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Coagulation factor XII (FXII) is a plasma serine protease that belongs to the contact activation complex responsible for initiating the intrinsic

coagulation pathway. FXII deficiency is a rare congenital disorder that is not associated with an increased tendency for bleeding. However, as

contact activation is impaired in FXII deficiency, both the celite- and kaolin-initiated activated clotting time (ACT) measurements are prolonged

markedly, which poses a challenge for anticoagulation monitoring in patients undergoing cardiac surgery. The authors successfully have used

the standard Hemochron Jr. ACT+ test, which is activated by silica and phospholipid in addition to kaolin, to monitor anticoagulation for cardio-

pulmonary bypass in two patients with severe FXII deficiency. The ACT+ test showed low baseline values, increased adequately in response to

heparin, and decreased to baseline after protamine. Importantly, there was no abnormal intra- or postoperative bleeding nor any thrombotic com-

plications. Furthermore, in vitro dose-response ACT+ testing of FXII-deficient blood with increasing heparin concentrations supports the use of

ACT+ in FXII deficiency.

� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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COAGULATION FACTOR XII (FXII) is a plasma serine

protease that belongs to the contact activation complex respon-

sible for initiating the intrinsic coagulation pathway in vitro.

FXII deficiency is a rare congenital disorder with autosomal

recessive inheritance. In heterozygous individuals, FXII activ-

ity is usually between 25% and 50%, while homozygotes have

a severe deficiency with undetectable FXII levels.1 FXII defi-

ciency is not associated with an increased tendency for bleed-

ing, even in severe cases undergoing cardiac surgery.2-8
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Although graft thrombosis following coronary artery bypass

graft surgery in FXII deficiency has been described,3 it

remains unclear whether the risk of thromboembolism gener-

ally is elevated. As most patients remain asymptomatic, the

exact prevalence of severe FXII deficiency is unknown. When

300 Austrian blood donors were screened for FXII activity,

one severe deficiency was detected, suggesting a maximal

prevalence of 0.3% in the normal European population.1 How-

ever, an incidence of one in one million individuals has been

estimated.8

Both the activated partial thromboplastin time (aPTT) and

the activated clotting time (ACT) are screening tools for the
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intrinsic coagulation pathway and are prolonged markedly

when contact activation is impaired. In severe FXII deficiency,

aPTT values of more than 120 seconds are common1-5 while

ACT values frequently exceed 500 seconds.2,5,6 As the point-

of-care ACT measurements remain the cornerstone in monitor-

ing the adequacy of intraoperative heparin administration,

FXII deficiency poses a real challenge in patients undergoing

cardiac surgery. Surrogate monitoring strategies have been

described in various case reports,2-7 but these often are time-

consuming and not readily available. Undoubtedly, there still

is a need for a simple bedside test in patients with contact fac-

tor deficiencies.

In the authors’ hospital, point-of-care ACT measurements

are performed using Hemochron Signature Elite analyzers

(Instrumentation Laboratory, Bedford, MA). Two types of test

cuvettes are available: the ACT-LR test calibrated for baseline

and postprotamine ACT measurements, and the ACT+ test cal-

ibrated to be used during full heparinization for cardiopulmo-

nary bypass (CPB). Herein the authors describe two cases of

CPB with severe FXII deficiency in which the standard ACT+

test was used to monitor both heparin and protamine adminis-

tration. The authors also present the in vitro dose-response

curve of ACT+ testing of FXII-deficient blood with increasing

heparin concentrations. Written informed consent for this pub-

lication was obtained from each patient.
Case Reports

Patient 1

A 72-year-old man with a history of coronary artery disease

and diabetes was scheduled for elective bioprosthetic aortic

valve replacement due to severe aortic stenosis with a mean

pressure gradient of 63 mmHg. Previously, he had undergone

percutaneous coronary intervention of the left anterior

descending and circumflex coronary arteries, and a recent cor-

onary angiography revealed no in-stent or other significant ste-

noses. His regular medication included aspirin, but he was not

taking any other antithrombotic or anticoagulant agents. His

renal function was normal. Routine coagulation tests showed a

normal platelet count and prothrombin time (international nor-

malized ratio, INR), while preoperative aPTT was 89 seconds,

which was not noted.

After the induction of anesthesia, an infusion of 2.5 g of tra-

nexamic acid was initiated. Baseline ACT-LR measurements

were repeatedly out of range (>400 celite-based seconds, S).

Thromboelastography (TEG) (Haemonetics Corporation,

Niles, IL) was performed and both the kaolin test and the hepa-

rinase test showed reaction times (R) of 45-48 minutes (normal

range, 4-8 minutes). Based on prolonged ACT and aPTT and

normal INR values, as well as the lack of evidence of acciden-

tal heparin effect in TEG, a suspicion of a contact phase coagu-

lation disorder was raised, and various monitoring options

were considered. However, an ACT+ test also was performed

incidentally and surprisingly gave a normal result of 123 S.

After full heparinization of 30,000 IU, ACT+ increased to

707 S. It was decided to guide heparin administration using
ACT+, but to maintain a higher-than-normal ACT. Accord-

ingly, over the course of 114 minutes of CPB, ACT+ ranged

between 621 and 707 S while the patient received three extra

boluses of heparin 5,000 IU each, plus 7,500 IU in the CPB

prime. After weaning from CPB, the patient received an infu-

sion of 300 mg of protamine. Simultaneously, four units of sol-

vent/detergent plasma were administered to enable the

measurement of ACT also with the ACT-LR test.6 Thereafter,

ACT+ was at the preoperative level while ACT-LR was 208 S.

In addition, the TEG R value was within the normal range

(<eight minutes) and did not differ between the kaolin and

heparinase tests. Total intraoperative blood loss was 700 mL.

In the intensive care unit, chest tube drainage was 520 mL,

and no further protamine dosing was required. The patient

made an uneventful recovery and was discharged from the hos-

pital on the sixth postoperative day.

A full coagulation factor analysis was performed before dis-

charge on the fifth postoperative day while the patient was

receiving warfarin and enoxaparin in addition to aspirin and

revealed a FXII activity of 3.7% (normal range, 52-142%). In

addition, lupus anticoagulant was positive. A severe FXII defi-

ciency (<2%) was verified in another test after the three-

month postoperative warfarin treatment period was accom-

plished. Antiphospholipid antibodies were not discovered in

this latter analysis.

Patient 2

A 69-year-old woman was scheduled for elective surgery for

severe aortic stenosis with a mean pressure gradient of 65

mmHg. She had no significant comorbidities, and her renal

function was normal. Just before the surgery she had been

diagnosed with paroxysmal atrial fibrillation. However, she

was not on anticoagulants, because a coagulation factor analy-

sis had been performed based on family history and suspected

bleeding diathesis in 2004, suggesting type 1 von Willebrand

disease. Preoperatively, however, von Willebrand factor activ-

ity was within the normal range. Instead, aPTT was >180 sec-

onds and FXII activity was <2%, confirming severe FXII

deficiency. Based on the experience with the previous patient,

the authors decided to monitor anticoagulation using ACT+.

The patient underwent bioprosthetic aortic valve replace-

ment and closure of the left atrial appendage, and a small atrial

septal defect was closed. After the induction of anesthesia, an

infusion of 2.5 g of tranexamic acid was started. Baseline ACT

was screened, with ACT-LR expectedly out of range while

ACT+ remained at 109 S. In addition, thromboelastometry

(RoTEM, Instrumentation Laboratory) was performed, with a

normal coagulation time (CT) (63 seconds) in the ExTEM test

but markedly prolonged CT in both the InTEM (1355 seconds)

and the HepTEM (1234 seconds) tests. Following the initial

dose of 28,000 IU of heparin, ACT+ was elevated to 567 S.

During the 178-minute CPB, the patient received three addi-

tional boluses of heparin, totaling 12,500 IU, plus 7,500 in the

CPB prime, and ACT+ ranged between 517 and >999 S.

Because of heparinization, RoTEM CT was prolonged to 135

seconds in the ExTEM test and over the measurement range in
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InTEM and HepTEM tests. After weaning from CPB and

administration of 200 mg of protamine, ACT+ decreased to

109 S. In addition, RoTEM CT returned to its preoperative

level in all three tests. Based on the history of previously sus-

pected von Willebrand disease, 24 mg of desmopressin was

infused. The total intraoperative blood loss was 550 mL, and

one unit of packed red blood cells was transfused, while no

other blood products were needed. In the intensive care unit,

chest tube drainage was 430 mL, and no extra protamine was

given. After an uneventful recovery, the patient was dis-

charged home on the sixth postoperative day.

In Vitro Dose-Response ACT+ Testing

After obtaining informed consent, the authors collected

blood from patient one on an annual control visit into six

Vacutainer tubes containing 3.2% citrate. The authors added

increasing amounts of heparin in all but one tube, resulting in

heparin concentrations of 0, 1, 2, 4, 6, and 8 IU/mL. From

each tube, 340 ml of blood was pipetted into a cuvette, where

citrate was neutralized by carefully mixing the sample with

20 ml of 0.2 M calcium chloride. Thereafter, ACT+ measure-

ments were performed according to routine practice. For qual-

ity assurance, three samples were prepared from each tube,

and these were analyzed with three separate Hemochron Sig-

nature Elite devices. From the tube containing no heparin, the

authors also performed three ACT-LR tests, all of which were

out of range. All tests were performed by the first two authors

(T.E. and J.M.) experienced in manual pipetting. The dose-

response relationship of ACT+ tests to increasing heparin con-

centrations appeared to be linear (Fig 1). Importantly, baseline

ACT+ values were low while at heparin concentration of

4 IU/mL, which is considered relevant for CPB, they ranged

from 458 to 520 S.

Discussion

To the authors’ knowledge, this is the first report on the use

of the standard Hemochron Jr. ACT+ test to monitor heparin
Fig 1. The dose-response relationship of ACT+ tests to increasing heparin concen

given in celite-based seconds (S).
and protamine administration in patients with severe FXII defi-

ciency undergoing cardiac surgery. In the authors’ patients, the

ACT+ test performed convincingly. It showed low baseline

values, increased adequately in response to heparin, and

decreased to baseline after protamine. Importantly, there was

no abnormal intra- or postoperative bleeding nor any throm-

botic complications. Since severe FXII deficiency is a rare

condition,1 these findings cannot be confirmed in future clini-

cal trials. However, the dose-response curve presented in

Figure 1 supports the idea that the ACT+ test can safely be

used for anticoagulation monitoring in FXII deficiency.

Until now, it has been thought that standard ACT tests have

little value in FXII deficiency.2 In various case reports, at least

five surrogate options to monitor anticoagulation in FXII-

deficient patients undergoing CPB have been described. One is

to use empirical, weight-based dosage of heparin, assuming a

normal dose-response relationship.2,3 In case of heparin resis-

tance, however, this strategy bears a potential risk of inade-

quate anticoagulation. Another approach is the administration

of fresh frozen plasma to increase FXII levels in vivo, after

which routine ACT monitoring is feasible.6 Although the

authors partly used this strategy while treating patient 1, they

acknowledge that the patient was exposed to the well-known

risks of allogeneic transfusion for monitoring purposes only. It

is also possible to add a predetermined amount of donor

plasma into the patient’s blood sample in vitro,4 but this modi-

fied ACT technique requires that a patient-specific plasma

titration curve is created in advance before heparinization. An

alternative strategy is to monitor anti-Xa levels,5 yet the long

turnaround times of this laboratory-based assay limit its usabil-

ity in cardiac surgery. Bedside assessment of heparin concen-

trations also has been used successfully in FXII deficiency.7

Unfortunately, this method is not widely available.

ACT measurement is a device- and activator-specific point-

of-care test. The Hemochron Signature Elite analyzers use

automatically aspirated blood microsamples in test cuvettes

preprepared with activators. The elapsed time between test ini-

tiation and optically detected clot formation is converted to a

celite-based ACT value. According to the package inserts, the
trations (IU/mL) in severe FXII deficiency. Activated clotting time values are
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celite-activated ACT-LR test is calibrated for blood heparin

concentrations up to 2.5 IU/mL, whereas the ACT+ test, which

is activated by a combination of kaolin, silica, and phospho-

lipid, demonstrates linearity at heparin concentrations ranging

from 1-6 IU/mL. It is a well-known fact that celite- and kao-

lin-based ACT measurements are not identical. Aprotinin is

known to prolong celite ACT while kaolin ACT is not

affected.9 Without aprotinin, baseline celite measurements

before heparinization tend to be 10% higher than those of kao-

lin tests, while kaolin ACT values generally exceed those of

celite-based tests during CPB.10 However, baseline ACT+ val-

ues are approximately 20% lower than those of standard celite

ACT tests, and this difference seems to persist during full hep-

arinization for cardiac surgery compared with both kaolin- and

celite-activated tests.11,12 This suggests that the combination

of the three activators in the ACT+ test can initiate the intrinsic

coagulation cascade more rapidly than celite or kaolin alone.

Although the authors can only speculate about the reasons

why the ACT+ test seems to manage what other ACT tests

have failed in patients with FXII deficiency, the most likely

explanation is the presence of silica and phospholipids in addi-

tion to kaolin in the test cuvette. It has been demonstrated in

rats that silica nanoparticles have direct interactions with

FXII, leading to a prethrombotic state.13 The authors therefore

suggest that in the ACT+ test, the combination of kaolin and

silica constitutes a trigger strong enough to initiate coagulation

even if the FXII concentration in plasma is extremely low. Fur-

ther in the cascade, the phospholipid component is likely to

hasten markedly the coagulation process as phospholipids cat-

alyze factor X activation.14

It has been shown previously that different aPTT reagents

have distinct sensitivities to mild FXII deficiency.15 Corre-

spondingly, it might be expected that different ACT systems

could have variable sensitivities to contact factor deficiencies.

However, the authors are not aware of a single previous publi-

cation encouraging the use of any commercial ACT test to

guide heparin anticoagulation in severe FXII deficiency. As

for the ACT+ test, even the manufacturer’s instructions do not

mention such use. Consequently, the present report obviously

adds to the existing knowledge. Although it is probable that

the ACT+ test is functional also in other contact factor defi-

ciencies, this remains to be demonstrated.

Conclusions

The authors successfully have used the standard Hemochron

Jr. ACT+ test to monitor anticoagulation for CPB in two

patients with severe FXII deficiency. Furthermore, in vitro

dose-response ACT+ testing of FXII-deficient blood with

increasing heparin concentrations supports the use of ACT+ in

FXII deficiency.
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