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ABSTRACT 

Purpose: Endovascular treatment (EVT) of intracranial aneurysms (IA) requires a continuous anticoagulation to avoid 
thromboembolic complications. In order to monitor the anticoagulation, different tests may be used including the acti- 
vated clotting time (ACT) and the activated partial thromboplastin time (APTT). The aim of this study was to compare 
ACT and APTT for the monitoring of the anticoagulation during EVT of IA. Methods: Patients referred for EVT of an 
IA were included. After induction, baseline ACT and APTT were recorded, followed by a bolus infusion of unfraction- 
ated heparin (50 UI·kg–1). The same tests were controlled five minutes later with the purpose of doubling the baseline 
ACT value. Correlation and agreement between both tests were evaluated for the percentage of change after the bolus. 
Multiple linear regressions were also calculated in order to show confounding factors. Complications and outcomes 
were also recorded. Results: 45 patients were checked for enrolment and 24 were included for analysis. Mean (SD) % 
variation for APTT was 432.1 (75.7) and 60.6 (23.0) for ACT with p < 0.0001. With the Bland-Altman method, value 
of Bias (SD) is 372 (86) with 95% limits of agreement range from 203 to 540. Pearson correlation for % variation 
shows r (95% CI) = –0.23 (–0.58 to 0.19) with p = 0.29 and R square = 0.05. 100% of the APTT values could be de- 
fined as excessive anticoagulation by opposition of the 8% obtained with ACT. Conclusions: This prospective observa- 
tional study shows that ACT test is not well correlated with APTT and leads to a systematic excessive coagulation dur- 
ing EVT of IA. 
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1. Introduction 

Treatment of IA has significantly evolved during the last 
decade [1]. Nowadays, EVT is the first intention treat- 
ment of IA in most cases. The endovascular approach re- 
quires a precise and continuous anticoagulation in order 
to avoid thromboembolic complications [2]. Until now, 
no definitive guidelines have been formulated concerning 
the optimal anticoagulation regimen during these proce- 
dures [3]. Unfractionated Heparin (UFH) is generally 
used because of the possible titration and because it can 
be reversed with the administration of protamine sul- 
phate. 

In order to monitor the anticoagulation during EVT, 
different tests may be used including the activated clot- 
ting time (ACT) and the activated partial thromboplastin 
time (APTT). 

Even if, APTT appears very sensitive for systemic he- 
parinization monitoring, the delay required to obtain re-
sults are too long for a perioperative monitoring [4]. On 
the other hand, the ACT has been used for several dec- 
ades in cardiac surgery as well as other procedures, and 
now in interventional neuroradiology [5-7]. Some con- 
troversies remain about the correlation between the dif- 
ferent ACT monitoring devices and APTT [8]. The aim 
of this study was to compare ACT and APTT for the 
monitoring of the anticoagulation during EVT of IA. 
This population offer the advantage that the underlying 
condition does not influence coagulation status. 

2. Materials and Methods 

Our study has been approved by our local ethical com- 
mittee (Erasme University Hospital Ethic comity refer- 
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ence: P2011/117, EudraCT/CCB: B406201110951) and 
informed consent was obtained for all patients. Inclusion 
criteria were as follows: patients aged > 18 years old, 
scheduled to interventional treatment of ruptured or non- 
ruptured IA were enrolled in our prospective observa- 
tional study. Patients scheduled to surgical procedure 
(intracranial pressure catheter or aneurysms treatment), 
with heparin allergy, or history of heparin-induced thro- 
mbocytopenia (HIT) were excluded from the study. Fi- 
nally, patients previously intubated in the intensive care 
unit (ICU) for neurologic deterioration based on the 
Glasgow Coma Scale (GCS) were not considered for in- 
clusion. Anaesthesia protocol was left to the discretion of 
the anaesthetists. Standard monitoring (5 leads-EKG, non 
invasive pressure, pulse oxymetry), radial artery catheter, 
urinary catheter, rectal temperature probe were system-
atically used but central venous catheter was only added 
in case of ruptured IA. The trachea was intubated. Blood 
sample were systematically drawn from the arterial line. 
ACT was obtained from a GEM PCL Plus device (Port- 
able Coagulation Laboratory, Instrumentation Laboratory, 
Lexington, MA) using a Kaolin-activated ACT test (GEM 
Test ACT, Instrumentation Laboratory, Lexington, MA). 
No guideline exists about ACT time and the dose of UFH 
for systemic anticoagulation during EVT of IA. Our pro-
tocol has been chosen according to clinical experience. 
After induction, baseline values of ACT and APTT were 
obtained. Immediately afterwards, the patient was given 
a bolus of 50 UI·kg–1 of UFH. Five minutes later, the 
same tests were controlled. Our goal was to double the 
ACT value. If the target ACT value was not reached a 
second bolus of 20 UI·kg–1 UFH was administered. A 
continuous infusion (30 UI·kg–1·h–1) was maintained 
during the whole procedure. ACT was controlled every 
30 minutes during the procedure. At the end of the treat-
ment, continuous infusion of UFH was adjusted accord-
ing to the recommendation of the principal operator (BL) 
with an aim to maintain a therapeutic anticoagulation 
level. The patient was waked up and extubated in order 
to rapidly explore neurological status. In the ICU, stan-
dard and invasive monitoring was followed while APTT 
was chosen to monitor anticoagulation. The following 
data were recorded: age, weight, height, previous use of 
aspirin (AAS), clopidogrel, low molecular weight hepa-
rin (LMWH), previous exposition to UFH. Timing and 
values of baseline ACT and APTT, controlled values 
after the first bolus, and at the end of the procedure were 
recorded. Because of the time necessary to receive the 
APTT value, the anaesthetists were blinded to these re-
sults and perioperative anticoagulation management was 
based only on ACT values. Length of ICU stay and post-
operative complications (rebleeding, thrombosis, others) 
were also noted and analysed. 

Statistics 

Continuous variables are presented as mean (SD) or 95% 
confidence interval (95% CI). Discrete variables are re- 
ported as %. Percentage (%) variation for ACT and 
APTT was calculated (ratio between (controlled value – 
baseline) and baseline) and chosen in order to evaluate if 
the targeted anticoagulation was reached (double). More- 
over, a Pearson correlation was realized. The paired t test 
was used to compare the means of two matched groups, 
assuming that the distribution of the before-after differ-
ences follows a Gaussian distribution. Secondly, the 
Bland-Altman method was used to assess agreement be-
tween % variation in ACT and % variation in APTT. 
Bias (mean difference) represent the systematic error 
between both method and precision (SD of the bias) is 
representative of the random error between the tests. The 
limits of agreement were calculated as bias ± 2 SD, and 
defined the range in which 95% of the differences be- 
tween the methods were expected to lie. Multiple linear 
regressions were performed for patient receiving aspirin, 
clopidogrel and previously exposed to UFH. For all 
comparisons, a p value < 0.05 was considered statisti-
cally significant. Excessive anticoagulation threshold 
was defined as a % variation of ACT or APTT > 150%. 
Statistical analysis were performed with Prism 5 for Mac 
OS (version 5.0; GraphPad software inc. San Diego 
California USA, www.graphpad.com) and AnalystSoft, 
StatPlus: mac—statistical analysis program for Mac OS. 
Version 2009. 

3. Results 

24 patients were included in our analysis. Characteristics 
of patients analysed are shown in Table 1. Baseline and 
controlled mean (SD) ACT were respectively, 120.9  
 
Table 1. Patient characteristics and outcomes. Values are 
expressed as mean (SD) or number (proportion: %). 

 n = 24 (%) SD or proportion 

Age (year) 53 13 

Height (cm) 165 7 

Weight (kg) 69 16 

Ruptured  4 17% 

Aspirin 7 29% 

Clopidogrel 5 21% 

Previous exposition  
to heparin 

11 46% 

Thrombosis 0 0% 

Bleeding 0 0% 

ICU stay (day) 1.04 0.2 
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(21.2) s. and 190.5 (31.6) s. Related mean (SD) APTT 
values were 29.0 (6.0) s. and 149.9 (0.2) s. Mean (SD) % 
variation for APTT was 432.1 (75.7) and 60.6 (23.0) for 
ACT with p < 0.0001 (Figure 1). Figure 2 shows the 
results for the Bland-Altman method, value of Bias (SD) 
is 372 (86) with 95% limits of agreement range from 203 
to 540. Pearson correlation for % variation shows r (95% 
CI) = –0.23 (–0.58 to 0.19) with p = 0.29 and R square = 
0.05 (Figure 3). Table 2 shows the results of the multi- 
ple linear regressions for AAS, clopidogrel and previous 
exposition to UNF, all tests were statistically not signify- 
cant. According to the results obtained after the first bo- 
lus, 100% of the APTT values could be defined as exces- 
sive anticoagulation by opposition of the 8% obtained 
with ACT. According to these results, the study was in- 
terrupted in order to modify our anticoagulation policy 
and decrease the excessive rate of excessive anticoagula- 
tion.  

 

Figure 2. Bland-Altman plots between the percentage of 
variation in APTT and percentage of variation in ACT after 
50 UI·kg–1 of unfractionated heparin. Unbroken lines show 
the mean difference (bias) and the dotted lines show the 2 
SD limits of agreement. 

 

 

 

 

Figure 1. Percentage variation of activated clotting time 
(ACT) and activated thromboplastin time (APTT) after a 
bolus of 50 UI·kg–1 of unfractionated heparin. With p < 
0.0001. 

Figure 3. Scatterplot of paired samples (n = 24) for the per- 
centage variation of activated clotting time (ACT) and acti- 
ated partial thromboplastin time (APTT). v 

 
Table 2. Multiple linear regressions for aspirin, clopidogrel and previous exposition to unfractioned heparin. 

 Coefficients 
Standard 

Error 
LCL UCL t Stat p-level 

H0 (5%)  
rejected? 

Intercept 58.96 7.32 43.69 74.23 8.05 0. Yes 

AAS 11.42 11.75 –13.10 35.93 0.97 0.34 No 

Clopidogrel –11.70 13.15 –39.13 15.73 –0.89 0.38 No 

Previous UFH 1.56 10.16 –19.63 22.75 0.15 0.88 No 

T (5%) 2.09       

Lower value of a reliable interval (LCL)     

Upper value of a reliable interval (UCL)     
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4. Discussion 

Our study shows that ACT monitoring of UFH antico- 
agulation during interventional neuroradiology is associ- 
ated with a poor correlation with APTT and especially 
led to 100% of excessive anticoagulation.  

Aneurysmal subarachnoid haemorrhage (SAH) is as- 
sociated with a high rate of neurologic complications 
such as delayed secondary brain injury, cerebral infarct- 
tion, neuronal death and hydrocephalus, resulting in focal  
neurologic deficits and cortical dysfunction [9]. In this 
field, heparin administration has been advocated to re-
duce complication rate, based on the hypothesis that mi-
cro-emboli are an important cause of ischemic injury 
following SAH treatment [10]. Moreover, a recent study 
has confirmed the role of heparin to decrease delayed 
SAH induced neurological deficits [11].  

Efficient anticoagulation is also required during en-
dovascular procedures to prevent clot formation and 
thromboembolic complications in the perioperative pe-  
riod. In a recent study, Schubert et al. show that early 
heparinization is associated with a lower incidence of 
micro-embolic signal monitoring [12]. Until now, litera-
ture does not provide clear recommendations about best 
anticoagulation scheme. In general, after obtaining a 
baseline ACT value, a bolus ranging from 30 to 70 
UI·kg–1 is administered to raise ACT by two or three 
times [13]. These recommendations are based on clinical 
experience but have not been evaluated in a large pro-
spective trial.  

However, it is important to note that one of the most 
dangerous complications during the procedure is haem- 
orrhage. Even if it is now widely accepted that endovas- 
cular treatment has led to decrease the rate of periopera- 
tive haemorrhage, intraoperative haemorrhage occurred 
however in approximately 7.7% of IA treated by EVT 
and in 34.5% treated by clipping surgery [14]. Haemor- 
rhage is often accompanied by an abrupt rise in arterial 
pressure and immediate protamine reversal may be re- 
quired. 

For all of these reasons, a precise point-of-care moni- 
toring has to be used in the perioperative period of IA 
treatment. APTT is frequently used to monitor antico- 
agulation but a central laboratory usually performs it and 
results take about 45 minutes. This delay could lead to 
inadequate anticoagulation and should not be routinely 
used as a bedside monitoring. ACT measures the time 
required by whole blood samples to clot after contact 
activation by either kaolin or celite [15]. Normal values 
range from 100 s to 140 s [16]. The test was first evalu- 
ated for cardiac surgery where a high level of anticoagu- 
lation is requisite [17] but some controversies persist 
about its sensitivity for low range (LR) anticoagulation in 
vascular and intensive care [18]. 

Our study shows that when used for LR anticoagula- 
tion monitoring, ACT leads to an excessive anticoagula- 
tion. In our experience, no haemorrhagic complication 
has occurred. However, such a level of anticoagulation is 
probably not recommended and could possibly lead to 
lethal complications. It is important to note that our re- 
sults are only applicable for GEM PCL Plus device 
(Portable Coagulation Laboratory, Instrumentation Labora- 
tory, Lexington, MA) using a Kaolin-activated ACT test 
(GEM Test ACT, Instrumentation Laboratory, Lexington, 
MA).  

Many limitations could be formulated about our study. 
First, we used ACT designed for high-range hepariniza- 
tion and it could be replaced by an ACT-LR test (GEM 
Test ACT, Instrumentation Laboratory, Lexington, MA) 
defined by the manufacturer to be used in case of low 
range anticoagulation. However the accuracy of the 
ACT-LR is still subject to discussion. Racioppi et al. 
have recently compared ACT-LR (Hemochron jr II 
Signature device) with APTT and have concluded that 
the poor correlation between ACT-LR and APTT does 
not support routine use of this device [19]. The same de- 
vice was evaluated by Tremey et al. in vascular surgery 
and was compared to anti-Xa activity [6]. They demon- 
strated the accuracy of the device, during vascular sur- 
gery, with the use of 50 UI·kg–1 UFH. ACT-LR was well 
correlated with anti-Xa activity. Further studies are 
needed to evaluate the correlation of GEM Test ACT-LR 
and anti-Xa activity. Second, Kaolin was used as active- 
tor in our device. According to manufacturer recom- 
menddations, Celite could have been preferred in this 
case. However, no evidence exists about the difference 
between Kaolin-activated and Celite-activated probes. 

The use of APTT to monitor heparin therapy is not 
based on randomized controlled clinical trials, and the 
test is associated with significant intra- and interindi-
vidual variability, not related to circulating blood heparin 
activity. For this reason anti-Xa analysis, which reflects 
the heparin activity, are now used by many laboratories 
[20]. Unfortunately, this test could not be used as a bed- 
side monitoring and furthermore it agreement is also dis- 
cussed in the literature.  

Thromboelastography is more and more used for bed-
side evaluation of coagulation disorders, but this test is 
not specifically designed to monitor UFH and results are 
obtained after more than some minutes [21]. 

A portable bedside point-of-care instrument (Coagu- 
Check® Pro, Boehringer Mannheim Diagnostics, USA, 
Roche Diagnostics, Switzerland) allows APTT meas- 
urements in three minutes [22]. In a Canadian study, the 
agreement between point-of-care monitoring and stan- 
dard laboratory tests was relatively poor [23].  

The summary of this discussion appears clear: clini- 
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cians do not dispose of an ideal point-of-care monitoring. 
When chosen, the user needs to know the limitations. 

Further studies are needed to evaluate the efficacy of 
ACT-LR with classical ACT and to define the optimal 
targeted anticoagulation for interventional neuroradiol- 
ogy. 

5. Conclusion 

In conclusion, our prospective observational study shows 
that GEM PCL plus HR-ACT test is not well correlated 
with APTT and leads to a systematic excessive coagula- 
tion during EVT of IA. Even if no complications were 
described in our study, careful evaluation of the antico- 
agulation is required and further studies are needed to 
evaluate the best device and the best anticoagulation 
scheme during treatment of IA. Finally, clinicians need 
to know the device used and choose their test according 
to the manufacturer recommendations. 
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