
Available online at www.medicinescience.org

 ORIGINAL RESEARCH

Medicine Science 2019;8(1):123-8

Does heparin dosage calculated with ideal body weight reduce blood product use in open 
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Abstract
The heparin regimen providing anticoagulation during cardiopulmonary bypass (CPB) is usually adapted to total body weight (TBW). However, this may cause redundant 
anticoagulation and increase perioperative bleeding, transfusion requirements and reoperation. We compared a heparin regimen based on ideal body weight (IBW) with 
the traditional regimen. After ethical approval, 100 adults undergoing elective cardiac surgery with CPB were recruited for the prospective, observational study in a tertiary 
hospital. Prior to CBP an unfractioned heparin dose was adjusted to 300 IU/kg based on TBW (Group TBW, n=50), or IBW (Group IBW, n=50). IBW was calculated using 
the Lorentz formula. The minimal Activated Coagulation Time (ACT) target value is 400 sec for CPB. Demographic data, cross-clamp and CPB durations, and Hb, Htc, 
platelet, PT, Aptt and fibrinogen values were similar between the groups (p>0.05). Heparin and total protamine doses were significantly higher in Group IBW (p<0.001). 
Differences were also determined in ACT-1, ACT-2, and ACT-3 (p˂0.05). Group TBW had significantly higher ACT values after initial heparin doses (p=0.02) and Group 
IBW after reversal with protamine (p=0.001). Amounts of blood and blood products used differed significantly (p<0.001). In terms of drainage at 6 and 24 h, blood loss was 
significantly higher in Group TBW (p<0.001). Postoperative erythrocyte suspension and fresh frozen plasma use were higher in Group TBW (p<0.001), and length of ICU 
stay was significantly longer (p<0.006). Heparin doses based on IBW provided sufficient anticoagulation. Heparin and protamine doses decreased, while postoperative 
bleeding, transfusion requirements and hospitalization decreased.
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Introduction

Contact between blood components and the cardiopulmonary 
bypass (CPB) circuit during cardiac surgery induces coagulation 
activation. Potent anticoagulation by means of unfractionated 
heparin (UFH) injection is therefore required to avoid thrombosis 
in the circuit. There is currently no consensus concerning 
the modalities of UFH in cardiac surgery and the optimal 
anticoagulation target assessed intraoperatively on the basis of 
activated clotting time (ACT). In a recent review, Finley et al. 
[1] considered an ACT target of at least 350 sec as necessary and 
sufficient to perform CPB under safe conditions. All situations, 
including heparin resistance, can be managed with a plasma 
heparin concentration of at least 4 IU/ml [1]. The initial heparin 
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dose is usually calculated based on the patient’s total body weight 
(TBW). In the standard regimen, a dose of 300 IUUFH/kg of TBW 
is injected before the start of CPB. Inappropriate doses of heparin 
may result in intraoperative and postoperative bleeding. Heparin 
administration is required to prevent thromboembolism caused 
by blood contact with the CPB machine during cardiac surgery. 
However, excess heparin doses may cause bleeding, tamponade 
and bleeding-related reoperation in the postoperative period [2]. 
There are no specific standards for the clinical management of 
heparin administration during CPB [3]. Anticoagulation and the 
heparin response may be complicated in clinical practice, due to 
heparin insensitivity, antithrombin III deficiency, heparin binding 
proteins and the use of different heparin formulations [4]. No 
universal consensus has been achieved regarding the quantitative 
value of heparin and anticoagulation in CPB, in other words, the 
ideal ACT value for CPB. Most cardiac centers have specified a 
target ACT value for CPB of 400-480 sec [5,6]. and also most 
of the centers where CPB and open heart surgery are performed, 



heparin is usually administered at a dose of 300 IU / kg, which 
has been determined by observations and is universally agreed, 
although this dosage may sometimes lead to high perioperative 
ACT values [7]. Protamine is used for heparin neutralization at 
the end of CPB. Similarly to heparin, protamine also has its own 
particular side-effects. These include hypersensitivity, systemic 
hypotension, pulmonary hypertension, right ventricular failure, 
angioedema, bronchospasm and anticoagulation with overdoses 
[8]. The risk of heparin-induced bleeding and the need for 
protamine increases in a dose-dependent manner, and the risk of 
developing both complications also rises [8].

The purpose of this study was to investigate the feasibility of 
adequate anticoagulation with heparin doses calculated based 
on ideal body weight (IBW), and also to evaluate the risk of 
postoperative bleeding, transfusion requirements and bleeding 
reoperations associated with heparin overdose.

Material and Methods 

Following ethical committee approval (No. 55, 09.06.2016), 100 
ASA II-III patients scheduled for elective cardiac surgery with 
CPB were recruited for the study. Written informed consent was 
obtained from all patients before surgery. The primary objective of 
the study was to compare the effects of a standard heparin injection 
based on TBW during cardiac surgery on ACT in elective cardiac 
surgery patients. The secondary objectives were to evaluate the 
ACT in each group of patients and, at different time points during 
CPB, and to compare the incidence of bleeding, intraoperative 
blood transfusion and complications in the two patient groups. 
An additional objective was to calculate the optimal heparin 
regimen for all patients depending on their IBW, which can be 
easily assessed using the Lorentz formulae [9]. The patients 
included in the study were at least 18 years of age and were 
scheduled for cardiac surgery (coronary artery bypass graft or 
valve surgery) under CPB. Exclusion criteria included receipt 
of preoperative heparin therapy (UFH or low molecular weight 
heparin), emergency surgery, redo surgery, heart transplantation, 
surgery for circulatory assistance, and heparin allergy. Routine 
monitoring with electrocardiography, pulse oximetry and non-
invasive arterial blood pressure measurement were performed in 
the operating room. Following the insertion of two peripheral large 
bore venous cannulas (18 and 16 gauge), arterial cannulation was 
performed via the right/left radial artery. After preoxygenation, 
anesthesia was induced with fentanyl 10 μg/kg and midazolam 
0.15 mg/kg. Muscle relaxation was achieved with rocuronium 
0.6-1 mg/kg. Patients were generally intubated with 7.5 internal 
diameter (ID) endotracheal tubes (ETTs) for women and 8.5 
ID ETTs for men according to the physical characteristics of 
the patients. Following intubation, patients were mechanically 
ventilated with a tidal volume of 4-6 ml kg-1 depending on 
their IBW. Respiratory frequency was set such as to maintain 
an EtCO2 level of 35-40 mmHg, and anesthesia was maintained 
with sevoflurane 0.8-1 MAC with a 40% O2/air mixture. Central 
venous cannulation was performed via the internal jugular vein. 
Nasopharyngeal probes were used to monitor body temperature. 
All patients received tranexamic acid infusion in the form of an 
initial loading dose (10 mg/kg 30 min), resuscitation until the end 
of the operation (1 mg/kg per hour), and the addition of 1 mg/kg 
to the CPB prime solution. Patients were selected in the light of 

demographic similarities using the closed envelope method for the 
study and control groups. The control group (Total body weight 
group, TBW) was administered a standard heparin dose regimen 
calculated 300 IUUFH/kg according to total body weight before 
initiating of CPB. In group IBW (Ideal body weight group, IBW), 
the ideal body weight was calculated according to the Lorentz 
formulae [9]. and the heparin dose was calculated by multiplying 
the IBW weight by 300 IUUFH/kg with a target ACT value of 
at least 400 s. Additional boluses of UFH (50 to 100 IUUFH /kg 
TBW) were injected if ACT, measured every 30 min during CPB, 
was insufficient. Surgery was performed under normothermia or 
mild hypothermia. The body temperature of the patients were 
kept at the same standard value at different time points. At the 
end of CPB, the residual effects of heparin were reversed by 
injection of protamine, based on the total heparin dose (1:1.3). 
The cut-off point for transfusion was defined as a postoperative 
hemoglobin concentration of 10 g/dl or less. Blood samples were 
collected intraoperatively at the following times: T0, at the start 
of the operation, measurement of baseline ACT (Hemochron 
Signature Elite, Gamida, Paris, France); T1, 3 min after injection 
of UFH, measurement of ACT; and T2, at the end of cardioplegia, 
measurement of ACT, heparin and antithrombin concentrations. 
ACT measurements were then performed every 30 min during CPB, 
with maintenance of the target value of at least 400 sec; T3, ACT 
was measured 10 min after the injection of protamine. All patients 
were transferred to the ICU postoperatively. Multimodal analgesia 
was provided and adapted to each patient. The data collected for 
each patient included the characteristics, use, or discontinuation 
of antiplatelet agents; type of surgery; CPB and aortic clamping 
times; data concerning the heparin protocol and its monitoring; 
intraoperative transfusions; blood loss from chest drains at 6 h 
(H6) and 24 h (H24); postoperative transfusions of blood products 
or factor concentrates; total number of days spent in the ICU; 
postoperative complications; and reoperation requirements. IBW 
was calculated for each patient using the Lorentz formulae:

IBW women= (height - 100) - ((height - 150)/2.5) 
IBW men= (height -100) - ((height - 150)/4) 

Statistical analysis
Continuous variables were tested for normal distribution using 
the Kolmogorov-Smirnov test. Normally distributed continuous 
variables were expressed as mean± standard deviation (SD) or 
median values with the relevant interquartile range if not normally 
distributed. Categorical variables were expressed as numbers 
and percentages. Demographic characteristics, operative and 
postoperative variables, laboratory data, hemostatic data and 
amount of blood utilization were compared using the independent 
samples t-test or the Mann-Whitney-U test for continuous variables 
and the chi-square test or Fisher’s exact test for categorical 
variables. A p value < 0.05 was considered statistically significant. 
All statistical analyses were performed on SPSS statistical software 
(SPSS for Windows 15.0, Inc., Chicago, IL, USA).

Results

One hundred patients were recruited into the study. The preoperative 
characteristics of the two groups of patients were similar (Table 
1). Comparison of groups TBW and IBW revealed no significant 
differences in terms of Hb, Htc, platelet, PT, Aptt or fibrinogen 
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values (p>0.05) (Table 2). Type of surgery, CPB and aortic 
clamping times were also similar. Mean CPB time in Group TBW 
was 77.0±20.2 min, and mean cross-clamp time was 53.4±18.4 

min, while in Group IBW, mean CPB time was 83.4±31.5 min 
and mean cross-clamp time was 54.6±38.7 mean. The differences 
between the two groups were not statistically significant (Table 3).
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Table 1. Preoperative characteristics of the study population

Group TBW Group IBW p value

Age (years) (mean±SD) 59.3±11.36 59.78±10.34 0.72

Gender   

Female, n(%) 24 (%48) 12 (%24) 0.07

Male, n(%) 26 (%52) 38 (%76)

Height (cm) 165.8±7.4 163.6±9.7 0.35

Total body weight (kg) (mean ±SD) 74.0±11.0 73.0±15.7 0.53

Ideal body weight (kg) (mean ±SD) - 59.8±8.0 -

Diabetes n(%) 18 (%36) 18 (%36) 1.00

Dyslipidaemia n(%) 12 (%24) 12 (%24) 1.00

Hypertension n(%) 26 (%52) 28 (%54) 0.77

Smoker n(%) 10 (%20) 12 (%24) 0.73

COPD n(%) 10 (%20) 14 (%28) 0.50

OSAS 0 (%0) 0 (%0) -

Stroke 0 (%0) 0 (%0) -

Renal failure 0 (%0) 0 (%0) -

Heart Disease   0.64

Ischaemic 38 (%76) 40 (%80)

Valvular 8 (%16) 4 (%8)

Ischaemic,valvular 4 (%8) 6 (%12)

Antiplatelet agents   

None 38 (%76) 34 (%68)

Acetylsalycyclic acit 4 (%8) 14 (%28)

Warfarin 2 (%4) 0 (%0)

Clopidogrel 6 (%12) 2 (%4)

SD: standart deviation, COPD: chronic obstructive pulmonary disease, OSAS: obstructive sleep apnoea syndrome

The characteristics of heparin therapy and ACT values during 
surgery are shown in Table 3. The initial and total doses of heparin, 
as well as the total dose of protamine, were significantly higher in 
Group TBW (p<0.001). The initial dose of heparin administered in 
Group IBW was 17,964.0±2400.5, compared to 21,856.0±3505.6 in 
Group TBW. Patients in Group TBW with ACT˂400 during pump 
received no additional heparin dose, while six patients in Group 
IBW received an additional dose of heparin, and the difference was 
statistically significant (p=0.02). Patients in Group TBW received a 
total heparin dose of 21,856.0±3505.6 IU during CPB, while those 
in Group IBW received 18,824.0±3527.9 IU, and the difference 
was again significant (p=0.004). Patients in Group TBW received 
33,500.0±5199.9 IU protamine for heparin neutralization after 
conclusion of CPB, while those in Group IBW were administered 
26,618.0±4066.7 IU, and the difference was significant (p<0.001). 
Significant differences were also determined between the two 
groups in terms of ACT-1, ACT-2, and ACT-3 values (p˂0.05). 
ACT values in the two groups were comparable at baseline (Group 
IBW 142.6±20.8 sec, Group TBW 124.3±20.5 sec, p=0.005). 
However, as expected, Group TBW had significantly higher ACT 
values after the initial dose of heparin (Group IBW 526.7±74.1 

sec ±113.79, Group TBW 605.2±20.5 sec, p=0.02). The number 
of additional boluses of heparin required during CPB to maintain 
the target ACT was higher in the Group IBW (Group IBW 12%, 
Group TBW 0%0, p=0.02). Group IBW had significantly higher 
ACT values after reversal with protamine (p=0.001) (Table 3). 
A mean 3.96±2.23 units of blood and 2.12±1.01 units of fresh 
frozen plasma were used in the operative period in Group TBW 
patients. In Group IBW, a mean 1.48±0.51 units of blood and 
1.12±0.67 units of fresh frozen plasma were used. The differences 
between the blood and blood products used in the two groups were 
statistically significant (p<0.001) (Table 3). When the two groups 
were compared in terms of amounts of drainage at 6 and 24 h, blood 
loss was significantly higher in Group TBW than in Group IBW 
(p<0.001). When the two groups were compared in terms of use of 
blood and blood products, the amounts of erythrocyte suspension 
and fresh frozen plasma given in the postoperative period were 
higher in the Group TBW patients than in those in Group IBW, and 
the difference was statistically significant (p<0.001). No patient 
in either group required bleeding control (Table 3). Length of 
stay in the ICU was significantly longer in Group TBW (p<0.006, 
Table 3). No significant difference was observed in the patients 
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included in the study in terms of development of postoperative 
complications. However, length of stay in the ICU was statistically 
significantly shorter in Group IBW (p= 0.005) (Table 3). Mortality 

was observed in 4 patients in Group IBW and in 10 patients in 
Group TBW (p=0.41, Table 3).

Table 2. Laboratory data of the study population

Group TBW Group IBW p value

Haemoglobin (gr/dL) (mean±SD) 14.2±1.6 14.9±1.3 0.07

Haematocrit (%)(mean ±SD) 42.2±6.0 45.1±4.1 0.10

Platelets (109 L-1) (mean ±SD) 239,760±67,020 265,375±63,963 0.18

Phrothrombin time (10.5-14.9 sn)( mean ±SD) 13.2±1.58 12.7±0.8 0.28

Aptt (21-35sn) (mean ±SD) 25.8±5.0 25.0±2.3 0.79

Fibrinogen (180-350 mg/dL) (mean ±SD) 353.0±48.4 326.1±73.8 0.11

 SD: standart deviation, aPTT: activated partial thromboplastin time

Table 3. Intra- and postoperative data of the study population

Group TBW Group IBW p value

Surgery type n(%)   0.34

CABG 38 (%76) 40 (%80)

AVR 2 (%4) 0 (%0)

MVR 6 (%12) 2 (%4)

CABG, MVR 4 (%8) 2 (%4)

CABG, AVR 0 (%0) 2 (%4)

AVR, MVR 0 (%0) 4 (%8)

CPB time (sn) (mean±SD) 77.0±20.2 83.4±31.5 0.48

Aortic clamp time (sn) (mean±SD) 53.4±18.4 54.6±38.7 0.08

RBC (units) (mean±SD) 3,96±2.23 1.48±0.51 <0.001*

Platelets (units) (mean ±SD) 0 0 -

FFP (units) (mean ±SD) 2.12±1.01 1.12±0.67 <0.001*

Fibrinogen (180350 mg/dL) (mean±SD) 0 0 -

Heparin initial dose (IU) (mean ±SD) 21856.0±3505.6 17964.0±2400.5 <0.001*

Reinjection dose n (%) 0 (%0) 6 (%12) 0.02*

Total heparin dose (IU) (mean ±SD) 21856.0±3505.6 18824.0±3527.9 0.004*

Protamin dose (IU) (mean ±SD) 33500.0±5199.9 26618.0±4066.7 <0.001*

ACT-1 (sn) (mean ±SD) 124.3±20.5 142.6±20.8 0.005*

ACT-2 (sn) (mean ±SD) 605.2±20.5 526.7±74.1 0.002*

ACT-3 (sn) (mean ±SD) 117.5±14.8 127.8±12.4 0.001*

Blood loss – H6 (mL) (mean ±SD) 548.0±108.4 403.2±101.2 <0.001*

Blood loss– H24 (mL) (mean ±SD) 770.0±170.7 596.4±149.6 <0.001*

Post-op RBC (units) (mean ±SD) 2.3±0.9 1.56±0.5 0.001*

Post-op platelet (units) (mean ±SD) 0 0 -

Post-op FFP (units) (mean ±SD) 2.3±0.6 1.0±0.7 <0.001*

Reoperation n(%) 6 (%12) 4 (%8) 1.00

Complication   0.35

None 38 (%76) 42 (%84)

Stroke 4 (%8) 0 (0)

Sepsis 4 (%8) 2 (%4)

Acute renal failure 2 (%4) 0 (%0)

Respiratuar depression 2 (%4) 6 (%12)

Length of ICU stay (days) (mean±SD) 3.8±1.2 3.0±0.9 0.005*

Mortality n(%) 10 (%20) 4 (%8) 0.41

*: statistically significant, SD: standart deviation, Values are expressed as mean_SEM, or n (%). FFPr6, fresh frozen plasma; H24, 24th hour postoperation; H6, sixth 
hour postoperation;



Discussion

In this study we observed that heparin doses calculated based on 
ideal body mass provided adequate anticoagulation in cardiac 
surgery patients. The total dose of heparin calculated including 
additional doses and the protamine dosage were lower in the IBW 
group. Postoperative drainage, postoperative blood and blood 
product transfusion requirements, and number of patients requiring 
protamine in the ICU were also higher in the TBW group. High-
dose systemic heparin administered in CPB leads to bleeding in 
the postoperative period and causes non-surgical intracranial, 
gastrointestinal or urinary system hemorrhage, and also increases 
the need for postoperative blood transfusion and reoperations [5, 
6]. The half-life of heparin is approximately 1-2 h in human plasma, 
depending on dose [10]. The half-life of protamine is shorter 
than that of heparin. When high doses are used, heparin binds 
to receptors on endothelial cells and macrophages and to plasma 
proteins, which leads to slower elimination through the kidneys, 
and a longer half-life [11]. Heparin rebound may be caused by 
high-dose heparin that is bound to the protein and does not form a 
complex with protamine sulfate, and these complexes may slowly 
dissociate and produce anticoagulant effects [12]. Several authors 
have reported a higher risk of postoperative bleeding when high 
heparin doses are used during CPB [13-16]. Dercksen et al. [17] 
showed that the use of high doses of heparin and protamine was 
responsible for defective postoperative coagulation. In a study 
comparing 1, 2, 2.5, and 3 mg/ kg heparin regimens, target ACT 
was achieved in 81.5% of patients. Postoperative blood loss in 
that study was found to be directly proportional to preoperative 
heparin doses, and postoperative blood loss was lower in patients 
receiving heparin at 2 mg/ kg [8]. In a study in which heparin 
doses were administered at 300 IU/kg and 145 IU/kg irrespective 
of body weight, less blood transfusion was required and less 
postoperative drainage volumes were observed in the low-dose 
heparin group [18]. Haas et al. [19] reported that when heparin 
was administered to obese patients based on IBW, both the 
amount of heparin used and potential complications associated 
with heparin use decreased. Evidence suggests that as body mass 
index increases, the percentage of body fat receiving less blood 
flow per gram increases [20,21]. In our opinion, dosages based 
on IBW can be used not only for obese, but also for non-obese 
patients. One study examining heparin pharmacokinetics during 
CPB reported wide individual differences in plasma heparin levels, 
and that peripheral compartment distribution contributed to these 
differences and was responsible for heparin rebound [22]. We 
therefore think that individualized heparin dose adjustment based 
on IBW represents a more correct approach than standard low dose 
heparin administration.

It has been suggested that ACT has a nonlinear relationship with 
heparin concentration and that ACT tends to plateau in high-dose 
heparin concentrations. Moreover, the excess of heparin in that 
plateau phase, which is responsible for increased perioperative 
bleeding, cannot be accurately assessed using ACT [19]. The 
EACTA/EACTS 2017 guideline states that the best follow-
up can be achieved with heparin blood levels, not with ACT 
[23]. Protamine administration is another important issue and is 
heparin dose-dependent. Since protamine may be associated with 
perioperative bleeding and increased transfusion requirements, a 
1:1 dosage, equivalent to the initial heparin dose, should not be 

exceeded [23]. It has also been suggested that high-dose heparin 
and protamine may result in postoperative clotting problems [17]. 
The protamine dosage should therefore be reduced in order to 
prevent serious dose-dependent side-effects, including arterial 
hypotension, pulmonary vasoconstriction, reduced cardiac output, 
platelet inhibition, and allergy [24,25]. The most common side-
effects in large-scale CPB studies are coagulation disorders and 
protamine reactions [26,27]. Low-dose heparin has been shown 
to result in a significant decrease in postoperative blood loss and 
lower protamine requirements [28]. In our study, reducing the 
heparin dosage resulted in a decrease in that of protamine, which 
contributed to decreased postoperative bleeding and additional 
protamine requirements in the postoperative intensive care unit.
 However, studies have also reported that low-dose heparin 
administration in patients undergoing off-pump CABG does 
not result in any difference in terms of intraoperative and 
postoperative bleeding, transfusion requirements, or complication 
rates [29,30]. However, these studies involved off-pump cases 
without CPB. Conditions used for on-pump CABG, such as CPB, 
high heparinization requirement, and hypothermia, lead to very 
complex and deleterious effects on the coagulation system. Off-
pump and on-pump surgery may therefore produce inconsistent 
results. 

Our study has a number of limitations. First, blood heparin levels 
according to ACT values were not determined. Second, other 
factors such as the surgical technique employed and the surgeon’s 
experience may influence postoperative bleeding rates, however, 
the operations performed by senior surgeons with extensive 
experience of cardiac surgery. Investigation of such factors would 
elicit a better understanding of the pharmacokinetics and volume 
of heparin in cardiac surgery patients. 

Conclusion

In conclusion, sufficient anticoagulation was achieved with 
titration of heparin doses calculated based on IBW in cases of 
cardiac surgery using CPB, and total heparin and protamine 
dosages decreased, postoperative bleeding, blood and blood 
product transfusion, and hospital stays all decreased. 

Competing interests
The authors declare that they have no competing interest

Financial Disclosure 
The financial support for this study was provided by the investigators themselves.

Ethical approval
Our study was approved by the local ethics review board.

Duygu Kara ORCID: 0000-0003-3325-2565
Cafer Mutlu Sarikas ORCID: 0000-0002-9342-7964
Asli Demir ORCID: 0000-0003-3053-0443
Mehmet Ali Kaygin ORCID: 0000-0003-2038-8244
Ertekin Utku Unal ORCID: 0000-0002-1144-8906

References

1.	 Finley A, Greenberg C. Review article: heparin sensitivity and resistance: 
management during cardiopulmonary bypass. Anesth Analg. 2013;116:1210-
22.

2.	 Jobes DR, Aitken GL, Shaffer GW. Increased accuracy and precision 
of heparin and protamine dosing reduces blood loss and transfusion in 
patients undergoing primary cardiac operations. J Thorac Cardiovasc Surg. 
1995;110:36-45.

doi: 10.5455/medscience.2018.07.8926					          	 Med Science 2019;8(1):123-8

127



3.	 Shuhaibar MN, Hargrove M, Millat MH, et al. How much heparin do we 
really need to go on pump? A rethink of current practices: European Journal 
of Cardio-thoracic Surgery. 2004:947-50.

4.	 Goodman & Gilman’s The Pharmacological Basis of Therapeutics. 11th 
edition 2006 section 9-10, pp 1433-89.

5.	 Lobato RL, Despotis GJ, Levy JH, et al. Anticoagulation management during 
cardiopulmonary bypass: a survey of 54 North American institutions. J 
Thorac Cardiovasc Surg. 2010;139:1665-6.

6.	 Levy JH, Sniecinski RM. Activated clotting times, heparin responses, 
and antithrombin: have we been wrong all these years? Anesth Analg. 
2010;111:833-5. 

7.	 Doty DB, Knot HW, Hoyt JI, et al. Heparin dose for accurate anticoagulation 
in cardiac surgery. J Cardiovasc Surg. 1979;20:597-604.

8.	 Bull BS, Huse WM, Brauer FS, et al. Heparin therapy during extracorporeal 
circulation. II. The use of a dose-response curve to individualize heparin and 
protamine dosage. J Thorac Cardiovasc Surg. 1975;69:685-9.

9.	 Lorentz PDFH. Ein neuer Konstitutionsindex. Klin Wochenschr. 1929;8:348-
51.

10.	 Schulman S, Bijsterveld NR. Anticoagulants and their reversal. Transfus Med 
Rev. 2007;21:37-48.

11.	 Hirsh J, Warkentin TE, Shaughnessy SG, et al. Heparin and low-molecular-
weight heparin mechanisms of action, pharmacokinetics, dosing, monitoring, 
efficacy, and safety. Chest J. 2001;119:64-94.

12.	 Teoh K, Young E, Bradley C, et al. Heparin binding proteins. Contribution to 
heparin rebound after cardiopulmonary bypass. Circulation. 1993;88:420-5.

13.	 Gravlee GP, Haddon WS, Rothberger HK, et al. Heparin dosing and 
monitoring for cardiopulmonary bypass. A comparison of techniques with 
measurement of subclinical plasma coagulation. J Thorac Cardiovasc Surg. 
1990;99:518-27.

14.	 Babka R, Colby C, El-Etr A, et al. Monitoring of intraoperative heparinization 
and blood loss following cardiopulmonary bypass surgery. J Thorac 
Cardiovasc Surg. 1977;73:780-2.

15.	 Jobes DR, Aitken GL, Shaffer GW. Increased accuracy and precision 
of heparin and protamine dosing reduces blood loss and transfusion in 
patients undergoing primary cardiac operations. J Thorac Cardiovasc Surg. 
1995;110:36-45.

16.	 Runge M, Møller CH, Steinbrüchel DA. Increased accuracy in heparin and 
protamine administration decreases bleeding: a pilot study. J Extra Corpor 
Technol. 2009;41:10-4.

17.	 Dercksen SJ, Linssen GH. Monitoring of blood coagulation in open heart 
surgery. II. Use of individualized dosages of heparin and protamine controlled 

by activated coagulation times. Acta Anaesthesiol Belg. 1980;31:121-8.

18.	 Fromes Y, Daghildjian K, Caumartin L, et al. A comparison of low vs 
conventional-dose heparin for minimalcardiopulmonary bypass in coronary 
artery bypass grafting surgery. Anaesthesia. 2011;66:488-92.

19.	 Haas E, Fischer F, Levy F, et al. Identifying optimal heparin management 
during cardiopulmonary bypass in obese patients: A prospective observational 
comparative study. Eur J Anaesthesiol. 2016;33:408-16.

20.	 Chemoyl G. Clinical Pharmacokinetics of drugs in obesity. An up-date. Clin 
Pharmacokinet. 1993;25:103-14. 

21.	 Barras M, Legg A. Drug dosing in obese adults. Aust Prescr. 2017;40(5):189-
93.

22.	 Jia Z, Tian G, Ren Y, et al. Pharmacokinetic model of unfractionated heparin 
during and after cardiopulmonary bypass in cardiac surgery. J Transl Med. 
2015;13:45.

23.	 Boer C, Meesters MI, Milojevic M, et al. 2017 EACTS/EACTA Guidelines 
on patient blood management for adult cardiac surgery. Task Force on Patient 
Blood Management for Adult Cardiac Surgery of the European Association 
for Cardio-Thoracic Surgery (EACTS) and the European Association of 
Cardiothoracic Anaesthesiology (EACTA) J Cardiothorac Vasc Anesth. 
2017;S1053-0770(17)30552-9. 

24.	 Pretorius M, Scholl FG, McFarlane JA, et al. A pilot study indicating that 
bradykinin B-2 receptor antagonism attenuates protamine-related hypotension 
after cardiopulmonary bypass. Clin Pharmacol Ther. 2005;78:477-85.

25.	 Miyashita T, Nakajima T, Hayashi Y, et al. Hemostatic effects of low-dose 
protamine following cardiopulmonary bypass. Am J Hematol. 2000;64:112-
15.

26.	 Mejak BL, Stammers A, Rauch E, et al. A retrospective study on perfusion 
incidents and safety devices. Perfusion. 2000;15:51–61.

27.	 Charriere JM, Pelissie J, Verd C, et al. Survey: Retrospective survey of 
monitoring/safety devices and incidents of cardiopulmonary bypass for 
cardiac surgery in France. J Extra Corpor Technol. 2007;39:142-57.

28.	 Babka R, Colby C, El-Etr A, et al. Monitoring of intraoperative heparinization 
and blood loss following cardiopulmonary bypass surgery. J Thorac 
Cardiovasc Surg. 1977;73:780-82.

29.	 Chun DH, Baik SW, Kim SY, et al. Heparin responsiveness during off‑pump 
coronary artery bypass graft surgery: Predictors and clinical implications. 
Acta Pharmacol Sin. 2011;32:133‑38.

30.	 Chakravarthy M, Prabhakumar D, Thimmannagowda P, et al. Comparison 
of Two Doses of Heparin on Outcome in Off-pump Coronary Artery Bypass 
Surgery Patients: A Prospective Randomized Control Study. Ann Card 
Anaesth. 2017;20:8-13.

128

doi: 10.5455/medscience.2018.07.8926					          	 Med Science 2019;8(1):123-8


