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Abstract

Introduction: Anticoagulation is essential during CPB in cardiac surgery. It is generally performed
using heparin; however the widely used formula for its dosing is based solely on body weight. Al-
though the formula assumes activated clotting time (ACT) to be within normal range, baseline ACT
varies in each patient. Thus, we developed an original formula, which takes into account baseline
ACT in addition to body weight to calculate a more proper dose for initial administration of hepa-
rin. In this study, we monitored the ACT to examine if the dose of heparin calculated using our for-
mula can prolong the ACT to the target range, and we determined the factors which interfere with
the prolongation of ACT. Methods: Between October 2010 and April 2011, 141 consecutive patients
underwent cardiac surgery requiring cardiopulmonary bypass at our hospital. We measured ACT
3 minutes after the initial administration of heparin and considered ACT values >400 seconds as
appropriate for safe initiation of CPB. Results: Using the proposed formula, administered heparin
dose was 241 * 27 IU/kg and target ACT was achieved in 86.4% of patients. Multivariate analysis
was performed to determine the effect of patient background factors on target ACT achievement.
Body weight, age, and preoperative heparin therapy, which showed significant differences, were
further analyzed. Conclusions: This study demonstrated that our newly developed formula could
be used to properly calculate the optimal initial dose of heparin.
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1. Introduction

Since cardiopulmonary bypass (CPB) was introduced for cardiac surgery in 1953, this technological advance has
been contributing to the safety of cardiac procedures [1]. During CPB, coagulation control is indispensable. Ex-
cept in case of allergy, heparin is universally used for anticoagulation to prevent thromboembolism in the CPB
circuit. Activated clotting time (ACT) is used to monitor the effect of heparin [1]. If the initial dose of heparin is
insufficient, additional heparin is required to reach the minimum ACT value. Currently, 300 1U/kg is widely us-
ed as the initial dose of heparin administered before starting CPB [2] [3]. Calculation of this value is solely de-
pendent on patient’s body weight (BW), assuming that the ACT value was within normal range. In a retrospec-
tive analysis of our data, however, the baseline ACT was >100 seconds in most cases. In fact, the ACT value af-
ter the administration of initial dose of heparin (300 1U/kg) was sometimes beyond our expectation. Heparin
overdose has been reported to be associated with significantly increased postoperative blood loss [4] and/or a
longer intensive care unit stay [5] [6]. When an overdose of heparin is administered, the ACT value is likely to
increase again after surgery [7]-[9]. Although serum heparin is neutralized by a proper dose of protamine after
termination of CPB, heparin accumulated in the tissue is released back into the blood. Therefore, it is important
to minimize the initial dose of heparin to prevent postoperative complications. Recently, we developed an origi-
nal formula that can calculate a more accurate initial dose of heparin based on the ACT value. The purpose of
this study was to verify that the dose of heparin calculated by our formula is enough to reach the target ACT for
CPB. Further, we determine which factor(s) affect heparin activity by comparing patients who reached the target
ACT range after initial administration of heparin with those who did not.

2. Materials and Methods

According to the conventional formula, a dose of 300 1U/kg heparin is administered to reach the target ACT for
safe use of cardiopulmonary bypass (CPB). The formula we propose takes into account not only body weight
(BW) but also the baseline ACT (bACT) of each patient, while the conventional formula assumes a bACT of
100 seconds for all patients;

Initial dose of heparin (1U)=BW (kg)#300+(450—-bACT)/(450-100)

The initial dose of heparin was calculated to achieve an ACT of 450 seconds, and CPB was initiated only after
ithad exceeded the target value of 400 seconds, hence the formula allows 50 seconds margin for safety.

The dose of heparin was calculated by our formula using the bACT obtained prior to CPB initiation. Each pa-
tient received the calculated dose of heparin through a central venous catheter before aortic cannulation, and the
ACT was measured 3 minutes later to determine the effect of heparin. If the target ACT was not achieved after
the first dose, additional heparin was administered. ACT was measured in duplicate using a Hemochron® Re-
sponse system 3 min after each heparin administration. In addition, all components of the CPB circuit were
coated with covalently bonded heparin.

2.1. Patients

A total of 141 consecutive adult patients undergoing cardiac surgery with CPB at Juntendo Hospital from Octo-
ber 2010 to April 2011 were studied using our new heparin calculation formula. One case with suspected hepa-
rin-induced thrombocytopenia prior to surgery was excluded, leaving 140 study patients. Immediately after en-
tering the operating room, anarterial line was inserted in all patients to collect blood samples for baseline ACT,
blood count, and renal and liver function determination.

2.2. Anesthesia

All patients were anesthetized using fentanyl (5 - 10 pg/kg) supplemented with midazolam (0.1 mg/kg + 2 mg)
and rocuronium (0.6 - 0.9 mg/kg) for induction and maintained with sevoflurane, propofol, and remifentanil.
After CPB termination, heparin was neutralized with protamine sulfate at a dose 1.2 times that of heparin. Back-
ground factors such as age, sex, BW, baseline ACT, heparin dose, ACT, liver and renal function, and preopera-
tive heparin therapy were recorded to analyze the relationship between heparin dose and ACT values.

2.3. Statistical Analysis
Data were analyzed using Student’s t test for comparison between those who reached a safe ACT > 400 seconds
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and those who did not after heparin administration. We used multivariate analysis to evaluate the effect of back-
ground factors on target ACT achievement. The statistical software JMP10 (SAS, Tokyo) was used, and signi-
ficance was set at p < 0.05.

3. Results

The background information of patients is presented in Table 1. Baseline ACT was > 100 seconds in all patients,
with a mean value of 159.1 + 25.7. The heparin dose calculated using the new formula, 241.3 + 25.94 1U/kg,
was lower than that calculated (300 1U/kg) using the conventional formula (p < 0.01). ACT > 400 seconds was
achieved in 102 of 140 patients (86.4%). In addition, ACT after heparin administration was > 600 seconds in 21
patients. No thromboembolic events occurred.

We compared the background information of those who achieved ACT > 400 seconds with those who did not
to investigate factors that could affect target ACT achievement (Table 2). Significant differences were observed
in age, BW, hemoglobin, and preoperative heparin therapy. Patients in the group that did not achieve the target
ACT were older (73.7 + 8.4 vs. 63.9 + 14.8, p < 0.01), lighter (50.5 £ 10.0 kg vs. 59.3 + 13.3 kg, p < 0.01), and
had lower hemoglobin values (11.6 £ 1.7 g/dl vs. 12.7 + 2.06 g/dl, p < 0.01) than those who achieved the target
ACT. A total of 19 patients did not achieve ACT of 400 seconds, 13 of which were preoperatively administered
heparin. Multivariate analysis was used to explore background factors that might affect the ACT value. In addi-
tion to BW, which is the only factor considered in the conventional formula, age and preoperative heparin ther-
apy were also analyzed.

3.1. Age

We classified study subjects into four age groups to compare the rates of target ACT achievement (Figure 1).
The achievement rate was 100% for the youngest group of patients (age < 60 years), whereas 65% for patients
aged >80 years, indicating that the achievement rate decreases with age.

Table 1. Baseline and intraoperative data of patients undergoing cardiopulmonary bypass.

Patient characteristics (N = 140)

Age, years 65.2+ 144

Sex, male 71 (51%)

BW, kg 58.1+13.2

BMI, kg/m? 23.6+3.9
Chronic kidney disease (€GFR < 30 ml/min/1.73 m?) 6 (4.3%)
Cirrhosis 2 (1.4%)

Values are shown as mean or number (proportion). BW = Body weight, BMI = Body mass index, eGFR = estimated glomerular filtration rate.

Table 2. Comparison of background data between patients who reached the target ACT and those who did not.

ACT >400s (N = 121) ACT <400 s (N =19) p value

Age, years 63.9+14.8 73.7+8.35 <0.01
Sex, male 63 (52.1%) 8 (42.1%) 0.42

BW, kg 59.3+13.2 50.5+10.0 <0.01

BMI, kg/m? 233139 211+31 <0.01
Baseline ACT, sec 158 + 26 165 £ 25 0.32
Platelets > 3 x 10%/mm? 6 (5.0%) 0 (0.0%) 0.95
Preoperative heparin therapy 25 (20.7%) 13 (68.4%) <0.01

ACT = activated coagulation time.
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3.2. Preoperative Heparin Therapy

We also analyzed preoperative heparin therapy (Table 3).

A total of 38 patients (27.1%) had received preoperative heparin therapy for 9.9 + 7.7 days. Only 25 of these
patients (65.8%) achieved the target ACT, which was significantly less than 96 of 102 patients (94.1%) who did
not receive preoperative heparin (p < 0.01). Baseline ACT was significantly higher in patients who received pre-
operative heparin therapy (168.5 + 34.6 vs. 153.3 £ 19.6, p < 0.01) and their BW was lower (53.9 + 10.3 vs. 59.5
+ 13.9, p < 0.04). We compared variation in ACT with the heparin dose administered to the two groups (Figure
2). The degree of ACT prolongation had significantly less effect in the group that received preoperative heparin
(y = 1.4935x, r? = 0.0781) than in the group that did not (y = 1.1136x, r* = 0.2591) (p < 0.05).
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Figure 1. The achievement ratio to target ACT was compared among the age
groups. The youngest group of patients (<60 years) showed an achievement rate
of 100%. The rates were 82.9% in patients aged 60 - 69 years, 88.6% in those
aged 70 - 79 years, and 65% in patients aged >80 years, showing a decrease in
the achievement rate with age.
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Figure 2. The variation of ACT value in response to the heparin dose was plot-
ted to compare the group that received preoperative heparin and the group that
did not. The trendline showed that the response to heparin was significantly lo-
wer in the group receiving preoperative heparin (p < 0.05).
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Table 3. Comparison of background data between patients with and without preoperative heparin.

Preoperative heparin No preoperative heparin p value
(N =38) (N=102)
Age, years 68.7+114 63.9+15.3 <0.08
Sex, male 17 (44.7%) 54 (51.0%) 0.39
BW, kg 54.4+10 595+ 14 0.04
Baseline ACT, sec 170 + 34 155+ 21 <0.01
Number of zi%tz)egetco)target ACT 25 (65.8%) 96 (94.1%) <001

4. Discussion

We evaluated whether heparin dose determined using our formula considering baseline ACT in addition to BW
was useful and safe for patients undergoing CPB. We found the initial dose of heparin calculated using our for-
mula to be lower than that calculated using the conventional formula, which considers only BW. The rate of tar-
get ACT achievement using our formula was 86.4%, which was comparable to Shuhaibar’s report of an 82.4%
achievement rate using the conventional dose of 300 1U/kg heparin [5]. Our results suggest the possibility that
the conventional dose of heparin may be excessive and our formula is useful with respect to target ACT achieve-
ment. None of our study subjects experienced any thromboembolic events.

Heparin resistance, defined as the failure of 450 1U/kg heparin to prolong ACT to 480 seconds, has been re-
ported in 10% - 20% of cases undergoing CPB [10]-[13]. In this study, there were no cases of heparin resistance;
however, additional doses of heparin were required in 15% of cases despite using the same dose. Ranucci et al.
suggested four predictors for heparin resistance: age > 65 years, platelet count > 300,000 cells/mm?, preopera-
tive heparin therapy, and antithrombin 111 (AT 1) levels < 60% [14]-[16]. Our formula was adjusted for BW
after excluding the effect of baseline ACT so that factors affecting the action of heparin would be more defi-
nitely extracted. The results suggest that two factors, age and preoperative heparin therapy, should also be con-
sidered to administer a proper dose of heparin.

To explore the effect of age on anticoagulation, target ACT achievement was compared among four age
groups within the study. Patients aged < 60 years had 100% target ACT achievement. On the other hand, 18.1%
of patients in their 60s did not achieve the target ACT. The oldest group of patients, age > 80, had the lowest
achievement rate, with 35.0% of patients not meeting the target ACT. It is commonly said that age is the biggest
risk factor for thromboembolism. In the elderly, activation molecular markers of coagulation and fibrinolysis are
known to increase. Heparin has the ability to bind to various plasma proteins other than AT 11l and acts on coa-
gulation factors. AT Il and heparin cofactor Il undergo a gradual decrease, whereas factor VIII and von Wille-
brand factor increase [17]. Our results suggest that changes incoagulation and fibrinolysis factors due to age may
affect heparin function.

Another factor that affects anticoagulation is preoperative heparin therapy. Approximately 66% of the patients
who received preoperative heparin therapy achieved the target ACT. Heparin resistance occurs because of long-
term administration of heparin. The common mechanisms responsible for heparin resistance are increased activ-
ity of factor VIII [16] and deficiency of AT Ill. Heparin shortens the half-life of AT Ill and decreases the level
of circulating AT IlI; therefore, AT 11l deficiency is considered the most important factor [16]. Furthermore,
because an increase in factor VIII shortens activated partial thromboplastin time regardless of the existence of
heparin, this is referred to aspseudo-heparin resistance [18].

Since AT 11 and factor VIII were not measured in this study, we could not definitively determine the cause of
heparin resistance. However, it was suggested that preoperative heparin therapy was responsible for significantly
increased heparin resistance.

On the other hand, ACT was >600 seconds in 21 patients after heparin administration despite administration
of the lower dose calculated by our formula. With regard to age and preoperative heparin therapy, which showed
a significant difference, cases with ACT >600 seconds were younger (56.9 = 19.3 vs. 66.6 + 13.0 years), and
only lof 21 patients (4.8%) had received preoperative heparin therapy, which suggests that we have to reduce
heparin dose further in order to prevent excessive administration in cases that have no factors related to heparin
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resistance described previously.

5. Conclusion

Recently, we developed a new formula using individual baseline ACT value as well as BW to determine the op-
timal initial dose of heparin prior to the initiation of CPB. This study demonstrated that the new formula is use-
ful and the dose determined using this formula is safe. Furthermore, age and preoperative heparin therapy, were
identified as two additional factors that should be considered when calculating individual heparin dose. By esta-
blishing and using a more accurate formula to determine the optimal initial dose at the introduction of CPB, fre-
quent additional dose would fall into disuse, and thus may reduce the risk of postoperative bleeding caused by
excessive heparin administration.
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