
PATIENTS AND METHODS
SETTING:
This retrospective study was performed at Madras Medical College, 
Chennai, 

COHART:
A retrospective study, comparing the effect of retrograde 
autologous priming to standard priming techniques on 
perioperative transfusion requirements and morbidity, in patients 
undergoing elective primary coronary artery bypass grafting.

STUDY PROFILE & PORTFOLIO:
Inclusion Criteria
1:  Patients aged between 20 and 70 years.
2:  Patients presenting for elective primary coronary artery bypass 

grafting.

Exclusion Criteria
1:  Patients aged <20 or >70 years.
2:  Patients with left ventricular ejection fraction <40%.
3:  Pre-operative Hemoglobin <10gm%.
4:  Weight less than 45 kg.
5:  Pre-existing renal impairment i.e. serum creatinine >1.4mg/dl.
6:  Patients presenting for emergency surgery. 
7:  Re-do coronary artery bypass grafting.

The study included patients who satis�ed the study's induction 
criteria from April 2014 to March 2015.

As it is a retrospective study there was no randomization followed 
the study was divided into 2 separate groups of patients who had 
undergone retrograde autologous priming(Group A) and the other 
who had undergone standard priming(GroupB) consisting of 100 
subjects in each arm.

PRIMARY OUTCOME.
Reduction in transfusion requirements peri-operatively.

SECONDARY OUTCOME/S:
1. Reduction in post-operative morbidity. 
2. Incidence of renal failure and stroke.
3.  ICU stay and Hospital Stay.

TRANSFUSION TRIGGERS:
There was no set transfusion protocol. The institution criteria which 
was followed during the tenure of study is explained. Packed red 
cells was be transfused if hemoglobin was < 6.0gm% on cardio-
pulmonary bypass and if hemoglobin was < 8.0gm% at any time 
after termination of cardio-pulmonary bypass. Packed red cells were 
transfused even at higher hemoglobin values if clinically 
symptomatic anemia, evidence of end organan failure and low 
cardiac output develops. Transfusion of packed red cells were 
carried out only after documenting the hemoglobin value. Use of 
blood products like platelets and plasma were performed on clinical 
evidence of bleeding.

STATISTICAL METHODS:
Statistical methods used for primary outcome analysis included 
description of methods to estimate the strength of the effect (Odds 
ratios). After checking for normality, appropriate parametric tests 
like 2 independent sample t test were used to assess the mean 
difference between participants of the retrograde autologous 
priming and standard priming groups for continuous variables like 
hemoglobin, lactate, creatinine. For categorical variables, like sex, 
pre-operative diagnosis, comorbidities, Chi square/ Fisher's exact 
was used. The p-value was computed using 2 proportion Z test for 
non-continuous variables like number of patients transfused with 
packed red cells. Multivariate analysis was done based on the 
variables which were signi�cant at Bivariate level. P-value less than 
0.05 taken as signi�cant level. All the analysis were performed using 
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AIMS AND OBJECTIVES :  To study the effect of retrograde autologous priming techniques on transfusion 
requirements and outcome in CABG patients.

1.  The effect on peri-operative transfusion requirements.
2. The effect on post-operative morbidity.
3. The effect on duration of post operative stay.
MATERIALS AND METHODS :
We analysed the patient details retrospectively using the charts as well as our clinical clinical workstation. Categorical data were expressed 
as frequency and percentage. Categorical data were expressed as frequency and percentage. Continuous variable expressed as mean ± 
standard deviation. Signi�cant differences between proportions determined by Chi-squared analysis or Fischer's exact test. All analysis 
were carried out using Statistical Package for Social Service version 16(SPSS Inc.,Chicago, IL, USA). Probablity values p<0.05 were 
considered signi�cant.
RESULTS: We had a total of 200 patients in our series from 2014-15. Coronary artery disease is more common in males 83% of our study 
group. Commonly seen in Diabetics(60%), hypertensives(62%) and smokers(30%), their respective percentages in the study population. 
Analysing Retrograde autologus priming as a blood conservation modality we were able to derive at a reduction in hemodilution, 
transfusion rates, creatnine and lactate levels, period of stay but were not able to exhibit statistical signi�cance. The factors like intra 
operative hemodilution(p=0.039) and transfusion(p=0.050). Post operative creatnine levels(p=0.026) and Stay in the ICU(p=0.014) were 
signi�cant.
CONCLUSION:
We were able to establish Retrograde Autologus Priming as one of the blood conservation modalities. As in other literature, our study also 
suggests that Retrograde Autologus Priming of cardiopulmonary bypass circuit as an effective blood conservation modality. There is a 
signi�cant reduction in the total transfusion rates of patients in the Retrograde Autologus Priming group in the overall study. Though only 
the intra op transfusion rates and post operative critical care stay were deemed statistically signi�cant, in this retrograde study, It is 
promising to note and could get more gratifying results if there could be a prospective study with strict transfusion triggers.
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SPSS-16. A total of 200 patient charts were analysed and 
documented, out of which 100 were charts of patients in whom 
retrograde autologus priming of the cardiopulmonary bypass 
circuit was performed and the other 100 charts were of patients in 
whom standard priming was followed.

Sample size:
The pre op haemoglobin was taken as predictor. From the pilot 
study the effect size for the difference in haemoglobin among 
operated was calculated. Based on the information using following 
formula the sample size was calculated.

Proportion in group I   0.26
Proportion in group II   0.1
Estimated risk difference  0.16
Power (1-beta) %   80
Alpha error (%)   5
1 or 2 sided    2
Required sample size for each arm 89
Considering that there is a dropout rate of about 10%, it can be 
approximately An adequate sample size of 100 is needed to detect a 
40 % event rate with 0.64 effect size with pre haemoglobin as 
predictor of outcome( ablation / modi�ed), with 80% power and 5% 
error.

ANAESTHETIC MANAGEMENT
Standard anesthetic techniques for induction, maintenance and 
inotrope management were followed in all patients. The surgical 
and perfusion teams were observed to be the same for patients in 
both groups. All patients in this study received only less than 250ml 
crystalloid infusion prior to initiation of cardiopulmonary bypass 
from the anesthesia team. Prior to initiation of cardio pulmonary 
bypass, all patients received Injection Porcine Heparin (>400U/kg) 
to obtain an activated clotting time of >450sec. On termination of 
cardio-pulmonary bypass, all patients received Injection Protamine 
(lmg/l00U of heparin) for reversal of Heparin anti-coagulant effects. 
Hemodynamic goals included maintenance of mean arterial 
pressure >65mm of Hg prior to initiation of cardiopulmonary 
bypass & >50mm of Hg on cardio-pulmonary bypass using 
vasoactive agents like Injection Phenylephrine in bolus doses or 
Nor-adrenaline infusion.

VASOPRESSORS USED
1. Phenylephrine:
Ÿ Synthetic Noncatecholamine
Ÿ Selective l adrenergic agonist with minimal adrenergic effect.
Ÿ Causes vasoconstriction primarily in arterioles. 

Advantages:  Direct agonist with short duration of action(< 5min) 
Increases coronary perfusion pressure Myocardial oxygen 
consumption is not increased substantially 

Disadvantages: May increase pulmonary vascular resistance Re�ex 
bradycardia 

Indication:  Hypotension, SVT, Cyanotic spells. 

Dose:  Bolus: l-10mcg/kg
Infussion: 0.5-10mcg/kg/min

2. Ephedrine:
Ÿ Plant derieved alkaloid with sympathomimetic effects.
Ÿ Mild , i, 2 adrenergic agonist.
Ÿ Indirect NE release from neurons.

Advantages: 
Short Duration(3-10 mins)
Safe in pregnancy
Good agent to correct sympathectomy induced relative 
hypovolemia and decreased Systemic Vascular Resistance(SVR) 
after spinal or epidural anaesthesia. 

Disadvantages: 
Efficacy is reduced when NE stores are depleted.
Risk of malignant hypertension with MAO inhibitor or cocaine 
Tachyphylaxis with repeated doses. 

Indication: Hypotension due to low SVR or low CO and HR is low, 
particularly spinal/ epidural anaesthesia. Temporary therapy to 
hypovolemia. 

Dose: Bolus:5-10mg iv,   25-50mg im

3. Norepinephrine:
Ÿ Primary physiologic postganglionic sympathetic 

neurotransmitter.
Ÿ Direct l, 2, adrenergic agonist action. 

Advantage: 
Equivalent to Epinephrine at 1 agonist
Redistributes blood �ow to brain and heart.
Elicits intense al and a2 agonist, effective vasoconstrictor. 

Disadvantage: 
Reduced Oxygen perfusion
Myocardial ischaemia possible 
Pulmonary vasoconstriction 
Arrythmia
Risk of Skin necrosis on extravasation. 

Indication: 
To increase systemic vascular resistance, esp. septic shock.

Vasoplegia - Post Cardiopulmonary Bypass. 
Dose: 0.03-0.3 mcg/kg/min

CARDIO-PULMONARY B YPASS
Standardized cardio-pulmonary bypass equipment and technique 
for retrograde autologous priming was used for all patients who 
participated in this study. Terumo Systems cardio-pulmonary 
bypass machine and Affinity(Medtronic) oxygenator were used for 
patients in both groups. Extracorporeal circuit: 

Arterial line: length - 270cms, diameter - 3/8"
Venous line: length - 270cms, diameter - 1/2"
Cardioplegia line: length - 500cms, diameter -1/4"
Vent line: length - 500cms, diameter -1/4"
Cardiotomy suction line(2nos): length - 500cms, diameter -1/4"
Recirculation line - 500cms, diameter -1/4"

Ringer lactate was the priming solution used for all patients, with 
1200ml as standard volume in the standard prime group. Modi�ed 
St. Thomas cardioplegia( 1:4 blood cardioplegia) was used to arrest 
the heart in diastole in all patients. In the retrograde autologous 
priming group the volume of crystalloid prime displaced from the 
extracorporeal circuit was based on the clinical discretion of the 
surgeon and anesthetist. There was no major correlation between 
the BSA of the patient and prime displaced from the extracorporeal 
circuit. It was dependant on the surgeons intra-op assessment in 
conjunction with the anaesthetist. As low as 200ml of prime was 
displaced for patient with a BSA of 1.85m2 and as high as 500ml of 
prime was displaced for patient with a BSA of 1.44m2. 
Extracorporeal circuit volume was documented for all patients.

RETROGRADE A UTOLOGOUS PRIMING TECHNIQUE 
For patients pertaining to the retrograde autologous priming 
group, after aortic and venous cannulation, mean arterial blood 
pressure was hiked up to approximately 70mm of Hg using 50-
100gm bolus doses of phenylephrine and a mild head-low position. 
Retrograde autologous priming was performed on the arterial line 
initially, arterial line was undamped and crystalloid solution in the 
arterial line was gradually displaced back into the reservoir using 
the patients' blood. Just prior to the patients' blood entering the 
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reservoir, the arterial line was clamped. Once this is done, the main 
cardio-pulmonary bypass pump was switched on and the 
cardioplegia line was undamped to push the displaced crystalloid 
into the collecting bag, connected to the cardioplegia line. The 
crystalloid solution in the venous line was also displaced in a similar 
manner after completion of the procedure on the arterial line. 
Approximately 2-4 minutes were required for institution of 
retrograde autologous priming on both arterial and venous lines. All 
through this time, the cardiotomy suction is turned off to avoid 
mixing of the blood with the crystalloid solution in the reservoir.

A GEM Premier 3000 blood gas analyzer was used for measurement 
of hemoglobin and lactate levels for all patients.

Intra-op and post-op data from the perfusion data sheet and the ICU 
charts respectively of the 200 patients, 100 in each group who 
ful�lled the inclusion criteria, were collected by the primary 
investigator. Clinicians had followed the routine transfusion 
protocols, followed as departmental policy, in the ICU.

RESULTS 
DEMOGRAPHIC VARIABLES
Two hundred patients (166 males and 34 females) who underwent 
elective primary coronary artery bypass grafting were analysed in 
the study 100 patients each were analysed underwent retrograde 
autologous priming group (RAP) and standard priming group (No 
RAP). Of the 200 participants 166(83%) were male and only 34(17%) 
were female.

Group A i.e. retrograde autologous priming group (RAP) had 
81(81%) male and 19(19%) female patients while group B i.e. 
standard priming group (no RAP) had 85(85%) male and 15(15%) 
female patients. There are 73(36.5%) patients in the retrograde 
autologous priming group had triple vessel disease and 27(13.5%) 
had double vessel disease, whereas 81(40.5%) and 19(9.5%) 
patients had triple vessel disease and double vessel disease in the 
standard priming group respectively

Depicts the male to female distribution in both the retrograde 
autologus priming and the standard priming group in which the X 
axis is formed by the no of patients and Y axis representing the type 
of priming.

CATEGORICAL VARIABLES
Table 1 : There is no statistically signi�cant difference in 
demographic variables (age, weight and body surface area) 
between the two groups .

COMORBIDITIES
Table 2 : Represents frequency of co-morbid conditions among 
participants of study

Table 3 : Frequency and distribution of Diabetes among both 
the group.

Table 4: Signi�cance among the RAP & Non RAP group of 
diabetes by Chi-Square test

Table 5: Frequency and distribution of Hypertension among 
both the group.

Table 6: Signi�cance among the RAP & Non RAP group of 
Hypertension by Chi-Square test.

Table 7: Frequency and distribution of Smoking among both 
the group.

Table 8: Signi�cance among the RAP & Non RAP group of 
Smoker by Chi-Square test.

RAP(n=100) No RAP(n=100) p Value
Age(years) 56.05±8.983 57.67±8.351 0.188
Weight(kg) 68.35±7.683 69.23±9.432 0.632
BSA(m2) 1.689±0.140 1.698+0.154 0.649

RAP(n=100) No RAP(n=100)
Hypertension 73 51
Diabetes 62 58
COPD 28 31
Peripheral Vascular Disease 4 1

Group Total

DIABETES RAP NO RAP
Yes Count 62 58 120

% within DIABETES 51.7% 48.3% 100.0%

% within Group 62.0% 58.0% 60.0%
No Count 38 42 80

% within DIABETES 47.5% 52.5% 100.0%
% within Group 38.0% 42.0% 40.0%

Total Count 100 100 200
% within DIABETES 50.0% 50.0% 100.0%
% within Group 100.0% 100.0% 100.0%

N=100 Value df Asymp. Sig.
(2-sided)

Exact Sig.
(2-sided)

Exact Sig.
(l-sided)

Pearson Chi-
Square

.333a 1 .564 .665 .333

Continuity
Correctionb

.188 1 .665

Fisher's Exact
Test Linear-by-
Linear Association

.332 1 .565

Group Total
DIABETES RAP NO RAP

Yes Count 73 51 124
% within HTN 58.9% 41.1% 100.0%
% within Group 73.0% 51.0% 62.0%

No Count 27 49 76
% within HTN 35.5% 64.5% 100.0%
% within Group 27.0% 49.0% 38.0%

Total Count 100 100 200
% within HTN 50.0% 50.0% 100.0%
% within Group 100.0% 100.0% 100.0%

N=100 Value df Asymp. Sig.
(2-sided)

Exact Sig.
(2-sided)

Exact Sig.
(l-sided)

Pearson Chi-
Square

10,272* 1 .001 .002 .001

Continuity
Correctionb

9.359 1 .002

Fisher's Exact
TestLinear-by-
LinearAssociation

10.220 1 .001

No. of Valid Cases 200

Group Total
DIABETES RAP NO RAP

Yes Count 28 31 59
% within 
COPD_Smoker

47.5% 52.5% 100.0%

% within Group 28.0% 31.0% 29.5%
No Count 72 69 141

% within
COPD_Smoker

51.1% 48.9% 100.0%

% within Group 72.0% 69.0% 70.5%
Tota
l

Count 100 100 200
% within
COPD_Smoker

50.0% 50.0% 100.0%

% within Group 100.0°/ 100.0% 100.0%

N=100 Value df Asymp. Sig.
(2-sided)

Exact Sig.
(2-sided)

Exact Sig.
(l-sided)

Pearson Chi-
Square

.216� 1 .642 .002 .001

46 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-7, ISSUE-11, NOVEMBER-2018 • PRINT ISSN No 2277 - 8160



Table 9: Frequency and distribution of Peripheral vascular 
disease among both the group.

Table 10: Signi�cance among the RAP & Non RAP group of 
peripheral vascular disease by Chi-Square test.

Table 11: Frequency and distribution of Cerebro vascular 
accidents among both the group.

Table 12: Signi�cance among the RAP & Non RAP group of CVA 
by Chi-Square test.

PRE-OPERATIVE VARIABLES
Table 13 : Shows the comparison of the Pre operative variables, 
mean± SD and p value calculated by 2 proportion Z test.

The mean hemoglobin in the study population has been 13-13.5 
gm% , creatnine 0.93-0.96 mg% with ejection fraction of 53-53.5% 
with no evidence of statistical signi�cance between two groups.

INTRA-OPERATIVE VARIABLES
Table 14 : Shows the comparison of the intra operative variables, 
mean± SD calculated by 2 independent sample t test and p value 
calculated by 2 proportion Z test.

Mean cardio-pulmonary bypass volumes were 919.80±95.184ml in 
the retrograde autologous priming group and 1313.00±48.783ml in 
the standard priming group (Table: 18). The mean value of the prime 
displaced from the cardiopulmonar y bypass c ircuit  is 
368±79.6203ml. The cardio-pulmonary bypass and the aortic cross 
clamp times were insigni�cant in the two groups.

CARDIO-PULMONARY BYPASS PARAMETERS
Table 15 : Shows the comparison of the intra operative variables, 
mean± SD calculated by 2 independent sample t test and p value 
calculated by 2 proportion Z test.

Mean hemoglobin levels during cardio-pulmonary bypass were 
signi�cantly lower in the standard priming group as depicted in 
Table: 15. Mean lactate levels were not statistical signi�cance. As 
depicted only 3 patients in the retrograde autologous priming 
group were transfused packed red cells as compared to 11 patients 
in the standard priming group, again a statistically signi�cant 
difference. There was no intraoperative transfusion of any platelet 
concentrates or fresh frozen plasma during cardio-pulmonary 
bypass.

POST CARDIO-PULMONARY BYPASS PARAMETERS
Table 16 : Shows the comparison of the post operative variables, 
mean± SD calculated by 2 independent sample t test and p value 
calculated by 2 proportion Z test.

In the post-cardio-pulmonary bypass period, i.e. in the critical care 
unit, mean hemoglobin levels and lactates were not statistically 
different between the two groups.

POST-OPERATIVE DAY 1 PARAMETERS
The mean hemoglobin levels on the �rst post operative day, i.e. from 
the time of receiving the patient in the intensive care unit till 
midnight of the same day was 10.419± 1.264 in the retrograde 
autologus priming group exhibiting no much statistical signi�cance 
from its control group. There was no statistically signi�cant 
difference between the two groups with regard to lactate and mean 
volumes of �rst 24 hour drain output for study participants.

Table 17 : Shows the comparison of the post operative variables, 
and Table 8 post operative blood transfusion, meant SD calculated 
by 2 independent sample t test and p value calculated by 2 
proportion Z test.

Continuity
Correctionb

.096 1 .756

Fisher's Exact
TestLinear-by-
LinearAssociation

.215 1 .643

Group Total
DIABETES RAP NO RAP

Yes Count 4 1 5
% within PVD 80.0% 20.0% 100.0%
% within Group 4.0% 1.0% 2.5%

No Count 96 99 195
% within PVD 49.2% 50.8% 100.0%
% within Group 96.0% 99.0% 97.5%

Total Count 100 100 200
% within PVD 50.0% 50.0% 100.0%
% within Group 100.0°/ 100.0% 100.0%

N=100 Value df Asymp. Sig.
(2-sided)

Exact Sig.
(2-sided)

Exact Sig.
(l-sided)

Pearson Chi-
Square

1.846 1 .174 .369 .184

Continuity
bCorrection

.821 1 .365

Fisher's Exact
TestLinear-by-
LinearAssociation

1.837 1 .175

No. of Valid Cases 200

Group Total
DIABETES RAP NO RAP

Yes Count 0 3 3
% within PVD 0.0% 100.0% 100.0%
% within Group 0.0% 3.0% 1.5%

No Count 100 97 197
% within PVD 50.8% 49.2% 100.0%
% within Group 100.0% 97.0% 98.5%

Total Count 100 100 200
% within PVD 50.0% 50.0% 100.0%
% within Group 100.0°/ 100.0% 100.0%

N=100 Value df Asymp. Sig.
(2-sided)

Exact Sig.
(2-sided)

Exact Sig.
(l-sided)

Pearson Chi-
Square

3.046� 1 .081 .246 .123

Continuity
bCorrection

1.354 1 .245

Fisher's Exact
TestLinear-by-
LinearAssociation

3.030 1 .082

No. of Valid Cases 200

RAP(n=100) NoRAP(n=100) p Value
Hemoglobin (gm%) 13.350*1.567 13.008±1.473 0.114
Creatinine 0.933±0.2067 0.9638±0.2278 0.321
Ejection Fraction (%) 52.99±5.676 53.54±5.700 0.495

RAP(n=100) No RAP(n=100) p Value
CPB Volume(ml) 919.80±95.184 1313.00±48.783 0.000
Aortic Cross-Clamp 
Time (hrs.)

49.84±12.839 47,44±14.036 0.209

CPB Time (hrs.) 92.76±24.196 87.69±29.732 0.188

RAP(n=100) No RAP(n=100) p Value
Hemoglobin(gm%) 7.845±1.1141 7.502±1.2162 0.039

Lactate(mg/dl) 2.893±0.8328 3.128±1.1009 0.268
Patients transfused PRBCs 3 11 0.050

RAP(n=100) No RAP(n=100) p Value
Hemoglobin (gm%) 9.856± 1.336 9.796±0.9615 0.687

Lactate(mg/dl) 3.529± 1.9047 3.422± 1.5034 0.660

RAP(n=100) No RAP(n=100) p Value
Hemoglobin (gm %) 10.419± 1.264 10.202±1.0912 0.195

Lactate(mg/dl) 1.986±0.854 1.881±0.6012 0.312
Intercoastal Drains 438.30±164.64 464.80±139.642 0.221

  X 47GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-7, ISSUE-11, NOVEMBER-2018 • PRINT ISSN No 2277 - 8160



Table 18  : Blood and Blood products transfused on POD1

During the post cardio-pulmonary bypass period, 22 patients in the 
retrograde autologous priming group were transfused packed red 
cells against 33 in the standard priming group.

With regard to fresh frozen plasma, only 7 participants in the 
retrograde autologous priming group were transfused and 
571.428±293.463 ml was the mean volume transfused. In the 
standard priming group, only one patient was transfused with 
750ml. 13 patient received 150ml of platelet rich concentrate in the 
retrograde autologous priming group vs. 15 patients with a mean 
volume of 112.50+53.033 ml in the standard priming group, again of 
no statistical signi�cance.

POST-OPERATIVE DAY 2 PARAMETERS
Table 19 : Shows the comparison of the post-operative day2 
variables and transfusion rate, mean± SD calculated by 2 
independent sample t test and p value calculated by 2 proportion Z 
test.

There was no statistically signi�cant difference in the hemoglobin, 
creatinine and lactate values between the retrograde autologous 
priming group and standard priming group on the second post-
operative day. There was no difference in the transfusion rates 
among the retrograde autologous priming group and the standard 
priming group, (p value: 1)

POST-OPERATIVE DAY 3 PARAMETERS
Table 20 : Shows the comparison of the post-operative day 3 
variables, mean± SD calculated by 2 independent sample t test and 
p value calculated by 2 proportion Z test.

On the third post-operative day, there was no clinically signi�cant 
difference in the hemoglobin between the retrograde autologous 
priming group and the standard priming group. There was 
statistically signi�cant difference in the creatinine on the third post 
operative day. On the third post-operative day, twelve patients in 
the retrograde autologous priming group were transfused packed 
red blood cells while only nine patients in the standard priming 
group were transfused.

TIME AT ICU AND DISCHARGE
Table 21 : Shows the comparison of the post operative stay in ICU 
and ward, mcan± SD calculated by 2 independent sample t test and 
p value calculated by 2 proportion Z test

MULTI VARIATE ANALYSIS
Table 22: With the sample size of 200, it was amenable to include 10 
variables in the analysis, in which Odds Ratio is calculated 
describing the chances of occurance following which p value with 
95% con�dence interval is suggested.

Multivariate analysis of the components of the study was studied 
on, after suitable correction, in order to derive the clinical 
signi�cance of parameters due to interdependence. Considering 
that some of the parameters were statistically signi�cant 
individually their signi�cance between the retrograde autologus 
priming group and the standard priming group were con�rmed in 
correlation to each other. Hence it was noted that Intra operative 
haemoglobin and Post op ICU stay were clinically as well as 
statistically signi�cant.

DISCUSSION
Society of Cardio-thoracic Surgeons 2011 Guidelines recommend 
Retrograde autologous priming of the cardio-pulmonary bypass 
circuit as a strategy with level Hb evidence to reduce haemodilution 

(1,7)and thereby transfusion requirements . Retrograde autologous 
(18,20)priming was �rst described by Panico and Neptune in 1960 .

Our study analysed data of 200 patients undergoing elective 
coronary artery surgery retrospectively in a comparative study 
among the retrograde autologus priming group and standard 
priming group. Rosengart T K et al, who performed a prospective 
randomized control study, on primary coronary artery bypass 
grafting patients, modi�ed the technique, to demonstrate the 
efficiency of retrograde autologous priming in reducing transfusion 

(19)requirements . The groups were comparable in terms of 
demographic data and comorbidities. Left ventricular dysfunction 
has been identi�ed as a risk factor for transfusions during cardiac 

(1,7)surgery . On analysis of our data, 10 patients had an ejection 
fraction of less than 45%; 7 were recruited in the standard priming 
group and 3 were recruited in the retrograde autologous priming 
group. None of the patients received transfusion of packed red cells. 
The mean weight of patients recruited in our study was 68.35±8. 983 
kg and 69.23±9.432kg in the retrograde autologous priming group 
and standard priming group respectively. All previous studies 
evaluating the efficacy of retrograde autologous priming had a 

(19,20,22,26)minimum mean weight of 76 kg or higher .

The degree of intra operative haemoglobin and the resultant 
hemodilution documented in our study was comparable to Shapira 
et al's randomized control study in 1998, at Boston Medical Centre 
who concluded their success in reduction of homologous 

(29)transfusion rates and costs by using a multimodality approach .

In the study conducted in Seoul(Asia), the mean weight was 45 kg 
(23)and the mean hematocrit was 39% . The mean preoperative 

haemoglobin in the audit done in AIIMS by S.M.Reddy et al in 2009 
(25)had a mean of 11.8±3.154gm% . The mean hemoglobin level of 

patients recruited in our study was 13.35±1.567 gm% and 
13.008±1.473 gm% in the retrograde autologous priming group 
and standard priming group respectively.

The two groups were similar with respect to operating teams and 
techniques. Both the groups were similar with respect to risk factors 
for hemorrhage and transfusions peri-operatively.
 
We were able to reduce prime volumes by approximately 31 % in the 
retrograde autologous priming group, with a mean prime volume of 
919.80±95.184ml. The mean of reduction in prime in RAP patients is 
368±79.6203ml. Vandewiele K et al identi�ed optimal retrograde 
autologous priming volume as 475 ml in patients with BSA more 

2 2than 1.7 m  and 375 ml in patients with BSA less than 1.7 m , for 
(27)reducing transfusion requirements . But our study couldn't 

establish a relationship between the BSA and the amount of prime 
displaced from the Cardiopulmonary bypass circuit, we had 

Patients Transfused RAP(n=100) No RAP(n=100) p Value
PRBCs 22 33 0.11
FFP 7 8
Platelet Concentrate 13 15 0.83

RAP(n=100) No RAP(n=100) p Value
Hemoglobin (gm%) 9.995±0.9199 9.774±0.9550 0.278
Creatininc(mg/dl) 1.2602±0.15938 1.2521 ±0.25549 0.860
Lactate(mg/dl) 3.830+1.7612 3.979±1.9553 0.712
Patients Transfused 9 9 1

RAP(n=100) No RAP(n=100) p Value
Hemoglobin 
(gm%)

9.906±1.2256 9.66±0.3024 0.139

Creatinine(mg/dl) 0.9211 ±0.30245 1.0293±0.37597 0.026
Patients Transfused 
PRBCs

12 9 0.64

RAP(n=100) NoRAP(n=100) p Value
Discharge from ICU (days) 3.28±0.6371 3.53±0.7843 0.014
Discharge from hospital 
(days)

7.95+2.6681 8.69±3.4692 0.092

Risk Variable OR 95% CI P value
Blood Post OP
Yes
No

1.00
1.23

0.63-2.42 0.54

Lactate Post OP 1.05 0.89-1.25 0.55
HB Post OP 0.82 0.59-1.13 0.23
HB Intra OP 1.40 1.04-1.88 0.03
Drain post OP 0.99 0.99-1.00 0.35
Creatnine POD3 0.54 0.20-1.42 0.54
ICU Stay 0.44 0.20-0.96 0.04
Total Stay 1.11 0.93-1.33 0.25
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displaced maximum of 500 ml of prime for a patient with BSA of 1.4 
2 2m  and as less as 200 ml of prime for a patient with BSA of 1.9 m

Cardio-pulmonary bypass durations were approximately 
92.76±24.196mins and 87.69±29.732mins in the retrograde 
autologous priming and standard priming groups respectively. 
Aor t ic  cross  c lamp t imes were 49.84±12.839mins and 
47.44±14.036mins in the retrograde autologous priming and 
standard priming groups respectively. In our study the cohort 
comprised of patients operated by multiple surgeons unlike 
Murphy et al. Glenn S. Murphy et al, could not demonstrate a 
reduction in transfusion requirements with retrograde autologous 
priming, had an average aortic cross clamp time of 1.46 hrs and 

(22)cardio-pulmonary bypass time of 1.91 hrs . Prolonged cardio-
pulmonary bypass and cross clamp durations have been identi�ed 
as a risk factor for transfusions and this probably explains the failure 

(18)of Glenn S. Murphy et al to obtain a positive result .

Retrograde autologous priming has been proven to be an effective 
method in reducing haemodilution and transfusion requirements 

(19,21,23,25-27)during cardiopulmonary bypass . The introduction of 
retrograde autologous priming resulted in signi�cantly lower levels 
of intra-operative haemodilution; in our study only 3(1.5%) patients 
in the retrograde autologous priming group vs 11(5.5%) patients in 
the standard priming group were transfused packed red cells, 
during cardio-pulmonary. Haemoglobin levels during cardio-
pulmonary bypass were 7.845±1.114 in the retrograde autologous 
priming group and 7.502±1.2162gm% in standard priming group (p 
value: 0.039). Hemoglobin levels were also signi�cantly higher in the 
retrograde autologous priming group during cardiopulmonary 
bypass. These results were comparable to Rosengart et al, 
Balachandran et al, Hou et al, Saczkowski et al and Vandewiele et 

(l9,21,23,25,26)al . As the standard prime group patients 11 members were 
transfused during CP Bypass the mean haemoglobin values were 
comparable between the groups. Hence, as discussed earlier the 
mean number of units transfused during cardio-pulmonary bypass 
was signi�cantly higher in the standard priming group.As 
con�rmed by the anaesthetist we administer patients with mean 
volumes of 750 ml intraoperatively. Fluid given to patients 
intraoperatively has notably caused signi�cant hemodilution. The 
contributing factor to Murphy's negative results may be the the 
higher volumes of crystalloids administered during surgery (mean 

(22)volumes of 3 litres) .

Our study is comparable to Nithin et al's prospective randomized 
control study conducted in Vellore in 2012. Both the studies have a 
comparable Body Surface Area in the study cohart and resultant 
reduction in hemodilution intraoperatively. The prior study was 
handicapped in doing the multivariate analysis due to the lower 
study population(n=86). But were able to establish better results 
due to strict adherence to protocol in view of its prospective nature.

The Society of Cardio-thoracic Surgeons 2011 Guidelines has 
identi�ed major risk factor for receiving transfusion of packed red 

(l,7)cells during cardiac surgery . The risk factors identi�ed were
Ÿ reduced red cell mass
Ÿ patients presenting for emergency surgeries or re-operations,
Ÿ advanced age,
Ÿ non-cardiac risk factors like renal failure and
Ÿ patients who were prescribed anti-platelet or anti-thrombotic 

(l,7)drug pre-operatively .

Many Indian patients have reduced red cell mass due to either lower 
body mass or preoperative aneamia, or even both. Studies have 
identi�ed Asians have a higher percentage body fat compared to 

(28)Western population . So even with comparable body weights and 
heamatocrits our population may have reduced RBC mass as 

(19,20,22,26)compared to the other studies .

This trial was conducted exclusively on primary coronary artery 
bypass grafting patients, unlike other studies like Murphy's where 

(22)authors recruited all cardiopulmonary bypass patients . In 

coronary artery bypass grafting excessive hemodilution due to 
irrigation is limited when compared to other cardiac surgical 
procedures.

The Society of Cardio-thoracic Surgeons advocates the use of 
tranexamic acid as class 1(A) recommendation, however its safety 
pro�le during coronary artery bypass grafting surgery is still being 

( l ,7)investigated . As a routine protocol tranexamix acid was 
administered to patients of this study, contrary to most previous 
trials. The administration of tranexamic acid postoperatively in the 
ICU's too, helped in reducing mediastinal bleeding, hence further 
reduction of haemorrhage and transfusion requirements in both 
groups.

Although hemoglobin levels were not statistically different in the 
immediate postoperative period and during the �rst post-operative 
day. Hemoglobin levels were higher in the retrograde autologous 
priming group. Mean haemogloin values were 9.906±1.2256 and 
9.66±0.3024gm% in the retrograde autologous priming and 
standard priming groups respectively (p value:0.139).

Reported transfusion rates for cardiac surgical patients (30%) are 
comparable with transfusion rates in our standard priming group 
(40%) group. Whereas use of a single intervention (retrograde 
autologous priming) resulted in reduction of transfusion 
requirements by more than 10% ( 30% in the retrograde autologous 

(1,7)priming group) .

The transfusion trigger of <8.0gm% for the post-cardio-pulmonary 
bypass period adopted in our study as institutional policy, were not 
strictly adhered to accounted for comparatively liberal transfusion 
protocol, when compared to previous studies. If we had adopted a 
more strict protocols transfusion for the post-cardio-pulmonary 
bypass period, like previous authors, our transfusion rates would 
have been much lesser. 23 out of 55 patients who received 
transfusions in the post-cardio-pulmonary bypass period had 
haemoglobin concentrations between 8 and 8.5gm%.

There was no statistically signi�cant difference in the volume of 
fresh frozen plasma or platelet rich concentrate transfused or the 
number of patients receiving these blood products at any point of 
time during the hospital stay between the two groups.

On analysis of lactate levels at different intervals, we could not 
demonstrate any signi�cant advantage of retrograde autologous 
priming over standard priming techniques. We could demonstrate 
statistically signi�cant difference between the retrograde 
autologous priming group and the standard priming group with 
regard to trends of creatinine levels. Both low hematocrits and 
transfusion of packed red cells are associated with renal dysfunction 

(12)in cardiac surgical patients . The has been documented worsening 
of renal function as a result of transfusion and there has end organ 
damage as a result of low hematocrit values, which has been 
documented as transfusion protocol by STS 2011 guidelines.

There was a signi�cance in the post operative day 3 creatnine 
levels(p=0.026>, wherein the levels were signi�cantly lower in the 
retrograde autologus priming group compared to that of standard 
priming. Exclusion of patients with preoperative renal dysfunction 
and low ejection fractions has eluded the presence of post-
operative renal dysfunction requiring dialysis.

However our study did not demonstrate any statistically signi�cant 
difference between the two groups with regard to renal failure 
requiring hemodailysis and stroke. Intra-operative transfusion of 
packed red cells can result in increased risk of adverse effects like 
sternal wound infection, renal and pulmonary dysfunction, 

(11)prolonged length of stay in the intensive care unit and hospital . 
There was also no statistically signi�cant difference between times 
of discharge from hospital between patients of both the groups. The 
study has demonstrated signi�cant reduction in the number of days 
of stay in the intensive care unit between these two subset of 
population.
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Investigators have compared either direct infusion vs centrifugation 
and or ultra�ltration (Salvage of pump blood - level Hb) of pump 
blood for reinfusion, and found centrifugation to be most 

(l)reasonable . All the other blood conservation modalities are 
documented to incur additional expenses. Retrograde autologus 
priming of the cardiopulmonary bypass circuit reduces the 
incidence of intraoperative transfusion rates without incurring any 
additional cost neither on the patient nor the institution .

Among the various intra-operative strategies available to reduce 
transfusion requirements, retrograde autologous priming and 
minimalized cardio-pulmonary bypass circuit were based on the 
principle of reducing haemodiltion. The use of a haemo-
concentrator will not attenuate the initial drop in haemoglobin 
concentrations and the correction of haemodilution is slow. 
Haemo-concentrators require increased pump �ows to facilitate 
�ltration and are again expensive. 

Retrograde autologous priming is a safe and inexpensive technique 
of reduction of transfusion requirements intra-operatively. We shall 
recommend Retrograde autologus priming as one of the blood 
conservation modalities to be carried out in the institutions carrying 
out Cardiac surgeries.

LIMITATIONS
The study had patients who were managed under different 
circumstances without a preset protocol for the study, we were 
successful in displacing higher prime volume in patients with low 
BSA and vice versa.

The study excluded all patients with high risk factors for transfusion 
of packed red cells. Hence was handicapped in establishing the 
bene�ts of having lower levels of haemodilution therby avoiding 
transfusion of packed red cells.

As the study is a retrospective analysis we were unable to strictly 
adhere to transfusion triggers and accept the carried out measures. 
There were instances of transfusion inspite of hemoglobin levels 
documented more than 8gm%, which was on the sole discreation of 
the clinician with his clinical acumen, this might have resulted in 
higher transfusion rates. A Strict protocol on transfusion policy with 
a post-cardio-pulmonary bypass transfusion trigger of 8gm% 
would have been more appropriate.

The cohort consisted of patient population operated and managed 
by multiple teams unlike Glenn S M et al's single surgeon cohart.

As the study is a retrospective an analysis we could not ascertain 
colloid osmotic pressure and extra vascular lung volume.

CONCLUSION
Retrograde autologous priming has proved to effectively reduce 
hemodilution on cardiopulmonary bypass whereby maintaining 
better hematocrit levels as noted (p=0.039) .

Retrograde autologous priming has been found to have 
signi�cantly low creatinine in the post operative period(p=0.026), 
though there was elevated creatinine values, they could be 
managed conservatively and there was no requirement for 
hemodialysis.

Retrograde autologous priming has not shown any signi�cance in 
the transfusion requirements though we were able to establish 
reduced hemodilution. There was no reduction in the transfusion 
requirements during the entire length of hospital stay either. 
Retrograde autologous priming has no effect on morbidity with 
respect to stroke.

With respect to hospital stay Retrograde autologous priming has no 
effect on duration. But there has been statistically signi�cant 
difference in the intensive care stay(p=0.014).

Our inferences were based on the bivariate analysis of the data 
collected, these were subjected to multivariate analysis and found 
to have a signi�cant difference.

Retrograde autologous priming group edging over the standard 
priming group in reducing intra operative hemodilution (p=0.04) 
and the stay in critical care(0.03). Retrograde autologous priming 
has not incurred any extra expenditure in the patient care nor has 
incurred any additional expenses to the institution per se. We would 
suggest that it should be part of the blood conservation strategy for 
reduction of allogeneic transfusions. With strict adherence to 
transfusion triggers we would be able to establish further reduction 
in the rate of transfusion and thereby would also reduce the related 
complications, extending safer post operative care.
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