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Abstract This randomized, double-blind study evaluated

the short-term effects and safety of perioperative retrograde

autologous priming (RAP) for cardiopulmonary bypass

(CPB) in patients with cardiac replacement surgery to de-

termine if this approach is a better substitute for crystal

liquids priming in patients with valvular heart disease. We

observed that RAP significantly decreased the actual

priming volume, preserved the hematocrit and hemoglobin

level during CPB to a certain degree, and decreased lactate

accumulation in CPB period. Moreover, RAP lowered the

volume of transfusion and dosage blood products. Thus,

our results showed that RAP approach effectively im-

proved tissue perfusion and lowered intraoperative Lac

levels, by reducing the hemodilution, which safely and

reliably improve the microcirculation perfusion.

Keywords Retrograde autologous blood priming �
Cardiopulmonary bypass � Cardiac valve replacement

surgery � Valvular heart disease

Introduction

Valvular heart disease (VHD), which is usually caused by

rheumatic fever, is a common heart disease [1]. With the

increase of the aging population, more and more senile

valvular disease and valvular disease originate from

coronary heart disease, which make myocardial infarction

more commonly seen [2]. Treatments for valvular heart

disease include drug therapy, interventional therapy, and

surgeries [3]. Drug treatment can improve the symptoms of

mild valvular heart disease, but fail to reverse valve

structures that have been damaged during certain patho-

genesis of VHD [4]. The long-term clinical effects of in-

terventional therapy still need confirmation. Thus, surgical

treatment is widely recognized as the most common, reli-

able, and effective treatment for VHD [5]. According to the

degree and nature of valve damages, heart valve prosthesis

or artificial valve replacement are used in surgery.

Cardiopulmonary bypass (CPB), which is a very essential

process in patients with valve replacement to reduce blood

transfusion, involves the following steps of blood recollec-

tion, blood ultrafiltration, and priming liquid reduction [6].

However, serious technical challenges still exist in CPB. Due

to the requirement for the transfusion of large amount of

stored blood or blood products during complex cardiovascular

surgery, lack of blood, immune response after the transfusion,

and virus contamination all call for new approaches of blood

conservation and improved CPB method with reduced need

for allogeneic blood transfusion [7, 8]. Furthermore, the

routine primed crystal liquids during CPB inevitably cause

severe hemodilution and decreased plasma colloid osmotic

pressure, which in turn produce adverse effects on the body

[9]. Therefore, large amounts of blood and/or blood products

are usually used in cardiac surgery with CPB during periop-

erative period, so blood protection has always been the focus

in cardiology [10]. Thus, new approaches to overcome these

problems in CPB are in urgent need.

Retrograde autologous blood priming (RAP) is a new

kind of priming technique in patients with CPB to replace

the crystal liquid with the patient’s own blood in CPB

priming pipe as long as possible [11]. In 1998, Rosengart
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et al. [12] first proposed the concept of RAP, which is a

non-drug blood protection method, to effectively reduce

the priming volume, ameliorate the excess hemodilution,

improve the hematocrit (Hct) during CPB, and reduce the

ratio of patients receiving blood transfusion during op-

eration and the perioperative period. However, controver-

sies about the advantages and disadvantages about RAP

remain. Murphy et al. [13] found that RAP application did

not reduce allogeneic blood appliance after they performed

a 2-year retrospective cohort study, in which 559 cases of

coronary artery bypass grafting (CABG) patients with CPB

were observed. Hct above 34 in CABG patients may in-

crease the incidence of the postoperative myocardial in-

farction and severe left ventricular dysfunction [13].

Higher Hct value resulted in increased blood viscosity and

harder cardiac work with inevitable damage to the oxygen

transport in tissues. Thus, further studies are needed to

determine the exact effect and safety of RAP, especially in

patients undergoing cardiac valve replacement surgeries.

In this study, we evaluated the short-term effects and

safety of perioperative RAP for CPB in patients with car-

diac valve replacement surgery to determine whether RAP

could reduce perioperative blood transfusion and blood loss

and benefit the patients undergoing cardiac surgeries.

Materials and Methods

Patient Population

The protocol and consent were approved by an institutional

review board or ethics review committee. 240 patients (aged

19–60 years old, pooled from inpatients for 2 years from

2012 to 2014) received cardiac valve replacement surgeries

with similar perioperative situations. Written informed con-

sents were received from all participants. The patients were

randomized into two groups, the standard priming group

(n = 120) and the RAP group (n = 120). The randomization

was performed according to a random number sequence

generated by computer. Both medical and nursing staff in the

ICU and the postoperative wards were blinded from the

priming techniques used for the purpose of this study.

Anesthesia

Anesthesia was performed as previously described [14].

Briefly, general anesthesia was induced with propofol,

midazolam. After intubation, anesthesia was maintained

with target mean blood pressure (BP) at 70 mmHg before

and 60 mmHg after CPB using isoflurane and neuromus-

cular blockade. Heparin was given to achieve antico-

agulation with 300 U/kg before CPB. After CPB, 1 mg

protamine sulfate was administered for heparin.

Cardiopulmonary Bypass Management

Standard circuit and cardiopulmonary bypass was managed

according to previous studies [15]. In brief, patients were

dynamically cooled to 32 �C during CPB after intermittent

cold (4 �C) blood cardioplegia was infused. Management

of CPB included arterial BPs between 50–80 mmHg, pump

flow rates of 2.0–2.4 l/min/m, and alpha-stat pH manage-

ment. Patients were warmed to 37 �C at the end of CPB.

Perfusion equipment and techniques were kept constant

throughout the study period.

Retrograde Autologous Priming

The RAP process was completed in 2 min. Blood leaking

during the process of cardiac catheterization was salvaged

and stored in vacuum blood reservoir, which is not mixed

with crystal priming liquid in the venous blood reservoir.

During RAP process, the changes in blood pressure were

closely observed and RAP liquid return rate was in close

control. Aorta road was clamped until the pipeline at pul-

monary arterial road to the aortic cannula was completely

filled with blood. Replace all liquids in the pipeline with

autologous blood from the patients as much as possible.

After RAP, the venous drainage was open, with the start of

a full cardiopulmonary bypass circuit. Once the mean ar-

terial pressure is less than 60 mmHg during RAP process, a

small amount of phenylephrine was given to the patients. If

the phenylephrine fails to raise BP, RAP is terminated

immediately, with the imitating of CPB circuit. At the end

of CPB, the remaining blood was replaced with crystal

priming liquid in the pipeline.

Indexes for Detection

Blood gas analyses were measured through arterial and

mixed venous blood samples obtained according to the

following time points: the induction of anesthesia (T1),

before CPB (T2), 10 min after aortic cross-clamp (T3), 10

min after declamping (T4), after CPB (T5), at ICU arrival

(T6), and discharge (T7). Perioperative indexes were tested,

including, Hct, hemoglobin (Hb), total bilirubin, Lac, direct

bilirubin, serum glutamic–oxaloacetic transaminase, blood

urea nitrogen, and creatinine. The volume of blood trans-

fusion and blood loss was measured during and 2 h after

the operation. The outcomes of patients were evaluated

based on waking time, duration of postoperative ventila-

tion, and the length of ICU and hospital stay.

Statistical Analyses

STATA 12.0 was used to determine the statistical sig-

nificance between samples by one-way analysis of variance
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(ANOVA) or two-way ANOVA followed by the Dunnett’s

test. Data are presented as means ± SEM. p\ 0.05 was

considered to be statistically significant.

Results

The Representative and Scientifically Sound Sample

Population by Successful Randomization

All the patients included in this study underwent the

surgeries without complications and were successfully

discharged. Characteristics of selected patients, types of

surgical procedure, and duration of aortic cross-clamping

and CPB are compared and summarized in Table 1. No

significant difference of these basic clinical characteristics

was observed between the two groups.

RAP Significantly Decreased Actual Priming Volume

The volumes of administered fluids before CPB were not

significantly different between the RAP group and standard

priming group (p[ 0.05, data not shown). The total

priming volume of an average person was

1013.5 ± 121.5 ml in the RAP group, which is also not

statistically different from that in the standard priming

group with the value of 1190.9 ± 100.1 ml (p[ 0.05,

Table 2). Moreover, crystalloid given until first postop-

erative day and intraoperative urine output was similar

between the two groups (Table 2). However, the average

priming volume removed in the RAP group was

620.9 ± 191.3 ml, representing 61.2 ± 18.0 % of the

priming volume, which thus resulted in a significantly less

actual priming volume of the RAP group than that of the

standard priming group (p\ 0.05). Thus, RAP sig-

nificantly decreased the actual priming volume, which may

help to ameliorate complications resulting from crystal

priming liquids.

Comparison of Hb, Hct, and Lac in Patients at Different

Time Points

We further compared hemoglobin (Hb), hematocrit (Hct),

and lactate (Lac) in patients from different groups at dif-

ferent time points (Fig. 1). In the RAP group, Hct level

after 10 min after cross-clamping to ICU was significantly

higher than the standard group (p\ 0.05). The Hb level in

the RAP group, from 10 min after declamping to after CPB

increased significantly compared with the standard group

(p\ 0.05), indicating that RAP could to a certain degree

preserve the Hct and Hb level during CPB. Moreover, the

results of Lac showed that the RAP group in 10 min after

cross-clamping to discharge were significantly lower than

those of the standard group (p\ 0.05, Fig. 1), suggesting

that RAP could decrease Lac accumulation during CPB

procedure.

RAP Lowers the Volume of Transfusion and Dosage

Blood Products

The intraoperative blood loss in RAP group is less than that

in the standard group, though not significant (p[ 0.05,

Table 1 Characteristics of the

patients and operation

parameters

RBC red blood cells; WBC

weight blood cells; PLT platelet;

NYHA New York Heart

Association; RAP retrograde

autologous priming; ASD atrial

septal defect; VSD ventricular

septal defect; MVR mitral valve;

AVR aortic valve replacement;

data are mean ± SD or number

of patients

Standard priming (n = 120) RAP group (n = 120)

Demographic

Female (%) 44.20 49.10

Age (years) 32.5 ± 11.3 43.1 ± 10.1

Weight (kg) 48.9 ± 4.3 45.6 ± 3.6

Operation parameters

Preoperative hematocrit (%) 41.5 ± 2.8 38.8 ± 2.6

Preoperative RBC counts 4.71 ± 1.6 4.45 ± 1.21

Preoperative WBC counts 6.65 ± 0.51 6.39 ± 0.71

Preoperative PLT counts 234.41 ± 45.41 255.61 ± 71.43

NYHA class (a/III) 55/65 61/59

Ejection fraction (%) 62.5 ± 7.1 61.3 ± 6.2

ASD 32 20

VSD 30 26

MVR 27 23

AVR 20 21

MVR ? AVR 15 12

CPB duration (min) 78.1 ± 21.4 84.1 ± 22.1

Cross-clamp duration (min) 51.2 ± 21.4 54.3 ± 10.5
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Table 3). There was also insignificant decrease in the 12 h

chest tube drainage. These results indicate that RAP will

not significantly improve blood loss and chest drainage,

which may not be directly related to RAP procedure. 65

(54.2 %) of 120 patients in the RAP group received

transfusion as compared with 115 (95.8 %) of 120 patients

in the standard priming group (p\ 0.05). Preoperatively,

fewer patients in the RAP group received PRBCs than did

the standard priming group patients [23 (19.1 %) vs. 106

(88.3 %)] (p\ 0.05). The transfusion of freshly frozen

plasma and platelets was not significantly different be-

tween the two groups (Table 3).

Discussion

Protection of autologous blood is an important task in

cardiac surgeries. Preoperative preservation of autologous

blood, intraoperative hemodilution, autologous blood

transfusion, and postoperative chest reinfusion are impor-

tant factors for this protection. RAP technology is now of

great clinical interest for this purpose [16–18]. A rational

choice from various available methods to reduce the oc-

currence of adverse reactions is an important clinical de-

cision [19].

During the past few decades, CPB priming strategies

have changed from whole blood priming to non-blood

priming, and then to RAP [2, 20]. Recently, the improve-

ment of CPB technique, equipment, and pipes all aim to

reduce the volume of pre-charged liquids, get a satisfactory

degree of dilution, and reduce the possible complications

resulting from hemodilution [21]. RAP is a way to avoid

the excessive hemodilution, to maintain a relatively high

level of Hct during and at the end of CPB and thus to

reduce the volume of blood transfusion [22, 23]. At pre-

sent, there is no large-scale study of the influence from

application of RAP in CPB during cardiac valve replace-

ment surgery.

In the present study, the RAP group had significantly

increased Hct during and after operation, reduced actual

priming volume to 382.6 ± 118.3 ml, and mildly reduced

Table 2 Changes in

perioperative fluids

POD postoperative day; RAP

retrograde autologous priming.

* p\ 0.05

Standard priming RAP group

Priming volume (ml) 1190.9 ± 100.1 1013.5 ± 121.5

RAP volume removed (ml) – 620.9 ± 191.3

Actual priming volume (ml) 1190.9 ± 100.1 382.6 ± 118.3*

RAP volume returned (ml) – 215.5 ± 128.5

Crystalloid given until first POD (ml) 2414.8 ± 324 2580 ± 751

Urine volume (ml) 325.1 ± 130.1 351.7 ± 314.6

Fig. 1 Serial changes of Hb, Hct, and Lac in patients at different time

points during the surgeries. Hb hemoglobin; Hct hematocrit; Lac

lactate. The time points are listed as follows: the induction of

anesthesia (T1), before CPB (T2), 10 min after aortic cross-clamp

(T3), 10 min after declamping (T4), after CPB (T5), at ICU arrival

(T6), and discharge (T7). *p\ 0.05

Table 3 Comparison in perioperative blood transfusion and blood loss

Standard priming RAP group p

Intraoperative blood loss (ml) 378.6 ± 111.3 342.1 ± 125.1 –

12 h chest tube drainage (ml) 345.3 ± 141.3 310.9 ± 121.3 –

Perioperative rate of transfused (%) 115 (95.8 %) 65 (54.2 %) 0.00

Patients transfused (FFP and platelets) 17 (14.1 %) 9 (7 %) –

Patients received PRBCs on pump 106 (88.3 %) 23 (19.1 %) 0.00

FFP fresh frozen plasma; PRBCs packed red blood cells; RAP retrograde autologous priming
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blood transfusion volume. There was no significant dif-

ference between the two groups of patients in the amount

of blood loss. In theory, RAP could reduce hemodilution

and relatively increased concentrations of coagulation

factors and platelets, which may further reduce the blood

loss [24, 25]. However, RAP itself is not a hemostatic

measure, and we were not able to show that RAP could

effectively reduce blood loss in the study.

The early studies on the safety of RAP showed a reverse

correlation of blood viscosity and temperature [26].

Moderate hemodilution during CPB was once thought to

increase blood viscosity and lead to bad microcirculatory

perfusion [26]. In the RAP group, Hct did not appear to be

markedly increased in CPB, along with significantly de-

creased Lac levels. Ranucci et al. [27] and Salinas et al.

[28], respectively, reported that, hemodilution during CPB

after surgery was associated with bad prognosis like in-

creased blood Lac level and renal failure. Thus, the

maintenance of Hct[ 0.25 would help to prevent the in-

creased blood lactic acid level. In this study, RAP group

effectively improved tissue perfusion and lowered intra-

operative Lac levels, by reducing hemodilution, indicating

that RAP is able to reduce hemodilution, as well as im-

prove the microcirculation perfusion safely and reliably.

The implementation of the RAP shows poor tolerance for

postoperative severe low blood volume in patients, such as

elders, low birth weight babies, or those with severe dehy-

dration [29–31]. Thus, preoperative evaluation of general

state, preoperative treatments for anemia and dehydration

are required to guarantee the smooth application of RAP.

In summary, RAP is an economic, safe, and fast way for

autologous blood protection, to reduce hemodilution during

CPB, increase Hb and Hct, improve microcirculation per-

fusion, and decrease the volume of blood transfusion dur-

ing perioperative care.
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