
Journal of Cardiothoracic and Vascular Anesthesia 39 (2025) 2626�2635

Contents lists available at ScienceDirect

Journal of Cardiothoracic and Vascular Anesthesia

journal homepage: www.jcvaonline.com
Original Article
Comparison of Two Activ
ated Clotting Time Targets
1Address correspon

sion of Heart and Lu

glaan 100, 3584 CX U

E-mail address: k

https://doi.org/10.105

1053-0770/� 2025 Th
During Cardiac Surgery With Cardiopulmonary

Bypass: A Prospective Multicenter Randomized

Controlled Trial

Karin A.M. Gorter, MSc*
,1

, Marco C. Stehouwer, PhDy,
Roel de Vroege, PhDz, Dannique Zuthof, BScx,

Michael I. Meesters, MD, PhDǁ, Peter G. Noordzij, MD, PhD{,**,
Ed D. Niesten, MDyy, Willem J.L. Suyker, MD, PhDzz

*Department of Perfusion, University Medical Center, Utrecht, the Netherlands
yDepartment of Perfusion, Sint Antonius Hospital, Nieuwegein, the Netherlands

zDepartment of Perfusion, Haga Hospital, Den Haag, the Netherlands
xDepartment of Perfusion, Medisch Spectrum Twente, Enschede, the Netherlands
ǁDepartment of Anesthesiology, Catharina Hospital, Eindhoven, the Netherlands

{Department of Anesthesiology, Intensive Care and Pain Management, Sint Antonius Hospital,

Nieuwegein, the Netherlands
**Department of Intensive Care, University Medical Center, Utrecht, the Netherlands

yyDepartment of Anesthesiology, Medisch Spectrum Twente, Enschede, the Netherlands
zzDepartment of Cardiothoracic Surgery, University Medical Center, Utrecht, the Netherlands
Objectives: The present study was designed to investigate the equivalence of two target activated clotting time (ACT) values with regard to

packed red blood cell (PRBC) transfusion in patients undergoing cardiac surgery with cardiopulmonary bypass (CPB). Secondary endpoints

include postoperative blood loss, transfusion of other blood products, and postoperative laboratory parameters, including renal function, inten-

sive care unit length of stay, postoperative thrombotic events, and other adverse events.

Design: Multicenter, randomized, single-blind, controlled equivalence trial. Patients were randomized to a lower target ACT of �400 seconds or
a higher target ACT of �480 seconds.

Setting: Three tertiary and one university medical center in the Netherlands.

Participants: 1,021 patients�18 years of age scheduled for first-time elective cardiac surgery with CPB between November 2019 and December 2023.

Measurements and Main Results: PRBC transfusion was equivalent in both ACT groups (19.1% v 17.2% risk difference �0.029; 0.066). In the

low ACT group, blood loss at 6 and 24 hours postoperative was significantly lower (median [interquartile range], 260 [245] v 300 [250] mL,

p = 0.003 and 480 [363] v 550 [410] mL, p = 0.007) and the hemoglobin level at 6 hours and 1 day after surgery significantly higher (mean [95%

confidence interval], 11.8 [11.6-11.9] v 11.6 [11.3-11.8] g/dL, p = 0.017 and 11.4 [11.1-11.6] v 11.1 [11.0-11.4] g/dL, p = 0.045) compared with

the high ACT group, but lacking clinical relevance. The frequency of thromboembolic events was similar in both groups.

Conclusions: This study showed that a target ACT of �400 seconds is equivalent to a target ACT of �480 seconds in terms of intraoperative and

postoperative PRBC transfusion rates in the modern cardiac surgery setting. This target range is considered comparable regarding the outcomes

of patients undergoing cardiac surgery with CPB.

� 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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number of factors including the continuous interaction of the

circulating blood with nonbiologic surfaces, surgical trauma,

and the retransfusion of pericardial blood, unfractionated hepa-

rin is administered to the patient before and during CPB.1,2

While high doses of heparin reduce the risk of thrombus for-

mation during CPB, excessive administration of heparin and

subsequent protamine administration cause adverse effects on

coagulation after termination of CPB, such as inhibition of

thrombin and platelet function3-6 and activation of fibrinoly-

sis.7 This may lead to increased postoperative blood loss and

blood product transfusion requirements, which is an indepen-

dent predictor of increased mortality and morbidity in cardiac

surgery requiring CPB.8 The activated clotting time (ACT) is

the most widely used test to monitor heparin anticoagulation

during cardiopulmonary bypass.9 However, there is very little

evidence on the optimal ACT target during CPB with regard to

minimizing blood loss and transfusion requirements, and large

randomized controlled trials (RCTs) are lacking.10

Nowadays, most centers consider a minimal target ACT

between 400 and 480 seconds an adequate level of anticoagu-

lation based on early studies from the 1970s.11,12 While an

ACT target of 480 seconds is commonly used during CPB, it

is unclear whether this target ACT remains appropriate in the

modern cardiosurgical routine where biocompatible-coated

CPB circuits have become the standard. Studies have shown

that lower anticoagulation targets may be as safe as an ACT

target of 480 seconds and are associated with reduced post-

operative bleeding and transfusion requirements.13,14 Also, a

recent systematic review and meta-analysis including 22

RCTs and 4 prospective cohort studies showed a significant

correlation between the doses of heparin and protamine and

postoperative blood loss.15 Other studies, however, do not

show a difference in postoperative bleeding and transfusion

requirements when comparing different ACT targets.16,19 Due

to the lack of large RCTs in modern cardiosurgical settings,

there is not enough evidence to conclude whether the different

ACT targets that are currently used are equivalent with respect

to postoperative transfusion rates following cardiac surgery.

The present study was therefore designed to investigate the

equivalence of a lower (�400 seconds) and higher (�480 sec-

onds) target ACT with regard to packed red blood cell (PRBC)

transfusion in patients undergoing cardiac surgery with CPB

using biocompatible coated systems. Secondary endpoints

include blood loss, transfusion of other blood products, postop-

erative laboratory parameters, including renal function, inten-

sive care unit (ICU) length of stay, postoperative thrombotic

events, and other adverse events.

Methods

This multicenter, randomized, single-blinded, controlled

trial assessing the equivalence of a lower ACT of 400 seconds

and a higher ACT of 480 seconds in relation to blood transfu-

sion requirements was conducted between November 2019

and December 2023 at four hospitals in the Netherlands. The

study protocol (18-683/D) was approved by the independent

ethics committee of the University Medical Center Utrecht,
The Netherlands in August 2019. The study was performed in

compliance with the Declaration of Helsinki and institutional

regulations, including privacy rights. Written informed con-

sent was obtained from each patient. The trial is registered in

the Dutch database of the Central Committee on Research

Involving Human Subjects (CCMO) under registry

NL6474104118, and at the Dutch Trial Register under registry

NL-OMON27592. The trial is reported following the Consoli-

dation Of Standards Of Reporting Trials (CONSORT) guide-

lines for noninferiority and equivalence randomized trials.20

Patients

Patients �18 years of age who were scheduled for coronary

artery bypass grafting (CABG), heart valve repair or replace-

ment, surgery of the aortic root or ascending aorta, surgery for

hypertrophic obstructive cardiomyopathy, or combined proce-

dures with the use of CPB, were eligible for inclusion. Exclu-

sion criteria were as follows: reoperations, surgery requiring

circulatory arrest, emergency surgery, the use of minimized

extracorporeal circuits, planned body temperature during CPB

below 32˚C, patients with congenital or acquired coagulation

factor abnormalities, patients with a preoperative hemoglobin

value <10.5 g/dL, infective endocarditis, and the preoperative

use of unfractionated heparin. Patients who were withdrawn

from the study prior to receiving the study treatment were

replaced. Reasons for withdrawal were withdrawal of

informed consent, change in the planned procedure, cancella-

tion of surgery, or logistic problems due to last-minute changes

in the operation schedule. There was no follow-up of with-

drawn patients.

Demographic Variables

Baseline demographic variables recorded were age, sex,

body weight and height, preoperative laboratory values for cre-

atinine, platelets, estimated glomerular filtration rate using the

Chronic Kidney Disease Epidemiology Collaboration equation

and hemoglobin, presence of peripheral vascular disease,

chronic obstructive pulmonary disease or diabetes mellitus,

left ventricular ejection fraction, history of cerebrovascular

accident (CVA), and recent myocardial infarction. Also, the

use of preoperative antithrombotic medication, as documented

in the patient’s hospital file, was recorded.

Surgery and Extracorporeal Circulation

Patients received premedication and anesthesia according to

routine local clinical practice. Surgical procedures and extra-

corporeal circulation techniques were performed according to

local standards. The extracorporeal circuit consisted of a semi-

permeable or diffusion membrane oxygenator, collapsible

venous reservoir, hardshell cardiotomy reservoir, arterial cen-

trifugal pump, and biocompatible coated tubing (Affinity

Fusion, Medtronic Inc., Minneapolis, United States, or Quad-

rox-iD Adult, Maquet, Hirrlingen, Germany, or Inspire 6-8F

M, LivaNova, Mirandola, Italy). Priming fluid consisted of a
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balanced electrolyte solution combined with a colloid (Vol-

uven, Fresenius Kabi, Bad Domburg, Germany, or Gelofusine,

B Braun, Melsungen, Germany) or 15% mannitol; 200g/L

albumin was added when indicated following hospital proto-

col. When the patient’s volume status was sufficient, retro-

grade autologous priming was performed. Data on the

intraoperative administration of antifibrinolytics as well as

CPB characteristics were recorded in the case report form.
Study Intervention

Patients were randomly assigned to the low or high target

ACT group. Randomization was stratified per hospital using

the Castor EDC database (Ciwit B.V., Amsterdam, the Nether-

lands) and block sizes of four, six, and eight. The perfusionist

and anesthesiologist were informed on the day of randomiza-

tion. The cardiac surgeon and ICU personnel were blinded for

group randomization.

Heparinization started with a single bolus of 250 or

350 IU/kg heparin (LEO Pharma BV, Amsterdam, the Nether-

lands) for the low ACT and high ACT groups, respectively,

and was supplemented with 75 to 150 IU/kg heparin until the

ACT test exceeded 400 or 480 seconds. A total of 7,500 IU

and 10,000 IU unfractionated heparin were added to the prim-

ing of the CPB system in both groups, respectively. The

detailed heparin dosing protocol is displayed in Fig 1. ACT

measurements were performed with the Hemochron Signature

whole blood microcoagulation system (Hemochron Signature

Elite or Hemochron Jr. Signature Plus, Edison, NJ, USA).

Heparin was reversed with protamine after termination of

CPB. Protamine was dosed in a ratio of 0.8:1 protamine:
Fig 1. Study intervention flow chart. ACT, activa
heparin (IUs), based on the heparin dose required to reach the

minimal target ACT. From the start of the study until Decem-

ber 2021, protamine hydrochloride (Meda Pharma BV,

Amstelveen, the Netherlands) was used, and protamine sulfate

(LEO Pharma BV, Amsterdam, the Netherlands) was used

from January 2022 until the end of the study.
Study Outcome

The main study parameter was the overall number of

patients receiving a PRBC transfusion during hospitalization

(during surgery and postoperatively during ICU stay, or 24-

hour postsurgery in case the patient was not admitted to the

ICU). The transfusion strategy followed the recommendations

of the European Task Force on Patient Blood Management for

Adult Cardiac Surgery.10 They state that the focus should be

on balancing the patient’s oxygen demand and consumption

and the clinical circumstances rather than maintaining a spe-

cific hemoglobin level. Secondary study parameters were

doses of heparin and protamine, postoperative blood loss,

transfusion of autologous blood, overall transfusion require-

ments, postoperative laboratory parameters, and ICU length of

stay. Safety parameters included thromboembolic events; ICU

mortality; 30-day, 90-day, and 1-year mortality; rethoracoto-

mies; new-onset atrial fibrillation, mediastinitis, respiratory

infection, and prolonged mechanical ventilation (>24 hours).

The thromboembolic events included observations of throm-

bus formation in the CPB system or pericardium intraopera-

tively or mention of a postoperative transient ischemic attack

(TIA), CVA, MI, or pulmonary thromboembolism in the

patient medical record.
ted clotting time; HLM, heart-lung machine.
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Statistical Analysis

The average PRBC transfusion rate in patients undergoing

cardiac surgery is 40%.21 In this equivalence study design, a

margin of 7% between groups was accepted as clinically

equivalent. With a beta of 0.8 and alpha of 0.025, the required

number of patients was 768 per group (total n = 1,536).

At the interim analysis, the average PRBC transfusion rate

was 19.4%. The sample size was recalculated, with all other

parameters remaining unchanged, which resulted in 505

patients per treatment group (total n = 1,010). The University

Medical Center Utrecht internal Data Safety and Monitoring

Board advised adopting the new sample size. The protocol was

adjusted accordingly.

Data were analyzed according to the per-protocol (PP) prin-

ciple for the primary outcome parameter because intention-to-

treat (ITT) analysis tends to be anticonservative in demonstrat-

ing equivalence.22 Secondary parameters were analyzed

according to the ITT principle, and safety parameters were ana-

lyzed according to the as-treated (AST) principle. Analyses

were performed with IBM SPSS Statistics 29 software (SPSS

Inc., Chicago, IL, USA) and SAS (SAS Enterprise Guide 8.2).

For patient demographic data, procedural data, and safety data,

only descriptive statistics are reported, and no formal statistical

test was applied. For these data, continuous variables are pre-

sented as means with standard deviations (SDs) or medians

with 25th-75th interquartile ranges (IQRs). Categorical varia-

bles are presented as absolute numbers with percentages.

Analysis of Primary Outcome

The primary analysis concerned a logistic regression model

with treatment group and center as independent variables. Esti-

mates for the risk difference (RD) with their 95% confidence

intervals (CIs) were obtained. Proportions and 95% CIs for

each group are reported. Equivalence could be concluded if

this two-sided 95% CI lay entirely between the equivalence

margins (�7, +7).20 The two-sided 95% CI of the RD of the

low ACT group versus the high ACT group was calculated

using the Farrington and Manning method implemented in

SAS (SAS Enterprise Guide 8.2) for the sensitivity analysis.

The analysis of the primary outcome was repeated on the ITT

population for the N analysis.

Analysis of Secondary Outcomes

Secondary endpoints were analyzed using a linear regres-

sion model with treatment group and center as independent

variables. Mean and 95% CI or median and IQR for each

group are reported. p-values < 0.05 for the differences

between groups were considered significant. For the continu-

ous variables, residuals were checked by examining the plots

of residuals versus predicted values and the normal probability

plot. If, from the analysis of the residuals, it became apparent

that the analysis was not suitable for the data, nonparametric

tests were applied, and the parameter center was excluded

from the analysis. In case of convergence issues for binary
parameters due to a low number of events, the Firth’s correc-

tion was applied. If the issue could not be solved in this way,

the model was simplified by removing center.

Results

Study Participants

The flowchart of patients is shown in Fig 2. Between Novem-

ber 2019 and December 2022, 1,457 cardiac surgery patients

were eligible for inclusion, of which 1,132 (78%) gave

informed consent. One patient was excluded due to a postponed

surgery before randomization. In each group, 55 patients did

not receive the study treatment, mainly due to last-minute

changes in the operation schedule (35 and 38 patients), and no

data were collected. Other reasons can be found in Fig 2. From

the ITT population, 8 patients in the lower ACT group and 11

patients in the higher ACT group were excluded from the PP

analysis because of major protocol deviations, as described in

the diagram. From the ITT population, six patients accidentally

received the heparin dose of the other randomization group and

were excluded from the AST analysis.

Baseline Data

Demographic data and medical record data were similar for

both groups (Table 1). Antithrombotic medication was consid-

ered to be continued when used preoperatively, according to

the patient medical record, beyond the duration described in

the 2017 EACTS/EACTA guidelines on patient blood

management.10

Procedural Data

Table 2 shows the types of surgical procedures performed in

both ACT groups. Additional procedures include, but are not

limited to, left atrial appendage closure or amputation, MAZE

procedure for atrial fibrillation, and atrial septum defect clo-

sure. Table 2 also shows the CPB characteristics for all

patients with a median lowest hemoglobin level during CPB of

9.2 g/dL in both groups and a comparable duration of CPB in

both groups.

Heparin and Protamine Dosing

As per the protocol, patients in the higher ACT group

received a significantly larger initial dose of heparin (Table 3).

In this group, 60% of the patients reached the target of �480

seconds after this first dose compared with 65% in the low

ACT group. Respectively, 52% and 56% of patients received

one or more additional doses of 5,000 IU of heparin during the

surgical procedure. The total amount of additional heparin was

higher in the higher ACT group, as was the total dose of hepa-

rin received during the surgical procedure. Subsequently,

patients in the higher ACT group received a significantly

higher dose of protamine at the end of surgery. The mean ratio

between the total dose of heparin received before CPB and the



Fig 2. Flow of participants. ACT, activated clotting time; AST, as treated; CPB, cardiopulmonary bypass; ITT, intention to treat; PP, per protocol.

Table 1

Patient Demographics, Medical Record, and Continued Use of Preoperative Medication

ACT �400 (n = 510)
N=510

ACT �480 (n = 511)
N = 511

Male sex, n (%) 390 (76) 396 (78)
Age, median [IQR], y 68 [12] 69 [13]
Height, mean (SD), cm 176 (9) 176 (9)
EuroSCOREII, median [IQR] 1.1 [1.0] 1.2 [1.0]
Preoperative creatinine, mean (SD), mmol/L 85 (19) 86 (19)
Preoperative platelets, mean (SD), number x109/L 237 (60) 238 (68)
Preoperative Hb, median [IQR], g/dL 14.5 [1.6] 14.3 [1.9]
Preoperative eGFR, n (%), mL/min/1.73m2

�90 134 (26) 123 (24)
60-89 305 (60) 316 (62)
30-59 71 (14) 72 (14)

CVA, n (%) 42 (8) 33 (7)
Peripheral vascular disease, n (%) 36 (7) 42 (8)
Diabetes mellitus, n (%) 34 (7) 31 (6)
Recent myocardial infarction, n (%) 60 (12) 87 (17)
LVEF, n (%)
>50% 411 (81) 398 (78)
30%-49% 85 (17) 101 (20)
<30% 13 (3) 12 (2)

COPD, n (%) 23 (4.5) 17 (3.4)
Continued use of preoperative antithrombotic medication, n (%)
Platelet inhibitors
Acetylsalicylic acid for noncoronary surgery 62 (15.5) 75 (15.5)
P2Y12 inhibitors 35 (8.8) 42 (8.8)
GPIIbIIIa inhibitors 1 (0.2) 1 (0.2)

Anticoagulants
Vitamin K antagonists 2 (0.4) 4 (0.8)
Direct oral anticoagulants 2 (0.6) 3 (0.6)
Low-molecular-weight heparin 1 (0.2) 1 (0.2)
Fondaparinux 0 (0) 1 (0.2)
Other 2 (0.6) 3 (0.6)

Abbreviations: ACT, activated clotting time; COPD, chronic obstructive pulmonary disease; CVA, cerebral vascular accident; eGFR, estimated glomerular

filtration rate; Hb, hemoglobin; IQR, interquartile range; LVEF, left ventricular ejection fraction; SD, standard deviation.
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Table 2

Type of Surgical Procedure and Cardiopulmonary Bypass Characteristics

ACT �400

(n = 510)

ACT �480

(n = 511)

Type of surgical procedures, n (%)

CABG 237 (46) 232 (45)

Single valve 170 (33) 178 (35)

CABG + single valve 66 (13) 68 (13)

Multiple valve 18 (4) 18 (4)

CABG + multiple valve 4 (1) 8 (2)

Aortic root repair/replacement 17 (3) 11 (2)

Ascending aorta replacement 12 (2) 12 (2)

Additional procedures

Rhythm surgery 34 (7) 38 (7)

ASD closure 4 (1) 1 (0)

Other 26 (5) 19 (4)

CPB characteristics

CPB time, mean [IQR], min 98 [49] 102 [55]

Cross-clamp time, mean [IQR], min 66 [39] 70 [42]

Lowest Hb during CPB, mean [IQR], g/dL 9.2 [2.1] 9.2 [1.9]

Lowest temperature during CPB, mean

[IQR], 0C

34 [3] 34[3]

Use of intraoperative antifibrinolytics,

n (%)

449 (88) 454 (89)

Separation of cardiotomy suction, n (%) 81 (16) 81 (16)

Use of CO2 flush, n (%) 251 (51) 244 (52)

Type of cardioplegia, n (%)

Crystalloid 357 (70) 348 (68)

Blood 102 (20) 115 (23)

Combination 50 (10) 47 (9)

Abbreviations: ACT, activated clotting time; ASD, atrium septum defect;

CABG, coronary artery bypass grafting; CO2, carbon dioxide; CPB,

cardiopulmonary bypass; Hb, hemoglobin; IQR, interquartile range.
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total dose of protamine was 0.8 for both groups. Considering

the total amount of heparin administered during the procedure

and total dose of protamine, the mean ratio between heparin

and protamine was 0.6 for both groups.
Primary Outcome

The PRBC transfusion rate was 19.1% in the lower ACT

group versus 17.2% in the higher ACT group. The 95% CI of

the RD (RD 0.019, 95% CI �0.029 to 0.066) lies entirely
Table 3

Heparin and Protamine Dosing

First dose of heparin, mean (SD), IU

ACT after first dose of heparin, mean (SD), s

Target achieved after first dose, % (n)

Total dose of heparin for achieving ACT target, mean (SD), IU

Extra dose of heparin during CPB

Patients, n (%)

Amount of heparin, mean (SD), IU

Total dose of heparin, mean (SD), IU

Total dose of protamine, mean (SD), IU

Abbreviations: ACT, activated clotting time; CPB, cardiopulmonary bypass; SD, sta

* Significant at p < 0.05.
between the predefined margins of �7% to +7% which means

that the PRBC transfusion rate was equivalent for both ACT

groups. The equivalence was confirmed by the sensitivity anal-

ysis (RD 0.019, 95% CI �0.029 to0.068) and the supplemen-

tary analysis (RD 0.017, 95% CI �0.032 to 0.065).

Secondary Outcomes

Results for the secondary outcomes are shown in Table 4

and Appendix A. Patients in the higher ACT group had signifi-

cantly more postoperative blood loss at 6 hours (p = 0.003)

and 24 hours (p = 0.007) compared with the lower ACT group

(Fig 3). Postoperative hemoglobin levels were

significantly higher in the lower ACT group at 6 hours

(p = 0.017) and at 1 day after surgery (p = 0.045). There were

no differences in the amount of autologous blood transfusion,

postoperative CKMB and creatinine levels, or postoperative

platelet count and ICU length of stay. The percentage of

patients receiving a transfusion was higher in the higher ACT

group for all products except for intraoperative PRBC transfu-

sions. This difference was only significant when comparing

patients receiving either one or a combination of PRBC,

plasma, and platelet transfusions peri- or postoperative

(p = 0.045).

Adverse Events

Result for the occurence of adverse events can be fount in

Table 5. New-onset atrial fibrillation was the most reported

adverse event. A total of 46 patients (9.1%) in the lower ACT

group and 33 patients (6.5%) in the higher ACT group devel-

oped atrial fibrillation. The second most reported adverse

events were rethoracotomies (5.1% and 4.7%), which were

required mostly because of bleeding complications (severe

blood loss or tamponade): 24 out of 26 in the lower ACT group

and 22 out of 24 rethoracotomies in the higher ACT group.

The cause of bleeding was apparently surgical in 58% and

59% of the cases, respectively. Mechanical ventilation lasting

more than 24 hours was reported in 10 patients (2.0%) in the

lower ACT group and in 15 patients (2.9%) in the higher ACT

group. The rates of occurrence of other adverse events range
ACT �400

(n = 510)

ACT �480

(n = 511)

p-Value

21,549 (4,056) 29,940 (5,435) <0.001*

427 (73) 529 (129) <0.001*

65 (331) 60 (309) 0.143

24,418 (4,934) 33,768 (7,275) <0.001*

265 (52) 286 (56) 0.199

7,724 (4,566) 8,812 (6,398) 0.021*

35,182 (8,666) 47,346 (11,271) <0.001*

20,167 (4,768) 27,634 (6,204) <0.001*

ndard deviation.



Table 4

Secondary Outcomes

ACT �400 (n = 510*) ACT �480 (n = 511*) Missing p-Value

Hemoglobin postoperative, mean (95% CI), g/dL

ICU arrival (n = 510/510) 11.1 (11.0-11.3) 11.0 (10.8-11.1) -/1 0.284

6 h (n = 456/457) 11.8 (11.6-11.9) 11.6 (11.3-11.8) 54/54 0.017y

Next day 11.4 (11.1-11.6) 11.1 (11.0-11.4) - 0.045y

Postoperative blood loss, median [IQR], mL

1 h (n = 507/510) 80 [70] 80 [90] 3/1 0.103

6 h (n = 509/509) 260 [245] 300 [250] 1/2 0.003y

24 h (n = 508/511) 480 [363] 550 [410] 2/- 0.007y

PRBC transfusion, % (95% CI)

Intraoperative 12.3 (8.4-17.5) 9.1 (6.1-13.4) - 0.098

Postoperative 9.8 (6.6-14.3) 11.4 (7.8-16.3) - 0.425

Platelet transfusion, % (95% CI)

Intraoperative 10.4 (6.1-16.9) 13.3 (8.0-21.1) - 0.155

Postoperative 7.5 (6.1-16.9) 9.4 (5.5-15.6) - 0.228

Total 17.2 (12.0-24.2) 21.7 (5.5-15.6) - 0.079

Plasma transfusion, % (95% CI)

Intraoperative 5.6 (3.1-9.9) 7.8 (4.4-13.3) - 0.151

Postoperative 6.1 (2.9-12.6) 6.8 (3.2-13.9) - 0.543

Total 10.0 (5.9-16.5) 12.6 (7.6-20.2) - 0.157

PRBC and/or plasma and/or platelet transfusion total, % (95% CI) 31.9 (25.9-38.5) 38.3 (31.8-45.2) - 0.045y

Abbreviations: ACT, activated clotting time; CI, confidence interval; IQR, interquartile range; PRBC: packed red blood cell.

*When no missing values are reported.

y Significant at p < 0.05.

Table 5

Adverse Events

ACT �400 (n = 506) ACT �480 (n = 509)

Mortality during ICU stay 4 (0.8) 2 (0.4)

Mortality at 30 d 7 (1.4) 4 (0.8)

Mortality at 90 d 7 (1.4) 8 (1.6)

Mortality at 1 y 8 (1.6) 9 (1.8)

TIA* 0 (0) 3 (0.6)
*
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from 0% to 1.6%. There was no necessity to replace the CPB

system parts due to thrombus formation. However, small

thrombi were observed in the venous and cardiotomy reser-

voirs of the CPB system during or after weaning from bypass

in 8 and 5 patients in the lower and higher ACT groups,

respectively. There were no subsequent adverse events

reported that were related to these observations of thrombus

formation. The reasons for mortality can be found in Appendix

A.

CVA 6 (1.2) 3 (0.6)

Myocardial infarction* 3 (0.6) 2 (0.4)

Venous thromboembolism* 0 (0) 0 (0)

Pulmonary

thromboembolism*
1 (0.2) 1 (0.2)

Rethoracotomies total* 26 (5.1) 24 (4.7)

For bleeding 24 (4.7) 22 (4.3)

Apparent surgical bleeding 14 (2.8) 13 (2.6)

Other/unknown 2 (0.4) 2 (0.4)

Thrombus in CPB circuit 8 (1.6) 5 (1.0)
Discussion

In this multicenter RCT, PRBC transfusion was found to be

equivalent whether targeting a lower ACT of �400 seconds or

a higher ACT of �480 seconds for anticoagulation in patients

undergoing first-time cardiac surgery with CPB. Despite the
0

200

400

600

800

1000

1200

1h 6h 24h

Bl
oo

d
lo

ss
(m

L)

ACT>400 ACT>480

*

*

Fig 3. Blood loss at 1, 6, and 24 hours postoperative. *Significance at p< 0.005.

ACT, activated clotting time.

Replacement of CPB parts 0 (0) 0 (0)

Pericardial thrombus

intraoperatively

1 (0.2) 1 (0.2)

New-onset atrial fibrillation* 46 (9.1) 33 (6.5)

Mediastinitis* 0 (0) 1 (0.2)

Respiratory infection* 5 (1.0) 4 (0.8)

Prolonged duration of

mechanical ventilation

(>24 h)*

10 (2.0) 15 (2.9)

Data are expressed as n (%).

Abbreviations: ACT, activated clotting time; CPB, cardiopulmonary bypass;

CVA, cerebrovascular accident; ICU, intensive care unit; TIA, transient

ischemic attack.

*During ICU stay or in first 24 hours postoperative.
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statistically significant differences in postoperative blood

loss and hemoglobin levels, the absolute differences were

apparently too small to warrant significantly more administra-

tion of transfusion products and might therefore not be clini-

cally relevant. No differences were found for other individual

secondary parameters, although the total percentage of patients

receiving either PRBC, platelets, or thrombocytes was higher

in the ACT �480 seconds group (p = 0.045). This study was

not powered to find differences in the occurrence of thrombo-

embolic events, but the results do not show important differen-

ces between the two ACT groups.

In recent decades, most RCTs comparing different target

ACT values have primarily explored the efficacy of a lower

ACT value in conjunction with a coated CPB circuit versus a

higher ACT value with an uncoated system or another type of

coating,23-27 thus making it difficult to determine the impact of

the lower ACT value on its own. Only a few studies compared

different ACT targets while using similar CBP systems and

conduct in both study arms. The targets used in these studies

differed from the targets in the current study. In three studies

including CABG patients with sample sizes between 30 and

63 patients and ACT targets between 300 and 600 seconds, no

differences in blood loss or transfusion requirements were

found.16-18 Only in the study by Braatz et al. comparing an

ACT of 480 seconds with an ACT of 680 seconds including 29

CABG patients was a difference in postoperative blood loss

found.28 However, the authors note that excessive blood loss

in one patient in the higher ACT group, qualified as a surgical

bleeding and requiring re-exploration, might have been a con-

founding factor. Transfusion requirements were not reported.

In a larger study by Nutall et al., surgical procedures other

than CABG and redo operations were also included;19 178

patients were randomized to target an ACT of 480 or 600 sec-

onds. No differences in blood loss and blood product transfu-

sion were found. Lower transfusion requirements when

maintaining a lower ACT target were only found in two studies

by Von Segesser et al. and Aldea et al.13,14 The lower ACT tar-

gets (180 and 250 seconds, respectively ) were compared with

their standard ACT target (480 and 450 seconds, respectively).

Von Segesser et al., however, recommend higher ACT values

during prolonged periods of low flow. In the study by Aldea et

al., the lower rate of transfusion was not accompanied by a

lower amount of postoperative blood loss. This study is the

only one that showed a significant difference in the occurrence

of adverse events. In the higher ACT group, more thromboem-

bolic events occurred (1, 0.8% v 6, 5.0%). The other studies

either did not report or did not find significant differences.

A target ACT of �400 seconds was compared with a target

ACT of �480 seconds, which is the range of ACT values cur-

rently used in the Netherlands during CPB when using conven-

tional bypass systems. The patients in the higher ACT group

received, on average, a 35% larger heparin dose compared

with patients in the lower ACT group. A broader range of

target ACT values might have resulted in larger differences

in outcomes, but the participating hospitals were hesitant

to target ACT values below 400 seconds with lower doses

of heparin.
Optimizing patient blood management to reduce blood loss

and transfusion requirements requires a multidisciplinary

approach and involves many aspects.10 Managing appropriate

heparin dosing is one of them. This study, however, shows that

the influence of the variation in ACT targets (�400 v �480
seconds) and related heparin dose, as used in many centers

nowadays, is limited. The small difference in postoperative

blood loss and hemoglobin value that was found in this study

did not lead to differences in PRBC transfusion. The total

transfusion of blood products was less in the lower ACT group,

although the difference in transfusion rate of individual prod-

ucts was not significant between groups. It appears that the

range of ACT targets, from 400 to 480 seconds, is safe and

comparable in terms of patient outcome. It is questionable

whether further reducing ACT values may lead to important

reductions in transfusion requirements, given the small differ-

ences found in this study, while safety might be compromised

at some point. Other adjustable factors such as the continued

use of preoperative antithrombotic medication, the ratio of

protamine to heparin, and preoperative Hb value, might be

of greater impact when striving to improve patient blood

management.

This study has several limitations. The first limitation con-

cerns the number of patients. At the interim analysis, the initial

anticipated event rate of 40% PRBC transfusion was adjusted

to 19.4%, reflecting the mean PRBC transfusion rate at that

point during the study. The necessary number of patients was

adjusted from 736 to 505 patients per group. The power for the

primary outcome measure was unchanged, but the study was

not powered to detect differences in the occurrence of throm-

boembolic events and other adverse events. As a consequence,

only descriptive statistics were reported for adverse events.

For the 1,015 patients in the AST population for whom adverse

events are reported, no remarkable differences between groups

were observed. The occurrence of thromboembolic events at

different levels of anticoagulation might be the subject of

future studies. Second, perfusionists and cardio-anesthesiolo-

gists were not blinded to group randomization for practical

reasons. Third, the transfusion strategy followed the recom-

mendations of the European Task Force on Patient Blood Man-

agement for Adult Cardiac Surgery.10 These recommendations

do not prescribe strict cutoff values, which leads to differences

in transfusion strategy between hospitals and leaves room for

interpretation by the treating physician. In general, PRBC

transfusion has become increasingly restrictive in the partici-

pating hospitals over the last decade. The focus has become

more on balancing the patient’s oxygen demand and consump-

tion rather than maintaining a specific hemoglobin level, which

is in line with European task force recommendations. The need

for thrombocytes and plasma transfusion is mainly determined

by clinical signs of bleeding in combination with viscoelastic

testing. As a fourth limitation, the number of patients per hos-

pital was equally divided per treatment group using block-

randomization per hospital. However, differences will exist

regarding the conduct of CPB, continued use of preoperative

antithrombotic medication, conduct of anesthesia, and surgical

procedures between the hospitals participating in this study.
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Finally, in this study, the Hemochron Signature whole blood

microcoagulation system was used for ACT measurement. It is

well known that interdevice differences exist between types of

ACT devices due to, among other influences, differences in

analyzing methodology and the type of coagulation activator

used.29 Therefore, the outcomes for the ACT targets of �400

and �480 seconds, as used in this study, should be interpreted

with care when using another type of ACT device.
Conclusion

This study showed that a target ACT of �400 seconds is

equivalent to a target ACT of �480 seconds in terms of intrao-

perative and postoperative PRBC transfusion rates in the mod-

ern cardiac surgery setting with biocompatible coated CPB.

Postoperative blood loss was slightly, though significantly,

higher at an ACT target of �480 seconds, but did not lead to

differences in transfusion requirements. The rate of occurrence

of thromboembolic events was similar in both groups. The

authors conclude that the range of ACT targets, from 400 to

480 seconds, is comparable in terms of patient outcomes after

undergoing cardiac surgery with CPB.
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