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ABSTRACT
Background:  Cardiopulmonary bypass (CPB) is frequently employed for cardiac surgery, and 
selecting a suitable priming fluid is a prerequisite for CPB. Currently, the commonly used priming 
fluids in clinics are classified as crystalloids and colloids, including balanced crystalloids, albumin, 
dextran, gelatin and hydroxyethyl starch (HES). This network meta-analysis compared the effects 
of eight fluids used during CPB in adults to determine optimal priming fluid during CPB surgery.
Methods:  Randomised controlled trials assessing priming fluids for CPB in adult cardiac surgery 
published before 13 April 2023 were searched across Ovid MEDLINE(R) ALL, OVID EMbase, and 
Cochrane Central Register of Controlled Trials. Various priming fluids were classified into eight 
categories, including balanced crystalloids, 0.9% NaCl, iso-oncotic human albumin, hyperoncotic 
human albumin, HES with molecular weight 130k, HES with molecular weight 200k, gelatin and 
dextran.
Results:  The NMA of platelet counts revealed no significant differences in any result. In direct 
comparison results, only the comparison of HES with molecular weight 130k vs. gelatin (standard 
mean difference = −0.40, 95% confidence interval [95%CI: −0.63, −0.16) revealed a significant 
difference. According to the SUCRA, balanced crystalloids had the highest platelet count, followed 
by gelatin, and HES with a molecular weight of 130k had the lowest platelet, followed by HES 
with a molecular weight of 200k.
Conclusion:  Patients using dextran have a low mortality rate and a short mean CPB time, the use 
of balanced crystalloids is beneficial in terms of platelet count, and HES with molecular weight 
130k is beneficial for postoperative urine volume at 24h. However, all priming fluids have pros 
and cons quite, and the optimal choice of priming fluids remains unsupported by current 
evidences. When performing CPB surgery, the type of priming fluid should be selected according 
to the actual situation in CPB for adult cardiac surgery.

KEY MESSAGES
•	 When dextran was used as the CPB priming fluid, patients had the lowest mortality and 

shortest mean CPB time.
•	 With iso-oncotic HA, patients had the shortest length of ICU stay, the least blood loss 24h 

after surgery, and the lowest chest tube output 24h after surgery.
•	 The use of balanced crystalloids was beneficial for platelet count, the use of L-HES was 

beneficial for urine output 24h after surgery, and the use of H-HES resulted in the shortest 
hospital stay.

•	 In summary, each of these fluids has pros and cons quite, and an optimal choice of priming 
fluids during CPB surgery remains unsupported by current evidence.

•	 When performing CPB surgery, the type of priming fluids should be selected according to the 
actual condition of the patient’s body.
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1.  Introduction

Cardiopulmonary bypass (CPB) is a technique that 
temporarily takes over cardiopulmonary function and 
maintains blood circulation and oxygen levels in the 
body during surgery and is commonly used in cardiac 
surgery. During cardiopulmonary bypass, an adequate 
priming solution allows the pretreatment of the line, 
oxygenator, and blood pump, draining the air in the 
arterial duct, and performing proper blood dilution [1]. 
However, the priming solution may affect the physico-
chemical and homeostasis balance in the blood and 
alter the metabolic response when CPB is used in car-
diac surgery [2]. Therefore, finding a suitable priming 
fluid is very important for patients who need CPB. 
Despite extensive research and discussion on CPB 
priming solutions in the past decades, there is still no 
consensus and agreement on the best optimal CPB 
priming solution [3].

Owing to surgical requirements, most cardiothoracic 
surgeries still rely on the use of CPB, and the selection 
of appropriate priming fluid is a crucial prerequisite for 
the initiation of CPB [4]. Two types of priming fluids 
are commonly used in clinics: crystalloids and colloids. 
Crystalloid priming solutions usually consist of full 
electrolyte solutions, rarely of glucose, and often have 
additional additives such as mannitol. Colloid priming 
solutions include human albumin (HA), dextran, gela-
tin, and hydroxyethyl starch (HES) [5]. The effectiveness 
of these fluids during CPB varies, with both advan-
tages and disadvantages [6]. For example, the use of 
HES in CPB may significantly affect the clotting system, 
and HA does not cause clotting dysfunction compared 
to HES [6]. However, the high cost of albumin must be 
considered [7]. Hemodilution occurs when the crystal-
loids are used as priming fluids, reducing colloid 
osmotic pressure and causing interstitial oedema. 
Although the colloid can maintain osmotic pressure, it 
increases the formation of oedema when they migrate 
into the interstitium. In addition, the use of colloids 
can also cause non-surgical bleeding [8]. In addition, 
the marketing authorisation for HES infusion solutions 
was suspended by the European Commission in 2022 
due to the risk of renal injury and death in patients 
with critically ill sepsis. However, there have always 
been different opinions about whether to using of 
HES. Studies have demonstrated conflicting evidence 
regarding the best choice for CPB with colloids, crys-
talloids, and different types of fluids in these catego-
ries [9]. Thus, although studies on various types of 
crystalloids and colloids have been conducted for at 
least 30 years, direct guidelines are lacking on the type 
of priming fluid to choose for CPB in adults [5].

Meta-analyses of the priming fluids used in CPB are 
scarce. Previous studies [10–13] on the effect of prim-
ing fluid are traditional meta-analyses. No study has 
comprehensively compared the effects of using vari-
ous types of starting fluid in adults. This network 
meta-analysis (NMA) will evaluate the effects of eight 
fluids used during CPB in adults undergoing cardiac 
surgery based on platelet count, mortality, mean CPB 
time, urine output 24h after surgery, length of inten-
sive care unit (ICU) and hospital stay, blood loss 24h 
after surgery, and chest tube output within 24h after 
surgery, and further provide more comprehensive 
advice for the choice of priming fluid in CPB surgery.

2.  Materials and methods

The NMA was developed using the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses for 
Network Meta-Analyses (PRISMA-NMA) guidelines [14], 
and this NMA was registered at PROSPERO 
(CRD42023416194).

2.1.  Literature search and selection criteria

Relevant clinical studies were obtained by searching 
for studies published by Ovid MEDLINE(R) ALL, OVID 
EMbase, and Cochrane Central Register of Controlled 
Trials before 13 April 2023. The search terms included 
priming fluid, colloid, crystalloid, albumin, gelatin, het-
astarch, plasma and dextran. Supplementary Method 1 
showed detailed electronic search strategies.

Two independent reviewers (Chen-Yang Xian-Yu and 
Yu-Tong Ma) investigated the qualified title, abstract, 
and full-text content, and addressed differences in 
opinion through discussion. If there were any disagree-
ments, a third reviewer (Chao Zhang) was consulted.

2.2.  Inclusion and exclusion criteria

Included clinical researches met the following criteria: 
(1) Population: All adults who underwent cardiac sur-
gery; (2) Interventions: Various priming fluids were clas-
sified into eight categories, including balanced 
crystalloids (including lactated ringer’s, ringer acetate or 
plasmalytes), 0.9% NaCl, iso-oncotic HA (including 4% 
iso-oncotic HA or 5% iso-oncotic HA), hyperoncotic HA 
(25%), HES with molecular weight 130k (L-HES), HES 
with molecular weight 200k (H-HES), gelatin (including 
3.5% gelatin, 4% gelatin or gelofusine), and dextran; (3) 
Outcomes: Platelet count, mortality, mean CPB time, 
urine output 24h after surgery, length of ICU and hos-
pital stay, blood loss 24h after surgery, and chest tube 
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output within 24h after surgery; and (4) study design: 
All included clinical researches were randomised con-
trolled trials (RCTs). The exclusion criteria were as fol-
lows: (1) missing and incomplete study data; (2) 
repetitive studies; and (3) drug combinations.

2.3.  Data extraction and quality assessment

Two authors (Chen-Yang Xian-Yu and Yu-Tong Ma) 
independently extracted relevant information and 
data, including details of the year, study design, partic-
ipants, interventions, and all outcomes. For the missing 
data of outcomes, the original study authors for clari-
fication were contacted by email address. Finally, all 
arguments were resolved by an investigator 
(Chao Zhang).

The five aspects, including the randomisation pro-
cess, deviations from intended intervention, missing 
outcome data, measurement of the outcome, and 
selection of the reported result, based on a revised 
tool for assessing the risk of bias in randomised trials 
from Cochrane handbook (RoB-2) [15] were employed.

2.4.  Statistical analysis

The binary classification data were represented by the 
relative risk (RR) with a 95% confidence interval (CI). 
Continuous data were represented by the standard 
mean difference (SMD) or mean difference (MD) with 
95% CI. If a study only reported the sample median 
and range or the first and third quartiles in continuous 
data, we estimated the sample mean and standard 
deviation using calculation [16–18]. Heterogeneity 
between studies was evaluated by I2 statistic. I2 ≥40% 
denoted significant heterogeneity, and the 
random-effects model was involved in all outcomes.

In the statistical model of NMA, a design-by-treat-
ment interaction model was employed [19]. The ‘loop 
inconsistency’ is applied to evaluate network inconsis-
tencies [20]. The surface under the cumulative ranking 
curve (SUCRA) was employed for providing summary 
statistics of the cumulative ranking of all priming fluids 
[21]. The STATA 15.0 was performed for all statistical 
analyses of NMA.

3.  Results

3.1.  Literature identification

We conducted an extensive search for studies pub-
lished on Ovid MEDLINE(R) ALL, OVID EMbase, and 
Cochrane Central Register of Controlled Trials before 
13 April 2023 and identified 27,983 studies. After 

preliminary screening, 24,557 studies met the require-
ments and were included, while 24,441 studies did not 
unqualify the requirements. Finally, 21 studies were 
selected after careful reading of the full articles. Figure 
1 shows the work of selected studies.

3.2.  Study characteristics

Twenty-one studies were included [22–42]. The basic 
characteristics of included studies, including age, sex, 
type of surgery, type of priming fluid, and dose of 
priming fluid, are shown in Table 1. Of these, 1457 
participants were older than 18 years, and all studies 
were mixed-sex population trials. Eight interventions 
were used: balanced crystalloids, 0.9% NaCl, iso-oncotic 
HA, hyperoncotic HA, L-HES, H-HES, gelatin, and dex-
tran. All studies evaluated one or more of the follow-
ing phenomena: platelet count, mortality, mean CPB 
time, urine output 24h after surgery, length of ICU and 
hospital stay, blood loss 24h after surgery, and chest 
tube output within 24h after surgery. These phenom-
ena were summarised and studied to determine the 
best priming fluid. The results of RoB-2 are shown in 
Supplementary Table 1.

3.3.  Result of NMA

3.3.1.  Platelet count
Nine studies [23,26–29,31,34,35,38] included data on 
platelet count. Based on the six priming fluids, Figure 
2(A) shows the qualified network diagram of the plate-
let count for balanced crystalloids, iso-oncotic HA, L-HES, 
H-HES, gelatin, and dextran. No inconsistencies are 
found, except between balanced crystalloids, L-HES, and 
H-HES, as is shown in Supplementary Figure 1(A). Table 
2 presents all results regarding platelet counts, includ-
ing the results of network comparison and direct com-
parison. All network results did not show statistical 
significance. In the direct results, only L-HES as bridge 
intervention vs. gelatin (SMD = −0.40, 95%CI: −0.63, 
−0.16) is statistically significant, and the other results 
show no significant statistical difference. All interven-
tions are ranked according to SUCRA (Figure 3), with 
the highest platelet counts being observed in balanced 
crystalloids, followed by gelatin, and the lowest being 
observed in L-HES, followed by H-HES. In addition, no 
publication bias with respect to platelet count is 
observed, as is shown in Supplementary Figure 2(A).

3.3.2.  Mortality
Nine studies [22,25,26,30,35,36,38,40,41] included data 
on mortality. Based on the eight priming fluids, Figure 
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2(B) demonstrates a qualified network diagram of mor-
tality for balanced crystalloids, 0.9% NaCl, iso-oncotic 
HA, hyperoncotic HA, L-HES, H-HES, gelatin, and dex-
tran. Supplementary Figure 1 (B)shows that there are 
no inconsistencies in the number of patients who 
died. All results for mortality are shown in Table 3, and 
those including network comparisons and direct com-
parisons are not statistically significant. All interven-
tions are ranked according to SUCRA (Figure 3), with 
the lowest mortality rate being observed in dextran, 
followed by L-HES, and the highest in gelatin, followed 
by balanced crystalloids. In addition, no publication 
bias with respect to mortality is observed, as is shown 
in Supplementary Figure 2 (B).

3.3.3.  Mean CPB time
A total of 18 studies [22,23,25–27,29–39,41,42] included 
data on the mean CPB time. Based on the seven prim-
ing fluids, Figure 2(C) shows the qualified network dia-
gram of the mean CPB time for balanced crystalloids, 

iso-oncotic HA, hyperoncotic HA, L-HES, H-HES, gelatin, 
and dextran. Supplementary Figure 1 (C) shows that 
there are no inconsistencies in the mean CPB time. All 
results for the mean CPB time are shown in Table 4. In 
the network results, these comparisons, including 
L-HES vs. dextran as a bridge intervention (MD = 19.77, 
95%CI: 8.22, 31.33) exhibit a significant difference. 
Moreover, balanced crystalloids vs. hyperoncotic HA 
(MD = −15.15, 95%CI: −28.06, −2.24), balanced crystal-
loids vs. dextran (MD = 16.00, 95%CI: 5.33, 26.67), 
iso-oncotic HA vs. dextran (MD = 23.47, 95%CI [5.93, 
41.01), hyperoncotic HA vs. H-HES (MD = 15.14, 95%CI: 
2.75, 27.52), hyperoncotic HA vs. gelatin (MD = 14.10, 
95%CI: 0.36, 27.84), hyperoncotic HA vs. dextran (MD = 
31.15, 95%CI: 14.41, 47.90), H-HES vs. dextran (MD = 
16.01, 95%CI: 3.81, 28.21), and gelatin vs. dextran (MD 
= 17.05, 95%CI: 4.51, 29.59), exhibited significant differ-
ence. In the direct results, only the comparison of bal-
anced crystalloids vs. dextran (MD = 16.00, 95%CI: 5.90, 
26.10) reveals a significant difference. All interventions 
are ranked according to SUCRA (Figure 3), with the 

Figure 1. S tudy selection.
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shortest mean CPB time being observed in dextran, 
followed by balanced crystalloids, and the longest 
mean CPB time being observed in hyperoncotic HA, 

followed by iso-oncotic HA. Furthermore, no publica-
tion bias regarding the mean CPB time is observed, as 
is shown in Supplementary Figure 2 (C).

Figure 2. N etwork plot of priming fluids for all outcomes.

https://doi.org/10.1080/07853890.2023.2246996
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3.3.4.  Urine output 24h after surgery
Three studies [25,34,37] included data on urine output 
24h after surgery. Based on the four priming fluids, 
Figure 2(D) provides a qualified network diagram for 
urine output 24h after surgery for balanced crystal-
loids, L-HES, H-HES, and dextran. No inconsistencies 
are found, except between balanced crystalloids, L-HES, 
and H-HES, as is shown in Supplementary Figure 1 (D). 
All results regarding urine output 24h after surgery are 
shown in Table 5. In the network results, the compari-
sons, including balanced crystalloids vs. L-HES as a 
bridge intervention (MD = −290.94, 95%CI: −492.44, 
−89.43), and L-HES vs. H-HES (MD = 592.81, 95%CI: 
390.12, 795.50), reveal significant difference. In addi-
tion, balanced crystalloids vs. H-HES (MD = 301.87, 
95%CI: 57.37, 546.37) is statistically significant. The 
direct results reveal no significant statistical differences 
in all results. All interventions are ranked according to 
SUCRA (Figure 3), with the lowest urine output 24h 
after surgery using the H-HES, followed by balanced 

crystalloids, and the highest from the L-HES group, fol-
lowed by dextran. Furthermore, no publication bias 
regarding urine output 24h after surgery is observed, 
as is shown in Supplementary Figure 2 (D).

3.3.5.  Length of ICU stay
Ten studies [22,23,25,31,32,35,38,40–42] included data 
on length of ICU stay. Based on the eight priming flu-
ids, Figure 2(E) exhibits the qualified network diagram 
of the length of ICU stay for balanced crystalloids, 
0.9% NaCl, iso-oncotic HA, hyperoncotic HA, L-HES, 
H-HES, gelatin, and dextran. Supplementary Figure 1 
(E) shows an inconsistency between balanced crystal-
loids, H-HES and gelatin and no inconsistency between 
balanced crystalloids, L-HES and gelatin. All results 
regarding the length of ICU stay are shown in Table 6. 
In the network results, the comparisons, including bal-
anced crystalloids vs. L-HES as a bridge intervention 
(MD = 2.15, 95%CI: 0.06, 4.24), 0.9% NaCl vs. L-HES 

Figure 3.  Ranking of priming fluids for all outcomes.

Table 2.  Results of network and traditional paired meta-analysis for platelet count.
Balanced crystalloids 0 (0, 0) 1.32 (−2.76, 5.40) 0 (0, 0) 0 (0, 0) 0 (0, 0)

0.27 (−1.63, 2.18) Iso-oncotic HA 0 (0, 0) – – –
0.73 (−0.65, 2.11) 0.46 (−1.44, 2.35) L-HES 0 (0, 0) −0.40 (−0.63, −0.16) –
0.66 (−1.60, 2.93) 0.39 (−2.40, 3.18) −0.06 (−2.32, 2.19) H-HES – –
0.23 (−1.37, 1.83) −0.04 (−2.21, 2.13) −0.50 (−1.76, 0.77) −0.43 (−2.93, 2.06) Gelatin –
0.36 (−2.06, 2.78) 0.09 (−2.99, 3.17) −0.37 (−3.16, 2.42) −0.30 (−3.62, 3.01) 0.13 (−2.77, 3.03) Dextran

Comparison results between priming fluids should be interpreted from column to row, the priming fluids on the column is the intervention group and 
the priming fluids on the row is the control group. Result of bold and underline is statistically significant. HA: human albumin; L-HES: hydroxyethyl 
starch with molecular weight 130k; H-HES: hydroxyethyl starch with molecular weight 200k; –: not available.

https://doi.org/10.1080/07853890.2023.2246996
https://doi.org/10.1080/07853890.2023.2246996
https://doi.org/10.1080/07853890.2023.2246996
https://doi.org/10.1080/07853890.2023.2246996
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(MD = 27.64, 95%CI: 1.94, 53.34), hyperoncotic HA vs. 
L-HES (MD = 14.78, 95%CI: 1.87, 27.69), and L-HES vs. 
H-HES (MD = −22.50, 95%CI: −38.81, −6.19), reveal sig-
nificant differences. In addition, the comparisons, 
including balanced crystalloids vs. H-HES (MD = −20.35, 
95%CI: −36.71, −3.99), 0.9% NaCl vs. iso-oncotic HA 
(MD = 34.81, 95%CI: 6.83, 62.79), iso-oncotic HA vs. 
hyperoncotic HA (MD = −21.95, 95%CI: −38.95, −4.95), 
iso-oncotic HA vs. H-HES (MD = −29.67, 95%CI: −49.38, 
−9.96), and iso-oncotic HA vs. gelatin (MD = −17.45, 
95%CI: −33.50, −1.40), reveal significant differences. In 
the direct results, only the interaction of balanced 
crystalloids vs. L-HES (MD = 2.31, 95%CI: 0.21, 4.41) 
reveals significant differences. All interventions are 
ranked according to SUCRA (Figure 3), with the short-
est ICU stay being observed in iso-oncotic HA, fol-
lowed by L-HES, and the longest being observed in 
0.9% NaCl, followed by H-HES. Furthermore, no publi-
cation bias regarding the length of ICU stay is observed, 
as is shown in Supplementary Figure 2 (E).

3.3.6.  Length of hospital stay
Seven studies [22,23,25,35,40–42] included data on the 
length of hospital stay. Based on the eight priming flu-
ids, Figure 2(F) shows the qualified network diagram of 
the length of hospital stay for balanced crystalloids, 
0.9% NaCl, iso-oncotic HA, hyperoncotic HA, L-HES, 
H-HES, gelatin, and dextran. Supplementary Figure 1 
(F) shows that there are no inconsistencies in the 
length of stay. All results regarding the length of hos-
pital stay are shown in Table 7, and those including 
network comparisons and direct comparisons are not 
significant. All interventions are ranked according to 
the SUCRA (Figure 3), with the shortest hospital stay 
being observed in H-HES, followed by gelatin, and the 
longest being observed in hyperoncotic HA, followed 
by balanced crystalloids. Furthermore, no publication 
bias regarding patient hospital stay is observed, as is 
shown in Supplementary Figure 2 (F).

3.3.7.  Blood loss 24h after surgery
Six studies [24,26–28,33,35] included data on blood 
loss 24h after surgery. Based on the five priming 
fluids, Figure 2(G) displays a qualified network dia-
gram of blood loss 24h after surgery for balanced 
crystalloids, iso-oncotic HA, L-HES, gelatin, and dex-
tran. All results regarding blood loss 24h after sur-
gery are shown in Table 8, and those including 
network comparisons and direct comparisons are 
not statistically significant. All interventions are 
ranked according to the SUCRA (Figure 3), with the 
lowest postoperative transfusion at 24h being 
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observed in iso-oncotic HA, followed by dextran, 
and the highest being observed in L-HES, followed 
by gelatin. Furthermore, no publication bias regard-
ing blood loss 24h after surgery is observed, as is 
shown in Supplementary Figure 2 (G).

3.3.8.  Chest tube output within 24h after surgery
Three studies [29,34,37] included data on chest tube 
output within 24h after surgery. Based on the four 
priming fluids, Figure 2(H) offers a qualified network 
diagram of chest tube output within 24h after sur-
gery for balanced crystalloids, iso-oncotic HA, L-HES, 
and H-HES. Supplementary Figure 1 (G) shows that 
there is no inconsistency in the chest tube output 
within 24h after surgery. All results regarding chest 
tube output within 24h after surgery are shown in 
Table 9. In the network results, the comparisons, 
including balanced crystalloids vs. L-HES as a bridge 
intervention (MD = −73.26, 95%CI: −143.40, −3.13) 
and iso-oncotic HA vs. L-HES (MD = −228.26, 95%CI: 
−428.56, −27.97), reveal significant differences. In 
addition, the comparisons, including balanced crys-
talloids vs. H-HES (MD = −144.28, 95%CI: −251.47, 
−37.10) and iso-oncotic HA vs. H-HES (MD = −299.28, 
95%CI: −515.35, −83.21), reveal significant differ-
ences. In the direct results, the comparison of bal-
anced crystalloids vs L-HES (MD = −73.26, 95%CI: 
−143.40, −3.13) reveals a significant difference. All 
interventions are ranked according to SUCRA 
(Figure  3), with the lowest 24h postoperative chest 
tube output being observed in iso-oncotic HA, fol-
lowed by balanced crystalloids, and the highest 
being observed in H-HES, followed by L-HES. 
Furthermore, no publication bias regarding patient 
chest tube output within 24h after surgery is 
observed, as is shown in Supplementary Figure 2 (H).

4.  Discussion

This NMA evaluated the clinical benefit of different 
priming fluids during CPB in adults undergoing cardiac 
surgery. When dextran as the priming fluid was associ-
ated with the lowest mortality, and the shortest mean 
CPB time. When iso-oncotic HA was used as a priming 
fluid, the ICU stay was the shortest, the amount of 
blood loss 24h after surgery was the lowest, and the 
chest tube output within 24h after surgery was the 
lowest. In addition, patients with balanced crystalloids 
had the highest platelet counts, those using L-HES had 
the highest postoperative urine volume, and those 
using H-HES had the shortest hospital stay.Ta
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4.1.  Crystalloids: balanced crystalloids and saline

The NMA demonstrated that the balanced crystalloids 
had a favourable effect on platelet counts when used 
as CPB priming fluid, with shorter mean CPB time and 
less chest tube output in the 24h after surgery. While 
0.9% NaCl was performed generally, patients using it 
had the longest ICU stay. A study found that crystal 
priming induces an increase in platelet activation, 
whereas albumin priming results in a rapid decrease in 
platelet count [43]. In addition, HES alters platelet 
function by reducing plasma von willebrand factor lev-
els and coating platelet membranes [34]. The HES 
solution as a priming fluid may increase the tendency 
of patients to bleed due to fibrinolysis after CPB [44]. 
These results are consistent with those of our study, in 
which crystalloids significantly outperformed other col-
loids in terms of platelet count. This also marked a sig-
nificant decrease in the incidence of nonsurgical 
bleeding due to platelet dysfunction in patients using 
balanced crystalloids.

4.2.  Human albumin: iso-oncotic and hyperoncotic 
Human albumin

Compared with other fluids, patients who used 
iso-oncotic HA had the shortest ICU stay, the least 
blood loss at 24h after surgery, and the lowest chest 
tube output within 24h after surgery. In contrast to the 
good results of iso-oncotic HA, hyperoncotic HA had 
the longest hospital stay and mean CPB time, which 
clearly indicated the poor effect of hyperoncotic HA. 
Albumin is an ideal humanized colloid with minimal 
side effects while having less effect on platelet count 
[45]. Compared to synthetic colloids, it can better reduce 
the risk of bleeding after CPB [46]. Total chest tube 
drainage would decrease the platelet count and 
decrease aggregation in patients undergoing CPB sur-
gery [44]. This is identical to our finding that iso-oncotic 
HA during CPB is associated with the least output from 
the thoracic duct within 24h after surgery, resulting in 
less postoperative nonoperative bleeding due to plate-
let depletion and dysfunction. Furthermore, the reduc-
tion in urine volume due to the use of albumin is 

associated with osmotic pressure. The osmolality of 
iso-oncotic HA was analogous to that of plasma osmo-
lality, and hyperoncotic HA was higher than plasma 
osmolality [47]. Compared with iso-oncotic HA, hyper-
oncotic HA increases osmotic pressure higher, leading 
to intraglomerular oncotic force changes or severe renal 
injury, such as osmotic nephropathy [48]. However, no 
results of either iso-oncotic HA or hyperoncotic HA 
regarding urine output were collected in this study.

4.3.  HES: L-HES and H-HES

L-HES and H-HES exhibited high chest output and sig-
nificantly lower platelet counts 24h after surgery than 
those of the other assessed agents. This indicates that 
patients using HES are more prone to nonsurgical 
bleeding due to platelet dysfunction than patients 
using other fluids. A study on the effect of HES on 
postoperative haemostatic function noted that HES 
(120 and 400) were associated with prolonged throm-
bosis, reduced clot stiffness, and large blood loss from 
chest drainage in patients undergoing cardiac surgery 
[30]. This was also evidenced by the maximum 24h 
blood loss of L-HES in all fluids in this study. In one 
study, HES was associated with an increased use of 
allogeneic blood products [49]. This may suggest that 
patients who use H-HES have a higher risk of alloge-
neic blood exposure. Furthermore, there is substantial 
evidence that the use of HES is associated with renal 
dysfunction in various types of critically ill patients [50]. 
This study also showed that patients primed with L-HES 
had more urine volume at 24h after surgery, while 
those primed with H-HES had significantly less urine. 
Overall, H-HES is not recommended as a priming fluid. 
In daily surgical practice, the HES with high molecular 
weight has been withdrawn from the market, while the 
HES of low molecular weight is still used [50].

4.4.  Gelatin and dextran

No significant advantage was observed with the use of 
gelatin as a priming fluid. Notably, it had the highest 
rate of death among all fluids. A meta-analysis 

Table 9.  Results of network and traditional paired meta-analysis for chest tube output within 24h after surgery.
Balanced crystalloids 0(0, 0) −73.26 (−143.40, −3.13) 0(0, 0)
155.00 (−32.61, 342.61) Iso-oncotic HA – –

−73.26 (−143.40, −3.13) −228.26 (−428.56, −27.97) L-HES 0(0, 0)
−144.28 (−251.47, −37.10) −299.28 (−515.35, −83.21) −71.02 (−175.79, 33.76) H-HES

Comparison results between priming fluids should be interpreted from column to row, the priming fluids on the column is the intervention group 
and the priming fluids on the row is the control group. Result of bold and underline is statistically significant.  
HA: human albumin; L-HES: hydroxyethyl starch with molecular weight 130k; H-HES: hydroxyethyl starch with molecular weight 200k; –: not 
available.
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demonstrated that gelatin increased the risk of allergic 
reactions, mortality, kidney failure and bleeding [51]. 
In addition, the use of gelatin as a priming fluid is 
more expensive than other liquids. In contrast, dextran 
is a more effective and safer priming fluid. This study 
found that patients using dextran had lower mortality, 
shorter mean CPB, and less blood loss 24h after sur-
gery. In addition, no other obvious disadvantages are 
observed. Clinical research found that compared with 
albumin, the extra did not compromise organ func-
tion, and no significant difference in blood loss or 
transfusion volume [26]. Normally, high doses of artifi-
cial colloids impair haemostatic function, but dextran 
does not [26]. However, the use of dextran may also 
lead to allergies. Studies have shown that the inci-
dence of allergic reactions to dextran was 21.9 per 
100,000 injections (0.0219%) [52].

Inconsistencies were found in the three outcomes of 
platelet count, urine output 24h after surgery, and 
length of ICU stay. Among them, the time of 24h post-
operative urine output was not all 24h, and different 
units were used in different studies of platelet count. In 
addition, different doses of priming fluid were used 
and different types of surgery were performed by 
patients in each of the three outcome studies. These 
factors might account for the inconsistency in outcomes.

Of concern, a meta-analysis [53] provided that HES 
was associated with a significantly increased risk of 
acute kidney injury (AKI) and death, a significant 
change from the original results after the German 
anesthesiologist Joachim Boldt’s trial was excluded. 
Since then, Boldt has had nearly 90 fraudulent studies 
withdrawn [54]. A consensus recommendation from 
the European Society of Intensive Care Medicine states 
that HES with high molecular weight should not be 
recommended to patients with severe sepsis or 
patients with a risk of AKI [55]. On 24 May 2022, the 
European Commission confirmed the suspension of 
marketing authorisation for HES solutions of infusion. 
These events had an impact on the recommendation 
of priming fluid in clinical evidence, HES will no longer 
be recommended, and literature involving fraud was 
excluded from this study.

4.5.  Clinical implications

This NMA examined previous RCTs of priming fluids 
and compared the effects of eight fluids commonly 
used in CPB. The effects and safety of these eight 
priming fluids in CPB were different and had both dis-
advantages and advantages. Among them, iso-oncotic 
HA and dextran showed relatively better efficacy and 
safety than those of the remaining fluids, whereas six 

other liquids were found to have significant draw-
backs. However, they have certain disadvantages. 
Other study47 has found that iso-oncotic HA leads to 
higher mortality rates and dextran may cause allergies. 
In summary, the choice of the CPB priming fluid varies 
from case to case. This study compared and ranked 
the effects of the priming fluid used in CPB using a 
NMA, which provides a theoretical basis for clinical 
staff to select the priming fluid. Moreover, the findings 
of this study further define the effect of the commonly 
used priming fluid in the adult CPB process, providing 
a basis for subsequent studies.

4.6.  Limitations

In order to make a systematic comparison of various 
liquids, there are some limitations. Firstly, the number 
of studies in many trials was limited, and some drugs 
might have lacked some aspects of the outcome, 
which might have led to biases in the results. Secondly, 
many studies on the priming fluid consider colloid 
osmotic pressure a major indicator; however, the data 
in this study were insufficient to support this outcome, 
so colloid osmotic pressure was not included as an 
outcome. In addition, because each of the eight prim-
ing fluids had advantages and disadvantages, we could 
not determine an optimal choice. Future studies should 
provide more precise evidence to help accurately 
select a priming fluid for CPB.

5.  Conclusion

The study found that the use of dextran as the CPB 
priming fluid may be associated with lower mortality 
and a shorter mean CPB time. The use of iso-oncotic 
HA was probably associated with shorter length of ICU 
stay and both the blood loss and the chest tube out-
put were the lowest 24h after surgery. In addition, the 
use of balanced crystalloids was beneficial for platelet 
counts, the use of L-HES was beneficial for urine out-
put 24h after surgery, and the use of H-HES resulted in 
the shortest hospital stay. In summary, each of these 
fluids has pros and cons quite, and an optimal choice 
of priming fluids during CPB surgery remains unsup-
ported by current evidence. When performing CPB sur-
gery, the type of priming fluids should be selected 
according to the actual condition of the patient’s body.
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