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Control of warfarin anticoagulation during the initial phase of therapy is difficult and
empirically based. Plasma and urine samples were obtained from normal controls, pa-
tients under stable anticoagulation, and patients in the initial phase of anticoagulation.
Total plasma prothrombin, des-carboxy (non-adsorbable with barium chloride) prothrom-
bin, and native (total minus non-adsorbable) prothrombin were quantitated using Echis
carinatus venom activation. Functional plasma factor VII (VII) was measured using a
one-stage clotting assay. Total and des-carboxy urine prothrombin F1 (F1) were mea-
sured by ELISA. All urine F1 in normals and both anticoagulated groups was adsorbed by
barium chloride. Plasma des-carboxy prothrombin concentration was similar for the two
anticoagulated groups and did not correlate with 1/INR. Native prothrombin correlated
with 1/INR in both the stable (r = 0.76) and initial phase (r = 0.74) groups. For any given
INR, the subjects on stable anticoagulation had lower native prothrombin concentrations
than the initial phase patients. Functional factor VII concentration also correlated signifi-
cantly with 1/INR in both the stable (r = 0.64) and initial phase (r = 0.76) patients. Unlike
native prothrombin, VII concentrations did not vary between the two cohorts for any
given INR. Previous studies indicate that native prothrombin is a superior predictor of
both hemorrhagic and thromboembolic complications during warfarin therapy. Our find-
ings indicate that VII, and not prothrombin, may be the predominant factor monitored by
the INR. This further supports the need to reevaluate the usefulness of the INR in the
monitoring of warfarin therapy during the initial phase. Am. J. Hematol. 57:193–199, 1998.
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INTRODUCTION

Warfarin and similar oral anticoagulants inhibit the
vitamin K-dependent gamma-carboxylation of glutamic
acid residues on factors II, VII, IX, and X and proteins C
and S. The resulting under- or des-carboxylated forms
are incapable of participating in calcium-dependent acti-
vation and are either retained or partially or completely
released into the circulation via species- and factor-
specific mechanisms [1,2].

The prothrombin time, first proposed by Quick in 1935
[3], is a means of monitoring and regulating therapy with
vitamin K antagonists and an expression of in vitro ex-
trinsic coagulation. Its greatest advantages are the rela-
tive simplicity and rapidity with which it can be per-
formed. However, a multitude of factors can alter the

time to a fibrin clot including several coagulant mol-
ecules and inhibitors, calcium, pH, and the means of
handling and expediency with which the test is per-
formed [4]. The prothrombin time’s relationship to each
individual factor and the subsequent correlation with in
vivo coagulation is unclear. The INR (International Nor-
malized Ratio) is calculated by dividing the patient’s
prothrombin time by a control prothrombin time and rais-
ing the quotient to a power termed the ISI (International
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Sensitivity Index). The ISI is provided by the manufac-
turer and depends on the activity of the tissue thrombo-
plastin used in the clotting assay. Reporting of the pro-
thrombin time as an INR minimizes the variability be-
tween institutions secondary to heterogeneity in tissue
thromboplastins but does not effect any of the other in
vitro shortcomings outlined above.

Ten to 20% of patients treated with warfarin develop a
hemorrhagic or thromboembolic complication [5–8] dur-
ing their course of therapy. In the initial phase of anti-
coagulation (i.e., the first weeks of therapy), the INR is
exquisitely labile and its relationship to the plasma con-
centration of vitamin K-dependent coagulants is complex
[9,10]. The risk of hemorrhage per 100 patient months is
increased between 2–7 times in the first 3 months of
therapy compared to patients on warfarin for greater than
1 year [6–8]. Several previous studies indicate that the
plasma concentration of native (i.e., functionally carbox-
ylated) prothrombin may be a more accurate indicator of
the likelihood of thromboembolic and hemorrhagic com-
plications associated with warfarin therapy [9–13].
Therefore, we measured the concentration of multiple
fragments of prothrombin in both the plasma and the
urine to evaluate potentially superior markers for the
monitoring of warfarin anticoagulation.

There are various methods available for the measure-
ment of native prothrombin and its des-carboxy or under-
carboxylated derivatives [5,14–16]. By varying the target
region, immunologic methods can be sensitive to the na-
tive prothrombin [17], the des-carboxylated derivative
[18], or both. Activity measurements depend on the con-
version of prothrombin to thrombin and its subsequent
activity on a chromogenic substrate or fibrinogen. If pro-
thrombin activation is performed using calcium-
dependent physiologic activators such as tissue thrombo-
plastin or factor Xa, the reaction measures only the native
prothrombin. In contrast, the use of prothrombin activat-
ing snake venoms indiscriminately quantitates both the
native and des-carboxy forms of prothrombin. Native
prothrombin is selectively adsorbed by insoluble, barium
and calcium salts, allowing its separation from des-
carboxy forms. The molecules can then be separately
quantitated using either the Echis venom or an ELISA
with a non-selective antibody.

Prothrombin fragment 1 (F1) is the amino-terminal
region of the prothrombin molecule that includes the
Gla-residues necessary for calcium-dependent activation.
Fragment 1 + 2 isreleased from prothrombin upon cleav-
age by the prothrombinase complex and has been studied
as a potential marker of in vivo coagulation in hyperco-
agulable states [19] and in oral anticoagulant therapy
[20–22]. Fragment 1 is liberated from fragment 1 + 2 by
thrombin, is present within the urine of healthy controls,
and may be increased in hypercoagulable states [19,23].
Measurement of urine fragment 1 offers promise as an

alternative means of monitoring oral anticoagulation or
detecting hypercoagulable states.

MATERIALS AND METHODS

Plasma samples from anticoagulated subjects were ob-
tained from the George Washington University Hospital
Laboratory on the day of collection and frozen at −50°C.
All ‘‘stable’’ anticoagulated samples were drawn during
outpatient visits to the clinics of the George Washington
University Medical Center. All ‘‘initial phase’’ antico-
agulated samples were obtained from inpatients at the
George Washington University Hospital. Twenty-one of
the thirty initial phase patients were receiving heparin in
addition to warfarin. Hospitalized patients concurrently
receiving thrombolytic therapy were not included. Nor-
mal control plasmas were obtained from healthy volun-
teers, centrifuged at 2,000g for 15 min and stored at
−50°C. All samples were collected by venipuncture into
a vacutainer containing 1/10 volume of 3.8% sodium
citrate (Becton-Dickson, San Jose, CA). Standard plasma
was obtained from George King Laboratories (Overland
Park, KS). Normal control urines were obtained from
healthy volunteers and stored at −50°C. Initial phase pa-
tient urine samples were obtained within 3 hr of blood
sampling. Stable patient urine samples were obtained
from patients seen at the clinics of the George Washing-
ton University Department of Hematology and Oncol-
ogy.

Prothrombin Time
Prothrombin times were performed by the George

Washington University Hospital Laboratory on the date
of collection. The INR was calculated based on standard
plasma and the manufacturer’s reported ISI.

Barium Adsorption
Barium adsorption was performed by adding one part

10% BaCl to nine parts undiluted plasma or urine and
centrifuging at 10,000g for 2 min.

Echis Assay
Sample plasma (100mL) diluted 1:100 in 0.02M Tris-

0.15M NaCl buffer, pH 7.2, was added to a microtiter
plate well (Fisher, Pittsburgh, PA). Then 50mL of 0.025
mg/ml Echis venom (Sigma, St. Louis, MO) diluted in
Tris was added and the plate was gently shaken. At 10
min, 50mL of 0.5 mM S-2238 (Chromogenix, Franklin,
OH) was added and the plate was read kinetically at 405
nm for 2 min (Molecular Devices, Palo Alto, CA).

ELISA
Prothrombin and F1 were measured by an enzyme-

linked immunosorbent assay (ELISA) sandwich method
with anti-human prothrombin (Dako, Carpinteria, CA)
that non-selectively binds fully- and des-carboxylated
forms of prothrombin and F1. Urinary F1 was measured
in arbitrary units. Urine creatinine was quantitated using
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a Kodak Ektachem DT60 (Eastman Kodak, Rochester,
NY) and the Kodak Ektachem DTSC module. F1 results
are given relative to a single ‘‘reference’’ urine in units
per mg creatinine.

Factor VII Assay

Sample plasma (25mL) diluted 1:5 in 0.02M Tris-
0.15M NaCl buffer, pH 7.2, was added to 25mL of
Factor VII deficient plasma (George King Laboratory).
Equal volumes of tissue thromboplastin (100mL) and
0.025M CaCl2 were added and the clotting time was
measured using an ST4 clot timer (American Bioprod-
ucts, Parsippany, NJ).

ANALYSIS

As previously reported [9,15] the ELISA and Echis
assays were highly correlated (data not shown). The
plasma prothrombin data presented below was obtained
using the Echis assay to measure total prothrombin. Na-
tive prothrombin was calculated as the difference be-
tween the total prothrombin and the non-adsorbable (i.e.,
des-carboxy) prothrombin. The urine F1 data was ob-
tained using the ELISA. The relationships between INR
and both native prothrombin and functional factor VII
approximated rectangular hyperbolas. Therefore, the data
was analyzed and presented using the inverse of the INR.

RESULTS
Plasma

Stably anticoagulated patients show a substantial de-
crease in the native prothrombin as compared to normals
(Table I). When the stable patients are compared with
patients in the initial phase of anticoagulation, significant
differences exist. Despite a similar mean and distribution
of INR between the anticoagulated cohorts, the amount
of both native (Fig. 1a, b) and total prothrombin differs
significantly (Table I). The average des-carboxy pro-
thrombin was similar between the two groups and no
relationship existed between des-carboxy prothrombin
and 1/INR in either group.

The relationship between 1/INR and native prothrom-
bin is seen in Figure 2. The concentration of native pro-

thrombin correlates significantly with 1/INR in each an-
ticoagulated cohort. For any given INR, stably antico-
agulated patients have lower native prothrombin
concentrations than initial phase subjects with the same
INR. No significant differences were noted between ini-
tial phase patients receiving concurrent heparin and war-
farin therapy and those receiving only warfarin (data not
shown).

The concentration of factor VII also correlated signifi-
cantly with 1/INR in both anticoagulated cohorts (Table
II). In contrast to prothrombin, there was not a significant
difference between the two groups in the concentration
of factor VII for any given INR (Fig. 3).

Urine

The urine concentration of creatinine was higher in
controls than in either anticoagulated group. All urine F1
in stably anticoagulated patients, patients in the initial
phase of anticoagulation, and controls was adsorbable
with barium chloride. The concentration of urine F1 per
mg creatinine in the stably anticoagulated patients was
much lower than in the non-anticoagulated controls. In
contrast, urine F1 per mg creatinine among the unstably
anticoagulated patients was higher than in the controls
(Table III).

DISCUSSION

Despite concerted efforts over the span of decades to
standardize the prothrombin time, oral anticoagulation
exists in the absence of definitive clinical trials demon-
strating the most efficacious regimen for induction,
maintenance, and monitoring of therapy [24,25]. Ac-
cepted practice in the in-patient setting begins with 5
days of combined heparin and warfarin therapy. Typi-
cally, the first few doses of warfarin are empirically
based and subsequent doses rely on daily prothrombin
times. Hemorrhage and thromboembolism are the pri-
mary adverse events associated with excessive and inad-
equate anticoagulation, respectively, and are related to
multiple risk factors including age, intensity of antico-
agulation, and the presence of co-morbidities [6–
8,26,27].

Based on previous findings [5,11–13], the plasma con-

TABLE I. Plasma INR and Prothrombin Concentrations
(% of Standard)*

INR Native II Des-carboxy II Total II

Normal 104.5 ± 12.3 6.19 ± 2.16 110.1 ± 25.16
(n 4 40)

Initial phase 2.16 ± 1.07 65.05 ± 27.69 14.07 ± 5.77 79.11 ± 30.20
(n 4 40) (r4 0.74)a (r 4 0.15)a (r 4 0.70)a

Stable 2.13 ± 0.58 36.56 ± 14.23 12.80 ± 6.43 49.35 ± 14.24
(n 4 40) (r4 0.64)a (r 4 0.10)a (r 4 0.65)a

*Normal concentration of total II4 108 ± 19mg/mL.
ar values represent correlation with 1/INR.
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centration of native prothrombin may be superior to the
INR as a predictor of both hemorrhage and thromboem-
bolism in patients on warfarin. Furie et al. [11] conducted
a randomized prospective trial comparing the incidence
of adverse events when warfarin therapy was regulated
within either a prothrombin time index (patient pro-
thrombin time/control prothrombin time) of 1.5–2.0 or a
concentration of native prothrombin between 12–24mg/
ml (normal 4 108 ± 19 mg/mL). Overall, the group
monitored using the native prothrombin had 85% fewer
combined hemorrhagic and thromboembolic complica-

tions. Thirty years earlier, Sise et al. [12] studied a large
group of patients on stable anticoagulation and recom-
mended the regulation of prothrombin concentration be-
tween 12–25% using a one-stage factor assay in place of
the Quick time. Kornberg et al. [13] compared the pre-
dictive values of native prothrombin and INR in the
monitoring of warfarin prophylaxis following total hip
arthroplasty. They found significant correlations between
the development of both hemorrhagic and thromboem-
bolic complications and the concentration of native pro-
thrombin. No such correlation existed between those ad-

Fig. 1. Distribution of native pro-
thrombin concentration for stable (a)
and initial phase (b) patients strati-
fied by INR. For each range of INR, a
lower concentration of native pro-
thrombin is noted in stably antico-
agulated patients as compared to
those in the initial phase.
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verse events and the INR. The relationship between na-
tive prothrombin concentration and anticoagulation is
further supported by in vitro experiments demonstrating
that above very low levels of factors VII, IX, or X,
thrombin formation is solely dependent on the concen-
tration of functional prothrombin [14]. Therefore, the dif-
ference in native prothrombin between stable and initial
phase patients may indicate a disparity in in vivo anti-
coagulation between patients from each group with simi-
lar INR.

The decrease in native prothrombin is dictated by im-
mutable pharmacokinetic principles. If the half life of
plasma prothrombin is 80 hr [28], it will take 1 week to
reach the therapeutic range of 25% native prothrombin
assuming: (1) there is instant and total inhibition of
gamma carboxylation, (2) no previously formed active
prothrombin is released into the circulation, and (3) com-
plete and free exchange exists between the intravascular
and extravascular compartments with a similar prothrom-
bin half-life in both compartments. Sise et al. [12] mea-
sured functional prothrombin concentrations daily after a
single dose of 300 mg of intravenous warfarin in five
patients who had received no previous anticoagulation.

Only after 5 days did all patients have prothrombin con-
centrations below 40%. Upon initiating warfarin therapy,
the INR reaches a therapeutic value significantly faster
than the concentration of native prothrombin. O’Reilly et
al. [29] measured the ‘‘prothrombin complex’’ concen-
tration using a saline dilution curve after a single loading
dose of 1.5 mg/kg of warfarin. The patient plasma con-
centrations decreased to 37 ± 6% of normal by 24 hr and
24 ± 4% of normal by 36 hr.

The INR represents an undefined relationship between
multiple coagulation factors and the in vitro milieu. Fac-
tor VII has the shortest half-life of the vitamin K-
dependent coagulation factors (t1/2 4 6 hr). Therefore, a
rapid fall in VII concentration appeared to us as the most
likely explanation for the precipitous rise in INR after
initiating warfarin therapy. As Figure 3 indicates, no ap-
preciable difference exists between the two patient co-
horts in the relationship between factor VII concentration
and INR despite the difference in concentrations of na-
tive prothrombin. Therefore, the INR during the initial
phase reflects a combination of factor concentrations dif-
ferent from those present under stable anticoagulation
and may depend primarily on factor VII.

The above findings seem to indicate that upon comple-
tion of heparin therapy, the patient with a therapeutic
INR is left inadequately anticoagulated and susceptible
to further thromboembolic phenomena. Yet, the literature
indicates a significantly increased incidence of bleeding
in the initial period of anticoagulation. Two commonly
accepted explanations have been offered [6,7]. The first
is that doses are adjusted more frequently and the INR is
often erratic during the first few months of therapy. This
is an attractive explanation as it implies that more vigi-
lant screening and expertise in control will minimize ad-

Fig. 2. Relationship between native
prothrombin and 1/INR in stable and
initial phase patients. Significant cor-
relation exists in both patient popu-
lations. For any given INR, the con-
centration of native prothrombin
among stably anticoagulated pa-
tients is significantly lower than
among patients in the initial phase.

TABLE II. Comparison of Factor VII Concentrations
(% of Standards)*

INR
Functional
Factor VII

Initial phase 2.16 ± 1.09 24.55 ± 19.60
(n 4 40) (r 4 0.72)a

Stable 2.27 ± 1.55 23.97 ± 12.75
(n 4 40) (r 4 0.64)a

*Normal concentration of factor VII4 0.5 ± 0.13mg/mL.
ar values represent correlation with 1/INR.
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verse events. Assuming that outpatient warfarin therapy
is monitored every 2 weeks, a patient with an INR of 2.0
at their previous check-up who presents with an INR of
4.0 may have a significantly decreased concentration of
all vitamin-K dependent coagulation factors. However,
in the patient beginning warfarin therapy in the hospital,
an increase in INR from 2.0 to 4.0 over a 24-hr period
reflects a significant change in factor VII concentration
with only a small change in native prothrombin. It is
important to note that the natural history of patients with
congenital factor VII deficiency is variable. Typically,
even a very low level of functional VII will prevent
spontaneous bleeding. In fact, a level of only 10–20% of
normal is considered adequate to assure normal hemo-
stasis at the time of major surgery [30,31].

The second explanation for the increased incidence of
hemorrhage in the first few months of warfarin therapy is
that patients with a high risk for hemorrhage (i.e., those
with a subclinical lesion or hemorrhagic diathesis) will
bleed during the initial period of anticoagulation. This is
consistent with several studies indicating an increased
likelihood of hemorrhage in anticoagulated patients with
multiple comorbidities [6–8,26]. If this is the case, the

only means for decreasing the incidence of hemorrhage
in the initial phase may be more aggressive screening of
patients before starting anticoagulation. Those patients
without a bleeding predisposition may, in fact, be inad-
equately anticoagulated for the days to weeks after the
completion of heparin therapy and before the concentra-
tion of native prothrombin falls within the therapeutic
range. Whether the potential benefits of prolonging hep-
arin therapy until the patient achieves a therapeutic con-
centration of prothrombin outweigh the risks is uncertain.

A number of possibilities exist to explain the discrep-
ancy between urine F1 concentrations in the control and
anticoagulated cohorts. The control samples were ob-
tained from younger, healthy volunteers. The relative de-
crease in creatinine clearance and muscle mass with age
probably account for the higher concentration of creati-
nine found in the control group. F1, with a molecular
weight of approximately 22,000, is easily filtered at the
glomerulus [32]. Whether reabsorption or secretion oc-
curs distal to the glomerulus is under investigation [33].
The decrease in F1 per mg creatinine in the stably anti-
coagulated patients may represent a response to antico-
agulation. With the down-regulation of prothrombin
cleavage, less F1 + 2 is liberated and subsequently less
F1 appears in the urine. The concentration of urine pro-
thrombin fragments may be increased in states where
prothrombin cleavage is up-regulated (e.g., acute throm-
bus formation) [19]. This may explain the elevated F1
per mg creatinine found in unstably anticoagulated pa-
tients. Therefore, a system for monitoring warfarin
therapy using the concentration of urine F1 would de-
pend on both the patient’s renal function and the presence
of acute clot formation and degradation. The inability of

Fig. 3. Relationship between func-
tional factor VII and 1/INR in stable
and initial phase patients. A signifi-
cant correlation exists in both pa-
tient populations. No significant dif-
ference in factor VII concentration is
noted between patient populations
for any given INR.

TABLE III. Comparison of Urine F1 Concentrations

Number INR
Urine F1
(units)a

Urine Cr
(mg/dl)

Urine F1/Cr
(units/mg/dl)b

Normal 18 115 ± 42 116 ± 84 1.53 ± 1.13
Stable 8 2.16 ± 0.87 69 ± 34 69 ± 38 1.21 ± 0.75
Inital

phase 44 2.08 ± 1.03 137 ± 56 73 ± 41 2.42 ± 1.49

aPercent of a single reference urine.
bValues were calculated individually and then averaged.
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des-carboxylated prothrombin molecules to become ac-
tivated and release F1 + 2 in thecirculation and periphery
may explain the absence of des-carboxy F1 from all urine
samples. On the other hand, secretory mechanisms spe-
cific for fully carboxylated moieties may exist within the
nephron, which explains the presence of only native F1
in urine [33].

The significant correlation between 1/INR and native
prothrombin indicates that the INR, though perhaps not
optimal, may be an adequate approach to the monitoring
of long-term warfarin therapy. This is not the case among
patients in the initial phase when a therapeutic INR is not
predictive of in vivo anticoagulation. A more appropriate
means of initiating therapy would begin with 1–2 weeks
of an estimated therapeutic dose of warfarin before ac-
quiring an initial INR. Because the patient’s body habits,
age, diet, hepatic function, and other medications all may
effect the response to warfarin, estimating the proper
dose is extremely difficult. Therefore, the monitoring of
oral anticoagulation using an ELISA or Echis venom-
based assay may facilitate the clinician’s role in the ini-
tial phase and decrease the incidence of adverse events
associated with both excessive and inadequate warfarin
therapy.

REFERENCES

1. Wu W, Bancroft JD, Suttie JW: Differential effects of warfarin on the
intracellular processing of vitamin K-dependent proteins. Thromb
Haemost 76:46–52, 1996.

2. Harauchi T, Takano K, Matsuura M, Yoshizaki T: Liver and plasma
levels of descarboxy-prothrombin (PIVKA prothrombin) in vitamin K
deficiency in rats. Jpn J Pharmacol 40:491–499, 1986.

3. Quick AJ: The prothrombin in hemophilia and in obstructive jaundice.
J Biol Chem 73:109, 1935.

4. Palmer RN, Kessler CM, Gralnick HR: Warfarin anticoagulation: Dif-
ficulties in interpretation of the prothrombin time. Thromb Res 25:
125–130, 1982.

5. Furie B, Liebman HA, Blanchard RA, Coleman MS, Kruger SF, Furie
BC: Comparison of the native prothrombin antigen and the prothrom-
bin time for monitoring oral anticoagulant therapy. Blood 64:445–451,
1984.

6. Fihn SD, McDonell M, Martin D, Henikoff J, Vermes D, Kent D,
White R: Risk factors for complications of chronic anticoagulation.
Ann Int Med 118:511–520, 1993.

7. Landefeld CS, Goldman L: Major bleeding in outpatients treated with
warfarin: Incidence and prediction by factors known at the start of
outpatient therapy. Am J Med 87:144–152, 1989.

8. Palareti G, Leali N, Coccheri S, Poggi M, Manotti C, D’Angelo A,
Pengo V, Erba N, Moia M, Ciavarella N, Devoto G, Berrettini M,
Musolesi S: Bleeding complications of oral anticoagulant treatment:
An inception-cohort, prospective collaborative study (ISOCAT). Lan-
cet 348:423–428, 1996.

9. Bertina RM, Van Der Marel-Van Nieuwkoop W, Loeliger EA: Spec-
trophotometric assays of prothrombin in plasma of patients using oral
anticoagulants. Thromb Haemost 42:1296–1305, 1979.

10. Stirling Y, Howarth DJ, Stockley R, Bland R, Towler CM, Harding
SM: Comparison of the bioavailabilities and anticoagulant activities of
two warfarin formulations. Br J Haematol 51:37–46, 1982.

11. Furie B, Diuguid CF, Jacobs M, Diuguid DL, Furie BC: Randomized
prospective trial comparing the native prothrombin antigen with the

prothrombin time for monitoring oral anticoagulant therapy. Blood
75:344–349, 1990.

12. Sise HS, Lavelle SM, Adamis D, Becker R: Relation of hemorrhage
and thrombosis to prothrombin during treatment with coumarin-type
anticoagulants. N Engl J Med 259:266–271, 1958.

13. Kornberg A, Francis CW, Pellegrini VD, Gabriel KR, Marder VJ:
Comparison of native prothrombin antigen with the prothrombin time
for monitoring oral anticoagulant prophylaxis. Circulation 88:454–
460, 1993.

14. Xi M, Beguin S, Hemker HC: The relative importance of the factors
prothrombin, VII, IX, and X for the prothrombinase activity in plasma
of orally anticoagulated patients. Thromb Haemost 62:788–791, 1989.

15. Widdershoven J, van Munster P, De Abreu R, Bosman H, van Lith, T,
Van der Putten-van Meyel M, Motohara K, Matsuda I: Four methods
compared for measuring des-carboxy prothrombin. Clin Chem 33:
2074–2078, 1987.

16. Bergstrom K, Egberg N: Determination of vitamin K sensitive coagu-
lation factors in plasma: Studies on three methods using synthetic
chromogenic substrates. Thromb Res 12:531–547, 1978.

17. Blanchard RA, Furie BC, Kruger SF, Waneck G, Jorgensen MJ, Furie
B: Immunoassays of human prothrombin species which correlate with
functional coagulant activities. J Lab Clin Med 101:244–255, 1983.

18. Motohara K, Kuroki Y, Kan H, Endo F, Matsuda I: Detection of
vitamin K deficiency using an enzyme-linked immunosorbent assay
for circulating abnormal prothrombin. Pediatr Res 19:354–357, 1985.

19. Sorensen JV, Jensen HP, Rahr HB, Borris LC, Lassen MR, Knudsen
F: F1 + 2 and FpA in urine from patients with multiple trauma and
healthy individuals: A pilot study. Thromb Res 67:429–434, 1992.

20. Bauer KA: Laboratory markers of coagulation activation. Arch Pathol
Lab Med 117:71–77, 1993.

21. Conway EM, Bauer KA, Barzegar S, Rosenberg RD: Suppression of
hemostatic system activation by oral anticoagulants in the blood of
patients with thrombotic diatheses. J Clin Invest 80:1535–1544, 1987.

22. Takahashi H, Wada K, Satoh N, Takakuwa E, Furuta R, Yoshino N,
Shibata A: Evaluation of oral anticoagulant therapy by measuring
plasma prothrombin fragment 1 + 2. Blood Coag Fibrin 4:435–439,
1993.

23. Bezeaud A, Guillin M: Quantitation of prothrombin activation prod-
ucts in human urine. Br J Haematol 58:597–606, 1984.

24. Loeliger EA: The optimal therapeutic range in oral anticoagulation:
History and proposal. Thromb Haemost 42:1141–1152, 1979.

25. Holford NHG: Clinical pharmacokinetics and pharmacodynamics of
warfarin: Understanding the dose-effect relationship. Clin Pharmaco-
kinet 11:483–504, 1986.

26. Landefeld CS, Cook EF, Flatley M, Weisberg M, Goldman L: Iden-
tification and preliminary validation of predictors of major bleeding in
hospitalized patients starting anticoagulant therapy. Am J Med 82:
703–713, 1987.

27. van der Meer FJM, Rosendaal FR, Vandenbroucke JP, Briet E: As-
sessment of a bleeding risk index in two cohorts of patients treated
with oral anticoagulants. Thromb Haemost 76:12–16, 1996.

28. Shapiro SS, Martinez J: Human prothrombin in normal man and hy-
pocoagulable subjects. J Clin Invest 48:1292–1298, 1969.

29. O’Reilly RA, Aggeler PM: Studies on coumarin anticoagulant drugs:
Initiation of warfarin therapy without a loading dose. Circulation 38:
169–177, 1968.

30. Marder VJ, Shulman NR: Clinical aspects of congenital factor VII
deficiency. Am J Med 37:182–194, 1964.

31. Hall CA, Rappaport SI, Ames S, DeGroot JA, Allen ES, Ralston MA:
A clinical and family study of hereditary proconvertin (factor VII)
deficiency. Am J Med 37:172–181, 1964.

32. Bezeaud A, Guillin MC: Quantitation of prothrombin activation prod-
ucts in human urine. Br J Haematol 58:597–606, 1984.

33. Stapleton AMF, Ryall RL: Blood coagulation proteins and urolithiasis
are linked: Crystal matrix protein is the F1 activation peptide of human
prothrombin. Br J Urol 75:712–719, 1995.

Prothrombin and VII in Oral Anticoagulation 199


