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      ABSTRACT   
Objective: To determine the effectiveness of local protamine in reducing post-operative blood loss compared to 
local tranexamic acid. 
Study Design: Randomized controlled trial. 
Place and Duration of Study: Armed Forces Institute of Cardiology/National Institute of Heart Diseases 
Rawalpindi from January 2011 to September 2011. 
Patients and Methods: One hundred and twenty cardiac surgical patients were randomly divided into two equal 
groups, one receiving local protamine while the other group receiving local tranexamic acid before chest closure. 
The efficiency was measured as post-operative blood loss and requirement of blood and blood products in the 
post-surgical ICU.  
Results: Average blood loss in protamine group was significantly less (252.97 ml) compared to tranexamic acid 
group (680.67 ml). Number of patients requiring no post-operative blood transfusion was significantly higher in 
protamine group (76.7%) compared to tranexamic acid group (53.3%). 
Conclusion:  Local protamine is more effective in reducing post-operative blood loss than local tranexamic acid. 
Keywords: Cardiac surgery, Protamine, Tranexamic acid, Post-operative blood loss. 

INTRODUCTION 
There has been a tremendous change in 

practice of transfusion of blood and related 
products over the previous decade or so due to 
improved awareness of transfusion related 
hazards. The efforts have been successful in 
reducing blood transfusions to a great extent but 
coagulopathy remains a serious problem in 
patients after coronary artery bypass grafting 
(CABG) using cardiopulmonary bypass (CPB). 
The combination of factors like 
thrombocytopenia, acquired platelet dysfunction, 
clotting factors loss, free heparin, and increased 
fibrinolysis results in coagulopathy1-3. A number 
of patients (2-7%) require re-exploration for 
bleeding following cardiac surgery with CPB. Of 
these, 50–80% was found to be medical rather 
than surgical bleeding4. Lemmer et al5 found that 
extracorporeal circulation results in significant 

fibrinolysis, as reflected by increased 
concentrations of plasmin and fibrin degradation 
products (FDP), both of which have deleterious 
effects on platelet function. Fibrinolysis was 
found to be responsible for 25–45% of significant 
post bypass bleeding6. Antifibrinolytic agents like 
aminocaproic acid4, aprotinin7, and tranexamic 
acid (TA)8 have been used to diminish post-
bypass bleeding. Tranexamic acid has been found 
to bind to lysine binding sites of plasmin and 
plasminogen. Plasminogen is displaced from 
these sites as they are saturated by tranexamic 
acid thus inhibiting fibrinolysis9. TA has been 
used both systemically and topically. Topical TA 
has been used successfully in controlling 
bleeding in gynaecological, bladder, oral, and 
otolaryngeal surgeries10-12. Intravenous TA 
administration increased the risk of early graft 
closure in coronary artery bypass grafting13. 
When used topically, TA was found effective in 
controlling bleeding in patients who were being 
treated with anticoagulants pre-operatively.  

Heparin is used as an anticoagnlant during 
cardiac surgeries. By inactivating thrombin, 
heparin not only prevents fibrin formation but 
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also inhibits thrombin-induced activation of 
platelets and of factors V and VIII14. 

Protamine sulfate is a cationic polypeptide 
derived from salmon sperm that can bind 
negatively charged unfractionated heparin 
(UFH)15. The exact mechanisms of the molecular 
interaction between protamine and heparin are 
not well defined but this binding serves to 
neutralize the antithrombin-mediated 
anticoagulant properties of heparin. The resultant 
protamine-heparin complex is rapidly cleared by 
the reticuloendothelial system16. Consequently, 
for more than three decades, protamine has been 
widely used to reverse the anticoagulant effects 
of UFH. Protamine is the treatment of choice for 
patients who develop significant bleeding while 
on UFH17,18. Furthermore, protamine is routinely 
administered postoperatively to reverse the high 
concentrations of UFH required for patients 
undergoing cardiac surgery and 
cardiopulmonary bypass (CPB)19. 

Many studies have been done to look for an 
appropriate dose of protamine to completely 
reverse the effects of heparin20,21 without much 
success. The consensus guidelines recommend 
the use of 1 mg protamine for 100 IU heparin17,18 

(protamine paper) mainly to avoid overdose of 
protamine which in itself can have anticoagulant 
effects22-24. We could not find topical use of 
protamine in immediate post surgical phase in 
medical literature. Topical application of 
protamine in the immediate post surgical phase 
will rapidly reverse heparin function at the site of 
surgery which will allow the clot formation 
process to start quickly and effectively while 
systemic protamine will take care of heparin in 
the peripheral circulation. 

The purpose of this study was to determine 
the effectiveness of local protamine in reducing 
post-operative blood loss and adopt a protocol 
for preventing post–op blood loss in our clinical 
setting. 
MATERIALS AND METHODS 

This randomized double-blind controlled 
trial was carried out at the Armed Forces Institute 

of Cardiology – National Institute of Heart 
Diseases (AFIC-NIHD) from Jan 2011 to Sep 2011. 
After approval from the Institutional Review 
Board, 120 consecutive patients undergoing 
elective cardiac surgery were included in the 
study. Patients undergoing combined CABG and 
valve surgery, redo surgery and those having 
pre-existing liver disease and/or bleeding 
disorders, patients on antiplatelet drugs and 
heparin pre-operatively, were excluded. The 
patients were randomly divided into two groups, 
‘A’ and ‘B’ of 60 patients each, using random 
numbers table. 

Surgery was performed by the same team of 
surgeons in all cases. At the termination of 
bypass, heparin was reversed with protamine 
using empiric dosage of 3 mg/Kg slow 
intravenously, further titrated to achieve the 
activated clotting time (ACT) within 10% of the 
baseline. Before the insertion of sternal wires, the 
mediastinal cavity was irrigated with the 
“irrigation solution” while keeping clamps on the 
drain tubes. The irrigation solution was 
constituted of 30 ml of warm normal saline with 
100 mg of protamine in group ‘A’ and 2000 mg of 
tranexamic acid in group ‘B’ keeping the surgeon 
blind. After skin closure, the drain clamp was 
removed and the retaining time of the irrigation 
fluid was noted in addition to the total 
cardiopulmonary bypass (CPB) time and cross-
clamp times. 

In the post-surgical ICU, the patients were 
monitored for blood loss half hourly in the first 
four hours and then hourly for next 20 hours. 
Transfusion requirements for blood and blood 
products (packed RBCs, fresh frozen plasma and 
platelets were also noted for 24 hours in the post-
operative period keeping haemoglobin (Hb) 
above 8.5 g/dL. 

Data was analyzed using SPSS version 17. 
Descriptive statistics were used to describe the 
results i.e. mean, standard deviation (SD) and 
standard error (SE) for quantitative variables 
while frequency and percentages for qualitative 
variables. For the comparison of quantitative 
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variables independent sample t-test was applied 
while chi-square test was applied for qualitative 

variables between the two groups. 
RESULTS 

Data was available for all 120 patients (90 
males and 30 females). Mean age in group ‘A’ 
was 50.43 years (SE = 1.94) and in group B’’ it was 
49.77 years (SE = 1.79). There was no significant 
difference in the mean CPB and cross-clamp 
times in both the groups (Table-1). There were 43 
(71.7%) males in group A while in group B there 
were 47 (48.3%) males.  

In the post-operative period, patients in 
group B had significantly higher blood loss as 
compared to group A (Table-2). In group A 
majority i.e. 76.7% of the patients didn’t need any 
blood transfusion followed by 1 pack in the rest 
23.3% patients while in group B majority i.e. 
53.3% patients had 1 pack of blood transfusion 

followed by 2 packs in 28.3% patients. Group B 
had significantly more blood transfusions as 

compared to group A (Figure-1). Group B needed 
significantly higher units of fresh frozen plasma 
as compared to group A (p < 0.001). Similarly 
group B needed significantly higher number of 

Table-1: Comparison of demographic data in both groups. 
 Group A Group B 
Mean Age (in years) 50.43 years (SE = 1.94) 49.77 years (SE = 1.79) 
Male Female ratio 1:2.5 1:3.6 
Mean CPB Time 65 (SE = 2.2) 68 (SE = 1.65) 
Mean Cross Clamp Time 34 (SE = 1.5) 33 (SE = 1.9) 
Table-2: Comparison of Blood loss between both the groups. 
Blood Loss (ml) Group A (n = 60)  Group B (n = 60)  
Mean ± SD 252.97 ± 17.07 680.67 ± 31.91 
Median 210 625 
Inter-quartile range 150 - 300 457.5 - 890 
p-value < 0.001 
Table 3: Comparison of fresh frozen plasma and platelets between both the groups. 
 Group A (n = 60) Group B (n = 60) p-value 
Fresh Frozen Plasma  
0 units 58 (96.7%) 30 (50%)  

< 0.001 2 units 0 (0%) 7 (11.7%) 
3 units 2 (3.3%) 19 (31.7%) 
6 units 0 (0%) 4 (6.7%) 
Platelets  
0 bags 58 (96.7%) 34 (56.7%)  

 
< 0.001 

2 bags 0 (0%) 4 (6.7%) 
3 bags 2 (3.3%) 17 (28.3%) 
4 bags 0 (0%) 1 (1.7%) 
6 0 (0%) 4 (6.7%) 
 

Figure-1: Description of Blood transfusion 
between both the groups. 
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bags for platelets as compared to group A (Table 
3). 
DISCUSSION 

This study shows significant difference 
between the two groups in terms of requirements 
of transfusion of blood products. Topical use of 
protamine proved very effective in our study to 
reduce post operative blood transfusions. One 
would expect protamine to achieve this by 
improving the haemostasis after surgery which 
we believe was due to better reversal of effect of 
heparin at surgical site. The initial few hours after 
the surgery are crucial in terms of haemostasis 
and better wound healing.  

Modern understanding is that in 
vivo haemostasis begins with tissue factor (TF) 
and circulating factor VII25. A network of 
reactions is triggered with platelets playing a 
central role, rather than a unidirectional enzyme 
cascade. TF is a transmembrane glycoprotein 
expressed on cells outside the bloodstream. 
Coagulation is initiated when TF becomes 
exposed at the site of vessel injury, binds and 
activates circulating factor VII.  

Coagulation overlaps with inflammatory 
pathways; for example, activated platelets release 
inflammatory cytokines and thrombin activates 
monocytes. Coagulation can activate the 
inflammatory system and vice versa. This 
becomes relevant with extreme activation of 
either system, such as in systemic inflammation. 

During CPB for open heart surgery, heparin 
is required to prevent blood clotting within the 
CPB circuit3,27. By facilitating the action of 
antithrombin III, heparin inhibits thrombin. It 
clearly shows that thrombin plays a pivotal role 
in the coagulation cascade and protamine 
reverses the effect of heparin which blocks the 
activity of thrombin.  

Clotting time in normal plasma is 5-7 
minutes which means that in the absence of 
inhibitors the clotting factors will work within 
minutes at the site of surgery. Topical protamine 
effectively provides clotting factors in such 
environment. Since heparin can only stop the 

formation of the clot but can not break an existing 
clot, the initial 30 minutes of protamine exposure 
(heparin free environment) start the process of 
clot formation. Intravenous protamine will 
continue to neutralize heparin but even if heparin 
effect bounces back in 30 minutes after the 
protamine is removed from site of surgery the 
initial steps in the clot formation can not be 
reversed by heparin which then lead to better 
haemostasis. 

Our study does not give the exact details of 
the mechanism behind the better haemostasis 
with local use of protamine but clearly shows the 
need for further studies with local use of 
protamine to improve the haemostasis. 
CONCLUSION 

We concluded from our study that local 
protamine was more effective in reducing post 
operative bleeding than tranexamic acid. 
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