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Abstract

Background: Heparin decreases the risks of thrombotic phenomena in extracorporeal circulation. However, it 
must present a robust safety profile itself, especially for bleeding. Contamination of porcine heparin demands an 
alternative source and consequent assessment of safety.

Objective: To evaluate the safety of unfractionated bovine heparin during on-pump cardiac surgery.

Methods: Descriptive, retrospective study, evaluating medical records from all patients who had on-pump cardiac 
surgery over four years. We observed the occurrence of bleeding, thrombocytopenia, postoperative vasoplegia, 
activated clotting time values and any other coagulation phenomena as safety profile parameters.

Results: We evaluated 204 medical records reporting the use of unfractionated bovine heparin. 66.18% of the 
patients presented thrombocytopenia, 1.04% presented bleeding of more than 2000 mL in the first 24 hours of 
the postoperative period. One patient presented clots in the surgical field. Median activated clotting time was 137 
seconds at baseline, 803 seconds after the first dose of heparin and, after protamine, it returns to similar baseline 
values, that is, 149.5 seconds.

Conclusion: Unfractionated bovine heparin did not present unusual adverse effects and can be considered safe for 
on-pump cardiac surgery. (Int J Cardiovasc Sci. 2020; 33(3):235-242)
Keywords: Blood Coagulation Tests; Heparin/analysis, Heparin/chemistry, Heparin/standards; Cardiac Surgery; 
Safety; Extracorporeal, Circulation.

Introduction

Extracorporeal circulation (ECC) is a crucial component 
of cardiac surgery. Even with the progress of medicine, 
ECC remains a procedure with risks, including thrombotic 
phenomena, arrhythmia, bleeding, and neurologic 
disfunction.1,2 Heparin is an anticoagulant agent routinely 
used with ECC. The ideal anticoagulant product must be 
effective, safe and easy to monitor, without significant 
interindividual differences. A balance must exist between 
heparin’s efficacy (avoiding thrombotic phenomena) and 
safety (avoiding bleeding) in ECC.2 

Heparin was initially isolated from dog liver. Since 
then, we have used different animals and tissues, such 
as porcine and bovine intestinal mucosa and bovine 
and sheep lungs.3-5 The search for alternatives to 
bovine heparin started in the 1990s because of bovine 
spongiform encephalopathy, which had the potential 
to contaminate heparin with prions.6 Currently, the 
exploration of heparin from alternative animal sources 
and the reintroduction of bovine heparin have become 
more relevant after contamination of unfractionated 
porcine heparin (UFH) with oversulfated chondroitin 
sulfate, leading to serious adverse effects, such as 
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anaphylactic reaction with facial edema, hypotension, 
tachycardia, nausea, urticaria, dyspnea, and death.5,7,8 
Unlike other countries, Brazil presented a lower risk 
of bovine spongiform encephalopathy and continued 
to use bovine heparin without significant concerns. 
Bovine heparin currently represents 40% of the heparin 
market in Brazil.5

Bovine and porcine heparins differ in biological 
and pharmacological aspects and, consequently, their 
effects on blood coagulation.3,5,9,10 Most available data 
concerning the safety of bovine heparin comes from lung 
samples, which fell by the wayside with in the 1980s.3 
Heparin from bovine lung has a higher risk of heparin-
induced thrombocytopenia.9 Bovine and porcine 
intestinal heparin have a similar molecular weight, but 
different anticoagulant and antithrombotic properties 
(porcine has higher activity).3,10,11 A higher dose of 
bovine heparin is necessary in order to achieve similar 
effects, and higher protamine dose for neutralization.3,12 
A study in animals suggests that bovine heparin 
presents higher risk of bleeding.3

The use of bovine UFH is on the rise, and more 
data concerning safety in humans is needed. This 
observational study reports the safety profile of bovine 
UFH in patients undergoing on-pump cardiac surgery.

Methods 

This study was performed following Good Clinical 
Practices and in compliance with the Declaration of 
Helsinki of 1975, revised in 2008. The local Institutional 
Review Board approved the study protocol. 

We performed a single-center,  descriptive, 
retrospective investigation using data collection from 
all patients who had on-pump cardiac surgery, using 
bovine UFH (supplied by Eurofarma Laboratories S.A.) 
between October 2008 and November 2012 and porcine 
UFH (supplied by Cristália and Blausiegel Laboratories) 
between June 2013 and December 2014 at the Heart 
Surgery Institute of Hospital Bom Jesus in Ponta Grossa, 
Paraná, Brazil.

Patients were excluded from the study if they had 
received intravenous UFH two hours before the surgical 
procedure, and/or low molecular weight heparin or 
fondaparinux subcutaneously or oral anticoagulants 
within 12 hours before the surgical procedure, and/or 
fibrinolysis 48 hours before the surgical procedure. They 
were also not included in the absence of preoperative 

platelet count results, and/or cardiac surgery performed 
in the presence of severe sepsis, with high risk of 
widespread intravascular coagulation.

Eligible patient data were collected from medical 
records by trained reviewers under the investigator’s 
supervision and were anonymized and stored in 
an electronic database instrument mainly designed 
for this purpose. Pre and postoperative data were 
collected, and the postoperative period was covered 
until hospital discharge or the seventh postoperative 
day, whichever occurred first. A questionnaire for 
assessing the quality of the records was also filled out 
for each medical history reviewed. 

Study outcomes were bleeding, thrombocytopenia 
defined as platelets counts lower than 150,000), 
postoperative vasoplegia, activated clotting time (ACT) 
shorter than 400 seconds and coagulation phenomena, 
such as blood clotting with bovine UFH. Data on porcine 
UFH were also collected only as exploratory means. 

Statistical analyses 

The present study is a preliminary study of the 
feasibility of a descriptive nature only. We did not 
calculate the sample size because it was an exploratory 
study. Therefore, we considered all patients who met the 
inclusion criteria. All descriptive analyses were stratified 
by period in which each type of heparin was used in our 
service (October 2008 to November 2012: bovine UFH, 
and June 2013 to December 2014: porcine UFH). 

Continuous variables were described by the number 
of participants evaluated. Mean and standard deviation 
and median and values range ​​observed or quartiles Q1 
and Q3, according to their distribution defined by the 
Shapiro-Wilk test, with alpha level of 0.05. Categorical 
variables were summarized by frequency distribution. 
The 95% confidence intervals (95% CI) were calculated 
for the one-time estimates.

Results 

From 2008 to 2014, 790 patients underwent surgery 
at our medical service. Of these, we considered 428 
(54.2%) for analysis (completed medical record), and 269 
(62.9%) were eligible for the study, meeting inclusion 
and exclusion criteria. Of the patients, 75.8% were 
treated with bovine UFH and 24.2% were treated with 
porcine UFH.
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Table 1 - Demographic data and clinical characteristics of the study population

Bovine UFH treated

N = 204

Porcine UFH treated

N = 65

Total

N = 269

Gender
Male 132 (64.71) 37 (56.92) 169 (62.83)

Female 72 (35.29) 28 (43.08) 100 (37.17)

Age (years)
Median 61.4 61.8 61.6

(Min-max) (16.8-87.0) (18.1-77.1) (16.8-87.0)

Weight (kg) Median 72.5 73.0 73.0

(Min-max) (43.0-130.0) (50.3-113.0) (43.0-130.0)

Main comorbidities 

Hypertension 150 (73.53) 51(78.43) 201 (74.72)

Diabetes mellitus 55 (26.96) 24 (36.92) 79 (29.37)

Dyslipidemia 9 (4.41) 11 (16.92) 20 (7.43)

Main surgical indication

Coronary artery insufficiency 134 (65.69) 39 (60.0) 173 (64.31)

Aortic stenosis 22 (10.78) 16 (24.62) 38 (14.13) 

Aortic valve insufficiency 25 (12.25) 10 (15.38) 35 (13.01) 

Mitral valve insufficiency 27 (13.24) 5 (7.69) 32 (11.90) 

Cardiac aneurysm 15 (7.35) 5 (7.69) 20 (7.43) 

Acute myocardial infarction 12 (5.88) 2 (3.08) 14 (5.20) 

Qualitative variables are shown as n (%) and quantitative variables as median and minimum and maximum values. Source: prepared by the authors.
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Data from bovine and porcine heparin are presented 
in the Tables together; however, we did not compare the 
groups since it was not the study objective. 

Male patients were more than half, with median age of 
61.6 years and approximately 46% presented comorbidity. 
Hypertension was the most frequent comorbidity, followed 
by diabetes mellitus and dyslipidemia. Coronary artery 
insufficiency was the primary cause of the cardiovascular 
diagnoses that led to the surgical procedure (Table 1). 

As shown in Table 2, more than 50% of the surgeries 
were coronary artery bypass grafting followed by aortic 
valve replacement. Median surgery duration was 297.5 
minutes, of which ECC was 89.0 minutes.

Safety outcomes of bovine UFH patients

From the 269 medical records evaluated of patients 
treated with bovine UFH, the median bleeding for 24h 

of the postoperative period was 545 mL. Two patients 
(1.04%) showed bleeding of more than 2000 mL in the first 
24 hours (Table 3). The incidence of thrombocytopenia 
was 66.18%. The need for surgical re-exploration (by 
bleeding or tamponade) occurred in 0.98% of the patients. 
No patient presented vasoplegia. One patient presented 
clots in the surgical field during ECC. He also presented 
intraoperative thrombosis of vascular grafts.

Safety outcomes of porcine UFH patients 

Median bleeding after 24h was 400 mL. Two (3.07%) 
participants treated with porcine UFH showed bleeding 
of more than 2,000 mL (Table 3). Thrombocytopenia 
occurred in 83.08% of the patients, and surgical re-
exploration was required (by bleeding or tamponade) 
in 3.07%. One patient presented vasoplegia, and another 
one had clots in the surgical field during ECC.
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Table 2 - Surgery characteristics

Bovine UH treated

N = 204

Porcine UH treated

N = 65

Total

N = 269

Most frequent type of surgery

Coronary artery bypass grafting 111 (54.41) 27 (41.54) 138 (51.30)

Aortic valve replacement 20 (9.80) 12 (18.46) 32 (11.90)

Coronary artery bypass grafting
and aortic valve replacement

11 (5.39) 8 (12.31) 19 (7.06)

Mitral valve replacement 10 (4.90) 6(9.23) 16 (5.95)

Left ventricular aneurysmectomy and coronary 
artery bypass grafting

9 (4.41) 1 (1.54) 10 (3.72)

Atrioseptoplasty (correction of interatrial 
communication) 

2 (0.98) 2 (3.08) 4 (1.49)

Bentall D’Bono surgery 3 (1.47) 1 (1.54) 4 (1.49)

Coronary artery bypass grafting and aortic valve 
replacement and mitral valve replacement

4 (1.96) 0 4 (1.49)

Mitral valve repair 3 (1.47) 0 3 (1.12)

Surgery duration

Median 297.5 230.0 270.0

Min–max (120–540.0) (100.0–475.0) (100.0–540.0)

Q1–Q3 240.0–330.0 180.0–255.0 222.0–330.0

ECC duration

Median 89.0 86.0 88.0

Min–max (35.0–273.0) (30.0–169.0) (70.0–110.0)

Q1–Q3 72.0–111.0 69.0–110.0 70.0–110.0

Qualitative variables are shown as n (%) and quantitative variables as median, minimum and maximum values, interquartile range. Duration is shown 
as minutes. Q1: percentile 25%; Q3: percentile 75%. ECC: extracorporeal circulation. Source: prepared by the authors.
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Activated clotting time (ACT) values

Table 4 shows the median ACT before, during and after 
ECC (after protamine administration) in both groups. 

Heparin dosage

Patients received a median dose of 288 mg bovine 
UFH before ECC, ranging from 120 to 520 mg. The total 
dose used ranged from 172 mg to 550 mg, with a median 
of 320 mg. Patients treated with porcine UFH received 
initial doses between 124 mg and 452 mg, with a median 
dose of 288.5 mg. The total dose ranged from 200 to 454 
mg, with a median dose of 317 mg.

Protamine dosage 

In the group treated with bovine UFH, the initial dose 
of protamine administered ranged from 65 mg to 900 mg, 

with a median dose of 500 mg. Some patients (23.5%) 
received an additional dose of protamine with a median 
dose of 100 mg, ranging from 50 to 600 mg. 

For participants receiving porcine UFH, the initial 
protamine dose ranged from 300 to 700 mg, with a 
median dose of 500 mg, with an additional treatment in 
35.4% of patients (median dose of 100 mg, ranging from 
50 to 200 mg). 

Discussion

Heparin is the anticoagulant routinely used during 
ECC with the advantage of lower allergy risk and an 
easily reversible effect through protamine.13 However, 
bleeding is the most known, severe and expected adverse 
effect. Excessive postoperative bleeding generates 
higher incidence of infectious complications and higher 
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Table 3 - The volume of post-surgery bleeding from the thoracic drain

Bovine UH treated

N = 204

Porcine UH treated

N = 65

Total

N = 269

Externalized blood 
volume in 2h (mL)

Median (min–max) 50.0 (0.0–2,350.0) 0.0 (0.0–1,400.0) 50.0 (0.0–2,350.0)

Q1–Q3 0.0–150.0 0.0–50.0 0.0–100.0

Externalized blood 
volume in 12h (mL)

Median (min–max) 250.0 (0.0–9,650.0) 250.0 (0.0–3,000.0) 250.0 (0.0–9,650.0)

Q1–Q3 150.0–500.0 100.0–450.0 150.0–500.0

Externalized blood 
volume in 24h (mL)

Median (min–max) 545.0 (0.0–3,150.0) 400.0 (50.0–3,950.0) 510.0 (0.0–3,950.0)

Q1–Q3 300.0–800.0 300.0–750.0 300.0–800.0

Postoperative 
externalized blood 
volume

Median (range) 695.0 (0.0–3,350.0) 800.0 (50.0–4,525.0) 700.0 (0.0–4,525.0)

Q1–Q3 425.0–1,012.5 400.0–1,100.0 400.0–1,050.0

Quantitative variables as median (minimum-maximum values) and interquartile range. Q1: percentile 25%; Q3: percentile 75%. Postoperative period: 
24-hour period beginning at 7 o’clock in the morning of the day following the day of surgery. Source: prepared by the authors.

Table 4 - Activated clotting time (ACT) values

Bovine UH 

treated

N = 204

Porcine UH 

treated

N = 65

ACT at 
baseline

Median 
(min–max)

137.0 
(66.0–470.0)

140.5 
(80.0–.0) 

Pre-ECC
Median 

(min–max)
803.0 

(324.0–2,000.0)
693.0 

(440.0–2,000.0) 

ECC: 1st hour 
dose

Median 
(min–max)

620.0 
(155.0–1,800.0) 

585.0 
(126.0–1,100.0) 

ECC: 2nd hour 
dose

Median 
(min–max)

591.0 
(392.0–991.0) 

1365.0 
(150.0–2,000.0) 

ECC: 3rd hour 
dose

Median 
(min–max)

638.5 
(392.0–885.0) 

513.0 
(489.0–537.0) 

ACT after 
protamine

Median 
(min–max)

149.5 
(63.0–307.0) 

154.0 
(95.0–460.0) 

Results are shown in seconds. Median (minimum–maximum). ACT: 
Activated clotting time. ECC: extracorporeal circulation. Source: 
prepared by the authors.
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mortality, among other complications.14 Heparin-
induced thrombocytopenia is also a severe adverse effect, 
occurring in 5 to 7 days after continuous use of the drug, 
increasing the risk of thrombotic phenomena.15 Therefore, 
heparin safety must be well established.

In this preliminary, descriptive, exploratory, 
retrospective investigation, thrombocytopenia was 

the most frequent blood dyscrasia found after surgery 
using bovine UFH. Postoperative thrombocytopenia 
in cardiovascular surgery with ECC is expected and 
usually temporary.16 Apart from ECC, it can be related 
to multiple factors including the patient’s age, previous 
predisposition, surgery duration, type of surgery, need 
for reoperation, intraoperative and postoperative blood 
loss, heparin dose, heparin reversibility, hypothermia, 
circulatory arrest, and low cardiac output.16,17 Heparin-
induced thrombocytopenia is also a possibility, but it 
needs laboratory confirmation with the presence of 
heparin-dependent cell-activating anti-PF4/heparin 
antibodies.18 In our study, patients undergoing more 
complicated and prolonged surgery presented blood 
dyscrasia with bovine UFH, with a higher risk of 
bleeding, such as Bentall- and D’ Bono surgery (aortic 
root reconstruction with valve tube and replantation 
of coronary ostia), two coronary artery bypass grafting 
surgeries, mitral-aortic valve replacement with coronary 
artery bypass grafting, mitral-aortic valve replacement, 
and aortic valve replacement. The literature reports that 
the duration of ECC is directly related to the risks.1,16,19,20 

The main comorbidity in cardiac surgery is 
postoperative bleeding.20 Published results are highly 
variable as to what is considered an “acceptable” volume 
of postoperative bleeding. Miana et al.,20 consider  
150 mL/hour to be significant postoperative bleeding.20 
According to the Kirklin/Barratt-Boyes table,21 maximum 
drainage of 500 ml is allowed in the first hour, 800 ml in 
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the first two hours or 300 ml/h in the first 3 hours. Over 
longer periods, the maximum volume of blood loss is 
1,000 ml in the first 4 hours or 1,200 ml in the first 5 
hours. However, these values are always individualized 
considering the patient’s hemodynamic status, blood 
volume, other coagulation factors to be corrected 
and bleeding tendency. Our study showed data quite 
comparable to the published values for bovine and 
porcine UFH groups, with volume bleeding within the 
normal limits described above. Two patients presented 
bleeding above normal levels. Abnormal bleeding can 
lead to further surgical intervention. Some risk factors 
have been identified in need for surgical re-exploration 
due to bleeding in cardiac surgery with ECC and include 
advanced age, presence of renal failure, non-coronary 
surgery, prolonged ECC, and thrombolytic therapy 48 
hours before the surgical procedure,5 among others. 
The percentage of re-operation observed in the bovine 
UFH group was 0.98%, well below the published values, 
ranging from 3 to 5%. In the porcine UFH group, the rate 
of re-operation was similar to that published (3.08%).20,21

The systemic response to heparin may present 
differences among individuals, with either favorable 
or adverse effects from its anti-coagulant properties.22,23 
Therefore, monitoring its use and the safety of its 
effectiveness are fundamental to avoid clot formation 
during ECC. This study presented two cases of 
thrombotic complications, one from each treatment 
group. Published data show that ACT values ​​above 
400 seconds are considered safe during ECC.24,25 Our 
study showed that the bovine UFH used was effective 
in the patient’s anticoagulation, maintaining ACT levels 
above 400 seconds for most patients during the whole 
procedure. Three patients (1.47%) presented ACTs less 
than 400 seconds after the initial dose of bovine UFH but 
no clinical report of pro-coagulation changes; correction 
with a dose of heparin (usually 50 mg) was made to reach 
the target level. Some patients presented ACT values of 
over 2,000 seconds, which are considered uncoagulable, 
but patients did not show any complication. The reasons 
for the discrepancy between the high ACT value and 
the lack of bleeding in these cases are not clear from the 
clinical records.

In their 25-year review of coronary artery bypass 
grafting surgeries, Sellman et al.,26 reported a 3.7% rate 
of bleeding re-operations not related to a specific site, 
suggesting the presence of blood dyscrasia.26 However, 
in our study, both groups seem to respond similarly 
in clinical terms; the procedure was safe and reached 

baseline ACT levels after protamine administration 
without any adverse medical event. A few patients 
(23.5% of bovine UFH and 35.4% of porcine UFH) needed 
an additional dose of protamine. The reversibility 
of heparin by protamine is usually observed with a 
protamine dose of about 75 to 120% of the bovine heparin 
dose administered, while porcine UFH requires a higher 
dose of protamine for its neutralization.27 Gomes et al.,28 
found no statistically significant difference between 
bovine and porcine heparin regarding the dosage used, 
ACT, total bleeding after surgery and protamine dosage 
needed for neutralization.28

Performing surgical studies as clinical randomized 
trials is challenging.29,30 Observational studies serve to 
fill the gap by evaluating real-life situations, thus being 
closer to external validity. Our research has the limitation 
of being descriptive only, because of its exploratory and 
retrospective nature, where patients were submitted 
to surgery in different years, by different teams and 
following non-standard procedures. However, we were 
not looking for comparative results at this point. Rather, 
we aimed to report the use of bovine UFH in routine 
medical practice. This preliminary analysis of safety 
supports larger, comparable studies.

Conclusion

In conclusion, this study contributes to more clinical 
data available concerning the use of bovine UFH. The 
adverse events reported were expected according to the 
nature of the drug, and bovine UFH was safe for on-pump 
cardiac surgery. 
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