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Purpose: The objective of this study was to assess the effect of tranexamic acid 0"A), a synthetic antifibrinolytic, 
on blood loss and the need for transfusion of blood products following repeat cardiac valve surgery. 
Methods:  After ethics committee approval, 41 patients scheduled for reoperative valve replacement were 
enrolled in this randomized, double blind, placebo controlled study. Patients were randomized to receive TA (I 0 g 
in 500 ml NSaline) or placebo (NSaline) as an/v bolus over 30 rain, after anaesthesia induction and prior to skin 
incision. Intraoperative blood loss was assessed by estimating blood volume on drapes, weighing surgical sponges, 
and measuring suction bottle returns. Postoperative blood loss was measured from mediastinal chest tube 
drainage following surgery. Blood products were transfused according to a standardized protocol, 
Results: Patient demographics were similar for age, sex, cardiopulmonary bypass pump time, cross damp time, 
surgical time, preoperative haemoglobin, coagulation profile, and the number of valves replaced during surgery. 
Tranexamic acid administration reduced intraoperative blood loss [median (range)] from 1656 (575-6270) to 720 
ml (355-5616) (P < 0.01) and postoperative blood loss from 1170 (180-4025) to 538 ml (135-1465) (Intent 
to Treat n =4 I, P < 0.01 ). The total red blood cells transfused (median, range) was reduced from 1500 (0-9300) 
ml to 480 (0-2850) ml (P < 0.01) in the TA group. In hospital complications and mortality rates were not 
reduced in the TA group. 
Conclusion: Tranexamic acid reduced blood loss and the need for blood product transfusion and appears to be 
an effective treatment for patients undergoing reoperative cardiac valvular surgery. 

Object i f  : l~valuer l'influence de l'acide trar~xamique (AT), un antifibrinolytique synth&ique, sur les pertes san- 
guines et le besoin de transfuser des produits sanguins aprEs une r~ol~ration cardiaque valvulaire. 
M&hodes  : AprEs l'approbation du comit~ d'Ethique, 41 patients ont Et~ recrut& dans cette Etude alEatoire, 
en double aveugle et contr61Ee par placebo. Les patients ont EtE repartis alEatoirement pour recevoir de I'AT 
(I 0 g dans 500 ml de sol.phys.) ou un placebo (sol. phys,) en bolus iv en 30 rain aprEs l'induction de l'anesthEsie 
et avant l'incision de la peau. Les pertes sanguines peropEratoires ont EtE (~valuEes en estimant le volume san- 
guin perdu darts les champs Ol~ratoires, en pesant les compresses, et en mesurant le volume sanguin recueilli 
par aspiration,/~, la p&iode postopEratoire, le sang recueilli par les drains mEdiastinaux a Et~ mesurE. Les pro- 
duits du sang ont EtE administrEs selon un protocole standardis~. 
lld~tdtats : Les donn~3es d~mogr-aphiques ~aient identiques pour I'~ge, le sexe, la durC~ de circulation extra- 
corporelle, du clampage et de la chirurgie, I'h~mogtobine pn~opEratoire, le bilan de la coagulation et le hombre 
de valves remplac~es. I'administration d'AT a r~duit les pertes sanguines peropEratoires [m~diane (&art)] de 
1665 (572--6 270) ~ 720 ml (335--5 616) (P < 0,01) et les pertes sanguines postopEratoires de II 70 
( 180-4 025) ~ 538 ml ( 135-1465) (Intention de traitement n=41, P < 0,01 ). Le nombre total des transfusions 
d'h(~maties (m~diane, &art) a diminu4 de 1 500 (0-9 300) ml ~t 480 (0-2 850) ml (P < 0,01) dans le groupe AT. 
Le taux de complications et de mortalit~ n'a pas diminu~ dans le groupe AT durant I'hospitalisation. 
Conclusion : l'acide tran~xamique diminue les pertes sanguines et le besoin de transfuser des produits sanguins 
et semble efficace pour les rEopErations en chirurgie cardiaque valvulaire. 
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E 
XCESSIVE blood loss after cardiac surgery 
is an area of concern for all operating room 
and intensive care personnel. Due in part to 
the effect of extracorporeal circulation on 

haemostatic mechanisms, there is often a need for 
transfused blood products following cardiovascular 
surgery) The benefits of decreasing blood loss include 
reducing potential transmission of serious viral infec- 
tions, improved operative outcomes, reducing operat- 
ing room time, and containment of transfusion costs. 
In addition to current methods for reducing blood 
loss such as normovolaemic haemodilution, intraoper- 
ative autotransfusion, and postoperative return of 
mediastinal shed blood, an effort has been made to 
use a pharmacological approach to reduce surgical 
blood loss. However, no medication can replace the 
need for delicate and painstaking surgical dissection 
and attention to intraoperative haemostasis. Aprotinin 
has been the most widely studied antifibrinolytic that 
has been shown to reduce blood loss and the need for 
transfusion of blood products in patients having reop- 
eration involving cardiopulmonary bypass. 2-6 
Reoperative cardiac surgery has a greater risk for 
bleeding and the need for transfusion due to tedious 
dissection of scarred and obscured landmarks. 

The synthetic antifibrinolytics, epsilon-aminocaproic 
acid, and the more potent tranexamic acid form 
reversible complexes with plasminogen and remove it 
from the fibrin surface retarding fibrinolysis. 7 Thus, 
tranexamic acid retards the resolution of fibrin clots, 
leading to haemostasis. The clinical uses of tranexamic 
acid (TA) include the prevention of excessive bleeding 
after tonsillectomy, in prostatic surgery, after cervical 
conization, and in primary intrauterine device-induced 
menorrhagia, s The effect of TA on haemostasis in car- 
diac surgery has recently been investigated and suggests 
that this agent reduces blood loss. 9-1s A recent meta- 
analysis investigating prophylactic drug treatment sup- 
ports the use ofTA, ~-aminocaproic acid and aprotinin 
for reduction of postoperative bleeding. ~6 With prima- 
ry elective coronary artery bypass grafting (CABG) 
operations, one study reported that tranexamic acid 
reduced postoperative bleeding, but its benefit was out- 
weighed by the potential risk of thrombosis. ~7 Thus far, 
all the above studies document a reduction of bleeding 
in primary CABG surgery, but do little to address the 
main reason for decreasing blood loss which is to 
decrease the need for transfusion in patients undergoing 
cardiac surgery. 

In our centre, most of the blood product utiliza- 
tion takes place in patients undergoing reoperative 
cardiac surgery. Due to the theoretical risk of throm- 
bosis and concern about the use of antifibrinolytics in 

myocardial revascularization, we elected to target a 
patient population undergoing cardiac valve surgery. 
Therefore, in this randomized, double blind, placebo 
controlled study, the effect of TA on bleeding and 
transfusion of blood products was assessed in patients 
undergoing repeat cardiac valvular surgery. 

Methods 
Before the start of this investigation, a proposal was 
approved by the UBC ethics review board and subse- 
quently patients were enrolled into this study. Following 
informed consent, patients over 18 yr of age undergoing 
elective reoperative cardiac valve surgery were 
approached for enrollment. Patients were excluded if 
there was a history of thrombosis, pre-existing coagu- 
lopathy, creafinine > 250 mg.dl -~, or a known allergy to 
TA. A history of thrombosis referred to previous deep 
vein thrombosis, disseminated intravascular coagulation, 
non-embolic stroke within six months, unstable angina, 
or bleeding into the renal tract. Patients undergoing 
surgery between June, 1993 and May, 1995, were ran- 
domized to receive TA (Cyklokapron) (10 g in 500 ml 
normal saline (NS)) or placebo (NS). The "study drug" 
was mixed by independent ICU personnel and the med- 
ication was infused after anaesthesia induction as an iv 

bolus over 30 min prior to skin incision. Patients were 
requested to discontinue aspirin up to five days before 
operation and patients with coumadin-induced antico- 
agulation were reversed within the perioperative period 
to ensure that the INR was in the normal range. 

A standardized anaesthetic technique was used that 
included premedication with lorazepam, induction with 
midazolam and sufentanil and maintenance with isoflu- 
rane. After anaesthesia induction, vecuroniuna or pan- 
curonium was administered to aid tracheal intubation 
and provide muscle relaxation. The lungs were ventilat- 
ed with air, oxygen and isoflurane. Beef lung heparin 
(300 u.kg -1) provided anticoagulation for extracorpore- 
al circulation (ECC). The automated activated coagttla- 
tion time (Kaolin based Hepcon v') was maintained > 450 
sec to ensure anticoagulation. For all patients, the ECC 
used non-occlusive roller pumps, membrane oxygena- 
tors, cold (7~ sanguinous cardioplegic arrest as well as 
controlled systemic hypothermia (28-32~ After 
ECC, protamine (1 mg.100 U -1 heparin) reversed 
heparin anticoagulation to achieve an activated coagula- 
tion time near baseline prior to chest tube connection. 
Protamine (50 mg) was given if required at one and two 
hours postoperatively if thrombin time was > 25 sec. 

Blood loss was measured intraoperatively as well as 
postoperatively. In the operating room, an estimation of 
blood loss was made by having operating room person- 
nel weigh sponges, measure suction bottle returns, and 
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assess blood loss on operative drapes. All mediastinal 
blood loss after heparin administration and before pro- 
tamine reversal was returned to the patient via ECC and 
autotransfusion in the ICU. Postoperative blood loss 
was measured from mcdiastinal chest tubes placed dur- 
ing surgery. Chest tube drainage (> 200 ml) was auto- 
transfused in the ICU. Patients who suffered cxcessive 
postoperative bleeding that required exploratory thora- 
cotomy were excluded from the efficacy analysis of  this 
study. 

A standardized protocol was used as a guide for trans- 
fusion of  blood products. One unit of autologous blood 
reinfused from the start of surgery or reinfusion of  chest 
tube drainage was not considered as blood products 
given. Red blood cells were transfused for haematocrit 
< 0.24 or haemoglobin < 80 g.l -l or active bleeding with 
cardiovascular instability as assessed clinically. Active 
bleeding was referred to as chest tube drain losses 
> 200 ml.hr -1 over two consecutive hours or > 800 ml 
over four hours. Fresh frozen plasma was given for doc- 
umented factor deficiencies or active bleeding in associa- 
tion with prolonged PTT or abnormal INIL Platelet 
transfusion was used for platelet counts < 50,000.cm -3 or 
active bleeding in unstable patients that were considered 
to be oozing from sites other than chest tube drains. 

A comparison was made analyzing demographic 
data, blood loss, and the transfusion of  blood prod- 
ucts. Categorical data were analyzed using Chi-square 
or Fisher's exact tests as appropriate. All numerical 
data were tested for normality of  distributions using 
the Martinez-Iglewicz, the Kolmogorov-Smirnov and 
the D'Agostino-Pearson Omnibus K 2 normality tests 
as performed by the NCSS computer programme, ver- 
sion 5.03. Normally distributed data were analyzed for 
between-group differences by unpaired t tests. Those 
data that were skewed were analyzed using Mann- 
Whitney tests. Variables measured at different times 
that were normally distributed were not eligible to be 
analyzed with repeated measures ANOVA due to the 
lack of  compound symmetry. These variables were 
analyzed for between group differences at each point 
using Mann-Whitney tests, with Bonferonni's correc- 
tion. P < 0.05 was considered significant. Bonfcrroni's 
correction was used for data measured multiple times. 

Results 
Forty-one patients were enrolled in the study with 19 
in the placebo group and 22 in the TA group. Two 
patients were removed from the efficacy analysis 
because of  the need to return to the operating room 
for mediastinal exploration for active bleeding: both 
were in the placebo group. There were no differences 
in the demographic variables of  the two treatment 

groups (Table I). The groups were comparable with 
respect to age, weight, sex, surgical time, ECC time, 
cross-clamp time, complications, length of  stay in hos- 
pital, mortality, or the number of  valves replaced. 
There were 15 mitral valve replacements (five placebo, 
10 TA), nine aortic valve replacements (five placebo, 
four TA), six combined mitral and aortic valve replace- 
ments (three placebo, three TA), six combined mitral 
and tricuspid valve replacements (two placebo, four 
TA), one tricuspid valve replacement, and one triple 
valve replacement. Although not anticipated preoper- 
atively, three operations required coronary artery 
bypass grafting in addition to valve replacement. 
There were no differences in haemoglobin, haemat- 
ocrit, platelet count, or coagulation studies( PTT or 
PT) preoperatively or postoperatively (Table II). 

The results of the blood loss measured intraoperative- 
ly, postoperatively, and total are presented in Figures 1, 
2, and 3, respectively. In both the intent-to-treat and effi- 
cacy analysis, there was a reduction in intraoperative, 
postoperative, and total blood loss in the tranexamic acid 
group. Since there was no difference in the analysis of 
intent-to-treat and efficacy, the intent-to-treat group 
with all the enrolled patients is presented in the figures. 
One patient was suspected to have acquired a pump 
coagulopathy and was an outlier in the data of  the tranex- 
amic acid group, but was not excluded from the analysis. 
With this outlier excluded, the results of the tranexamic 
acid group were not changed with blood loss of  700 ml, 
535 ml, and 1309 ml for intraoperative, postoperative, 
and total blood loss, inclusively. 

TABLE I Demographic variables for patient groups 
[mean • S.D., median (range), and count (%)] 

Clinical Variable Placebo Tranexamic Acid 

n 19 22 
Age (yr) 61 • 12.5 63 • 12.6 
Weight (kg) 64 • 18 65 • 12 
Sex (M/F) 8/11 9/13 
Single valve 12 15 
Double valve 6 7 
Triple valve 1 0 
Surgical Time (min.) 317 (207-680) 265 (185-556) 
ECC* (min.) 178 • 73 150 • 52 
Cross clamp time (rain.) 104 (48-282) 100 (49-191) 
L.O.S.t (days) 12 (2-59) 10 (6-62) 
Complications* 1 (0-6) 1 (0-7) 
Mortality 4 (21%) 1 (4.5%) 

* Extracorporeal circulation, 
t length of stay in hospital after surgery 
* in hospital events that required consultation of other hospital 
services 
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TABLE II Haematological variables for patient groups. 

937 

Cl in ica l  Variable Hacebo Tranexamic  A c i d  P value  

n = 19 n = 22 

Preop. PTT (sec) 26.9 (23.0-79.6) 27 .7  (23.8-63.4) 0.8430 
PTT after ECC *(sec) 32.2 (24.1-52.9) 27.9 (23.5-58.6) 0.4921 
PTT after PODt #5 27.1 (20.4-37.3) 26.6 (19.6-40.3) 0.8368 
Preop. PT (sec) 12.8 (11.1-16.6) 12.8 (11.3-19.3) 0.8430 
PT after ECC* (sec) 15.7 (11.8-19.0) 15.6 (13.7-20.9) 0.4299 
PT after PODt #5 13.1 (12.3-15.9) 13.8 (11.4-19.0) 0.2726 
Preop. Hct. (%) 0.38 • 0.05 0.39 • 0.05 0.9123 
Hct. after ECC* (%) 0.25 • 0.06 0.28 • 0.03 0.1139 
Hct. after POD~ #5 (%) 0.29 • 0.05 0.29 • 0.03 0.6269 
Preop. Hgb 128 • 18 132 • 19 0.7605 
Hgb after ECC* 85 • 19 96 • 10 0.1308 
Hgb after POD1 #5 97 • 17 99 • 11 0.5991 
Preop. Pit count 228 • 63 200 • 80 0.2659 
Pit count after ECC* 108 • 32 122 • 51 0.0672 
Pit count after POD ~" #5 169 • 72 215 • 87 0.1624 

Haematological variables including partial thromboplastin time (PTT) and prothrombin time (PT), haemoglobin (Hgb), 
platelet (Pit) count, and haematocrit (Hct.) for patient groups (mean + SD, median (range) 
*Extracorporeal circulation, tpostoperative day 

Total  r ed  b l o o d  cell (1 U n i t  = approx.  360 ml)  
(F igure  4)  and  plasma t ransfusion (Figure  5) were  
r e d u c e d  in the  t ranexamic  acid g roup  in b o t h  the  

i n t en t - to  t rea t  and  efficacy analysis. The  p lacebo  
g r o u p  received more  b l o o d  p roduc t s  intraoperat ively,  
in the  I C U ,  and in total ,  bu t  there  was no  difference 
in b l o o d  p r o d u c t  u t i l iza t ion  on  the ward.  T h e  to ta l  
vo lume  o fp l a t e l e t s  and  a lbumin  (25%) received in the  
t ranexamic  acid g r o u p  was r educed  in the  i n t en t - t o  
t rea t  g r o u p  ( F i g u r e  6),  b u t  there  was no  difference i~n 
the efficacy analysis. Thus ,  the  ant if ibr inolyt ic  effect o f  

t ranexamic  acid had  its greates t  effect on  red  b l o o d  
cell and plasma t ransfusion,  which  were  the  b l o o d  
p roduc t s  mos t  c o m m o n l y  t ransfused in this study. 

The re  was a med ian  o f  one  compl ica t ion  in b o t h  
g roups  o f  pat ients  while in hospital .  Mor t a l i t y  rates 
were  no t  d i f ferent  in e i ther  o f  the  t r ea tmen t  g roups  
with  21% mor ta l i ty  in the  p lacebo  g r o u p  and  4.5% in 
the  t ranexamic  acid g roup  ( P - -  0 .1644) .  Table  I I I  
shows the causes o f  dea th  in this s tudy tha t  occur red  
before  hospi ta l  discharge and  pos t -opera t ive  day o f  

mortal i ty .  

Intraoperative Blood Loss 
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Postoperative Blood Loss 
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-~ 2000 

1500 
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5001 
oi 
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0 

* p<O.OI Placebo TA 

FIGURE 1 Intraoperative blood loss (suction, sponges, drapes) FIGURE 2 Postoperative blood loss (mediastinal chest tubes) in 
in tranexamic acid and placebo groups, tranexamic acid and placebo groups. 
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Total Blood Loss 
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F I G U R E  3 Total blood loss in tranexamic acid and placebo groups. 

Total Platelets Transfused 
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F I G U R E  6 Total platelets transfused. 
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F I G U R E  4 Total packed red blood cells transfused. 
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o 
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F I G U R E  5 Total plasma transfused. 

Discussion 
Excessive bleeding is a common postoperative compli- 
cation following cardiopulmonary bypass. The present 
study investigated the effect of tranexamic acid on 
blood loss during cardiac surgery in a placebo con- 
trolled study. The groups were comparable with 
respect to demographics and the type of operative 
procedure performed. Our results demonstrate that 
prophylactic TA administration considerably reduced 
both blood loss and the transfusion of blood products 
in patients undergoing elective reoperative valve 
replacement. Total blood loss was decreased by > 50% 
and the transfusion of red blood cells was reduced by 
> 60%. In particular, there was a decrease in transfu- 
sion of blood products intraoperatively and in the 
intensive care unit. 
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TABLE III Causes of Mortality (postoperative day) for 
patient groups 

Group Patient # Cause of death (post-operative day) 

Placebo 7 respiratory failure, ARDS (14) 
9 delerium, suicide (18) 

11 pulmonary haemorrhage, 
respiratory failure, cardiac arrest (25) 

18 cardiac arrest (1) 
34 cardiac arrest (41) TA 

Previous studies assessing the efficacy of  TA in car- 
diac surgery have revealed mixed results. Some have 
not demonstrated a reduction in the transfusion of  
blood products is,17 whereas others indicate a benefi- 
cial haemostatic effect of  TA leading to decreased 
transfusion. 9-~a,~s These studies investigated all types 
of  cardiac surgical patients with the majority of  
patients undergoing first time CABG. Repeat ster- 
notomy results in increased blood loss as well as 
increased morbidity and mortality, is The majority of  
blood transfusions occur in reoperative cardiac surgery 
and we therefore targeted this population to be evalu- 
ated. No study, to date, has assessed the effect of  TA 
on reoperative valve replacement. 

In the last decade, several drugs have been studied to 
reduce perioperative blood loss in cardiac surgery. 19-22 
Aprotinin is a serine protease inhibitor that has been the 
most thoroughly investigated for its effect on blood loss 
during cardiac surgery reviews, s,16,zs,24 For many years, 
cardiopulmonary bypass surgery has been thought to 
be associated with increased fibrinolysis 2s-27 that is a 
major contributor to bleeding. 2s The cause of  increased 
bleeding after ECC has not been elucidated but it is 
thought to be due to platelet dysfunction as well as to 
activation of  the coagulation cascade leading to exces- 
sive fibrinolysis. 29,3~ 

The lysine analogues such as ~-aminocaproic acid and 
TA bind to human plasmin to inhibit fibrinolysis. 
Tranexamic acid is seven to 10 times more potent than 
~-aminocaproic acid and has the same low toxicity. The 
antifibrinolytic effect of  TA is the result of  reversible 
complex formation with plasminogen and plasmin to 
inhibit fibrinolysis and prevent disruption of formed fib- 
fin clots. Tranexamic acid has been shown to preserve 
platelet ADP during ECC 31 and produces an antifibri- 
nolytic effect by competitively inhibiting the activation 
of plasminogen to plasmin. Thus, TA inhibits plasmin- 
induced degradation of  fibrin and preserves the integri- 
ty of  clots. A previous study demonstrated that patients 
who received a 10 g bolus of  TA resulted in an effective 
reduction of  blood transfusion l~ and therefore this 
regime was employed in the present study. Other inves- 
tigations into the dose-response relationship ofTA indi- 

cate that a bolus followed by an infusion is also effective 
in decreasing bleeding after extracorporeal circulation, sl 
The timing of TA administration was prior to skin inci- 
sion and after induction of  anaesthesia as has been 
shown to be effective in previous studies. 9,H,tz,14,32 Some 
case reports suggest that, due to an association of hyper- 
coagulable events with antifibrinolytics, 33,s4 the tinting 
of administration of  antifibrinolytics is most beneficial 
shortly after heparinization but before initiating car- 
diopulmonary bypass. ~ 

Patient selection included patients tmdergoing reop- 
erative cardiac surgery because this population of patients 
have a considerable risk of perioperative bleeding and 
transfusion requirements. 18 Specifically, valvular surgery 
patients were targeted because of the theoretical risk of 
coronary artery bypass graft thrombosis. We recognised 
the risk of thrombosis because of a previous study had 
indicated concern about the use of aprotinin during 
reoperative myocardial revascularization, as Also, a recent 
study supported the possibility of  vein-graft occlusion 
and increased risk of  myocardial infarction in patients 
receiving aprotinin therapy, a6 thus supporting our choice 
to exclude patients enrolled for aortocoronary bypass 
grafting. 

The amount of  blood loss in this study was higher 
than in previous published investigations due to the 
greater risk of  bleeding in the reoperative population 
studied. In addition, this study attempted to assess all 
intraoperative blood loss by measuring sponge and 
drape blood content which may contribute to higher 
blood loss measurements. This is a potential short-com- 
ing of  this study since the blood loss estimation may be 
less accurate. Despite this, the reduction of  postopera- 
tive blood loss and transfusion was statistically signifi- 
cant. Our study results indicate a more beneficial role of  
TA likely because of  the population studied. The post- 
operative blood loss and transfusion requirements were 
higher than in previous investigations and, therefore, 
differences between the two groups studied were more 
apparent. There was a higher mortality rate, 21%, in the 
placebo group than in the TA group, 4.5%, although 
this was not statistically significant. However, except in 
the case of  pulmonary haemorrhage, the  deaths were 
not thought to be due to haemorrhagic postoperative 
complications. In this centre, a recent study demon- 
strated comparable early mortality rates of  between 
10.6 and 17.4% in reoperative patients undergoing 
valve replacement, s7 

This study analyzed the effect of  prophylactic admin- 
istration of  TA on bleeding and blood transfusion in 
patients undergoing reoperative cardiac valve replace- 

As discussed in Gravlee, G.P. Anesthetic management ofcardio- 
pulmonary bypass. 1996 ASA Annual refresher course lecture #431. 



940 CANADIAN JOURNAL OF ANAESTHESIA 

ment. The results suggest that TA may be used effec- 
tively in this way to reduce blood loss and the need for 
transfused blood products in patients undergoing com- 
plicated cardiac surgery involving repeat sternotomy 
and valvular surgery. Thus, in this specific population of  
cardiac surgical patients, prophylactic antifibrinolyfic 
therapy appears to be appropriate and warranted. 
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