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ABSTRACT

Background: Contact factor deficiencies are rare disorders that can cause grossly prolonged
activated partial thromboplastin time (aPTT) and activated clotting time (ACT) while rarely
affecting in vivo hemostasis. This in vitro laboratory phenomenon poses a particular challenge
in surgical procedures that require anticoagulation monitoring.

Case: Here we report two cases of contact factor deficiencies; a 67-year-old morbidly obese fe-
male with factor XII deficiency requiring revascularization of a graft and a 58-year-old female
with prekallikrein (PK) deficiency undergoing routine muscle biopsy.

Conclusion: Peri-operative anticoagulation monitoring poses a significant challenge in contact
factor deficiency patients. Awareness of the challenges of contact factor deficiencies allows for
optimal peri-operative management. Emerging literature supports that contact factors play a
role in fibrinolysis. Increased surveillance of thrombotic events as well as avoidance of fibrino-
lytics may be necessary in these patients.

KEYWORDS: Prekallikrein (PK), Factor XII, Activated partial thromboplastin time (aPTT),
Contact factors; Fibrinolysis; Anticoagulation; Prolonged clotting time; Thrombosis.

CASE 1

A 67-year-old morbidly obese (BMI=49.3) white female, status post recent aortobifemoral by-
pass, was transferred to our medical center for an emergent right axillary to bifemoral bypass
following a newly diagnosed thrombosis of her graft. The patient had no previous records in
our health system and limited preoperative laboratory workup revealed an isolated prolonged
activated partial thromboplastin time (aPTT) (HemosIL™ SynthASil on ACL TOP 500 CTS,
Instrumentation Laboratory, Bedford, MA, USA) of >200 seconds (normal range 25.8-37.9
seconds), which was attributed to the UFH administration during her outside hospitalization.
The patient was brought emergently to the operating room where her baseline activated clotting
time (ACT) (Hemochron®, International Technidyne Corporation; Edison, NJ, USA) was 567
seconds (normal range 105-167 seconds; with a target therapeutic level of 300-400 seconds);
suggesting adequate anticoagulation. During surgery, the ACT was repeated twice at 1 and 2
hours and results were consistent with adequate anticoagulation (524 and 480 seconds, respec-
tively) without the use of UFH.

Thirty-seven minutes later, following the 2-hour ACT, a thrombus was detected and
the surgeon requested an immediate bolus dose of 10,000 units of UFH. ACT was then repeated
and found to be >1500 seconds, exceeding the assay detectable limit. Instrument malfunc-
tioning was suspected; however, a repeated ACT test on a different analyzer revealed similar
results. Both analyzers were evaluated intra-operatively by a point of care quality assurance
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supervisor and were found to be performing within the standard
limits. Intra-operative hemostasis was further managed by em-
pirically dosing the patient with1000 unit/hour of UFH. Surgery
was concluded 5 hours later without further complications and
with a final postoperative ACT of 586 seconds. The patient’s
post-operative course was unremarkable with no incidence of
excessive bleeding or thrombotic events.

Post-operative workup was initiated to identify the
underlying etiology contributing to her abnormal laboratory
findings. In addition to her peripheral vascular disease, her past
medical history revealed hypertension, chronic obstructive pul-
monary disease with an incidental left lower lung lobe mass (lat-
er found to be a moderately to well-differentiated squamous cell
carcinoma), hyperlipidemia, bipolar disorder, and vitiligo. The
patient had no family history of excessive bruising or bleeding
and she had previously undergone surgical interventions without
bleeding complications. Laboratory workup of the isolated pro-
longed aPTT is shown in Table 1. UFH effect was ruled out by
Hepzyme (Siemens, Marburg, Germany); an enzyme that neu-
tralizes UFH in the plasma sample. Lupus antibody panel (In-
strumentation Laboratory) was performed and found to be nega-
tive. Mixing studies showed immediate correction of aPTT with
a slight prolongation at 1 hour, suspicious for a factor deficiency.
Further intrinsic factor analysis (Instrumentation Laboratory) re-
vealed a FXII level of 0.0 U/mL (normal range 0.57-1.63 U/mL)
with all other intrinsic factors within normal limits except a high
FVIII level. FXII dilutions ruled out a specific factor inhibitor
(Table 1). The patient was diagnosed with FXII deficiency and
discharged on post-operative day 15.
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CASE 2

A 53-year-old African American female with a past medical his-
tory of hypertension presented to her primary care physician
with diffuse myalgias, elevated creatine kinase levels of 976 U/
mL (reference range 34-145 U/mL) (Roche/Hitachi analytes,
Indianapolis, IN, USA), and a positive anti-nuclear antibody at
1:360 with nucleolar staining (Zeus Scientific, Branchburg, NJ,
USA). Muscle biopsy was recommended and the routine blood
workup revealed a normal prothrombin time (PT) and a mark-
edly prolonged aPTT (Instrumentation Laboratory) of >200
seconds (Table 2). The patient has no previous history of a pro-
longed aPTT and no recent history of anticoagulation use. She
denied any history of excessive bleeding, bruising, or epistaxis.
She reported having an older sister with an “abnormal coagula-
tion disorder”, but no other known family history of bleeding or
thrombosis.

Lupus antibody panel was performed as part of the pro-
longed aPTT workup and was found to be negative. The aPTT
mixing study showed immediate correction without subsequent
prolongation, indicating a factor deficiency. Factor analysis re-
vealed normal levels of FXII, FXI, FIX, and FVIII (Table 2).
These findings suggested a deficiency in an upstream precur-
sor of the intrinsic pathway such as HMWK or PK, both which
would require a send out to a reference laboratory. During this
time, our lab performed a PK screening test utilizing prolonged
pre-incubation times with aPTT reagents as previously de-
scribed.! Briefly, patient plasma sample is pre-incubated with
an activator (silica in our case) (STAGO Compact, Diagnostica

Test Normal Range Units Pre-operative | Post-operative
Prothrombin Time (PT) 9.2-12.3 Seconds 13.6 10.4
INR 1.0-1.2 1.3 1.0
Activated Partial Thromboplastin 25.8.37.9 Seconds 200 200
Time(aPTT)

aPTT with Hepzyme 25.8-37.9 Seconds >200
Lupus Anticoagulant Negative Seconds Negative
aPTT mixing study

-at 0 min 25.8-37.9 Seconds 36.0
-at 30 min 25.8-37.9 Seconds 37.3

- at 60 min 25.8-37.9 Seconds 40.3
Fibrinogen 172-409 mg/dL 563
Thrombin Time 11.7-15.0 Seconds 15.6
FVvII 0.68-1.56 U/mL 3.12
FIX 0.92-1.61 U/mL 1.59
FXI 0.60-1.54 U/mL 0.95
FXII 0.57-1.63 U/mL 0.0

- at dilution (1:10) 0.01

- at dilution (1:20) 0.0

- at dilution (1:40) 0.0

Table 1: Preoperative and postoperative laboratory findings of case 1 patient.
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Test Normal Range Units Results
PT 9.2-12.3 Seconds 11.6
aPTT 25.8-37.9 Seconds >200
aPTT with Hepzyme 25.8-37.9 Seconds >200
Lupus Anticoagulant Negative Negative
aPTT mixing study
-at 0 min 25.8-37.9 Seconds 36.3
- at 30 min 25.8-37.9 Seconds 35.6
- at 60 min 25.8-37.9 Seconds 37.2
FVIII 0.68-1.56 U/mL 0.88
FIX 0.92-1.61 U/mL 1.28
FXI 0.60-1.54 U/mL 1.22
FXII 0.57-1.63 U/mL 0.74

Table 2: Laboratory findings of case 2 patient.

Stago, Parsippany, NJ, USA) for a longer period of time prior to
the re-calcification step; resulting in a normalization of aPTT.!
This unique in vitro phenomenon is thought to be due to the
auto activation of FXII in the absence of PK.!? In our case, the
patient’s plasma was incubated at the aPTT standard incuba-
tion time of 240 seconds and then subsequently at 480 seconds,
960 seconds, and 1440 seconds prior to re-calcifications with
final aPTT values of >235, 140.1, 67.8, and 53.6 seconds, re-
spectively (Figure 1). Our results yielded the characteristic nor-
malization of aPTT suspicious of PK deficiency. In addition to
our qualitative screening studies, PK deficiency was also quan-
titatively confirmed to be <15% (normal range 55-207%) by a
reference laboratory utilizing STA-R Evolution (Diagnostica
Stago, France). The patient underwent a routine muscle biopsy
without any complications. Of note, one year later our patient
experienced bilateral pulmonary embolisms with a negative ma-
lignancy workup, and was placed on warfarin.

Case 2: Prekallikrein Patient
Incubation Times vs. aPTT (seconds)

200 |

== Prekallikrein
deficient plasma

aPTT (seconds)

Normal aPTT values (25.8-37.9s)

(e} 240 480 720 960 1200 1440 1680

Tncubation Times (seconds)

Figure 1: Incubation times versus aPTT (seconds) of second patient (PK
deficiency). Patient plasma was preincubated prior to the addition of calcium
with silica activator for a series of different times, and aPTT was subsequent-
ly measured after addition of calcium. The times measured were 240 sec-
onds (standard time), 480 seconds, 960 seconds, and 1440 seconds yielding
aPTTs of >235, 140, 67.8, and 53.6 seconds, respectively. Results below
show a characteristic normalization curve of aPTT with prolonged incuba-
tions suspicious of PK deficiency.
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DISCUSSION

Contact factor deficiencies are rare disorders that are usually de-
tected incidentally during peri-operative screening. As opposed
to the other intrinsic coagulation factor deficiencies (FVIII, FIX,
and FXI), which cause hemorrhagic diathesis, contact factor de-
ficiencies do not cause excessive bleeding.® Contact factors are
however essential for in vitro initiation of coagulation screen-
ing tests utilizing negatively charged surfaces, such as aPTT
and ACT.*> A grossly prolonged aPTT (>120 seconds) is very
common in contact factor deficiencies as compared to the down-
stream intrinsic factor deficiencies (i.e. FXI, FIX, or FVIII).
Thus, a contact factor deficiency interference with ACT poses a
greater challenge in surgical or invasive medical procedures that
require UFH monitoring.

Factor XIlI Deficiency

The pathogenesis of FXII deficiency can be either congenital
or acquired. The former is usually inherited autosomal reces-
sively.* Acquired FXII deficiency is commonly seen in nephrotic
syndrome but has also been described in autoimmune entities,
malignancy, and after liver transplantation.’ The prevalence of
FXII deficiency is unknown, as most patients remain asymptom-
atic and undiagnosed. Epidemiologic literature studies estimate
a 1-3% prevalence,® with a higher incidence reported in patients
with coronary heart disease as high as 10%.” FXII deficiency is
also linked to high incidences of thrombosis (e.g., acute coro-
nary syndrome, miscarriages, and deep venous thrombosis).”®

Prekallikrein Deficiency

PK deficiency can be either acquired or inherited; the latter is
generally autosomal recessive.” PK is also essential for in vitro
initiation of the intrinsic pathway of the coagulation cascade. As
discussed in the second case, the grossly prolonged aPTT in PK
deficiency can be normalized by a prolonged incubation with the
aPTT activator before the re-calcification step.' This phenom-
enon is believed to be due to the auto-activation of FXII.
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PK plays a significant role in fibrinolysis through the
activation of Kallikrein which can convert plasminogen to plas-
min.'” As in FXII, PK deficiency has been associated with in-
creased risk of arterial and venous thrombosis. Evidence recom-
mends the avoidance of anti fibrinolytics in these patients due to
their potential underlying impaired fibrinolysis."!

Peri-operative Monitoring of UFH in Contact Factor Deficiency
Patients

Numerous approaches have been suggested to monitor UFH in
these patients peri-operatively,'"? including empiric dosing of
UFH without monitoring anticoagulation effect,’* measuring
UFH concentrations directly through blood heparin concentra-
tions utilizing a protamine titration protocol' or indirectly by
anti-Xa levels," administration of fresh frozen plasma (FFP) to
obtain a normal baseline ACT and then subsequent monitoring
of ACT levels,''¢ and more recently using a modified ACT test
utilizing in vitro mixing of patient samples with FFP to calcu-
late normal ACT values."” Each method inherently has its own
advantages and limitations and the optimal strategy is based on
the complexity of the surgical procedure as well as the hemody-
namic status of the patient.

The simplest and most commonly used method is em-
pirically dosing the patient with UFH without monitoring (i.e.,
ACT) during the procedure.'*!® Once the procedure is complet-
ed, UFH anticoagulation effect can then be reversed by prot-
amine sulfate. Although abnormal, a baseline ACT may be help-
ful in this method to target the UFH reversal.

Utilization of anti-Xa levels was also used to indirectly
monitor UFH. However, this method is labor intensive, time
consuming and expensive.!' Blood heparin levels using a prot-
amine titration curve can be measured in the peri-operative pe-
riod. This is also a time consuming method and requires special
instrumentation such as Hepcon (Medtronic Perfusion Systems,
Minneapolis, Minnesota, USA) that may not be readily avail-
able.'

Peri-operatively transfusion of FFP is another common
method used to normalize baseline aPTT and ACT values. Ad-
ministration of FFP to increase FXII levels was first proposed by
Wood et al. and has been successfully implemented in several
procedures.''¢ It is estimated that an initial dose of 10 mL/kg
of FFP should raise all coagulation factor levels by about 0.25
U/mL unless the patient is bleeding or experiencing an active
thrombosis and/or sepsis that surges coagulation factor con-
sumption (e.g., disseminated intravascular coagulopathy - DIC).
Thus, an estimated starting dose in a 70-kg patient with FXII or
PK levels of 0.0 U/mL would be approximately 5-6 units of FFP,
which is clinically impractical. Furthermore, 50% of this dose
may need to be repeated every two days in some cases where a
longer monitoring of UFH is required (FXII and PK half-life is
40-50 and 58 hours, respectively). It is questionable that infus-
ing such large volume of FFP solely for anticoagulation moni-
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toring without any known therapeutic advantage outweighs the
risk of rare but serious transfusion-related complications such as
transfusion associated circulatory overload (TACO), transfusion
related acute lung injury (TRALI), and infection. This method
is best considered for those patients at high risk of thrombo-
sis (e.g., malignancy, previous thrombotic events) and/or low
weight patients who require close peri-operative monitoring of
UFH.

To avoid exposure to FFP a modified ACT method was
proposed by Gerhardt et al.'” In this method, an individualized
dose of FFP is added to an ex vivo blood sample prior to estab-
lishing a baseline ACT. This method however is time consum-
ing, requiring preoperative generation of a patient-specific FFP
curve, and the ACT values may not be accurate due to differ-
ences in ATIII levels in both FFP and patient plasma.'’

In addition, viscoelastic tests, such as thromboelastog-
raphy (TEG), have also been studied in cases of contact factor
deficiencies, however they yield mixed results. In one study of
PK deficiency, TEG parameter values failed to detect a contact
factor deficiency whereas ACT and aPTT were abnormal.'

In summary, we report two case reports of contact fac-
tor deficiencies incidentally diagnosed during peri-operative
workup. In case 1, empiric dosing of heparin intra operatively
allowed for successful continuation of bypass graft surgery. In
case 2, routine muscle biopsy was performed successfully with-
out any significant adverse events. Coincidentally, both patients
experienced thrombotic events during the time of having a defi-
cient coagulation factor, supporting the notion that these patients
are not protected against thrombotic events at may be at risk for
prothrombotic tendencies. Thus contact factor deficiencies are
a rare but important differential diagnosis for an isolated pro-
longed aPTT that must be recognized early for anticoagulation
monitoring and surveillance of thrombotic events.
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