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Case Report

Introduction

The contact factor system (also called the kallikrein-kinin 
system) consists of 2 zymogens, factor XII and prekallikrein 
(PK), and 1 cofactor, high-molecular-weight kininogen 
(HMWK).1 These proteins are involved in blood coagula-
tion, fibrinolysis, complement activation, renin-angiotensin 
hormonal regulations, and bradykinin formation. Initially, 
these proteins were thought to have a role in homeostasis due 
to the prolonged activated partial thromboplastin time 
(aPTT) related to factor XII, PK, and HMWK deficiency. 
This was proven incorrect due to the lack of a bleeding 
tendency seen in these factor deficient patients. However, 
studies suggest that a role in thrombosis independent of 
hemostasis is possible.2 In recent years, significant evidence 
has emerged implicating a role for these coagulation factors 
in tissue repair, inflammatory response, and innate immune 
system.3,4 In the normal state, the plasma kallikrein-kinin 
system contributes to basal bradykinin formation by PK acti-
vation for the maintenance of vascular homeostasis. When 

vessel injury occurs, activation of factor XII through contact 
activation participates in intravascular thrombus formation.1

Hereditary PK deficiency, also known as Fletcher factor 
(FF) deficiency, is a rare autosomal recessive defect usually 
diagnosed incidentally during routine coagulation tests dem-
onstrating substantially prolonged aPTT and normal pro-
thrombin time (PT) without associated bleeding diathesis.5,6 
This condition is exceedingly rare; thus, the characterization 
of its phenotype is not well elucidated. In this article, we 
present the case of an asymptomatic 52-year-old Black 
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woman with a prolonged aPTT revealed during a routine 
workup before a scheduled procedure. A PK activator assay 
using patient plasma was consistent with PK deficiency.

Case Presentation

A 52-year-old Black woman was noted to have a prolonged 
aPTT before her elective kidney biopsy. The patient had been 
recently diagnosed with Sjögren’s syndrome and started on 
steroids. She then developed acute kidney injury associated 
with a positive antinuclear antibody (ANA) concerning for 
systemic lupus erythematosus (SLE) complicated by lupus 
nephritis. She had a history of bulimia with a recent weight 
gain of 11 kg during the past 2 months. The patient’s prepro-
cedure tests revealed a prolonged aPTT of 106.4 seconds 
(reference interval = 25-32 seconds), with a repeat value of 
83 seconds, as well as rapid progression of renal dysfunction 
with an elevation of creatinine from 1.1 to 1.8 mg/dL in the 
past 2 months. Given abnormal coagulation laboratories, she 
was instead admitted for an expedited workup in the setting 
of rapidly progressive renal dysfunction with a new disorder 
of coagulation. The patient had normal PT of 10.3 seconds 
(reference interval = 9.4-12.5 seconds), platelet count of 248 
000/µL (reference interval = 200-450 000/μL), and fibrino-
gen level of 212 mg/dL (reference interval = 150-400 mg/
dL). Thrombin time was slightly increased (18.7 seconds; 
reference interval = 12-14 seconds). von Willebrand factor 
(vWF) antigen test was elevated to 374 IU/dL (reference 
interval = 50-200 IU/dL). Other laboratory results were 
notable for stable normocytic anemia (hemoglobin 10.8 g/
dL), with iron studies consistent with anemia of chronic dis-
eases (ferritin 729 mg/L, transferrin 197 mg/dL, total iron-
binding capacity 256 µg/dL). A mixing study was ordered. 
The patient presented with high-grade proteinuria, anasarca, 
hypoalbuminemia, and urine sediment notable for fat drop-
lets and lipid-laden casts, all consistent with acute nephrotic 
syndrome. Thus, a decision was made to pursue renal biopsy 
to further understand kidney disease and guide treatment.

Her current medication list included hydroxychloroquine, 
torsemide, prednisone, lisinopril, potassium chloride, and 
sumatriptan. The patient did not have any medical or family 
history of abnormal hemorrhagic or thromboembolic events. 
She had an uncomplicated Cesarean section in the past with-
out any bleeding complications. She reported a prolonged 
aPTT of around 200 seconds in her sister, found incidentally 
through routine laboratory tests before shoulder surgery, 
without further hematology follow-up. The patient’s physi-
cal examination did not show any evidence of ecchymoses, 
purpura, or petechiae.

The patient underwent the planned kidney biopsy after 
receiving 3 units of fresh frozen plasma (FFP) in light of the 
prolonged aPTT, which corrected the aPTT to 27 seconds. 
Kidney biopsy pathology showed class V membranous dis-
ease as well as evidence of proliferative disease with cres-
cents. Possible causes of isolated prolongation of aPTT were 

considered, including heparin administration, inherited 
intrinsic pathway factor deficiencies, including XII, XI, IX, 
and VIII, factor inhibitors, and von Willebrand disease. The 
patient’s laboratory studies before biopsy indicated normal 
PT as well as a normal activity of factors VIII, IX, XI, XII, 
vWF, and HMWK. The lupus anticoagulant (LA) screen 
was positive, but the confirmatory test was negative. Anti-
cardiolipin antibodies and β-2-glycoprotein 1 (immunoglob-
ulins G and M) levels were normal. The plasma PK assay 
revealed low activity at 15% consistent with mild PK defi-
ciency (reference interval = normal >50%, mild deficiency 
= 5% to 49%, severe deficiency ≤5%). The plasma PK was 
measured indirectly by quantifying the amidolytic activity of 
kallikrein by using a synthetic chromogenic substrate. 
Antigenic assays for evaluation of structure or quantity of 
PK were not available.

Discussion

PK deficiency is an uncommon coagulation disease consid-
ered not to be associated with bleeding tendency, despite 
marked aPTT prolongation. PK is the precursor of plasma 
kallikrein, a procoagulant and proinflammatory protease, 
that plays a role in the early stages of the intrinsic pathway of 
the coagulation cascade.7 It is synthesized primarily by the 
liver and mainly activated by factor XIIa or other substances 
such as endothelial cell prolylcarboxypeptidase (PRCP), 
which functions independently of factor XII.2,5

The contact activation of the coagulation pathway is initi-
ated by factor XII that is activated to XIIa via binding to 
(“contact” with) negatively charged artificial or biological 
surfaces (contact activation). Factor XIIa proteolytically 
activates PK to form plasma kallikrein. Kallikrein, then, 
accelerates the activation of factor XII. This feedback loop 
amplifies factor XIIa and PK production. Additionally, 
HMWK binds to PK and factor XI to facilitate their activa-
tion (Figure 1).2,3 Factor XIIa also activates factor XI, lead-
ing to thrombin generation, fibrin formation, and platelet 
activation. Essentially, factor XIIa initiates the intrinsic path-
way of coagulation via its substrate, factor XI, and leads to 
the liberation of the proinflammatory mediator bradykinin 
by activation of the kallikrein-kinin system.8 The contact 
factor deficiencies do not result in a pronounced bleeding 
tendency as factor XI is additionally activated by platelets 
and thrombin.9

Furthermore, PK is an important mediator of the inflam-
matory response.10 Thus, the kallikrein-kinin system can 
result in an inflammatory response via plasma kallikrein 
cleaving HMWK and releasing bradykinin. Bradykinin then 
binds to its constitutively expressed B1 (or B2) receptors. 
Activation of these receptors in return modulates endothelial 
cell proliferation, increases vascular permeability, resulting 
in vasodilation, edema, and hypotension (Figure 1). This 
system can be activated either by factor XIIa formation or 
independently formed by PRCP.1,2
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It is known that PK deficiency is caused by mutations in 
the Klkb1 gene, located on chromosome 4q34-35, that are 
inherited via an autosomal recessive pattern.5,6 A homo-
zygous point mutation (C529Y) has been identified as the 
genetic basis in severe cases.11 Hereditary PK deficiency 
was first described in 1965 by Hathaway et al who noted 
prolonged aPTT among the children of the Fletcher  
family.12 Initially, it was hypothesized that the prolonged 
aPTT was due to a missing new plasma thromboplastin  
factor, termed the “Fletcher factor.” The identity of the FF 
remained a mystery until 1973 when it was correctly recog-
nized as PK, and the deficient plasma demonstrated abnor-
malities in the kinin, coagulation, and fibrinolytic systems. 
This discovery marked for the first time the interrelation-
ship between these systems.10

In PK deficiency, the activation process of factor XII 
occurs in a slow manner resulting in prolonged aPTT.5 The 
aPTT is a test for assessing the intrinsic and common path-
ways of the coagulation cascade from the contact phase sys-
tem activation to fibrin formation.13,14 In this assay, the plasma 
is preincubated with an activator of the contact phase system 
(ie, silica, celite, kaolin, ellagic) to provide a negatively 
charged surface and a so-called partial thromboplastin (phos-
pholipids, ie, cephalin). During the preincubation of plasma 
with the aPTT reagents (activated “surface” and partial 
thromboplastin), the contact phase of the blood coagulation is 

activated. Subsequently, the plasma is recalcified and the 
clotting time is measured.15 In the Fletcher trait, the aPTT 
autocorrects on prolonged incubation (after 1 hour) at room 
temperature (37 °C).2,13 This phenomenon is unique to PK 
deficiency and can be explained by the factor XII autoactiva-
tion instead of the faster kallikrein-mediated factor XIIa gen-
eration in a healthy person. Factor XIIa then activates factor 
XI, which leads to factor IXa determining the clotting time. 
PK cofactor is necessary for factor XIIa–mediated factor XIa, 
hence the failure to normalize aPTT in prolonged incubation 
time in PK deficiency patients.2

Possible causes of elevated aPTT include deficiencies of 
factors VIII, IX, XI, vWF, PK, or HMWK and nonspecific 
inhibitors such as LA.14 The correction of the aPTT test after 
FFP administration supports the diagnosis of a factor defi-
ciency in our patient and argues against the presence of a 
factor inhibitor.

In PK deficiency, the aPTT will correct to normal ranges 
with the addition of an equal volume of normal plasma 
after prolonged incubation.16 The rationale for administer-
ing FFP for abnormal coagulation stems from the fact that 
plasma is a depot of all coagulation factors. Plasma doses 
of 10 to 15 mL/kg typically result in an increase in coagu-
lation factors by 15% to 20%, which reaches levels needed 
for normal hemostasis. Also, the effect of FFP replacement 
depends on the starting level of coagulation factors. For 

Figure 1. Overview of the contact activation system and the kallikrein-kinin system. Prekallikrein has a role in the initiation of the 
blood anticoagulation, fibrinolysis, and kinin formation. XII, factor XII; XIIa, factor XII activated; XI, factor XI; XIa, factor XI activated; 
HMWK, high-molecular-weight kininogen.
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instance, if the levels are substantially low (very prolonged 
aPTT as presented in this patient), the plasma replacement 
may reflect significant improvement compared with those 
in whom the levels are mildly decreased.17 However, this is 
dependent on the specific sensitivity of the aPTT reagent 
to PK levels.

The patient also presented with a slightly increased 
thrombin time. Severe hypofibrinogenemia (<100 mg/dL) 
can extend the thrombin time. This can result from a 
complete lack of fibrinogen (afibrinogenemia), decreased 
amount of fibrinogen (hypofibrinogenemia), or the pres-
ence of dysfunctional fibrinogen (dysfibrinogenemia). 
Acquired conditions, such as liver or renal disease, amy-
loidosis, thrombolytic therapy, disseminated intravascular 
coagulation (DIC), malignancy, and thrombin inhibitors 
(heparin, dabigatran, argatroban, and hirudin), can also 
lead to reduced fibrinogen levels and hence prolonged 
thrombin time.18 Our patient did not present with any of 
these conditions, and she was not receiving any of these 
medications. Therefore, the normalization of the thrombin 
time indicates a likely artifact. It should be noted that 
despite a dysfibrinogenemia was not completely ruled out, 
it was unlikely given the normal fibrinogen and the normal 
postprocedure thrombin time.

Reports of PK deficiency diagnosed as an incidental find-
ing of isolated prolonged aPTT before procedures have been 
published since 1965 (Table 1). These data have concluded 
that a clear association with a prothrombotic state or bleed-
ing tendency cannot be made, despite the marked in vitro 
clotting defect.13,19,20 Some patients underwent procedures 
without complications after the correction of aPTT with FFP, 
as presented in our patient. Although limitations of these 
cases reported are the lack of consensus about the number of 
units needed to correct the defect and the heterogeneity of 
the type of PK assay used. Nevertheless, further research is 
required to clarify these points.

The case of PK deficiency described in this report was 
uncovered after the incidental finding of prolonged aPTT 
during routine presurgical coagulation studies. Our patient 
was not on any anticoagulation and had no history of hem-
orrhagic or thrombotic events. Her sister had a similar his-
tory of prolonged aPTT that could suggest a mode of 
inheritance. We concluded that the initial evaluation of a 
prolonged aPTT with normal PT in the absence of bleeding 
tendency should appraise the measurement of contact acti-
vation factors and factor inhibitors. The clinical scenario of 
an asymptomatic patient with a prolonged aPTT should 
raise the possibility of PK deficiency especially if the aPTT 
corrects on extended incubation.
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