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Particulate and gaseous microemboli (GME) are side effects of 
cardiac surgery that interfere with postoperative recovery by 
causing endothelial dysfunction and vascular blockages. GME 
sources during surgery are multiple, and cardiopulmonary 
bypass (CPB) is contributory to this embolic load. Hematic 
antegrade repriming (HAR) is a novel procedure that com-
bines the benefits of repriming techniques with additional 
measures, by following a standardized procedure to provide a 
reproducible hemodilution of 300 ml. To clarify the safety of 
HAR in terms of embolic load delivery, a prospective and con-
trolled study was conducted, by applying Doppler probes to 
the extracorporeal circuit, to determine the number and vol-
ume of GME released during CPB. A sample of 115 patients 
(n = 115) was considered for assessment. Both groups were 
managed under strict normothermia, and similar clinical con-
ditions and protocols, receiving the same open and minimized 
circuit. Significant differences in GME volume delivery (con-
trol group [CG] = 0.28 ml vs. HAR = 0.08 ml; p = 0.004) and 
high embolic volume exposure (>1 ml) were found between 
the groups (CG = 30.36% vs. HAR = 4.26%; p = 0.001). The 
application of HAR did not represent an additional embolic 

risk and provided a four-fold reduction in the embolic vol-
ume delivered to the patient (coefficient, 0.24; 95% CI, 0.08–
0.72; p = 0.01), which appears to enhance GME clearance of 
the oxygenator before CPB initiation. ASAIO Journal 2023; 
69;324–331
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Hematic antegrade repriming (HAR) is a multidisciplinary 
approach to decrease the hemodilution and impact of cardio-
pulmonary bypass (CPB), in a standardized manner, to enhance 
the replicability of the results and avoid the heterogeneity in 
practice.1 Despite being inspired by the retrograde autologous 
priming (RAP) technique, which was initially described by 
Panico and Neptune2 and modified by numerous authors,3–6 it 
has been improved with some features to reduce the hemodilu-
tional impact of CPB initiation to a constant amount of 300 ml. 
Thus, HAR combines some benefits of RAP2 and venous ante-
grade priming (VAP)7 with the advantages of using an open min-
imized circuit (similar to a MiECC Class IV),8 vacuum-assisted 
venous drainage (VAVD), and CPB initiation with an empty 
venous line. A preliminary study (n > 400 patients) pointed out 
that HAR was able to reduce the odds of transfusion require-
ments without an increase in postoperative complications.9 By 
avoiding the sudden hemodilution of the “crystalloid embo-
lism” occurring during CPB initiation, HAR permits the pres-
ervation of hemoglobin concentration and oncotic pressure, 
favoring oxygen delivery and endothelial preservation.10–12

The delivery of solid and gaseous microemboli (GME) is 
an inherent side effect of cardiac surgery, with special rele-
vance in valvular procedures.13 Nevertheless, a certain amount 
of emboli related to CPB can be prevented.14,15 It has been 
observed that while larger bubbles usually embolize cerebral 
arterioles, causing focal ischemia and neuronal injury, small 
emboli navigate along the vessels, provoking an insult to the 
endothelium and triggering an inflammatory response, micro-
vascular dysfunction, and cognitive decline.16–18

Evidence suggests that priming with crystalloid solutions 
clears the air contained in the circuit only partially, leading to 
a variable bubble release during CPB.15,19,20 Maneuvers altering 
the density and pressure in the circuit like CPB initiation, car-
dioplegia delivery, hemofiltration procedures, and line clamp-
ing may result in extrication of microbubbles contained in the 
oxygenator toward the aortic cannula.21–23 Additionally, some 
authors have indicated that VAVD management and CPB initi-
ation with an empty venous line may increase small-size GME 
release to the bloodstream.22
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It is known that GME have a detrimental effect on the recov-
ery of the patient.10,24,25 In addition, the concerns about the 
embolic influence of VAVD and CPB initiation with an empty 
venous line in a conventional setup are legitimate. Thus, it 
seems mandatory to evaluate the embolic behavior in real 
time19 under the application of HAR, to determine the impact 
and overall benefits of this standardized procedure.

Material and Methods

The current study was conducted as part of NCT03720184 
Clinical Trial,26 which was approved by the ethical committee 
of the hospital (2018-5-1) and the Spanish Agency of Clinical 
Investigation (AEMPS).

A prospective sample of 300 adult patients, proposed 
for elective surgery involving valve repair or replacement 
under CPB, was recruited after signing the informed consent. 
Emergent, septic, and redo cases were excluded.

Patients were randomly assigned to two groups, forming an 
HAR group (HAR) and a control group (CG). Computerized 
randomization was applied with [R].27 Assignation of the group 
was revealed to the perfusionist just before surgery. Blinding 
was maintained for the observer of the Doppler measurements 
and for the patient, surgeon, and anesthesiologist by simulating 
the HAR application even during control cases.

After the assignation, 185 patients dropped out at different 
stages of the study because the treatment was not completed 
according to the protocol (n = 18), blinding was revealed (n = 6), 

or low reliability of the measurements was evidenced by an 
acoustic coupling control (ACC) of Doppler probes lower than 
60% (n = 10).

During recruitment, the postoxygenator probe was acci-
dentally damaged. Malfunctioning was suspected because 
ACC was constantly below 60%, and detection of GMEpost 
was discordant. “In vitro” tests with intentional air injections 
to the circuit were performed confirming the dysfunction, and 
recruitment was interrupted until obtaining a replacement.

Thus, 49 patients received the HAR maneuvers before CPB 
initiation, whereas 66 patients were conventionally treated, 
using the same HAR standardized circuit,28 as the CG (n = 115) 
(Figure 1).

General anesthesia was induced with propofol, remifent-
anil, and rocuronium, and maintained with sevoflurane and 
remifentanil in continuous perfusion before and after bypass. 
During CPB, hypnosis was maintained with boluses of propofol 
avoiding a bispectral index >60 (BIS, Medtronic, MN); 10 mg/
kg of tranexamic acid was administered at induction, and a 
continuous infusion of 1 mg/kg/h was maintained during CPB. 
A bolus of 300 UI/kg of sodium heparin was used as an initial 
dose to achieve anticoagulation. Target-activated clotting time 
(ACT) during CPB was >440 sec (Hemochron Signature Elite, 
Werfen, Spain), so additional boluses of sodium heparin were 
added to maintain ACT in range. At the end of the procedure, 
heparin was reversed with protamine (1:1), and additional pro-
coagulant actions were guided by thromboelastometry (TEG 
6s, Haemonetics, MA).

Figure 1. Flow diagram of sample composition. *Repetitive Doppler measurements with low measurements and acoustic coupling control 
in postoxygenator probe suggested malfunction, which was verified “in vitro,” forcing to interrupt the experiment. HAR = hematic antegrade 
repriming (treatment group). Adapted from the study Mitchell and Gorman.16 
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CPB was performed using the HAR standard minimized cir-
cuit28 (MiECC Class IV29) and a Stöckert S5 heart-lung machine 
(Livanova PLC, London, UK). Patients with a body surface area 
(BSA) greater than 1.82 m2 were exposed to a Capiox FX25 
oxygenator (Terumo Corporation, Tokyo, Japan). For smaller 
patients, the Inspire 6F oxygenator (Livanova PLC, London, 
UK) was used.

All circuits were initially primed with 1000 ml of isofundin 
(B.Braun, Melsungen, Germany), exceeding the minimum 
operating volume of the reservoir and following the instructions 
for use described for every oxygenator. Additionally, patients in 
the treatment group received HAR, according to the standard 
protocol “in 6 steps.”30 After connecting the arterial line to the 
patient, the crystalloid content was retrogradely collected, and 
the venous line content was anterogradely drained to the res-
ervoir. Then, the excess of the crystalloid solution was antero-
gradely discarded into a collector bag through a recirculation 
line of the oxygenator. Then, blood was retrogradely drained 
from the aorta to the reservoir until obtaining enough volume 
to reprime the centrifugal pump and the oxygenator. Finally, 

both were anterogradely primed with autologous blood, and 
VAVD was enabled to initiate CPB (Figure 2). When required, 
phenylephrine boluses were administered by the anesthesiolo-
gist to avoid a mean arterial pressure <60 mmHg.

Strict normothermia was preserved, and hyperglycemia 
(>180 mg/dl) was avoided in every case. Mean arterial pres-
sure was maintained within the range of 50–80 mmHg, and 
pump index was between 2 and 2.4 L/min/m2. Field suction 
did not exceed 1 lpm. Myocardial protection was achieved 
with DelNido cardioplegia.31 If ultrafiltration was required to 
compensate for hemodilution, Renaflo II HF2000 hemofilter 
(Cantel Medical Corp, Little Falls, NJ) was used, and blood was 
returned to the high-efficiency filtration stage of the reservoir. 
CO2 was delivered in the surgical field during CPB.

A GAMP BCC300 pulsed Doppler analyzer (GAMP mbH, 
Merseburg, Germany) was used to assess the GME activity in 
the extracorporeal circuit along with the CPB. Two probes were 
placed after and before the oxygenator, to assess the GME intro-
duced to the circuit and delivered to the patient, respectively 
(Figure 3). Thus, outcome variates were the cumulative number 

Figure 2. HAR: six steps that result in 300 ml of hemodilution. Step 1: the circuit is primed with 1000 ml of a balanced crystalloid solution. 
Then, venous and arterial lines are clamped. Step 2: venous line content is drained to the reservoir by activating vacuum-assisted venous drain-
age (VAVD) and removing the venous clamp. Step 3: removing the arterial line clamp that is proximal to the patient and opening the arterial line 
recirculation, autologous blood is retrogradely drained, pushing the crystalloid priming to the reservoir. Then, the arterial recirculation line clamp 
is closed to avoid blood mixing in the reservoir. Step 4: by opening the recirculation line of the oxygenator and setting the centrifugal pump (CP) 
to 2000 rpm, crystalloid priming is discarded into the collector bag until zero level in the reservoir is reached. Step 5: a clamp is placed after the 
reservoir and arterial line recirculation is opened again. Thus, retrogradely, 300 ml of arterial blood is sequestered into the reservoir (100–200 ml/
min). Step 6: setting CP to 2000 rpm and opening the recirculation line of the oxygenator and removing the clamp after the reservoir, CP and 
oxygenator are reprimed with autologous blood, displacing the priming and GME to the collector bag reducing hemodilution to only 300 ml. 
*CPB is initiated with VAVD activation once the venous return is obtained. Adapted from the study Blanco-Morillo et al.30 
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and volume (ml) of GME detected by both probes. The filtration 
rates were calculated considering the reduction rate from probe 
1 to probe 2, regarding to number and volume of GME (Figure 3). 
GME detection was performed after repriming in every case to 
evaluate the success of the priming procedure. Data acquisition 
was initiated simultaneously with CPB initiation.

During CPB, a GME auditor supervised the procedure, log-
ging in real-time different events that were expected to be 
related to potential GME activity, like CPB initiation, adminis-
tration of cardioplegia, and the number of sample port injec-
tions, as well as the exposure to below-safety volume level in 
the reservoir, continuous ultrafiltration, hyperoxia PaO2 > 300 
mmHg), cavitation of the field suckers, and sudden volume 
addition to the reservoir.23

Age, sex, BSA, variations of hemoglobin and temperature 
during CPB, pump indexes (minimum, average, and maxi-
mum), length of CPB, X-clamp duration, CPG, and sampling 
were used as continuous covariates and described using means 
and standard deviations. The exposure to ultrafiltration, man-
nitol, independent venous cannulation, FX25 as oxygenator, 
low level in the reservoir, hyperoxia, cavitation, and sudden 
volume addition during CPB was used as dichotomic covari-
ates (Table 1).

Quartiles were computed for all quantitative outcome vari-
ables and proportions for the dichotomous ones. GMEpost vol-
ume was dichotomized to identify the patients that received 

a cumulative amount greater than 1 ml. The effect of the HAR 
procedure was assessed with the median test, except for expo-
sure to GME volume >1 ml, where the χ2 test was applied.

Considering that two different models of integrated-filter 
oxygenator were used, to reduce the risk of bias, GME number 
reduction and GME volume reduction were assessed for each 
type of oxygenator and compared with the median test.

To assess the influence of imbalances in our observations, 
the absolute standardized difference in means and the vari-
ances was computed. A covariate was considered unbalanced 
if the absolute standardized mean difference was larger than 
0.25 or if the highest-to-lowest variance ratio was larger than 
2 (Table 1). Then, a linear regression model was adjusted for 
the log of the number and volume of GMEpost to assess the 
effect of the HAR procedure while controlling for possible 
confounding factors. All tests were two-tailed, with a statistical 
significance level of p < 0.05. All the statistical analyses were 
performed with STATA/SE 14.2 (Texas, USA).32

Results

No major differences or misbalances were found between 
the groups regarding preoperative and intraoperative covari-
ates (Table 1). Considering the registry of potentially embolic 
events during CPB, no significant differences were found 
between groups (p > 0.05). However, to preserve hemoglobin 

Figure 3. GAMPT BCC probes location. 1: preoxygenator probe counts the number and volume of bubbles entering the circuit. 2: postoxy-
genator probe determines the volume and number of GME delivered to the patient. Filtering rates of number and volume were automatically 
calculated by the device, considering the differences in measurements between both probes. 
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(Hgb) levels >8 mg/dl, ultrafiltration requirements were around 
three times more likely in the CG (CG = 64% vs. HAR = 20%). 
In addition to the significant differences in ultrafiltration usage 
and Age, Hgbfinal, TªNadir, Tªfinal, and exposure to high VAVD suc-
tion were found to be unbalanced (Table 1).

Differences between the two types of oxygenator regarding 
the number and volume of GMEpre, GMEpost, and coefficients 
of reduction for both were not found to be significant (lowest 
p-value = 0.11).

Exposure to GMEpost volumes >1 ml during CPB was lower 
in the HAR group (CG = 29.82% [17/57] vs. HAR = 6.25% 
[3/48], p = 0.002). Concordantly, median volume of VGMEpost 
was significantly lower in the HAR group (CG = 0.28 ml, inter-
quartile range [IQR], 0.05–1.21 vs. HAR = 0.08 ml, IQR, 0.02–
0.26; p < 0.05) (Table 2).

The regression model for volume of GMEpost confirmed the 
significant effect of HAR after adjusting for potential confound-
ers (p = 0.01; see Table 3). No other covariates presented sig-
nificant coefficients in the regression models for the outcome 
variables (Tables 3 and 4).

Discussion

Despite concerns about the embolic potential of initiating 
CPB with an empty venous line and using VAVD support,22 
we observed that, if both are applied following the HAR stan-
dard procedure, it does not represent an additional embolic 
risk. Moreover, our observations suggest that HAR can provide 
a four-fold reduction of the GME volume delivered through 
the circuit compared with a conventional CPB initiation. In 

Table 1. Description of the Covariates

Continuous

Control Group (n = 66) Treated (HAR) (n = 49)

SMD RVMean SD Mean SD

Age* 65.1 11.31 58.59 16.75 0.45 2.19
BSA 1.83 0.18 1.83 0.18 0.00 1.09
Hgbpre 12.9 1.95 12.99 1.40 −0.07 0.51
HgbNadir 9.14 1.35 9.47 1.49 −0.24 1.23
Hgbfinal 10.32 1.08 10.39 1.52 −0.05 2.00
TªNadir 35.95 0.55 35.61 1.64 0.28 8.86
Tªfinal 36.40 0.36 36.08 1.52 0.29 17.57
Pump-Indexmin 1.92 0.14 1.95 0.18 −0.19 1.65
Pump-Indexavg 2.12 0.21 2.13 0.21 −0.05 0.95
Pump-Indexmax 2.28 0.27 2.26 0.25 0.06 0.90
CPB length 93 51.18 91.96 39.49 0.03 0.60
X-clamp time 70 36.44 67.16 33.26 0.08 0.83
Sample port injections 4.98 2.07 4.98 1.60 0.00 0.60
Cardioplegia 1.17 0.42 1.16 0.51 0.01 1.52

Dichotomous Proportion SD Proportion SD SMD RV

Sex 0.48 0.50 0.53 0.50 −0.09 1.00
Ultrafiltration* 0.64 0.48 0.20 0.40 0.97 0.70
Mannitol 0.61 0.49 0.49 0.50 0.24 1.05
OxyType 0.56 0.50 0.59 0.49 −0.06 0.98
Independent cannulation 0.35 0.48 0.29 0.45 0.13 0.90
VAVD <−40 mmHg 0.03 0.17 0.10 0.31 −0.29 3.09
Below safety level 0.06 0.24 0.08 0.28 −0.08 1.30
Hyperoxia 0.05 0.21 0.04 0.20 0.03 0.89
Sudden volume addition 0.12 0.33 0.10 0.31 0.07 0.85
Cavitation of suckers 0.09 0.29 0.14 0.35 −0.16 1.47

Sex: 1 = male, oxygenator type: 1 = Fx25 oxygenator/0 = inspire 6F oxygenator, hyperoxia: arterial PO2 >300 mmHg.
*Significant differences were found for age and ultrafiltration (p < 0.05). No other significant differences were found. The lowest p-value 

obtained was 0.10 (TªFinal). A covariate was considered to be unbalanced if the SMD of the means was larger than 0.25 or if the highest-to-
lowest RV was larger than 2.

%, percentage of the sample in this arm; Avg, average; BSA, body surface area (m2); CPB, cardiopulmonary bypass; Final, at the end of 
CPB; Hgb, hemoglobin; Max., maximum; Min, minimum; Nadir, minimum; Pre, previous to CPB; RV, ratio of variances; SMD, standardized 
mean difference; X-clamp, cross-clamp.

Table 2. Embolic Behavior During CPB

Outcome variable

CG HAR Group

pN Median (Q1–Q3) N Median (Q1–Q3)

Number of GMEpre 64 36,200 (20,250–73,985) 49 35,900 (16,000–91,500) 0.95
Volume of GMEpre 64 13.37 (2.26–165.13) 49 9.26 (2.58–86.70) 0.63
Number of GMEpost 57 1,677 (461–4,695) 48 655 (354–2,731) 0.14
Volume of GMEpost 57 0.28 (0.05–1.21) 48 0.08 (0.02–0.26) 0.004
GME number: reduction rate (%) 57 99.97 (99.90–99.99) 48 99.98 (99.93–99.99) 0.21
GME volume: reduction rate (%) 57 99.99 (99.93–100) 48 100 (99.97–100) 0.63

Significant results mean P < 0.05.
CG, control group; HAR, hematic antegrade repriming; GME, gaseous microemboli; Post, after the oxygenator; Pre, before the oxygenator.
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addition, the percentage of patients exposed to GMEpost vol-
ume >1 ml was four times lower when applying HAR. This 
significant effect of HAR was confirmed after adjusting for 
potential confounders using logistic regression.

Current evidence indicates that hemodilution and GME load 
are directly related to both glycocalyx degradation and endothe-
lial dysfunction.10,14 Thus, the hemodilution and embolic reduction 
provided by HAR9,30 may result in better preservation of the micro-
vascular system. This should be evaluated in further studies focus-
ing on hyaluronan, syndecan-1, and heparan sulfate shedding.33,34

BCC300 permitted to observe in real time that embolic release 
was lower during CPB initiation after the HAR procedure, rep-
resenting the majority of the GMEpost volume detected. Other 
sources of small bubbles were found to increase the GME num-
ber during the CPB like hyperoxia, cavitation of field suckers, 
VAVD <−40 mmHg, sample manifold injection, or low level on 
the reservoir, as described in previous investigations.23 However, 
we did not find these sources to be significantly relevant to the 
embolic number and volume delivered to the patient.

When looking for the underlying mechanism of the GME 
volume reduction provided by HAR, we may hypothesize two 
main ways. First, this could be related to the rupture of GME 
in smaller bubbles during HAR. On the other hand, antegrade 
repriming of the circuit with autologous blood may have forced 
the elimination of the air that persisted in the oxygenation 
chamber. However, considering the nonsignificant differences 
found between the groups in terms of the volume and number 
of GMEpre, GMEpost number, and the reduction rates for both, 
we can discard the hypothesis of bubble rupture.

Previous literature pointed out that, after priming a circuit with 
crystalloid solutions, a certain amount of GME remains adhered 
to the oxygenation chamber, being released into the bloodstream 

during CPB initiation.15,20,23 Arterial filters are specifically designed 
to eliminate GME from CPB circuits due to the pressure differ-
ence generated by the filter and the buoyancy of bubbles that 
divert them through the recirculation line.35 During HAR maneu-
vers, the only output of the oxygenation chamber is the recir-
culation line conducting to a collector bag. Pressure increases, 
induced by the difference in diameter between the flow input 
(3/8″) and the recirculation output (Luer-lock), favor the GME 
elimination capacities of the integrated filters. Considering that 
increases in viscosity augment the embolic release during CPB,36 
the antegrade blood entrance to the oxygenator during HAR also 
enhances the elimination of remaining GME to the collector bag. 
Both phenomena seem to play a major role in this remarkable 
embolic volume reduction. Thus, repriming the circuit with HAR 
appears to provide protective capacities against GME that are not 
transferrable to autologous priming when it is applied in a retro-
grade manner. This hypothesis could be tested by hydrodynami-
cal experimental models in future studies (Figure 4).

Current evidence indicates that better preservation of cog-
nitive performance might be expected postoperatively when 
GME is reduced.18 Despite a threshold of GMEpost volume to 
avoid the occurrence of postoperative cognitive decline not 
being established,37–39 our results suggest that the HAR proce-
dure may contribute to reducing such clinical outcomes. These 
clinical effects on postoperative cognitive performance are 
being explored in further stages of this clinical trial.26,40

Due to the innovative nature of the research, there were no 
previous data about the effect size; thus, initial sample size  
(n = 300) was arbitrary. Considering that when the postoxygen-
ator probe was damaged, we decided to analyze the available 
data of patients with an ACC > 80%. Due to the relevance of our 
preliminary observations, we decided to interrupt the experiment.

Table 3. Influence of Covariates on the Effect of HAR Regarding the Embolic Volume Delivered

logVGMEpost Coefficient Standard Error 95% CI p
Exponential 
(Coefficient)

95% CI Exponential 
(Coefficient)

HAR −1.42 0.55 −2.51 to −0.33 0.01 0.24 0.08–0.72
Age −0.01 0.02 −0.05 to 0.02 0.42 0.99 0.95–1.02
Hgbfinal 0.07 0.19 −0.31 to 0.45 0.73 1.07 0.73–1.57
TªNadir −0.61 0.47 −1.54 to 0.32 0.20 0.54 0.21–1.38
Tªfinal 0.63 0.52 −0.41 to 1.67 0.23 1.88 0.67–5.29
Ultrafiltration −0.20 0.55 −1.29 to 0.88 0.71 0.82 0.28–2.42
VAVD <−40 

mmHg
0.54 0.98 −1.41 to 2.49 0.59 1.71 0.24–12.02

Final, measured at the end of CPB; HAR, hematic antegrade repriming; Hgb, hemoglobin; Nadir, minimum in CPB; Tª, temperature; Ultra-
filtration, use of continuous ultrafiltration; VAVD, vacuum-assisted venous drainage (The reference category for the regression model was 
the CG).

Table 4. Influence of Covariates on the Effect of HAR Regarding the Number of Emboli Delivered

logNGMEpost Coefficient Standard Error 95% CI p
Exponential 
(Coefficient)

95% CI Exponential 
(Coefficient)

HAR −0.61 0.39 −1.39 to 0.18 0.13 0.55 0.25–1.19
Age −0.02 0.01 −0.04 to 0.01 0.14 0.98 0.96–1.01
Hgbfinal 0.08 0.14 −0.19 to 0.35 0.57 1.08 0.82–1.42
TªNadir −0.17 0.34 −0.84 to 0.49 0.61 0.84 0.43–1.64
Tªfinal 0.17 0.37 −0.57 to 0.91 0.65 1.19 0.57–2.49
Ultrafiltration 0.29 0.39 −0.49 to 1.06 0.47 1.33 0.61–2.89
VAVD <−40 mmHg 0.95 0.70 −0.45 to 2.34 0.18 2.58 0.64–10.42

Final, measured at the end of CPB; HAR, hematic antegrade repriming; Hgb, hemoglobin; Nadir, minimum in CPB; Tª, temperature; Ultra-
filtration, use of continuous ultrafiltration; VAVD, vacuum-assisted venous drainage (The reference categoryfor the regression model was the 
CG was the CG).



BLANCO-MORILLO ET AL.330

The sample reduction was not related to the treatment assig-
nation and similarly affected both groups during different 
stages of the study. Despite some authors indicating that this 
should not be considered a bias,41 to obtain significance when 
assessing the number of GMEpost, a bigger sample size should 
be recruited. Thus, future prospective studies are required to 
validate our observations.

Conclusions

Although the HAR procedure combines the use of mea-
sures like VAVD and CPB initiation with an empty venous 
line, it did not represent an increase in embolic load. On 
the contrary, the antegrade manner of repriming the circuit 
with autologous blood seems to reduce the embolic volume 
released during CPB initiation and the exposure to cumula-
tive GMEpost volumes greater than 1 ml. Specific training in 
the use of Doppler measurement and HAR practice is para-
mount to the correct, standardized application of the HAR 
technique and to improve the replicability of these results. 
Further stages of this study aimed to evaluate the clinical 
impact of our findings.
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