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Introduction: There are different approaches to reduce the amount 
of blood loss and allogenic transfusion in cardiac surgery. Regarding 
this, the present study aimed to evaluate the blood sparing effect 
of acute normovolemic hemidilution (ANH) combined with intrao-
perative tranexamic acid in patients undergoing off-pump coronary 
artery bypass (OPCAB). 
Material and Methods: This study was conducted on 80 consecutive 
patients scheduled for elective OPCAB. The patients were randomly 
subjected to tranexamic acid treatment (TA group) or to tranexamic acid 
plus ANH (ANH group). All data, including demographic information, 
allogenic transfusions (based on a prior defined criteria), amount of 
postoperative bleeding, and major complications, were recorded. 
Results: According to the results, the two groups were comparable in terms 
of the demographic data and intraoperative variables. The mean values of 
postoperative bleeding were 483±125 and 580±201 mL in the TA and ANH 
groups, respectively, indicating no significant difference between them in 
this regard. Total transfused packed red blood cells (PRBC) used in the TA 
and ANH groups were 15 and 20 units, respectively, which revealed no 
significant difference between the two groups in this respect (P=0.23). 
Furthermore, 12 and 10 patients in the TA and ANH groups were transfused 
with PRBC, respectively. Moreover, the two groups showed no significant 
difference in terms of the postoperative hematological variables (P>0.05). 
Conclusion: As the findings of the present study indicated, ANH was not 
effective in reducing postoperative bleeding and the need for allogenic 
blood products in the patients undergoing OPCAB. 
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Introduction
Blood products are a scarce resource, which 

can expose the patients to the risk of blood-borne 
diseases as well as graft-versus-host and acute 
hemolytic reactions, all of which increase patient 

morbidity or mortality (1). Bleeding and hemo-
rrhagic complications and the consequent need 
for allogenic transfusions are still major 
problems occurring after cardiac surgery. There 
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are different strategies, including pharmacologic 
approaches and autologous blood transfusions, to 
reduce preoperative bleeding and allogenic blood 
transfusions (2). 

The beneficial effects of tranexamic acid as an 
antifibrinolytic have been demonstrated during 
the cardiac surgery in a large number of 
controlled trials (1-15). The application of this 
agent is associated with less blood loss as well as 
requirement and shown to be effective both 
in on-pump and off-pump cardiac surgeries. 
Acute normovolemic hemodilution (ANH) is  
another blood conservation technique that was 
introduced into surgical practice in the 1970s to 
reduce the requirements for blood transfusion. 
The fundamental principle of ANH is the creation 
and tolerance of intraoperative anemia.  

The preoperative dilution of circulating blood 
volume reduces the amount of red blood cells and 
plasma constituents that are lost during surgical 
bleeding (16). Based on the report of the 
American Society of Anesthesiologists Task Force 
on blood component therapy, ANH has been 
suggested as an inexpensive and effective means 
of reducing allogenic blood exposure (17). 
However, the efficacy of this technique is 
uncertain yet. According to the results of two 
meta-analyses conducted by Bryson et al. (18) 
and Segal et al. (19) on the role of ANH in 
reducing the perioperative allogenic transfusion, 
the systemic review and statistical summary of 
published trials of ANH were inconclusive. 

Since the reduction of blood loss and 
perioperative transfusion are among the 
important priorities in a cardiac surgery, we 
decided to combine two different approaches to 
determine whether their combination is more 
beneficial or not. With this background in mind, 
the present study was designed to evaluate the 
effect of the combination of ANH and tranexamic 
acid on the reduction of blood loss and 
transfusion in the patients undergoing off-pump 
coronary artery bypass (OPCAB) graft surgery. 

 

Materials and Methods 
The present study was conducted on Eighty 

consecutive patients scheduled for OPCAB from 
January 2013 to August 2014. The study protocol 
was approved by the Ethics Committee of 
Mashhad University of Medical Sciences, Mashhad, 
Iran. Informed written consent was obtained from 
all the patients. The exclusion criteria were: 1) 
history of hematological disorders, 2) hemoglobin 
of < 12 g/dL, 3) advanced chronic renal insuffi-
ciency (i.e., serum creatinine of > 2 mg/dL), 4) 
active chronic hepatitis or cirrhosis, 4) left main 
coronary artery stenosis, 5) left ventricular 
ejection fraction of < 30%, 6) previous cardiac 
surgery, 7) myocardial infarction of < 30 days, and 

8) withdrawal of clopidogrel or aspirin less than 5 
days before surgery.  

A total of four patients were excluded from 
the study due to conversion to on-pump surgery 
(two case) and the need for post-operative re-
exploration for hemorrhage with an evident 
surgical source of bleeding. By using a computer-
generated random number sequence, the patients 
were prospectively assigned into ANH and 
tranexamic acid (TA) groups, entailing 39 and 37 
cases, respectively. The TA group was considered 
as the control group and no ANH was performed. 
All patients received intravenous bolus dose of 1 
g of tranexamic acid 20 min before skin incision, 
followed by a continuous infusion of 400 mg/h 
until the end of the surgery. In the ANH group, 
18±2% of the circulating blood volume was 
removed, as calculated using the body-surface 
area on the nomogram. 

After the induction of anesthesia and before 
the administration of tranexamic acid, blood was 
drawn by gravity through a large-bore catheter 
placed into the internal jugular vein and collected 
into sterile bags containing CPDA (Citrate 
Phosphate Dextrose Adenine). The amount of 
removed blood was simultaneously replaced with 
an equivalent amount of hydroxyethyl starch 
(130/0.4). Each unit of blood was labeled with 
the patient's name and order of collection and 
kept in the operating room. Reinfusion of the 
collected blood was started at the end of the 
surgery after protamine administration. 

  
Anesthetic and surgical procedure 

All patients received premedication with 
intramuscular morphine at 0.1 mg/kg and oral 
diazepam at 0.15 mg/kg. The anesthetic 
technique was standardized to include fentanyl 
(20-30 µg/kg), propofol (50-80 µg/kg/min), 
midazolam (0.1 mg/kg), and pancrunium 
bromide. In both groups, lactated Ringer's 
solution (500 ml) was used for volume 
expansion, followed by 5 ml/kg for basic needs, 
and 7 ml/kg for third space loss. Replacement for 
intraoperative blood loss was three times the 
amount of bleeding. All patients were operated 
on through a full median sternotomy. 

The left internal mammary artery (LIMA) was 
routinely harvested. Additionally, a tract of the 
great saphenous vein was harvested when 
required. A U-shaped stabilizer was used to 
dampen the movement of the beating heart. The 
verticalization of the heart was achieved by 
using a posterior pericardial suture. The initial  
dose of intravenous heparin (150 IU/kg) was 
administered after harvesting the LIMA within 
the target activated clotting time over 250 sec.  

After the end of revascularization, the effect of 
heparin was neutralized by protamine with the 



 
 

Jalaeian Taghaddomi R et al.  Video-assiste Acute Normovolemic Hemodilution on the Reduction of Blood Transfusion 

228  J Cardiothorac Med. 2017; 5(4): 226-231. 

 

 

ratio of 1:1. The threshold for the transfusion of 
allogenic red blood cells was hemoglobin (Hb) of 
< 9 g/dL and hematocrit (Hct) value of < 27%. 
Fresh frozen plasma transfusion was performed 
in case the prothrombine time (PT) was 1.5 times 
longer than the baseline with diffuse bleeding. 
The protocol for platelets transfusion was the 
presence of diffuse bleeding and a platelet count 
of < 50,000 per mm (3). 

Patients’ characteristics and intraoperative 
variables, including number of grafts, amount of 
bleeding, and infused blood, were recorded in a 
checklist by an independent research fellow. 
Intraoperative blood loss was determined by 
measuring the weight change of moistened 
surgical gauzes and observing the fluid level of 
suction reservoirs. During the surgery, Hct and 
Hb were monitored in the samples drawn 
for blood gas determination. Hematologic 
parameters (i.e., Hb, Hct, Platelet count, PT, 
partial thromboplastin time, and international 
normalized ratio), amount of chest tube drainage, 
and volume of infused blood products were 
recorded 6 and 24 h postoperatively. In addition, 
major complications, such as myocardial 
infarction (new Q waves on electrocardiogram, 
CK-MB of > 10% and troponin I of > 0.1 mg/L), 
acute renal failure (creatinine twice the baseline 
value or the need for dialysis), venous thro-
mbosis, as well as minor and major neurological 
complications were registered. 

Demography, clinical and paraclinical data was 
collected and analyzed using SPSS software. 
Descriptive statistical methods included center 
tendency, dispersion and frequency distribution 
analysis. Inductive statistics were applied, 
comprising of t-test and chi square test to 
compare categorical data and t-test to compare 

quantitative data of the two groups in case of 
Normal distribution, and non-parametric Mann-
Whitney test in case of non-Normal distributions. 
Paired t-test was employed to compare variables 
before and after intervention in a group (in case 
of a Normal distribution), and non-parametric 
Wilcoxon signed-rank test (in case of non-Normal 
distribution). P value < 0.05 was considered 
statistically significant. 

 

Results 
Out of the 80 patients enrolled in this study, 

one patient in each group was excluded due to 
conversion to on-pump surgery during the course 
of the operation. In addition, in the TA group, two 
more patients were withdrawn owing to excessive 
bleeding and the need for postoperative re-
exploration. The two groups showed no significant 
difference in terms of the demographic data, 
baseline preoperative variables, and surgical 
characteristics (Table 1).  

Intraoperative data are illustrated in Table 2. 
There were no significant differences between 
the two groups regarding the number of 
anastomoses, surgical time, and intraoperative 
Hct. The mean values of intraoperative blood loss 
in the TA and ANH groups were 379±151  
and 454±145 mL, respectively, indicating no 
significant difference between the two groups in 
this regard (P=0.45).  

Postoperative bleeding and required allogenic 
transfusion were similar in the two groups 
(P=0.1) There was no significant difference in 
blood loss 6 and 24 h postoperatively in both 
groups (p-value=0.12). Although the total amount 
of postoperative bleeding (580±210 mL) was 
higher in the ANH group than that in the control 
group, the difference between the two groups was 

 
Table 1. Demographic data and baseline preoperative variables of the study groups 

Variable 
Control group 

(n=37) 
ANH group 

(n=34) 
P-value 

Age (year) 60.5 ±7.8 60.1±10.6 0.55 
Gender (M/F) 28/9 28/11 0.91 
Weight (kg) 67.8±10.6 67.5±9.2 0.93 
Height (cm) 162.2±7.6 160.9±5.3 0.41 
Baseline LVEF (%) 50.9±7.8 49.8±8.5 0.63 
Hypertension (%) 64 66 0.85 
Hemoglobin(gr/d) 13.4±1.4 13.5±0.97 0.7 
Platelet count (103/mm3) 219.5±67.5 221.3±58.5 0.92 
Prothrombin time  13.2±1.1 13.1±1 0.96 
PTT 30.5±3 30.9±3.7 0.74 
INR 0.98±0.1 1±0.02 0.42 
Creatinine (mg/dl) 1.13(1-1.2) 1.10(1-1.28) 0.81 

 LVEF: left ventricular ejection fraction, PTT: partial thromboplastin time, INR: international normalized ratio (t-test and chi square test) 

 
Table 2. Intraoperative loss and ACT  and surgical time between two group blood  

Variable 
Control group (Mean+SD) 

(n=37) 
ANH group (Mean+SD) 

(n=39) 
P value 

Surgical time(h) 2.23±0.4 2.25±6.6 0.9 
ACT during surgery (s) 305±19 300±24 0.52 
ACT at the end of surgery(S) 154±12 160±16 0.79 
The amount of bleeding (ml) 397±151 454±145 0.45 

 ACT: activated clotting time (t-test) 
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Table 3. Postoperative bleeding and perioperative allogenic transfusion 

Variable 
Control group 

(n=37) 
ANH group 

(n=39) 
P value 

Bleeding 0-6h postoperative(means+_SD) 152±54 171±62 0.4 
Bleeding 6-24h postoperative 422±110 501±174 0.12 
Total postoperative bleeding (ml) 483±125 580±201 0.1 
Number of patients transfused with PRBC postoperatively  12(32) 10(25.5) 0.46 
PRBC in OR (units/ patients transfused)  3.3 1.1 0.35 
Total PRBC (units) 20 15 0.23 
FFP in OR (units/patients transfused) 0/0 0/0 1 
Number of patients transfused with FFP Postoperatively  2 4 0.5 
Total FFP (units) 6 13 0.46 

 PRBC: packed red blood cells, OR: operating room, FFP: fresh frozen plasma (t-test and chi square test) 

 
       Table 4. Postoperative hematological data in the study groups 

Variable 
Control group Mean+SD 

(n=37) 
ANH group Mean+SD 

(n=39) 
P-value 

Hemoglobin (g/dL) 11.3±1.4 11.1±1 0.71 
Hematocrit (%) 34.1±3.9 33.7±3.5 0.67 
Platelet count (103/mm3) 218.2±15 167.3±55.4 0.13 
PT (sec) 14.3±1.1 14.6±1.4 0.4 
PTT (sec) 32.2±4.3 40.2±3 0.2 
INR 0.92±0.1 1±0.04 0.32 
Creatinine (mg/dL) 1.04±0.26 1±0.23 0.48 

       PT: thromboplastin time, PTT: partial thromboplastin time, INR: international normalized ratio (t-test  used to compare two groups) 

 
not statistically significant in this regard (P=0.1). 

Furthermore, there was no significant 
difference between the study groups regarding 
the amount of transfused PRBC units, number of 
patients received allogenic blood, and fresh 
frozen plasma transfused postoperatively. As 
indicated in Table 3, no platelet was transfused. 
Table 4 presents the postoperative hematological 
data, indicating that the two groups were 
identical in this respect. Additionally, there were 
no hospital mortality, myocardial infarction, 
stroke, renal failure requiring dialysis, and 
pulmonary embolism in both groups. 
 

Discussion 
Decreased use of allogenic blood product, 

especially PRBC, has been reported during the 
OPCAB surgery. The activation of fibrinolysis and 
platelet consumption are less frequent in OPCAB 
than those in cardiopulmonary bypass. Never-
theless, net consumption of antithrombin and 
fibrinogen as well as blood loss occur to a similar 
degree in the two types of surgery (18). Therefore, 
excessive bleeding requiring transfusion remains a 
major concern. For this reason, in the recent years, 
antifibrinolytic agents have gained widespread 
interest. Tranexamic acid has been studied in 
different cardiac surgeries. Its beneficial effects to 
minimize bleeding and reducing exposure to blood 
products have been determined in OPCAB 
surgeries (1, 2, 7-13, 21-23).  

In addition, ANH is a technique that has been 
suggested as an inexpensive and effective means 
of reducing allogenic blood exposure. In our 
study, we assumed that the combination of ANH 
and tranexamic acid would further reduce the 
need for allogenic blood transfusion in 

comparison to the sole use of tranexamic acid. 
However, the efficacy of ANH is still 
controversial.  

In a meta-analysis carried out by Bryson et al. 
(18), 24 trials (containing a total of 1,218 
patients) were included. When all trials were 
pooled, ANH reduced the likelihood of exposure 
to allogenic blood transfusion as well as the total 
units of allogenic blood transfused. However, 
there was a marked heterogeneity in the results. 
In the mentioned trials, based on a protocol used 
to guide preoperative transfusion, ANH failed to 
reduce either the likelihood of transfusion or the 
administered units. In another meta-analysis, 
Segal et al. (19) reported that the efficacy of ANH 
was likely to be low.  

It appears that ANH can modestly reduce 
bleeding and volume of allogenic blood 
requirements; nonetheless, the efficiency of this 
technique with regard to the avoidance of 
allogenic transfusion has not been demonstrated 
yet. In the present study, we did not find any 
beneficial effects regarding the combined use of 
ANH with tranexamic acid, which is in accordance 
with the findings of the aforementioned meta-
analysis. Virmani et al. (16) also investigated the 
effect of ANH on primary elective valve surgery. 
They did not find any added advantages of low 
volume ANH as a sole method of reducing 
allogenic blood requirements in primary elective 
surgery. 

In a study similar to our research, Casati et al. 
(20) investigated the effect of intraoperative 
moderate ANH associated with a comprehensive 
blood sparing protocol during OPCAB surgery. In 
addition to tranexamic acid, they reinfused the 
shed blood in excess of 250 ml, while we did  
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not use intraoperative blood salvage. In the 
mentioned study, 2 patients in the ANH group 
versus 10 patients in the control group required 
the transfusion of significantly smaller number of 
PRBC units. However, in our study, there was no 
significant difference between the two groups 
regarding the amount of PRBC requirements.  

Due to the moderate degree of hemodilution 
and the attention paid to maintain normovolemia, 
no patient in our study experienced intrao-
perative myocardial ischemia. Accordingly, the 
outcomes and postoperative complications did 
not differ between the two groups. During the 
treatment with antifibrinolytics, such as 
tranexamic acid, there is a theoretic risk of 
increased thrombotic events affecting cardio-
vascular, cerebrovascular, and renal outcomes. 
In the present study, we did not notice any 
thrombotic complications. 

In another meta-analysis, Adler Ma et al. (1) 
mentioned that although the results of the 
different trials did not demonstrated any side 
effects for the use of tranexamic acid in OPCAB 
surgery, limitations of their analysis prevented 
them from concluding with any certainty that the 
side effects did not exist. Consequently, as 
suggested by Adler Ma et al. (1), further 
appropriately powered studies are needed in the 
future to investigate the side effects associated 
with tranexamic acid. 

 

Conclusion 
As the findings of the present study revealed, 

moderate ANH combined with tranexamic acid 
administration did not have a beneficial effect on 
the reduction of bleeding and PRBC requirements 
in the patients undergoing OPCAB surgery. 
Consequently, further large studies are necessary 
since the efficiency of ANH is still controversial. 
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