/ Platelets:
all colloids versus crystalloids
(5 RCT's - n=465)

(7 RCT's n=404)

L

/

Bloodloss:
gelatines versus albumin
(6 RCT's - n=385)

Platelets:
starches versus albumin
(6 RCT's - n=321)

Platelets:
gelatines versus albumin
(3 RCT's - n=153)

Fig. 1. — Flowchart representing the sequences, direction and, the different steps of the relevant hypotheses tested. The numbers of
Randomized Controlled Trials (RCT) and patients (n) involved at each stage of the meta-analysis are noted between brackets.

arbitrarily. Depending on which colloid and what
amount of it supplemented, the oncoticity of the
final mixtures may vary consistently. In 3 studies
the commercially available (iso-oncotic) synthetic
colloidal solutions were used as such without mix-
ing them with other fluids (18, 45, 46).

Data on mortality are available from 5 studies
(11, 18, 28, 30, 48). As illustrated by the forest-
plots in figure 2 no differences could be demon-
strated between either crystalloids or colloids and,
more specific, between albumin and all artificial
colloids combined. Mortality was never related to
adverse effects during or immediately after CPB.
None of the included studies reported allergic reac-
tions.

In all comparisons, all indicators of fluid-bal-
ance are favouring the colloidal prime regimens
(p < 0.05), which was associated with significantly
higher colloid osmotic pressures [COP] during
CPB (see Fig. 3). No differences, however, could
be demonstrated between albumin and artificial
colloids both for the fluid-balance across 7 studies
(n=260 ; SMD : -.19; 95%CI : -.63 to .23, p= .36)
and the oncotic pressure across 5 studies (n=248 ;
SMD : .015; 95%CI : -1.17 to 1.21 ; p= .98).

No overall differences were found in the
9 studies comparing postoperative bleeding
between colloids and crystalloids used as a CPB
prime (n = 663 ; SMD : -.03, 95%CI : -.18 to .12 ;
p = .69). A separate comparison of starches
and gelatines to the golden standard albumin
revealed no differences in postoperative blood-loss
in respectively seven and six pooled studies
(starch vs albumin : n =404 ; SMD : -.05 ; 95%CI :
-29 to .19; p = .68 and, gelatine vs. albumin :
n = 385; SMD: -03; 95%CI: -23 to .17;
p =.76).

Platelet counts by the end of CPB favoured
significantly crystalloids when compared to col-
loids (n = 465 ; SMD : -.42 ; 95%CI : -.68 to -.16 ;
p =.0016). As shown in figure 4, however, platelet
counts only significantly favoured albumin when
solely compared to starch (6 trials). By contrast,
comparing platelet counts between gelatine and
albumin primes, no differences could be demon-
strated (3 trials).

End-points like hospital-stay, clinical scores
and, acid-base status did not reach an acceptable
minimum pool of subjects for a valid meta-analy-
sis.
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Characteristics and individual composition of the different prime study-groups from the included prospective, randomized clinical

D. HIMPE

Table 11

trials. Roman numbers refer to the different sub-groups compared per trial

25% human albumin ;
2800 mL Ringer’s lactate ;
10 ml Dextrose 50%

Reference Albumin Starch Gelatine Crystalloids
Borpr [3] I:250 mL III. 500 ml 10% IV. 500 mL 3.5% V. 2250 mL
5% human albumin ; low molecular polygeline ; Ringer’s
1000 mL Ringer’s ; weight starch 1750 mL Ringer’s
1000 mL 200.000 ;
Dextrose 5% ; 1750 mL Ringer’s
1I: 400 mL
20% human albumin ;
1850 mL Ringer’s
HarroweL [11] 1. 200 mL 1I. 3000 mL

Ringer’s lactate ;
10 ml Dextrose 50%

20% human albumin ;
1000 mL Ringer’s lactate ;

HimrE [18] 1. 300 mL 11. 2200 mL 3.5%
20% human albumin ; polygeline ;
1900 mL Hartmann ; II1. 2200 mL 3%
succinylated
gelatine in a
balanced electrolyte
solution with lactate
Hokrt [19] 1. 400 mL 1I. 1400 mL

Ringer’s lactate ;
100 ml Bicarbonate ;

low molecular
weight starch
120.000 ;
Ringer’s acetate
up to 2000 mL
II. 20 mL/kg 6%
high molecular
weight starch
400.000 ;
Ringer’s acetate
up to 2000 mL

100 ml Bicarbonate ; 500 ml Dextrose 5%
500 ml Dextrose 5%
JANSEN [20] 1. 1000 mL 4% II. 1500 mL
succinylated Ringer’s lactate ;
gelatine in saline ; 50 mL 8.4%
500 mL Ringer’s sodium bicarbonate ;
lactate ; 100 mL 20%
50 mL 8.4% mannitol
sodium bicarbonate ;
100 mL 20%
mannitol
Kurrunen [25] I. 20 mL/kg 6% II1. 2000 mL

Ringer’s acetate

Lonpon [28]

1. 300 mL 25%
human albumin ;
1700 mL
Ringer’s lactate

II. 750 mL

10% pentastarch
in 0.9% saline ;
1250 mL
Ringer’s lactate

I1I. 2000 mL
Ringer’s lactate

MareLLI [30]

1. 200 mL 25%
human albumin ;
? mL

Ringer’s lactate

II. ? mL
Ringer’s lactate

Onovist [31]

1. 200 mL 20%
human albumin ;
1800 mL
Ringerdex

II. 2000 mL
Ringerdex
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Reference Albumin Starch Gelatine Crystalloids
Paranzo I [32] 1. 300 mL 25% II. 1000 mL 6%
Human albumin ; high molecular weight
1600 mL (heta) starch ;
Ringer’s lactate ; 800 ml Ringer’s lactate ;
45 mEq bicarbonate 100 mL 50% dextrose ;
45 mEq bicarbonate
PaLanzo 11 [33] 1. 300 mL 25% II. 1000 mL 6%
Human albumin ; high molecular weight
1500 mL hetastarch ;
Ringer’s lactate ; 800 ml Ringer’s lactate ;
100 mL 100 mL
50% dextrose ; 50% dextrose ;
45 mEq bicarbonate 45 mEq bicarbonate
Sapk [37] 1. 800 mL/m? II. 2500 mL
hydroxyethylstarch ; Ringer’s lactate
Ringer’s lactate
up to 2500 mL

SAUNDERS [39]

1. 200 mL 25%
human albumin ;
1800 mL
Plasmalyte A ;
50 g mannitol

II. 1000 mL 6%

high molecular weight
hydroxyethylstarch ;
1000 mL

Plasmalyt A ;

50 g mannitol

Scorr [43]

1. 1000 mL 4.6%
human albumin ;
1000 mL
Plasmalyte

II. 2000 mL
Plasmalyte

TaBucHr [45]

1. 400 mL 20%
human albumin ;
1500 ml
Ringer’s lactate
Ibis. Idem plus
Aprotinin

1I. 2000 mL
oxypolygelatine
IIbis. Idem plus
aprotinin

TIGCHELAAR [46] [47]

human albumin ;
1600 ml
Ringer’s lactate

1. 400 mL 20%
low molecular
weight starch
200.000 ;

1500 mL
Ringer’s lactate

1I. 500 mL 6%
succinylated
gelatine in
Ringer’s lactate

III. 2000 mL 3%

ToLLOFSRUD [48]

I. 7mL

4% human albumin
to keep CPB volume
above minimum ;
2000 mL

Ringer’s acetate

II. ? mL

3.5% polygeline

to keep CPB volume
above minimum ;
2000 mL

Ringer’s acetate

III. ? mL

Ringer’s acetate to
keep CPB volume
above minimum :
2000 mL

Ringer’s acetate

DiscussioN

The majority of the included trials addressed
non-mortality (intermediate) outcome measures
reporting significant differences between priming
fluids. Amongst the retrievable variables analysed,
blood-loss is arguably one of the most common and
clinically relevant outcomes after cardiac surgery

(7, 10, 52).

Blood-loss after cardiac surgery can be the
result of either incomplete surgical haemostasis or

an acquired transient platelet dysfunction (3, 26).
Albumin was long considered the fluid of choice to
reduce these undesired effects on platelets (12, 34).
In this meta-analysis however, significantly higher
platelet counts were found with crystalloids com-
pared to all colloids combined. This can in part be

explained by a more pronounced haemo-dilution
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A. Mortality odds ratios of colloids against crystalloids:

Citation:

Citation:

0.01 0.1 1 10 100 N P
HALLOWEL: ALB vs CRYST ——— 62 .271
LONDON: ALB vs CRYST L 60 472
LONDON: HES vs CRYST L 63 .146
MARELLI): ALB vs CRYST — 100 .582
TOLLOFSRUD: ALB vs CRYST = 20 .458
TOLLOFSRUD: GEL vs CRYST = 21 499
Combined: 326 .619
Favours Favours
Colloids Crystalloids
B. Mortality odds ratios of synthetic colloids against albumin:
0.01 01 1 10 100 N P
HIMPE : GEL vs ALB = 70 473
LONDON: HES vs ALB — T 60 .301
TOLLOFSRUD: GEL vs ALB T 20 1.000
Combined: ‘ I 150 .709
Favours Favours
Synthetic Albumin
Colloids

Fig. 2. — Odds ratios of mortality for individual trials shown as boxes scaled according to weighting. Error bars indicate 95% confi-
dence intervals. Summary estimates are shown at the bottom as diamonds that span the confidence interval. Panel A illustrates the for-
est-plot of all colloids combined versus all crystalloids combined and panel B shows the forest-plot of all artificial colloids versus
albumin. Summary diamonds all overlap the line of identity, which means that no differences in mortality are demonstrated.
[Albumin : ALB ; hydroxyethylstarches : HES ; gelatines : GEL and crystalloids : CRYST].

with the use of colloids (24) but also by the starch-
es disfavouring platelet counts more than other col-
loids. Platelet counts did not differ from albumin
when using gelatines. In spite of these observed
differences in platelet counts, the hypothesis that
pump fluid management may modify the postoper-
ative blood-loss itself was not verified by the pre-
sent meta-analysis.

This is in contrast with the recent meta-analy-
sis by WILkes (52), the retrospective study by
CaNVER (7) and, the earlier review by Copt (10) all
demonstrating significantly increased risks of post-
operative bleeding when starches are used during
the peri-operative course of cardiac surgery. The
present meta-analysis failed to support this conclu-
sion.

Reviewing exclusively studies comparing
pump-primes, it was based on a consistently small-
er number of patients. Even if the characteristics

were comparable, the power can therefore be
questioned, which can explain some non-
significant summary effect measures (23). Across
the few studies reporting mortality, this meta-
analysis in fact did not demonstrate differences in
spite of the significantly higher oncotic pressures
and more optimal fluid-balances found with
colloids. Although a leaky micro-vasculature is
known to be present to some degree during CPB
(14), colloids seem to be sufficiently retained in the
intravascular space. This is not in agreement with
the reported poor performance of colloids in
trauma patients, which is mostly attributed to a
mechanism of uninhibited passage of colloids
trough highly permeable capillaries worsening
interstitial oedema (9, 49). Apparently, clinical
effects or the extent of increased capillary perme-
ability may vary between trauma patients and car-
diac surgical cases.
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A. Standardized Mean Difference of fluid-balance: crystalloids versus all colloids combined

Citation: -4.00

HALLOWEL: ALB vs CRYST
JANSEN: GEL vs CRYST
LONDON: ALB vs CRYST
LONDON: HES vs CRYST
OHQVIST: ALB vs CRYST
SADE: ALB vs CRYST

SADE: HES vs CRYST
SCOTT: ALB vs CRYST
SCOTT: GEL vs CRYST
TOLLOFSRUD: ALB vs CRYST
TOLLOFSRUD: GEL vs CRYST

Combined:

-2.00 000 200 400 N P

HIl- 62 .052

—— 20 .067

- 60 .006

- 60 .006

—Ti— 14 443

55 .029

57 .335

61 .379

LB 64 .043

—— 20 .002

+—— 20 .083

Favours ¢ Favours 493 .000
Crystalloids Colloids

B. Standardized Mean Difference of Colloid Osmotic Pressure: crystalloids versus all colloids combined

Citation:

-4.00 -2.00 000 200 4.00 N P
HOEFT: ALB vs CRYST = 20 .000
JANSEN: GEL vs CRYST = 20 .002
OHQVIST: ALB vs CRYST 14 585
SADE: ALB vs CRYST — 47 .004
SADE: HES vs CRYST i 57 .000
T T

Combined: > 158 .000

Favours Favours

Crystalloids Colloids

Fig. 3. — Forest-plots expressing standardized mean differences of crystalloids versus all colloids combined in fluid-balance (panel
A) and colloid osmotic pressure (panel B). Individual trials are shown as boxes scaled according to weighting. Error bars indicate 95%
confidence intervals. Summary estimates are shown at the bottom as diamonds that span the confidence interval, which do not include
the line of identity (zero) : colloids are favouring more equilibrated fluid-balances and higher colloid osmotic pressures. [Albumin :
ALB ; hydroxy-ethyl-starches : HES ; gelatines : GEL and crystalloids : CRYST].

As albumin in the CPB prime is not necessar-
ily associated with improved survival and is more
expensive, it is hard to continue its use. Starches
have an increased risk for lower platelets, which
was not the case with gelatines. The newest low-
molecular starch 6% 130/0.4 (Voluven®) should be
more promising in this regard but relevant and con-
vincing data are still missing.

Incorporating artificial colloids in CPB fluid
regimens may have beneficial implications on hos-
pital stay and clinical scores (20, 28). Much can be
expected from more suitable mixtures of balanced
salt solutions and a selection of colloids to improve
outcome in general (22, 40).

In future trials matters can be improved if
time and effort are devoted to defining a priori non-
surrogate outcomes of interest to be recorded in
the same way. Using identical measures and sub-
jects in studies, summary statistics may therefore
become more relevant and conclusive. Trials of
particular concern such as acid-base status (13, 16,
27), systemic inflammation (26), ischaemia-reper-
fusion (17), ICU and hospital stays (20) are justi-
fied.

This systematic review synthesised the
available evidence extracted from published papers
on CPB pump priming solutions. Considering the
thousands of procedures performed using CPB, too
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A. Standardized Mean Difference of Platelet Counts: Starches (HES) versus Albumin (ALB)

Citation: -4.00 -2.00 0.00 200 4.00 N P
BOLDT 24 846
LONDON 60 .055
PALANZO | . ) 79 .022
PALANZO I . 3 84 .008
SADE - 54 012
SAUNDERS — - 20 018
Combined: ¢ I ! 321 .000

Favours Favours

Albumin HES

B. Standardized Mean Difference of Platelet Counts: Gelatines (GEL) versus Albumin (ALB)

Citation: 200 -1.00 000 1.00 200 N P
BOLDT 22 107
HIMPE 70 599
SCOTT 61 412
Combined: o V153 .900
Favours Favours
Albumin Gelatine
Fig. 4. — Forest-plots expressing standardized mean differences in platelet counts between starches and albumin (panel A) and,

between gelatines and albumin (panel B). Individual trials are shown as boxes scaled according to weighting. Error bars indicate 95%
confidence intervals. Summary estimates are shown at the bottom as a diamond that spans the confidence interval. The diamond does
not include the line of identity (zero) in the case of starches versus albumin : starches are disfavouring platelet counts.

few prospective trials on prime solutions are still
available for more definitive conclusions.
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