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Abstract

Mechanical mitral valve replacement in infants and young children is associated with substantial morbidity
and mortality. Lifelong anticoagulation is required, with all the accompanying challenges of maintaining
levels in infants and children whose dietary input continually changes. Even with careful control of all
aspects that can perturb the coagulation cascade, these patients have a substantial lifelong risk of
thrombotic and hemorrhagic complications that can also affect the durability of the valve. Anticoagulation
is usually achieved utilizing warfarin with the degree of anticoagulation measured via the international
normalized ratio (INR). Unfortunately, in some cases, the INR can be falsely elevated and lead to inap-
propriate reassurance. We describe a 4-year-old patient with complex congenital heart disease palliated via
a single ventricular pathway with a mechanical atrioventricular valve replacement. The patient experienced
acute valvular thrombosis while receiving warfarin with INR at target levels. Chromogenic factor X (CFX)
levels were discordant with INR measurements, suggesting a subtherapeutic level of anticoagulation
despite maintaining the standard INR target. Therefore, CFX levels were used to interpret INR mea-
surements and guide an individualized approach to anticoagulation. We propose a new role of CFX: to
verify and guide warfarin anticoagulation in high-risk pediatric patients including those undergoing
mechanical mitral valve replacement.
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C hildren with congenital or acquired
mitral valve abnormalities may require
valve replacement if the native valve is

unrepairable or fails after a surgical or
catheterization-based intervention.1-5 In the
mitral position, a mechanical prosthesis has
improved durability when compared with a bio-
prosthetic valve but requires a higher degree of
anticoagulation to prevent valve-associated
thrombotic complications.6-8 The low-pressure
gradient across themitral valve, potential nonan-
atomic positionwith abnormal flowpattern, and
associated comorbidities like atrial arrhythmias
can predispose the patient to stasis and ineffi-
cient washing of the valve disksdthereby
elevating the risk of thrombus formation.
Thrombosis of the mechanical valve can result
in valve dysfunction, obstruction, and thrombo-
embolic complications, with potentially devas-
tating results. Warfarin is the standard means
for maintaining adequate anticoagulation in the
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setting of a mechanical mitral valve with a goal
international normalized ratio (INR) range of
2.5 to 3.5. This is a standard recommendation
adopted from the valve guidelines and is not
individualized to the patient.9

Warfarin is a vitamin K epoxide reductase
antagonist. The anticoagulant effect is the result
of a reduction of hepatic synthesis of factors II,
VII, IX, and X. Prothrombin time/INR is tradi-
tionally utilized to monitor warfarin-induced
anticoagulation by measuring the extrinsic
pathway of hemostasis. There are rare reports
of falsely reassuring INRs that overpredict in
situ anticoagulation.10

We describe a pediatric patient receiving
warfarin who despite a presumed therapeutic
INR experienced obstructive thrombosis of a
mechanical mitral valve requiring emergency
intervention. We discuss the need for a more
individualized approach to high-risk patient
populations.
i.org/10.1016/j.mayocpiqo.2021.07.001
vier Inc on behalf of Mayo Foundation for Medical Education and Research. This is an open
.org/licenses/by-nc-nd/4.0/).

811

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.mayocpiqo.2021.07.001
http://www.mcpiqojournal.org
http://creativecommons.org/licenses/by-nc-nd/4.0/


MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

812
REPORT OF CASE
Our patient was a 4-year-old girl with hetero-
taxy syndrome (asplenia subtype) with total
anomalous pulmonary venous return to the
right atrium, unbalanced complete atrioven-
tricular canal defect to a morphological right
ventricle, double-outlet right ventricle, and
malposed great arteries. Her staged surgical
single-ventricle palliation included a Damus-
Kaye-Stansel procedure, Blalock-Taussig
shunt, and atrial septectomy followed by
shunt takedown and completion of a bidirec-
tional cavopulmonary anastomosis. She also
required replacement of her common atrio-
ventricular valve (AVV) with a 23-mm me-
chanical prosthesis after 2 attempted repairs
of the AVV. Warfarin was initiated for antico-
agulation with a target INR goal of 2.5 to 3.5.
She was admitted to the general pediatric hos-
pital service 2.5 months after prosthesis place-
ment with abdominal pain and distention,
emesis, oliguria, and a symptomatic upper res-
piratory infection (laboratory testing positive
for rhinovirus/enterovirus). Blood cultures
were performed and yielded negative results.
For 2 months leading up to admission, labora-
tory monitoring revealed predominately thera-
peutic and supratherapeutic INRs between 2.0
and 4.7 (Table).

Echocardiography on the day of admission
revealed severe mechanical AVV stenosis with
a mean diastolic Doppler gradient of 17 mm
Hg. Her systemic right ventricular function
was preserved at 40% to 45%. Computed
tomographic angiography of the chest revealed
minimal excursion of disks, confirming severe
obstruction. Fluoroscopy of the valve also
revealed severe prosthesis dysfunction with
no movement of the superior disk and limited
excursion of inferior disk, consistent with
acute thrombosis of her mechanical AVV.
Her symptoms were presumed to be second-
ary to systemic and pulmonary venous hyper-
tension with resultant development of
abdominal ascites and pleural effusion.

Bivalirudin, a direct thrombin inhibitor
that inhibits circulating and clot-associated
thrombin, was initiated for stable anticoagula-
tion. Despite this effort, the patient’s AVV
gradient continued to increase with worsening
symptoms, ultimately necessitating rereplace-
ment of her AVV with a bioprosthetic valve.
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A laboratory evaluation was pursued to eval-
uate for an underlying etiology given valve
thrombosis in the setting of therapeutic
INRs. Factor V was found to be normal
(82%), indicating normal liver synthetic func-
tion. The chromogenic factor X (CFX) level
was 47%, corresponding to an INR of 2.2
and indicating suboptimal anticoagulation
(Table). The hematology service recommen-
ded anticoagulation to an INR that corre-
sponded to a goal CFX level of 20% to 30%.
Progressive escalation of warfarin therapy
was performed, documenting that a personal-
ized INR goal of 3.0 to 4.0 was required to
achieve this goal CFX level.

The patient was followed up for 12
months with this higher INR goal, and echo-
cardiography has revealed excellent AVV func-
tion, preserved systemic ventricle function,
and no evidence of rethrombosis. She also re-
mains free of bleeding complications.

DISCUSSION
This case outlines the need for an individual-
ized approach to anticoagulation for high-
risk patients. Traditional goal INR levels may
not correspond to adequate degrees of antico-
agulation, leaving the patient at risk for a
potentially devastating complication.

International normalized ratios are the
conventional method of monitoring warfarin-
mediated anticoagulation (Figure 1). However,
the INR can be falsely elevated in certain cases.
Falsely elevated INRs have been reported in
patients with (1) lupus anticoagulant anti-
bodies or (2) dysfibrinogenemia and (3) in
those undergoing conversion from direct
thrombin inhibitors.11-16 First, an interfering
substance can alter a clotable assay (such as
INR), thereby leading to an inaccurate INR.
Lupus anticoagulants, for example, are
thought to erroneously elevate INR by reacting
with the thromboplastin that is used to mea-
sure prothrombin time.16 Second, dysfibrino-
genemias (eg, fibrinogen Longmont) can
cause missed fibrin end points when labora-
tory instruments rely on photo-optical detec-
tion.14 Third, direct thrombin inhibitors
prolong the INR through interactions with
thromboplastins.17,18 An alternative to INR is
necessary in these cases to evaluate the coagu-
lation profile. Levels of CFX have been used in
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TABLE. Coagulation Factor Testing and Corresponding Chromogenic Factor X
Levels in a Pediatric Patient With a Prosthetic Mitral Valve

Date INR PT (s) APTT (s)
Chromogenic
factor X (%)

10/1 2.2 24.7 NA 47

10/2 1.8 20.3 48, 52, 180, 47 NA

10/3 2.1 23.3 41, 60, 61, 87 NA

10/4 2.3 26.2 88, 92, 86 NA

10/5 2.4 27.2 95 NA

10/6 2.3 25.4 NA 49

10/7 2.5 27.5 77 NA

10/8 2.8 31.2 44 42

10/9 3.5 NA NA 35

APTT, activated partial thromboplastin time; INR, international normalized ratio; PT, prothrombin
time.

CHROMOGENIC FACTOR X FOR MONITORING WARFARIN
these scenarios to monitor adults with lupus
anticoagulants or dysfibrinogenemia and those
receiving direct thrombin inhibitors because
CFX is resistant to these confounding vari-
ables.19-21

Chromogenic factor X is a laboratory test
that measures the percentage of factor X activ-
ity. Because testing is not dependent on
thromboplastin or fibrinogen, CFX testing by-
passes in vitro interactions that could lead to a
falsely elevated INR. Warfarin inhibits hepatic
synthesis of factor X. Thus, CFX can be used
to indirectly measure warfarin-associated anti-
coagulation in circumstances in which the
interaction with thromboplastin or fibrinogen
would render INR results unreliable.22 Chro-
mogenic factor X can thereby be used to vali-
date INR in high-risk patients from the onset
of anticoagulation.

There are no unanimously accepted thera-
peutic levels for CFX, but previous studies
have investigated the relationship between
CFX values and INR.23-26 In 2005, Arpino
et al24 attempted to determine the use of
CFX to predict the INR in 62 patients transi-
tioning from argatroban to warfarin. A CFX
level of 45% or less was used as a cutoff for
predicting an INR of greater than 2 with a
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sensitivity of 93%, a specificity of 78%, accu-
racy of 89%, and an area under the receiver
operating characteristic curve of 0.91.24 In
2008, McGlasson et al26 conducted a large
study comprising of 339 specimens to assess
comparison of CFX with INR for monitoring
oral anticoagulation therapy. Predictive
modeling suggested the following equation
for expected CFX values given an INR:
Warfarin

Bivalirudinhrombin (IIa)

(I) Fibrin (Ia)

VII

Thromboplastin
(tissue factor)
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PT/INR is sensitive to deficiencies of factors
VII, X, V, II, and I and is commonly used to
monitor warfarin. INR can be falsely (a) patients
with elevated in lupus anticoagulants, or
(b) dysfibrinogenemia and (c) those being
converted from a direct thrombin inhibitor
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VIIa

oints of monitoring. INR, international normalized ratio; PT, prothrombin time.
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Any patient ≤2 y on
warfarin therapy

Mechanical mitral valve
prosthesis

≥2 Mechanical valves

History of previous
thrombotic complication

Identify pediatric patient on
warfarin at high risk for
thrombotic complications

Obtain CFX level at least 36-48 h after stable INR on warfarin and
adjust according to the specified INR goal range

For initiation of warfarin therapy

Suggested action
Suggested

CFX activity
during initiation

2.0-3.0 30%-45%
Increase goal INR by
0.5 until CFX <45%

Increase goal INR by
0.5 until CFX <30%

<30%

Obtain CFX level 4 wk after initiation of
warfarin (INR should be stable and within desired

range for at least 48 h)

>3.0

Required
INR goal

For long-term warfarin therapy

Suggested action
Suggested CFX

activity for
long-term therapy

2.0-3.0 25%-40%
Increase goal INR by
0.5 until CFX <45%

Increase goal INR by
0.5 until CFX <25%

<25%>3.0

Required
INR goal

FIGURE 2. Validation of international normalized ratio (INR) among pediatric patients receiving warfarin
therapy at high risk for thrombotic complications. CFX, chromogenic factor X.
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CFX ¼ 13.2 þ (5.3/INR) þ (81.6/INR2). The
authors concluded that the therapeutic INR
range of 2.0 to 3.0 was equivalent to a CFX
level of 23.5% to 35.5%. A CFX level of
35.5% and less yielded a sensitivity of 91.7%
and a specificity of 91.9% for discriminating
an INR of at least greater than 2.0. The supra-
therapeutic INR category of greater than 3.0
correlated with a mean CFX of 20.8% (range,
9% to 46%) (n¼104). In 2009, Rosborough
et al27 identified that the relationship between
CFX and INR varies among patients with initi-
ation of warfarin vs those receiving long-term
warfarin therapy. They reported a 7% to
18% higher level of CFX activity for a given
INR value during warfarin initiation compared
with patients receiving long-term warfarin
therapy and suggested predictive formulas
for each phase of therapy. In our patient, an
INR of 2.2 correlated to a CFX level of 47%,
which is near the highest value in the previ-
ously mentioned therapeutic range. Our pa-
tient required an INR of 3.5 to achieve a
CFX level of 35% (Table).
Mayo Clin Proc Inn Qual Out n XXX 2021
As exemplified by this case, there can be
catastrophic consequences of a falsely reassur-
ing INR in pediatric patients with mechanical
mitral valves. This case documents the need
for a more individualized approach to anticoa-
gulation. We therefore propose that CFX levels
should be obtained alongside initial INR values
to verify anticoagulated status in high-risk pa-
tients. Chromogenic factor X levels can be
used proactively rather than reactively to
confirm or modify therapeutic INR goals. The
primary limitation of this case report is that it
represents an observation. Next steps include
a prospective assessment of both INR and
CFX levels in high-risk patients to evaluate
the anticoagulation effects and CFX level corre-
lation to INR for these patients.

Therefore, we have designed a prospective
protocol for assessment and validation of INR
among pediatric patients receiving warfarin
therapy who are at a high risk for thrombotic
complications (Figure 2). We have selected
cutoff ranges for INR and CFX correlation
based on the data from studies by McGlasson
;5(5):811-816 n https://doi.org/10.1016/j.mayocpiqo.2021.07.001
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CHROMOGENIC FACTOR X FOR MONITORING WARFARIN
et al26 and Arpino et al,24 while keeping in
consideration the changes in the CFX activity
based on the phases of initiation or long-
term therapy as suggested by Rosborough
et al.16 Considering that the evidence is only
available for INR ranges of less than 2, 2 to
3, and greater than 3, we have also utilized
the same ranges for the purpose of this proto-
col. We suggest increasing warfarin to achieve
a corresponding escalation in INR by 0.5 until
the satisfactory corresponding cutoff level of
CFX is achieved, thus identifying the INR
target for the patient. Currently, we are only
utilizing this protocol for pediatric patients
taking warfarin who are thought to be at a
higher risk from thrombotic complications,
including patients with mechanical mitral
valve prosthesis, any patient 2 years old or
younger receiving warfarin therapy, patients
with 2 or more mechanical prosthetic valves,
and those with a history of previous throm-
botic complications.
CONCLUSION
Chromogenic factor X levels should be ob-
tained alongside initial INR values to verify
anticoagulated status in high-risk patients,
such as those with mechanical mitral valves.
We have designed a prospective protocol for
assessment and validation of INR among pedi-
atric patients receiving warfarin therapy who
are at a high risk for thrombotic complications.
Abbreviations and Acronyms: AVV, atrioventricular valve;
CFX, chromogenic factor X; INR, international normalized
ratio
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