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Abstract

Hypercoagulability may lead to Venous Thromboembolism (VTE) which is a common and potentially fatal disease. The symptoms of VTE are often 
non-specific and imaging is needed to confirm the diagnosis. Clinical probability models together with a D-dimer test are used to reduce the number 
of unnecessary radiological procedures. Numerous assays to detect thrombin generation have been developed where D-dimer measured in plasma 
is regarded as the pretest gold standard. The aim of this manuscript is to outline the present knowledge of using urinary prothrombin fragment 1 + 2 
(F1 + 2) as a marker to determine coagulation activation in patients at risk of Deep Vein Thrombosis (DVT) or Pulmonary Embolism (PE). Papers were 
identified by searching PubMed for studies in which F1 + 2 were measured in urine to determine coagulation activity in patients at risk of venous 
thromboembolism. Urinary F1 + 2 levels can be used to identify patients at risk of VTE after hip and knee replacement surgery. Further, it reflects 
thrombin generation in patients with imaging verified DVT. However, in patients with imaging verified PE, the F1 + 2 levels were not increased 
compared to those without PE. Compared to D-dimer and F1 + 2 measured in plasma, urinary F1 + 2 was inferior at discriminating VTE. Contrary to the 
mentioned results, in one study on patients undergoing total hip arthroplasty, urinary F1 + 2 did not reflect post-operative coagulation activation. Urine 
may be an attractive substrate to detect ongoing coagulation activation. However, tests specifically meant for urine analyses must be further developed.
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Introduction

The major pathological determinants for venous thrombosis 
formation were postulated by Rudolph Virchow in 1856 and are 
known as Virchow`s triad. These factors include vessel wall damage, 
alterations of blood flow with stasis and abnormalities in platelet, 
coagulation and fibrinolytic pathways [1]. Venous thromboembolism 
(VTE), a common and potentially fatal disease which is mainly caused 
by hypercoagulability, can manifest as deep vein thrombosis (DVT) 
or pulmonary embolism (PE) [2,3]. Venous thrombi most often occur 
in the deep leg veins at sites of pathological blood flow or venous 
stasis, in areas of endothelial damage and in valve pockets [4]. If a 
clot originates in or propagates to the popliteal vein or more proximal 
veins, there is an increased risk of embolization to the pulmonary 
arteries with subsequent variable degrees of obstruction [3].

The precise incidence of VTE is unknown but it is estimated that 
it affects between 1 and 2 per 1000 of the population annually in the 
U.S. and that one third of these patients are diagnosed with PE [5]. In 
2007, Cohen et al. estimated the number of non-fatal symptomatic 
VTE events and VTE related deaths in the European Union to be 
684,019 DVT events, 434,723 PEs and 543,545 VTE related deaths in 
a total population of 454.4 million [6]. Venous thromboembolism is a 

rare condition in children younger than 15 years [7,8]. The incidence 
of DVT and PE increases with age. For those 65–69 years of age, the 
incidence per 1000 person years is 1.8. This increases to 3.1 per 1000 
person years for those aged 85–89 years [9]. Due to increased use 
of sensitive imaging techniques which can detect smaller and often 
insignificant pulmonary emboli, the hospital admissions for this 
disease have doubled over the last decades [10].

Clinical signs and symptoms of VTE may be obscure. Calf 
pain, swelling, heat and tenderness are clinical signs of DVT while 
PE patients may present with dyspnea, chest pain, hemoptysis, 
hypotension and tachycardia [3]. However, the symptoms are non-
specific and DVT can resemble, for example, cellulitis and PE may be 
indistinguishable from myocardial infarction [10]. Due to the non-
specific symptoms, imaging is needed to confirm the diagnosis of 
DVT or PE. Compression Ultrasonography (CUS) has high diagnostic 
accuracy for DVT [11]. Computer Tomography (CT) and Magnetic 
Resonance Imaging (MRI) are alternative or complementary DVT 
modalities with accuracy similar to that of CUS [12,13]. The reference 
modality for PE diagnosis is CT angiography [14]. Ventilation-
perfusion lung scanning combined with chest X-ray is an alternative 
in patients who cannot undergo CT angiography such as pregnant 
women [15]. In order to reduce the number of negative imaging 
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investigations, models based on clinical signs and patient history have 
been developed to categorize the probability that a patient has VTE 
before a confirmatory test is performed. In those patients with an 
unlikely clinical probability and a negative D-dimer test, thrombosis 
can be excluded without additional imaging [16–18]. Over the 
years numerous thrombin generation biomarker tests have been 
developed as VTE pretests including prothrombin fragment 1 + 2 
(F1 + 2), thrombin-antithrombin complex (TAT) and D-dimer levels 
measured in plasma. Tests such as thrombin generation, procoagulant 
phospholipid-dependent clotting time and soluble P-selectin are 
currently used in research to identify prothrombotic risk [19]. The 
aim of this manuscript is to outline the present knowledge related to 
the use of urine as a substrate to determine coagulation activity in 
patients with clinical risk of DVT and PE.

Methods

PubMed was searched using the terms prothrombin fragment 1 
+ 2, urine prothrombin fragment 1 + 2 and coagulation activation 
detection in urine. The resulting manuscripts that related to patients 
with risk of DVT or PE or both were selected for a manual review.

Prothrombin fragment 1 + 2

Prothrombin fragment 1 + 2 is a non-thrombotic polypeptide 
which is cleaved from prothrombin during its conversion to thrombin. 
F1 + 2 is released into the blood stream where it has half-life of 
approximately 90 minutes [20, 21]. Due to the low molecular weight 
of F1 + 2 (~31 kDa) it is excreted in the urine where it can be detected 
by Enzyme-Linked Immuno-Sorbent Assay (ELISA) [22,23].

Results of the Clinical Trials on Urinary F1 + 2 Measurement 
in Various Studies

Prothrombin fragments have been detected in urine for many years 
and been shown to correlate with clinical symptoms of coagulation 
system activation [23,24].

Prothrombin fragment 1 + 2 in urine as an indicator of sustained 
coagulation activation after total hip arthroplasty [25]

Patients undergoing Total Hip Arthroplasty (THA) were followed 
post-surgery to document the occurrence of Vascular Thrombotic 
Complication (VTC) events and deaths. Pre- and postoperative levels 
of urine F1 + 2 were measured. Increased urine levels of F1 + 2 were 
observed immediately after the surgery and reached a peak level on 
postoperative day 3 before decreasing toward day 7 and normalizing 
at follow-up on day 35±5. A Receiver Operator Characteristic (ROC) 
curve with Area under the Curve (AUC) of urinary F1 + 2 levels 
performed on postoperative day 5 showed that F1 + 2 levels in urine 
could accurately discriminate patients with and without increased 
risk of developing a VTC. Levels of F1 + 2 in urine were significantly 
higher in patients who developed a VTC or death compared to the 
event-free patients.

Differences in urinary prothrombin fragment 1 + 2 levels after total 
hip replacement in relation to venous thromboembolism and bleeding 
events [26]

 This study assessed whether urinary F1 + 2 measurements could 
be useful in identifying the risk of VTE or bleeding events in patients 
undergoing Total Hip Replacement (THR) surgery. Significantly 
higher levels of urinary F1 + 2 were observed on post-operative day 
3 in the VTE group compared to the event-free patients. At the same 
time the urine levels of F1 + 2 in the bleeding group were significantly 
lower than in the event-free group. Finally, the urinary F1 + 2 levels 
were significantly higher on day 3 in the patients with VTE compared 
to those with bleeding events.

Urinary prothrombin fragment 1 + 2 in relation to development 
of non-symptomatic and symptomatic venous thromboembolic events 
following total knee replacement [27]

Urinary F1 + 2 were measured on consecutive days in patients 
undergoing Total Knee Replacement (TKR) surgery. Bilateral 
venography was performed postoperatively (day 5–9) and about half 
of the patients (140 of 282 patients) were diagnosed with a VTE. 
Compared to the event free patients, those diagnosed with VTE had 
significantly higher levels of urinary F1 + 2.

Thrombin split products (prothrombin fragment 1 + 2) in urine in 
patients with suspected deep vein thrombosis admitted for radiological 
verification [28] 

This study evaluated urine F1 + 2 levels in patients with suspected 
DVT referred for radiological verification. Patients with imaging-
verified DVT (CUS supplemented with unilateral venography 
when inconclusive) had significantly higher urinary F1 + 2 levels 
compared to those without, both in patients with, and without, known 
comorbidities. Although not statistically significant, levels of urine F1 
+ 2 were higher in patients with DVT symptoms of more than one 
week compared to those with shorter symptom duration.

Prothrombin fragment 1 + 2 in urine as a marker on coagulation 
activity in patients with suspected pulmonary embolism [29]

A study which measured prothromin fragment 1 + 2 levels in urine 
from non-selected patients with suspected PE referred for imaging 
confirmation with contrast enhanced CT pulmonary angiography. 
Patients with imaging-verified PE had increased, however, not 
statistically significant, levels of urinary F1 + 2 compared to the PE 
negative patients. Patients with high embolic burden, i.e. pulmonary 
artery obstruction index (PAOI) ≥ 25%, had two-fold higher, however 
not significant, levels of urinary levels of F1 + 2 compared to those 
with a lower burden.

D-dimer and prothrombin fragment 1 + 2 in urine and plasma in 
patients with clinically suspected venous thromboembolism [30]

D-dimer and F1 + 2 levels measured in plasma and urine from 
patients with suspected VTE were significantly higher in those with 
imaging confirmed VTE compared to those without. In addition, there 
was a significant and positive correlation between D-dimer and F1 + 
2 levels in plasma and between F1 + 2 in plasma and urine. D-dimer 
had better predictive value for VTE than plasma F1 + 2 followed by 
urinary F1 + 2 and there was no overlap in the ROC curves. There was 
a large variation of F1 + 2 levels between the plasma and urine samples 
with about 10-fold higher levels in plasma.
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Thrombin generation in patients with suspected venous 
thromboembolism  [31]

Patients with imaging confirmed VTE had markedly higher levels 
of D-dimer, plasma F1 + 2 and urine F1 + 2 compared to VTE negative 
patients. Similar findings were observed for the ex vivo measured 
Lagtime (LT) and Time to Peak (TTP) derived from a thrombin 
generation assay. There were similar associations between plasma 
and urine F1 + 2 and patient characteristics and the measured ex vivo 
biomarkers.

Prothrombin fragment F1 + 2 in plasma and urine during total hip 
arthroplasty [32]

A study evaluating peri-operative levels of plasma and urinary 
F1 + 2 in patients undergoing THA was performed. None of the 
included patients had VTE or serious bleeding events. Plasma and 
urine F1 + 2 levels were significantly increased post-operatively with 
normalization of plasma levels on post-operative day 1 while urine 
levels remained significantly increased. There was a poor statistical 
correlation between F1 + 2 levels in plasma and urine.

Discussion

Studies using urine as the matrix to determine or monitor the 
extent of coagulation activation are rather limited compared to the 
number of studies performed on plasma biomarkers. A study in 
2007 indicated that urine can be used to monitor the postoperative 
coagulation activity after THA surgery and to identify in which 
patients thromboprophylaxis can be discontinued after the first week 
[25]. The following year a publication on VTE and bleeding events 
after THR surgery stated that measurement of urinary F1 + 2 could 
discriminate patients at risk of a VTE or major or clinically relevant, 
non-major bleeding [26]. In 2011 a study on TKR surgery patients 
found considerably higher urinary F1 + 2 levels in these patients 
compared to the previous THR study and the authors indicated 
that this was due to a more intense coagulation activation after 
TKR than THR surgery, probably due to more bone and soft tissue 
trauma [25,27]. Further, they concluded that by measuring F1 + 2 in 
urine it was possible to identify those patients in need of continued 
thromboprophylaxis due to persistent coagulation activation [27]. In 
a study on patients with clinically suspected DVT it was shown that 
measurement of urinary F1 + 2 had the potential to reflect thrombin 
generation in DVT positive patients and that a DVT per se was 
responsible for this increase in patients without known comorbidities. 
However, underlying procoagulant conditions tend to mask the 
thrombin formation caused by a DVT. The urinary F1 + 2 levels in 
the DVT positive patients showed a tendency to vary through the 
pathophysiological course of thrombus formation [28]. Pulmonary 
embolism, in contrast to a DVT, did not significantly increase the 
levels of F1 + 2 in the urine. A possible explanation for this observation 
was the vast number of underlying procoagulant conditions in the 
PE population that might have contributed to increased urine F1 + 
2 baselines level and thus masked the additive coagulation event. In 
addition, with a short half-life, F1 + 2 was likely measurable at the 
time of initial clot formation but had cleared by the time the clot 
embolized. Although insignificant, a high embolic burden increased 

measured urine F1 + 2 levels indicating that thrombus burden did 
impact detected prothrombin fragment levels [29].

Compared to the gold-standard of biomarker pre-tests which is 
currently D-dimer, plasma F1 + 2 showed inferior ability to discriminate 
a VTE followed by F1 + 2 in urine. The F1 + 2 concentrations in urine 
were substantially lower compared to plasma, which might be due 
to urine dilution of F1 + 2 or chemical and bacterial differences that 
decreased the ELISA kit sensitivity on the urine samples [30]. Urinary 
F1 + 2 levels reflected procoagulant conditions in the same manner as 
F1 + 2 in plasma and had similar association with measured ex vivo 
biomarkers. However, urinary F1 + 2 levels did not exhibit identical 
analytic sensitivity [31].

Contrary to the previous studies, a study on THR surgery patients 
published in 2017 showed increased post-operative levels of F1 + 2 in 
plasma and urine, however, the correlation was poor and urinary F1 
+ 2 levels did not reflect coagulation activation post-operatively [32]. 
Thrombin measurements in urine have been reported for the diagnosis 
of crescenting glomerulonephritis [33]. Increased thrombin levels as 
measured by using amidolytic methods were associated with fibrin 
deposits in the kidney and other associated pathologic manifestations. 
Other biomarkers of thrombin generation including fibrin monomers, 
TAT and protein C cleavage peptide have been measured in plasma 
and may be of interest for urinary measurements [34]. Additionally, 
fibrinopeptide B measured in urine has shown promising results to 
identify patients at risk of VTE [35].

Conclusion

The levels of F1 + 2 in plasma were about 10-fold higher than 
corresponding urinary levels and plasma F1 + 2 clearly had superior 
ability to determine whether or not a DVT or PE was present. 
Measurements of F1 + 2 in urine was performed using ELISA 
kits designed for plasma analyses and the reason for its inferior 
performance may be that the sensitivity of the tests used is too low. 
However, we believe that with further development urine may be an 
attractive substrate to detect and determine ongoing coagulation.
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