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We prospectively evaiuated a capillary whole blood prothrombin time (PT) mon-
itor (Biotrack, Ciba Coming) in an outpatient pediatric anticoagulation clinic (40
clinic patients) and in age-matched healthy subjects (30 control subjects). Sub-
sequently, 23 children requiring warfarin therapy were placed on a home program
(home patients) using the PT monitor; their parents were trained and the results
followed by clinic staff. The PT results were reported as internationalized normal-
ized ratios (INRs). The laboratory and PT-monifor INR values were similar for the
clinic patients and the control subjects (y = 0.76x + 0.38; r=0.93; p <0.001). The
accuracy of the PT monitor (the difference between INR values and the labora-
tory INR) was best at an INR of 2.5 to 3.5; 90% of paired INR values were within 0.8
INR units. The average duration of monitoring for home patients was 13 months
(range, 2 to 60 months). They had an average of 3 dose measurements (range,
1 to 11 measurements) and 1.8 dose changes (range, 0.6 to 4.5 changes) per
month. Of the 599 measurements, 63% were within the therapeutic range, similar
to those for clinic patients; the dose requirements were also similar. There was 1
significant bleeding event, a subdural hematoma in a patient with an INR of 4.1,
and 1 catheter-related thrombotic event with an INR ot 1.2; both children recov-
ered. Of the 23 families, one discontinued home monitoring because of parental
discomtort, 2 children died of their primary disease, 6 completed watrfarin therapy,
and 14 remain on the home program. We conclude that the whole blood PT/INR
monitor is safe and offers practical advantages to children requiring anticoagu-
lation. (J PEDIATR 1995;127:389-94)

Orally administered anticoagulants are used prophylactically
and therapeutically for a variety of inherited and acquired
disorders.!:2 Warfarin, a competitive inhibitor of vitamin X,
is commonly used because of its predictable onset and du-
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ration of action.>* Unfortunately, warfarin’s anticoagulant
activity must be closely monitored to avoid both hemor-
rhagic and thromboembolic complications; the prothrombin
time is usually used to monitor the anticoagulant effect.’

CHD  Congenital heart disease

DVT  Deep vein thrombosis

INR International Normalized Ratio
PE Pulmonary embolism

PT Prothrombin time

‘Warfarin therapy requires more frequent monitoring in chil-
dren than in most adults because of the complexity and la-
bile nature of their primary problems.? Venipuncture in
children is frequently difficult, particularly in the presence
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of primary medical problems that have necessitated frequent
venous access, The problem of safely monitoring warfarin
therapy in children has served as a deterrent to its use.

Recently portable monitors that measure PT values using
capillary whole blood have been tested in adults receiving
warfarin.51° Whole blood PT monitors offer a potentially
important extension of warfarin therapy in children. There-
fore we prospectively evaluated a whole blood PT monitor
when used in healthy children and in consecutive children
requiring warfarin therapy.

METHODS

Patient population. Three patient populations were eval-
uated. The first group comprised healthy, age-matched sub-
Jects (control subjects) who were having routine blood work
performed before elective outpatient surgery at the Chil-
dren’s Hospital at Chedoke-McMaster, Hamilton, Ontario,
Canada. The second group comprised consecutive children
requiring warfarin therapy and monitored throy gh a pediat-
ric outpatient anticoagulation clinic (clinic patients) at the
Hospital for Sick Children, Toronto, Ontario, Canada. The
third group comprised children from both institutions who
required warfarin therapy (home patients) and in whom one
of the following problems was present: difficult venous ac-
cess that hindered warfarin therapy; geographic isolation
without laboratory services that could meet the needs of pe-
diatric patients; and patients with labile coagulation function
who required monitoring two or three times a week. The
protocol was approved by institutional ethical review boards,
and informed consent was obtained. Patients were monitored
with one of three target ranges of International Normalized
Ratios: usual therapeutic range (INR 2.0 to 3.0); range for
patients with prosthetic valves (INR 2.5 to 3.5); and prophy-
lactic dose range (INR 1.4 to 1.9). All whole blood PT mon-
itor measurements were made on blood obtained by finger
stick. All INR values determined in the laboratory were on
blood obtained by venipuncture.

Blood sampling. Platelet-poor plasma was obtained from
whole blood anticoagulated with sodium citrate, followed by
centrifugation at 3000g for 20 minutes. The laboratory PT
was measured by the automated coagulation laboratory ma-
chine (Instrumentation Laboratory S.P.A., Milan, Italy) us-
ing Thromborel-S (Behring Diagnostics, Inc., Montreal,
Quebec, Canada), a 'thromboplastin with an International
Sensitivity Index of 1.1. A second blood sample was antico-
agulated with ethylenediaminetetraacetic acid to measure
hematocrit (Coulter, Inc., Hialeah, Fla.). Hematocrit and he-
moglobin values were determined with the use of automatic
counters (Coulter). The capillary blood samples were col-
lected with an antomated device (Tenderlet device, Interna-
tional Technidyne, Edison, N.J.), either from a finger stick
in children or a heel stick in young infants.
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Whole blood prothrombin time monitor. The whole
blood PT monitor (Ciba Coring Diagnostic 512 Coagula-
tion Monitor [CCD Monitor], Ciba Corning Diagnostics
Corp., Medfield, Mass.) was used in this study, described
previously.® In brief, a plastic reagent cartridge is placed in
the monitor for warming at 37° C. One drop of fresh whole
blood, obtained by finger or heel stick, is placed in the small
reservoir in the cartridge. The PT is determined by the
amount of time required for blood to flow by capillary ac-
tion through a channel, between the initial reservoir and a
mixing chamber, that is coated with a rabbit brain thrombo-
plastin. The cessation of blood flow (i.e., clotting) is sensed
by variation in the light scatter caused by the movement of
erythrocytes. The change in light scattering is detected by a
photodetector and converted into an electric signal that is
analyzed by a microprocessor and displayed on a screen as
the PT and the International Normalized Ratio. The Interna-
tional Sensitivity Index of the thromboplastin reagentis 2.04.
After a PT-INR value is displayed, a new cartridge is inserted
for the next test. Each test requires approximately 1 minute.

Patient education for home monitoring. The nurse co-
ordinator (V.M.} of the anticoagulation clinic taught the
parent(s) to use the whole blood PT-INR monitor. Before
home use, the parents had to demonstrate their ability to use
the whele blood PT-INR monitor successfully on at least
three separate occasions. The families recorded all PT-INR
values, and any warfarin dose changes, on a calendar. The
nurse coordinator was in contact with the families at least
weekly by telephone and after every home test. The medical
team (nurse coordinator and physician) adjusted the warfarin
doses on the basis of the whole blood monitor PT-INR val-
ues, using a previously validated nomogram.? The family
was instructed when to perform the test and when to call re-
sults to the anticoagulation clinic nurse coordinator. If the
INR was not in the therapeutic range, the test was repeated
and an appropriate clinical decision made. If the INR was
greater than 4.5 on repeated testing, the child was brought
to the hospital for a confirmatory test.

Statistical analyses. Correlations between the whole
blood monitor and laboratory PT-INR reference values were
statistically evaluated by linear regression. Clinical infor-
mation is presented descriptively. Mean values between
groups were assessed with the Student ¢ test and Bonferroni
correction for multiple measurements. Unless otherwise in-
dicated, p values less than 0.05 were considered statistically
significant.

RESULTS

Patient populations

Control subjects. There were 30 healthy, age-matched
control subjects (16 males) with a median age of 9 years and
arange of 1 to 16 years. These 30 children had routine blood
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studies performed in the pediatric outpatient clinic before
elective outpatient surgery for dental work (n = 13), place-
ment of myringotomy tubes (n = 14), hernia repair (n= 1),
strabismus repair (n= 1), and cleft lip repair (n=1).

Clinic patients. Forty consecutive children (21 bays) had
been receiving warfarin for at least 4 weeks and attending the
anticoagulation clinic; their median age was 14 years (range,
1 to 18 years). The medical problems necessitating therapy
with warfarin were congenital heart disease with a mechan-
ical heart valve (n = 13), CHD without a mechanical valve
(n=11), and deep venous thrombosis with pulmonary em-
bolism (n = 16). The most common CHD without mechan-
ical valves included the Fontan procedure and cardiomyop-
athy. The underlying causes of DVT with PE were cancer,
trauma or surgery, systemic lupus erythematosus, and neph-
rotic syndrome.

Home patients. The parents of 23 children (13 boys) were
trained to use the whole blood PT-INR monitor at home;
their median age was 3 years (range, 5 months to 14 years),
and four children were less than 1 year of age. The medical
problems necessitating warfarin therapy were CHD with a
mechanical heart valve (n =4), CHD without a mechanical
valve (n =9), DVT with PE (n = 10), and stroke (n= 1). The
most common CHDs without mechanical valves included
the Fontan procedure and cardiomyopathy. The underlying
causes of DVT with PE were cancer, nephrotic syndrome,
congenital antithrombin deficiency, Kawasaki disease with
giant coronary aneurysms, and myelomeningocele.

Comparison of laboratory and whole blood PT-INR
values. Hematocrits were similar in the control and patient
groups, and within the normal range for age. The mean whole
blood monitor PT values in healthy control subjects were
similar to the laboratory PT values (Table). However, the
laboratory PT values for the 40 clinic patients were signif-
icantly longer than the whole blood monitor PT values (p
<0.01), reflecting the differing sensitivities of the thrombo-
plastin reagents (Table). In contrast, INR values were sim-
ilar for laboratory and whole blood monitor values, and the
INR values from the clinic patients were within the thera-
peutic range of 2 to 3.5. Figure 1 shows the correlation curve

for INR values for the 30 control subjects and 40 clinic pa-

tients (y = 0.76x + 0.37; r=0.93; p <0.001).

The accuracy of the whole blood monitor was assessed as
the whole blood monitor INR value minus the laboratory
INR (delta INR), plotted against the laboratory INR value®
(Fig. 2). The agreement at an INR of 2.0 to 3.5 was within
0.8 INR unit for 90% of values. Four INRs were subthera-
peutic by the laboratory method (i.e., <2.0) but were thera-
peutic by the whole blood monitor (i.e., >2.0). There were
six supratherapeutic INR values by the laboratory method,
but all were less than 3.5 by the whole blood monitor. The
INR determined by either method would have at least a 0.5
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Table. Comparison of laboratory and Biotrack PT-INR
values

Control subjects Clinic patients

(n=30) (n=40)

Hematocrit 0.38 £ 0.022 041 x£0.70
Laboratory

PT 11.2 £ 0.69 27.0 = 1.40

INR 1.0 £ 0.07 27+0.15
Monitor

PT 12.0 £ 0.90 18.8 = (.43

INR 1.0x0.14 2.6 £0.10

There was no significant difference between INR values measured by the
laboratory and those measured by whole blood monitor.

second error associated with it, thus bringing into concern
those INRs either at the low end of therapeutic values (INR
<2.0) or at the high end (INR >3.5) when either method is
used.

Home monitoring of PT-INR values with the whole

blood monitor

General information. The 23 children managed with the
whole blood PT-INR monitor had a variety of medical
problems (previous section) and poor venous access. Eigh-
teen children were receiving other medications (1, one drug;
4, two drugs; 4, three drugs; 10, four or more drugs). The 18
measurements comparing the whole blood monitor INR
versus the laboratory INR show no significant difference
(p=1.7%0.16 vs 1.9 +0.16). The average duration of
whole blood monitoring at home was 13 months (range, 2
to 60 months). Of the 599 whole blood monitor INR mea-
surements, 63% were within the therapeutic range. An av-
erage of three dose measurements per month were performed
(range, 1 to 11 months), resulting in 1.8 dose changes per
month (range, 1.0 to 4.5 changes). The average dose of war-
farin required to maintain an INR value between 1.5 and 2.0
was 0.11 mg/kg per day. The average dose of warfarin re-
quired to maintain an INR between 2.0 and 3.5 was 0.30
mg/kg per day (range, 0.05 to 0.59 mg/kg per day).

Complications. Significant complications consisted of one
subdural hemorrhage and one new thrombus. The hemor-
rhage occurred when the INR (4.1) was above the therapeu-
tic range for less than 24 hours. The thrombus occurred as
a result of the placement of a femoral venous line when the
INR (1.2) was below the target range (1.3 to 1.9) for less than
2 days. Both problems resolved without sequelae.

Patient and parental satisfaction. Only one family dis-
continued home monitoring because of parental discomfort
using the home monitor. Of the remaining 22 patients, 2
children died from their disease, and warfarin therapy was
discontinued in 6 children as it was no longer necessary. The
remaining 14 children continue to be monitored with the
whole blood PT/INR monitor at home without difficulty.



392 Massicotte et al.

The Journal of Pediatrics
September 1995

0.8
06
04 u
0.2

o
Delta 0 c% =
INR g

-04 .
-0.6
08
-1
-1.2
-1.4

B
%]

05 15

25 35 45

Laboratory INR

Fig. 1. Correlation curve for INR values measured by a whole blood monitor and traditional laboratory tests for 30 healthy,
age-matched control subjects () and 40 pediatric clinic patients () receiving oral anticoagulant therapy. The correlation

was highly significant (y = 0,76 x + 0.37; = 0.93; p <0.001).

45
4
35
Whole 3
Blood
Monitor 25
INR
2
15
9
05

05 15

25 3.5 45

Laboratory INR

Fig. 2. Accuracy of the whole blood monitor was assessed as the whole blood monitor INR value minus the laboratory
INR (delta INR) plotted against the laboratory INR value. The agreement at an INR of 2.0 to 3.5 was within 0.8 INR unit
for 90% of values. The healthy control subjects are represented by []. The clinic patients are represented by .

Repeated unsuccessful venepunctures were eliminated, as
were interruption of school for older children and work for
parents.

DISCUSSION

Oral anticoagulant therapy requires close monitoring to
minimize the risk of hemorrhage or recurrent thrombotic
disease.!! Children requiring warfarin therapy frequently
have poor venous access, which inhibits optimal monitoring

and places them at increased risk of hemostatic complica-
tions. Our study showed that a whole blood PT-INR mon-
itor gave results similar to laboratory INR values in children.
Home monitoring, supervised through a pediatric anticoag-
ulation clinic, was shown to be an effective, safe, and useful
alternative to laboratory monitoring in children with difficult
Venous access.

Warfarin functions as an anticoagulant by competitively
inhibiting vitamin K, which results in low plasma concen-
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trations of factors II, VII, IX, and X. Low functional levels
of these proteins prolong the PT, which is the most
commonly used test to monitor warfarin therapy in North
America.!? Thromboplastin reagents have differing sensi-
tivities to low levels of the vitamin K-dependent proteins,
necessitating standardization of the PT.!316 The INR is ac-
cepted internationally as a standardized form of the PT and
should be used for monitoring patients receiving warfarin
therapy.'” The usual therapeutic level for the INR is 2.0 to
3.0, although some patients (e.g., those with mechanical
heart valves) may require INR values between 2.5 and 3.5
and some may need lower INR values (1.5 to 2.0).

Children requiring warfarin therapy, because of their un-
derlying problems, are particularly prone to intercurrent in-
fections, often require new or adjusted medications, and have
rapid changes in clinical status 2 A problem unique to young
infants is their intake of commercial enteral formulas that
contain high concentrations of vitamin K; the result is an in-
creased requirement for warfarin by body weight, which
makes infants vulnerable to excessive anticoagulation. An-
other problem for children is poor venous access, which can
be compounded by geographic isolation without laboratory
services that meet the needs of pediatric patients. For all
these reasons, a monitor that measures PT-INR values for
whole blood obtained by finger stick is potentially invaluable
to the monitoring of warfarin therapy in children.

The correlation between values obtained with whole blood
PT-INR monitors and laboratory INR values has been eval-
uated previously in adults.51%1819 The correlation coeffi-
cients were greater than 0.89 for PT values in all studies.® - ?
Only one study analyzed INR values; the correlation coef-
ficient was 0.96.8 We measured both PT and INR values in
our patients. As expected, PT values measured by the mon-
itor differed significantly from the reference laboratory val-
ues, reflecting the different sensitivities of the thromboplas-
tin reagents. In contrast, the INR values did not differ and the
correlation coefficient was 0.92, a value similar to previous
results in adult patients.

The accuracy of the whole blood PT-INR monitor values
can be assessed by the delta INR value, compared with the
laboratory-determined INR.® One study concluded that the
accuracy of the whole blood PT-INR monitor in adults was
best at an INR of about 3.0; 90% of paired monitor and lab-
oratory INRs were within 0.9 INR unit.® In our study the ac-
curacy of the whole blood PT-INR monitor in the pediatric
clinic patient population was best at INRs between 2.5 and
3.5: 90% of the paired laboratory and whole blood PT-INR
values were within 0.8 INR unit.

In our home study the whole blood PT-INR monitor was
successfully used for pediatric patients in whom laboratory
monitoring would have been difficult or impossible. Despite
numerous confounding variables, 67% of INR values were
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within the target range, a percentage similar to that in chil-
dren monitored by laboratory INR values.? Adverse clinical
outcomes were rare and similar to those in children moni-
tored by laboratory testing.? There was one significant
bleeding event and one recurrent thrombotic event.

An INR obtained by the home monitor was not duplicated
by the laboratory method unless the INR was >4.5. Figure
2 indicates that the home monitor INR could have been as
high as 5.3 to 5.8. This level of INR must be managed ap-
propriately to prevent bleeding, From the accuracy data, we
therefore recommend that if the home monitor INR is greater
than 3.5, determination of the INR should be repeated on
the home monitor; if the value is greater than 3.5, the
warfarin should be withheld until the INR (repeated daily)
is again in the therapeutic range. If the INR obtained by
home monitor is >4.0, the laboratory INR could be as high
as 4.8 to 5.4. At this INR, a new management decision
would be initiated. The clinical treatment plan would be
the same as when the home monitor INR is greater than 3.5;
however, if the repeated home monitor INR were greater
than 3.5, a laboratory INR should be obtained and then the
appropriate clinical decision made. This protocol when us-
ing the home monitor should presumably avoid bleeding in
patients.

With only one exception, families preferred testing with
the whole blood PT-INR to the standard method, primarily
because of the minimal trauma to their child. Other advan-
tages identified by parents included minimal interruption of
work and school, ease of operation, and portability.

This study provides evidence that a whole blood PT-INR
monitor for warfarin therapy can be used safely and effec-
tively in a pediatric outpatient clinic and by parents at home.
The generalizability of our findings to other centers is
uncertain because our patients were followed through a large
pediatric anticoagulation clinic with significant resources,
which included a full-time nurse coordinator and a pediattic
hematologist with clinical and research expertise in child-
hood thrombophilia. In Canada, the generalizability of this
approach is being assessed through a national program, the
Canadian Children’s Thrombophilia Program. An outreach
program for anticoagulation therapy in children has been es-
tablished and provides access to pediatric hematologists
across Canada. This type of national resource facilitates the
safe and effective implementation of innovations in antico-
agulation monitoring for children.
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