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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Analysis of Warfarin Therapy in Pediatric Patients: A Prospective Cohort Study
of 319 Patients

By W. Streif, M. Andrew, V. Marzinotto, P. Massicotte, A.K.C. Chan, J.A. Julian, and L. Mitchell

This study details warfarin use in a large pediatric population
followed in a central anticoagulation clinic. A prospective,
consecutive cohort of nonselected children were studied.
Patients were divided into groups by age, target interna-
tional normalized ratio (INR) range, disease, medications,
and vitamin K supplemented enteral nutrition use. Groups
were analyzed on multiple aspects of warfarin therapy using
multivariate methods. A total of 319 patients received 352
warfarin courses representing 391 treatment years. Age
independently influenced all aspects of therapy. When com-
pared with all older children, the =1 year of age group
required increased warfarin doses, longer overlap with hepa-
rin, longer time to achieve target INR ranges, more frequent
INR testing and dose adjustments, and fewer INR values in
the target range. Although significantly different than chil-

dren =1 year, children 1 to 6 years of age showed the same
findings when compared with 7- to 18-year-olds. Fontan
patients required 25% decreased dosage as compared with
other congenital heart disease patients. Children on cortico-
steroids had less INRs in the target range and children on
phenobarbital/carbamazepine required increased mainte-
nance dosages of warfarin. Also, patients receiving enteral
nutrition required increased dosages of warfarin. Serious
bleeding occurred in 2 children (0.5% per patient year).
Recurrent thromboembolic events (TEs) occurred in 8 chil-
dren. Two children had recurrences while receiving warfarin
(1.3% per patient year). This study outlines the profound
effect of age and relative complexity of clinical management
of warfarin therapy in children.

© 1999 by The American Society of Hematology.

HE RELATIVELY RECENT successes in tertiary care of referred to the anticoagulation service as inpatients either through the
critically ill children have increased the frequency of hematology consult service or directly through the thromboembolism

long-term secondary complications. Thromboembolic eventgrogram. The cohort represents all children trea_ted With warfarip at
(TEs) are among the most serious of these secondary Complicgi-sc,' All chlldr‘en were followed through an outpatient anticoagulation
tions. The increasing risk and frequency of TEs in children has™®™'c® after discharge.
resulted in an increaging use of warfarin for both primary andData Collection
secondary prophylaxis. In contrast to the adult literature, there
is relatively little information on warfarin use in childrésn.
The paucity of information reflects, in part, the relatively re-
cent need to use warfarin in children and lack of central-

'Ze.d anticoagulation clinics that care for large numbers Of(PT)/INR were measured at each visit. The following information was
children. recorded: age, weight, height, thrombotic history, underlying disorder,
A pediatric thromboembolism program, which included an secondary disorders, presence of central venous lines (CVLs), diet, and
outpatient anticoagulation clinic, was initiated at the Hospital medications. A detailed standardized anticoagulation record was main-
for Sick Children (HSC), Toronto, Canada, in July 1991. Thetained for each patient and contained target INRs, dose to achieve and
objectives of the program were 2-fold: first, to establish maintain target INRs, day of heparin therapy that warfarin was initiated,
consistent treatment programs using the best available data afength of overlap of heparin and warfarin therapy, amount of time taken
second to develop a database of warfarin treatment in a Iarg@ achieve target INR range, all INR tests, and dose changeg Ble_eding
consecutive cohort of unselected children. Previously, we havém.OI TEs were recorded._AII measurements were recorded in children
reported on the first 115 children in this cohbBecause of the using a whole-blood monitor to measure INRs at home.
limited number of patients, the previous analysis was restricted,
particularly in relation to the comparison of effects of other
variables affecting warfarin therapy. The following study sum-
marizes the use of warfarin in 319 children. This study expands From the Hamilton Civic Hospital Research Centigmilton, Ontario;
the previous report, as large numbers of patients increased trHbe Hospital for Sick Children, Toronto; and McMaster University,
power of the study allowing for a more in-depth statistical Hamilton, Ontario, Canada.
analysis, which includes the effect of age, target international Submitted August 31, 1998; accepted June 28, 1999. _
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Data were obtained on consecutive children referred to the pediatrithis fact.
thromboembolism program at the HSC between July 1, 1991 and June © 1999 by The American Society of Hematology.

30, 1996. All children had underlying disorders and were usually 0006-4971/99/9409-0031%$3.00/0

All data were collected prospectively. Each patient was evaluated by
both a nurse practitioner and physician at the initiation and completion
of therapy and a minimum of once yearly. A standardized history,
physical examination, complete blood count, and prothrombin time
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Monitoring and Administration oDral Anticoagulation Therapy Data on children’s mean age in years, length of warfarin treatment in
months, and their actual mean INR values are summarized and reported

Monitoring. Warfarin ther minister nd monitored in . . B . .
onitoring arfarin therapy was administered and monitored i according to the potentially influencing factors listed above.

all children using a modified standardized nomogPaAppropriate
changes in warfarin doses were performed by the nurse coordinator Witb
physician backup. Inpatient and outpatient laboratories measured PTs
and reported both PT and corresponding INR values. A whole-blood Treatment outcome variablesTen outcome variables were consid-
monitor (Ciba Corning Diagnostic 512 Coagulation Monitor [CCD ered in relation to the factors listed above: (1) dose to achieve target
Monitor]) was used for 28 children. INR; (2) dose to maintain target INR; (3) day of heparin therapy that
Target INR range and duration. The target INR range and duration warfarin was initiated; (4) overlap of warfarin therapy with heparin
of therapy with warfarin depended on the underlying disorder. Threetherapy; (5) amount of time taken to achieve target INR; (6) mean
target INR ranges were used: 1.4 to 1.8, 2.0 to 3.0, and 2.5 to 3.5. Thegaumber of tests per month; (7) mean number of dose changes per
ranges were based on international recommendations for chfidrenmonth; (8) INR measurements within target INR range; (9) INR
Children received an initial loading warfarin dose of 0.2 mg/kg except measurements below the target INR range; and (10) INR measurements
in children who had undergone Fontan procedure or had liver dysfuncgreater than the target INR range.
tion who received 0.1 mg/kg. Duration of therapy varied with the ~Comparison of warfarin dose requirements of children who had
exception of children with mechanical heart valves (MV) who were all undergone a Fontan procedure The maintenance dose was compared
treated indefinitely with a target INR range of 2.5 to 3.5. Children with a in children who had undergone a Fontan procedure as compared with all
first TE and no ongoing risk factor were usually treated for 3 monthsother CHD patients with comparable actual INRs. In addition, in the
with a target INR range of 2.0 to 3.0. Children with a first TE and Mmultivariate analysis, Fontan patients were compared with all other
ongoing risk factors were usually treated for 3 months with a target INRCHD and non-CHD for multiple parameters in all INR ranges.
range of 2.0 to 3.0 followed by a target INR range of 1.4 to 1.8 until the Comparison of warfarin dose requirements when calculated by body
acquired risk factor was no longer present. weight and body surface areaWarfarin dose requirements were
Atarget INR range of 1.4 to 1.8 was used for 52 children, of whom 21 calculated by both body weight (mg/kg) and by body surface area
had received a previous course of warfarin therapy with a target INR(M@/n?) in a subset of children.
range of 2.0 to 3.0. The clinical reasons for selecting a target INR range
of 1.4 to 1.8 were: (1) CVLs for dialysis during renal failure, total Adverse Outcomes

parenteral nutrition, and plasmapheresis<(r20); (2) systemic lupus Bleeding and TEs were considered serious adverse outcomes.
erythematosus (SLE) (= 9); (3) congenital heart disease (CHD)$n  Bleeding was divided into major and minor bleeding. Major bleeding
6); (4) congenital antithrombin deficiency (& 3); and (5) other  was defined as clinically overt bleeding associated with a decrease of
indications, ie, prolonged immobilization ¢a 14). Atarget range INR - 20 g/L in hemoglobin in<24 hours and/or need for transfusion of red
range of 2.0 to 3.0 was used for 263 children. The clinical reasons folh|god cells, or any CNS or retroperitoneal bleed. Minor bleeding was
selecting a target INR range of 2.0 to 3.0 were: (1) CHB=(115); (2)  defined as all other bleeding events not meeting the criteria for a major

patients who had undergone a Fontan procedure $9); (3) CVLsfor  pleed. Clinically suspected TEs were confirmed by objective radio-
dialysis during renal failure, total parenteral nutrition, and plasmapher-graphic tests.

esis (n= 21); (4) treatment of TEs in the central nervous system (CNS)
(n = 19); (5) malignancy (= 18); (6) treatment of TEs (& 12); (7)  Statistical Analysis
infectious disease (i 11); (8) SLE (n= 6); (9) idiopathic thrombosis

(n = 3); and (10) other indications, ie, sickle cell disease=(18). A
target INR range of 2.5 to 3.5 was used exclusively for 37 children
with MV.

utcomes Assessing Management of Warfarin Therapy

Each continuous measure is summarized by its arithmetic mean and
standard deviation (SD) and reported in the tables as a mehrsD.
For the sake of simplicity, interpretability, and brevity, no data
transformations were used in this analysis to adjust for skewness or
. . . . control variances. The multivariate nature of the relationship between
Comparison of Factors Potentialipfluencing Warfarin Therapy  qach outcome measure and the 5 factors (age, target INR range,

Children were subdivided into groups based on (1) age; (2) targetinderlying disorders, medication use, and diet) was assessed using
INR range; (3) disease; (4) drug use; and (5) diet. Data from themultiple regression methodology based on the generalized linear model
literature suggests that all these factors affect warfarin thértlp. formulation of the Minitab (release 12.21; Minitab Inc, State College,

Age (4 groups). The age groups were decided in advance of the PA) general linear model (GLM) procedure. Although a full cross-
analysis as clinically appropriate groupings €3 year; (2)>1 and<6 classification of the factors produced 1,152 subgroups, there were

years; (3)=6 and<<13 years; and (413 and=18 years. children in only 81 of these cells. Again, due to the sparseness of the
Target INR (3 groups). There were three target INR ranges: (1) 1.4 cross-classifications, only main effects and first-order interactions of the
t0 1.8; (2) 2.0 t0 3.0; and (3) 2.5 to 3.5. 5 factors (wherever possible) were considered. Because this study is

Underlying diseases (3 groups)Three disease categories were essentially observational in nature and the analysis explorakory,
considered: (1) children with CHD; (2) children without CHD; and (3) values <.05 were considered to be suggestive of a statistical
children who had undergone a Fontan procedure. An additional analysigelationship and reported in this analysis. For the factors with more than
of the maintenance warfarin dosage was compared between Fontah levels, a posteriori pairwise comparisons between groups were
children and all other CHD children with comparable INR values. conducted using Tukey’s method. For comparison of dose calculations

Medication use (4 groups).We used 4 medication usage groups based on body weight versus body surface area, a coefficient of
based on any use of the following: (1) corticosteroids; (2) phenobarbitalvariation (CV) was calculated.
carbamazepine; (3) aspirin; and (4) antibiotics.

Diet (2 groups). Two groups were considered: (1) children using RESULTS
enteral nutritiqn and (2) children not using _e_nteral nutrition. qu th_e Patient Population
purposes of this report, the term enteral nutrition refers to both vitamin ) ) )

K supplemented formula and vitamin K supplemented tube feedings for Three hundred and nineteen consecutive children between
infants and older children. A majority of children on enteral nutrition the ages of 1 month and 18 years received 352 consecutive
were on formula. courses of warfarin between July 1, 1991 and June 30, 1996, for
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atotal of 391 patient years. Thirty children received more than 1 Table 1. Demographic Data of 319 Children Receiving 352 Courses

course of warfarin. Three children received 3 courses and 27 of Warfarin
children received 2 courses. There were 180 males (56%) and No. of Length of
139 females (44%). All children achieved their target INR range oregict f\‘/’vmies_ 'V_'eayn Age T’ehjtmf:t Actual INR
. . . .. . . redictor (o} arfarin In Years Iin Months ctual S
with 79% achieving it in less than 7 days. The children taking
longer than 1 week to achieve their target INR were younger!NR
(4.1+ 5.0 yearw 8.1+ 5.9 years) and a higher proportion were 1418 52 108x63 20=17.5158=0.10
receiving enteral nutrition (41% 13%) when compared with 2030 263 71=59 921252355017
; . . . 25-35 37 12.0%58 36224 259+0.20
children who achieved their target INR in less than 1 week. Two | S S 000
i i % treated for primary prophy- , - N N ~ooo
hupdred eight children (59 ) were pr Y ProphY- pqe in years
laxis for TEs and 144 children (41%) were receiving warfarinas —4 43 07+03 5+75 23+03
secondary prophylaxis for the prevention of recurrent TEs. The -1 <6 123 30+10 8+90 23+02
latter group presented with TEs in the lower venous system (N =6 < 13 74 93+19 15+17.8 22+03
48), upper venous system ¢n 30), CNS (n= 27), heart (n= =13=18 112 16.0+16 22*212 22=*04
10), pulmonary embolism (PE) (a 11), and in multiple sites Pvalue NS NS NS

(n = 18). Seven of 117 children who had CVLs were diagnosed Pisease*

with thrombosis obstructing the vessel on the intravascular side. ¢HP (0 = 114) 121 6056108138 2302
The mean number of days for children to achieve an INR in the NoCHP(n=155) 181 10860 17.7219.7 2.2+ 04
o - . . Fontan (n = 50) 50 40+30 52+41 23+01
target range when receiving warfarin for primary prophylaxis ~, _ NS NS NS
versus secondary prophylaxis was similar (6:8.2v 5.2 + Medication
5.1,P = .34). Corticosteroids
CHD was the primary underlying disorder comprising 114 Yes 38 11.0+59 159+ 16.9 2.1+ 0.4
(36%) children. Fifty (16%) children underwent a Fontan No 314 78+6.1133+17.0 23+03
procedure. Thirty-seven (12%) children had an MV in place. Pvalue NS NS .05
Other major disorders included renal disease=(23 or 7%), Phenobarbital/
TEs in the CNS (n= 20 or 6%), malignancy (& 18 or 6%), Carbamazepine
SLE (n= 11 or 3.5%), infectious diseasesn10 or 3%), total Yes 10 10.0=7.7 274237 22x04
parental nutrition for gastrointestinal diseases=(8 or 2.5%), ’Ij\olalue 342 8'1N§ 61 13'1,\1:516'6 2I3Niso.3
congenital prothrombotic disorders 15 or 1.5%), idiopathic Diet
thrombosis (n= 3 or 1%), and others (& 13 or 4%). Enteral nutrition
e Yes 82 25+28 83+100 23+03
Group Characteristics No 270 100 £59 152+ 183 2.2+ 0.3
The numbers of children in each of the groups are displayed  Pvalue NS NS NS
in Table 1. Although frequencies across the 4riori deter- Data are reported as mean + 1 SD.

mined age groups are unbalanced, sufficient numbers existed toAbbreviations: CHD, congenital heart disease; n, number; NS, not
perform the required multivariate analysis. There were nosignificant.

statistically significant differences in the mean ages and length *n represents number of children. Thirty children received more

of treatment. A statistically significant difference in the actual than 1 course of warfarin therapy.

INR was seen between the 3 target INR groups with the target

INR 1.4 to 1.8 group having lower INRs. In addition, the target 1.4 to 1.8 group received less warfarin than the INR 2.0 to 3.0
INR range 2.0 to 3.0 group had a statistically significantly lower (P = .02), but not less than the target INR 2.5 to 3.5 group.
actual INR than the target INR range 2.5 to 3.5 group. TheFontan children received less warfarin than the CIDB=(.02).
clinical significance of the differences in the means of the 2Neither corticosteroids nor phenobarbital/carbamazepine influ-
groups was negligible (2.35 and 2.59, respectively). enced dose. Children receiving enteral nutrition required an
increased dosage of warfarin when compared with children not
on enteral nutrition® = .005).

Table 2 provides a descriptive summary of the outcome measures Dose to maintain target INR.Children =<1 year of age
subdivided by the factors and repoRsvalues for significant required an increased warfarin dosage to maintain a target INR
effects based on the regression modeling. Because no predictivghen compared with the 3 older age groups<{.0001) (Table
ability was detected for the use of antibiotics and aspirin for any2). Children>1 and <6 years of age required an increased
of the outcomes, they were not included. The results of the pairwiselosage when compared with the 2 older age groups, but less
comparisons do not appear in the table, but are discussed belothan children=1 year of ageR < .0001). In addition, children

Dose to achieve target INR.To achieve the target INR who were =6 and <13 required increased dosages when
range, children=1 year of age required an increased dosage ofcompared with the=13 =18 group P = .04). There was a
warfarin when compared with the 3 older age groups<( significant relationship between age and maintenance &ose (
.0001) (Table 2). In addition, children betweerl and <6 .001) (Fig 1). Fontan children required less warfarin then the
years of age also required an increased dosage when comparedn-CHD patient groupR = .003). No effect was seen with
with the 2 older age groups, but required a decreased dosagmrticosteroid use, however, children on phenobarbital/car-
than the children=1 year of ageR < .0001). The target INR bamazepine required an increased dosage of warfarin when

Treatment Outcome Variables
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Table 2. Effect of Predictors on Treatment With Warfarin
Day of Overlap of
Heparin Warfarin Amount
Dose to Dose to Therapy Therapy of Time Mean INR
Achieve Maintain That With Taken to Mean No. of Measurements INR INR
Target Target Warfarin Heparin Achieve No. of Dose Within Measure- Measure-
INR INR Was Therapy Target Tests/ Changes/ Target ments ments
Predictor (mg/kg) (mg/kg) Initiated (d) INR (d) mo mo Range (%) < Target (%) > Target (%)
Age in years
=1 0.34 £0.16 033+0.20 78*+65 6.3*49 97x81 81*55 3.6=*20 37 = 16 46 = 17 16 = 12
>1<6 0.19 +0.11 0.15*0.10 6.7*82 47*42 6.1*+*90 57*x34 24+16 45 = 18 40 = 18 15 + 12
=6 <13 0.15 £ 0.07 0.13 +0.06 48*+37 44+41 47*56 46*40 18=*22 54 + 18 34 =18 13+ 11
=13 =18 0.14 £ 0.05 0.09 +£0.05 5030 36*18 38*x28 38*x30 15*17 53 = 19 32 =16 15+ 11
Pvalue <.0001 <.0001 .03 .001 <.0001 <.0001 <.0001 <.0001 <.0001 NS
INR
1.4-1.8 0.12 £ 0.07 0.11 =008 3.7*19 27*29 55*+x54 27*x25 10x13 49 = 21 35+ 18 16 = 13
2.0-3.0 0.20 £ 0.12 0.16 +0.13 64*+6.1 46*37 6076 59*+40 25*18 47 = 18 38 + 17 15 = 12
2.5-3.5 0.17 £ 0.09 0.14+0.09 40*+*6.0 52*6.0 42*+42 27*x17 14+*22 61 = 20 30 =20 9% 6
Pvalue .02 NS NS NS NS <.0001 <.0001 .011 NS .02
Disease
CHD 0.20 £ 0.13 0.17 £0.14 52*+45 42+44 6984 54*+44 22=+18 46 = 17 40 = 17 14 + 11
Non-CHD 0.18 +0.12 0.15*+0.14 6.1+48 50*36 46*+40 48*x37 20=*20 50 =21 35+ 19 15 + 12
Fontan* 0.18 £ 0.08 0.12 +0.07 8.0*121 42+*40 59*+100 6.1*x35 26=*15 48 = 16 36 = 16 15+ 10
Pvalue .02 .003 NS .03 NS .002 .002 NS NS NS
Medication
Corticosteroids
Yes 0.18 +0.08 0.11 =0.08 46+24 37*25 37*+31 52*36 23*20 43 =21 36 = 17 21 =11
No 0.19 £0.12 0.16 +0.13 6.3*+64 47*x40 5975 52*+40 21=*+19 49 + 19 37 =18 14 + 11
Pvalue NS NS NS NS NS NS NS .02 NS .002
Phenobarbital/
Carbamazepine
Yes 0.24 +0.15 024 +0.17 7.7+*40 63*45 6.6*+45 45+35 20+*23 55 = 22 32+24 13 +£8
No 0.19 £0.12 0.15+0.13 6.0*+6.1 46*39 57*x73 52*+40 22=*19 48 = 19 37 =17 15 = 12
Pvalue NS .006 NS NS NS NS NS NS NS NS
Diet
Enteral nutrition
Yes 0.28 +0.16 0.26 =0.18 86 +89 64+*49 80*+100 68*47 29+18 41 = 15 43 = 15 16 + 12
No 0.16 £ 0.07 0.11 £0.07 49*+37 39*32 50x57 47*+36 19=*19 51 =20 35+ 18 14 =11
Pvalue .005 <.0001 <.0001 <.0001 NS NS NS NS NS NS

Data are reported as mean *+ 1 SD. Each statistically significant relationship is highlighted.
Abbreviations: CHD, congenital heart disease; NS, not significant.
*Fontan patients received an initial loading dose of warfarin of 0.1 mg/kg in contrast to the standard loading dose of 0.2 mg/kg.

compared with children not on phenobarbital/carbamazepine Day of heparin therapy that warfarin was initiated Chil-
(P = .006). Children receiving enteral nutrition required an dren=<1 year of age had a longer period of heparin therapy than
increased dosage of warfarin when compared with children nothe 2 oldest age groupB & .001). INR group, disease group, or

on enteral nutrition® < .0001).

.
10 —
r=-0.44
(p<0.001)
[
)
0.5 — .
2% oy
o g’ '.'E- . * . - .
-.. ' ' '
.‘ . g LI PR
] M 3 . H * [ ]
0.0 1. 'i°:!-"£§i.l='f."ll
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Age
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Fig 1. Effect of age on the warfarin maintenance dose.

medication had no effect on this outcome. Children on enteral
nutrition had a longer period of heparin therapy when compared
with children not on enteral nutritioriP(< .0001).

Overlap of warfarin therapy with heparin therapyChil-
dren=1 year of age had a longer period of overlap with heparin
than the 2 oldest patient group® & .001). A statistically
significant difference was achieved between CHD and non-
CHD, however, there is no clinical significance in the difference
in the mean number of days (4.2 and 5.0). There was no
significant drug effect, but children on enteral nutrition required
a significantly longer overlap of heparin and warfarin therapy
than children not on enteral nutritioR & .0001).

Amount of time taken to achieve target INRAIl children
achieved stable INR values in their target INR range. Children
=1 year of age required a longer period of time to achieve the
therapeutic range when compared with the 3 older age groups
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(P < .0001). None of the other variables had an effect on thebody weight and body surface area. Childrerl n? body
number of days taken to achieve target INR. surface area were & 3 years of age and childrenl nm? body
Mean number of INR tests per monthChildren=<1 year of =~ surface were 14+ 3 years of age. For children with body
age had more tests per month than the 3 other age grBups ( surface areas less than 2 the dosages were 39 1.86 mg/ni
.003). Children>1 and<6 years of age had more tests than theor 0.16 = 0.08 mg/kg and the CVs were 47% and 50%. For
2 oldest age group$?(= .003), but less than the childrenl children with body surfaces 1 n¥ the dosages were 3:01.41
year of age. The target INR group 2.0 to 3.0 had more INR testsng/n¥ or 0.09 = 0.04 mg/kg and the CVs 47% and 44%. No
per month than the target INR group 1.4 to 1B < .001) substantive difference was seen between dosage variations
(Table 2). Children with CHD had more INR tests than calculated using body weight or body surface area.
non-CHD @ = .002).
Mean number of dose changes per mont@hildren =1  Adverse Outcomes
year of age required more dose changes than the 3 older age The median follow-up was 6.0 months.
groups P < .0001) (Table 2). Children betweenl and <6 Bleeding. Serious bleeding occurred in 2 children for an
years of age required more dose changes than the oldest aggerall incidence of 0.5% per patient year. Both children were
group, but less than the childrenl year of ageR = .002).  receiving warfarin for secondary prophylaxis with a target INR
Childrenin the INR group 2.0 to 3.0 had significantly more doserange 2.0 to 3.0. The first child spontaneously developed a small
changes than the other 2 INR group < .0001). Although  sypdural hemorrhage. The INR value was 1.7 at the time of the
there was a statistically significant difference between CHD anckyent and at 6 and 3 days before the event, the INRs were 4.1
non-CHD children P = .002), there is no clinical significance and 1.7. The second child required a blood transfusion follow-
to the difference in the means (2.2 and 2.0). ing a soft-tissue hematoma after minor trauma with an increased
INR measurements within the target rangeChildren =1 pT yalue at the time of the event. There was evidence of minor
year and children>1 and <6 years of age had significantly pjleeding in 9 children or 2.3% per patient year. All children
fewer INR measurements within the target range when comrecovered from their bleeding episodes.
pared with the 2 oldest age groug® € .0001 andP = .02, Thrombotic events. None of the 208 children receiving
respectively). There were significantly more INR measurementyarfarin for primary prophylaxis had a TE. Eight of the 144
within the target range in target INR group 2.5 to 3.5 compared;hjidren receiving warfarin for secondary prophylaxis pre-
with the target INR group 1.4 to 1.8(= .007). Children on  sented with recurrent deep venous thrombosis (DVT)/PE. Two
corticosteroids had significantly fewer INR measurements withinpatients had recurrences during warfarin therapy, which is an
the target INR rangeR( = .02). No differences were seen among incidence of 1.3% per patient year. One patient suffered from
the disease and diet groups. thrombotic occlusion of the iliac vein and the other patient
INR measurements below the target rang€hildren =1 geveloped a PE. A further 6 children presented with recurrent
year of age and children~1 and <6 years of age had TEgs occurring 5 days to 8 months after warfarin therapy was

significantly more INRs below the target range compared withgiscontinued. These TEs consisted of 4 local recurrences and 2
the 2 oldest age group® (= .001 for both comparisons). No pgg.
difference was observed over the target INR, disease, medica-
tion, and diet groups. Whole-Blood Monitor

INR measurements above the target rangéhe mean Twenty-eight children were tested by whole-blood monitors
percentage of INRs greater than the target range was signifi-

cantly less in the target INR group 2.5 to 3.5 than in the 2 otherat home for a cumulative time period of 36 patient years and an

groups P = .02) (Table 2). Children on corticosteroids had average duration of 15 12 months. INR values were within

0, 0,
significantly more INRs greater than the target INR rari@ge=( the target INR range for 68%: 17% measurements, 20%

. . .115% were below the target INR range, and 13941% were
.002). No difference was seen over age, disease, and dié ; )
groups greater than the target INR range. Seventy patients’ samples had

parallel INR testing with the whole-blood monitor and in the

clinical laboratory. Four results (5.7%) were outside the 95%

confidence limit of the regression line. Data from 23 of these
Fontan children required significantly less warfarin (022  children has been published elsewhere.

0.06 mg/kg) compared with CHD children with matched current

INRs (0.16 = 0.13 mg/kg) P = .0006). The difference in DISCUSSION

dosages was independent of age. Also, Fontan _childre_n required The purpose of this study was to evaluate warfarin therapy in
less warfarin than both CHD and non-CHD children Ir‘depen'children. A nonselected consecutive cohort of 319 children

dent of the target INR range (Table 2). receiving warfarin at HSC were prospectively studied. The
study database summarizes a total of 391 patient years of
warfarin therapy and was analyzed for multiple parameters
potentially influencing clinical management of warfarin therapy.
We studied 121 children, 79 children above % amd 42 Uniform dosing and monitoring protocols were used in our
children below 1 i body surface area. These groups werestudy. There were 3 target INR ranges based on indications for
compared based on the coefficient of variation (CV) of thewarfarin therapy (INR 1.4t0 1.8, INR 2.0t0 3.0, and INR 2.5 to
maintenance dosages when the dose was calculated using b@tb). The largest number of children were in the target INR

Effect of Fontan Procedure

Comparison of Warfarin Dose Requirements When Calculated
by Body Weight and Body Surface Area
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range 2.0 to 3.0 group. Seventy-nine percent of childrenthey were more homogenous. All patients in this group had MV,
achieved an INR in their target range in less than 7 days, whichwere relatively stable, receiving the same medications, and
is comparable to data from adult literature and 1 small pediatriovere all on lifelong warfarin treatment. Only a few INR values
case series!” Children requiring more than 7 days to achieve were above the target range reflecting the practice of aiming for
their target INR range were younger and more frequentlyINR values between 2.5 and 3.0. Children with a target INR
receiving enteral nutrition. Use of warfarin for primary as range between 2.0 to 3.0 were less frequently in the target range,
compared with secondary prophylaxis did not influence thehad more frequent testing, and dose changes when compared
number of days to achieve a target INR value. All children werewith the other two groups. Data from the literature suggests that
initially treated with heparin before warfarin therapy. The more frequent INR measurements lead to an increased percent-
duration of time that warfarin therapy overlapped heparinage of INR values within the target range and the use of
therapy was shorter than the amount of time taken to achieve whole-blood monitors may assist in maintaining INR values in
target INR range, indicating that not all children achieved athe target ranges in childréf.
therapeutic INR before discontinuing heparin. In adult patients The diet of children<1 year of age is unique and includes
with DVT, the recommendations are that 2 consecutive result®nteral formula. All commercially available formula are supple-
are in the target INR range before switching to warfarin. mented with vitamin K to prevent hemorrhagic disease of the
However, in primary prophylaxis, low-dose warfarin may be newborn. Because warfarin is a competitive inhibitor of vitamin
started without previous heparin treatment. In our study, &K, increased dietary intake of vitamin K induces warfarin-
majority of children (59%) were receiving warfarin for primary resistancé® Our study shows that warfarin requirements in
prophylaxis. The clinical decision, therefore, was that having 2enteral nutrition-fed children were significantly greater than for
INR results in the target range was not as important and, tahildren not receiving enteral nutrition. Another dietary cause of
expedite release from hospital, some children were not in theesistance to warfarin is poor absorption due to short-bowel
therapeutic range before switching to warfarin. syndrome’® Nine children in this study required daily total
The influence of age on warfarin dose requirements has beeparenteral nutrition. Despite removal of vitamin K supplementa-
suggested previously, but study sizes prevented exploration dfon from their total parenteral nutrition, these children still
interaction of other variablés® The current study had the required an increased dosage of warfarin (0.4 mg/kg) for a
power to assess relationships between age, other potentialtarget INR range of 2.0 to 3.0.
independent variables, and warfarin dosing. Childref year In our study, 77% of children receiving warfarin therapy also
of age, as compared with all other ages, required increaserequired additional medications. Interactions of drugs such as
warfarin doses, a longer overlap with heparin, longer periods oftorticosteroids, carbamazepine/phenobarbital, aspirin, and anti-
time to achieve target INR ranges, more frequent INR testingbiotics are known to influence the effect of warfaknin our
more dose adjustments, fewer INR values in the target rangestudy, corticosteroid treatment resulted in fewer INR values in
and more INR values below the target range. Similar findingsthe target range and significantly more values above the target
were present for children between 1 and 6 years of ageange. The mechanism responsible for the influence of cortico-
compared with the 2 older age groups. These results reflect theteroids on warfarin dosing is not clear, but may be related to
increased degree of difficulty in management of warfarinregulation of hepatic production of coagulation protéih¥.
therapy of very young children. The profound influence of ageChildren treated with the anticonvulsants carbamazepine/
on warfarin dose requirements overwhelmed even the patientghenobarbital required increased doses of warfarin to maintain
target INR range, as there was no significant difference in dos¢heir target INR range, which is consistent with the findings in
requirements to maintain INR values in the different targetadults!42?> The mechanism responsible for the latter is the
ranges. To achieve atarget INR 2.0 to 3.0, children in our studynduced activity of hepatic oxidases, which accelerate the
required 0.16 mg/kg of warfarin compared with 0.04 to 0.08 metabolism of anticonvulsants?”
mg/kg in adults, suggesting the influence of age continues Children requiring warfarin therapy have diverse underlying
beyond childhood?18 Other variables independently influenc- disorders, which may influence management. The only clini-
ing warfarin therapy in children included target INR range, diet, cally significant differences observed were in the warfarin doses
medications, and underlying disease. between Fontan children and CHD and non-CHD children.
Children in the target INR range of 2.0 to 3.0 required more Children having undergone a Fontan operation are frequently
testing and dose changes, likely related to marked heterogeneityeated with warfarin to prevent thrombosis in the Fontan
in their underlying disorders and their shorter treatment periodscircuit, embolization to the lung, and embolization to the
Overall, 49% to 61% of INR measurements were within the CNS28-30 Fontan children in our study had a 25% decreased
target INR range, which is consistent with 1 small pediatric dose requirement for warfarin when compared with other CHD
study and in adult$!®-21The percentage of INRs in the target patients. Mechanisms for the decreased requirement are not
range reported in our study is likely related, in part, to at leastobvious, but may be related to abnormal liver function and
two facts. First, a majority of children who received oral cholestasis in children post-Fontan procedire.
anticoagulants had severe underlying diseases. Second, becaus&Varfarin dosages in young children may be more accurately
of the risk of bleeding with INRs above 3.5, most physicians calculated by using body surface area instead of wéi@ur
aim for the lower end of the target INR range, which is reflectedstudy compared warfarin dose requirements calculated by both
in the fact that 30% to 38% values were below the target INRmethods and found no significant difference. The nomogram
range. Children with target INR range 2.5 to 3.5 were in rangesuggests that warfarin therapy begins in the first few days of
more frequently than the other two groups, probably becauséeparin therapy. Childreg1 year of age and children who were
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on enteral nutrition required a significantly longer time on children who have undergone a Fontan procedure have reduced
heparin, as a majority of these children were critically ill. Dosesrequirements for warfarin. Also, this is the first study to assess
required to maintain target INR ranges were age-dependentyarfarin dosing based on body surface area and on weight
with infants and small children requiring doses that were greateconcluding there is no difference. The extent of the clinically
than the initial loading dose, which partially explains the important effect of enteral nutrition, corticosteroids, and pheno-
prolonged period of time required to achieve values in the targebarbital/carbamazepine on warfarin therapy in children was not
INR range. A small pilot study was conducted in which the previously suspected. Data from this cohort document the
loading dose was increased to either 0.3 or 0.4 mg/kg. Howeveicomplicated clinical management of warfarin therapy in chil-
15 of 33 children had INR values over 4.0 during the loadingdren. Clinical trials are required to determine the optimal
phase and the study was stopped because of the risk of bleedinigtensity and duration of warfarin therapy in children.
The higher loading dose was introduced without adjustment of
the standard nomogram with respect to timing of do$frilR
measurements in the first few days of therapy are insensitive to
plasma warfarin levels due to the various half-lives of the 1 ?a’pt‘?”“e“ |U ?-ghiﬁﬁ?,QX’,:'a[,”,i-L%hfgr}jiaifsxpfgfg"e with
: : : : an oral anticoagulant in cniidren. Arc IS | . ,
V|tam|.n K-depender.lt protelﬁ%.A.repeat loading dose on 2. Doyle JJ,gKoren G, Cheng MY, Blanchette VS: Anticoagulation
following days may increase the risk of INRs above the target

. - with sodium warfarin in children: Effect of a loading regimen. J Pediatr
range and the nomogram should be adjusted to reflect this;;s.1905 1988

Carefully designed prospective clinical studies of age-adjusted 3 andrew M, Marzinotto V, Pencharz P, Zlotkin S, Burrows P,

nomograms are needed to resolve these issues. Ingram J, Adams M, Filler R: A cross-sectional study of catheter-related
Twenty-eight children in this cohort used whole-blood moni- thrombosis in children receiving total parenteral nutrition at home. J

tors at home; data on 23 of these children was publishedPediatr 126:358, 1995

previously’ Management of children using the monitor was 4. Evans DI, Rowlands M, Poller L: Survey of oral anticoagulant

excellent with 68% of measured INR values within the target!réatmentin children. J Clin Pathol 45:707, 1992 _

range. There has been speculation that self-testing is less valid > Andrew M, Marzinotto V, Brooker LA, Adams M, Ginsberg J,

than laboratory testing. as the responsibility for accurac OfFreedom R, Williams W: Oral anticoagulation therapy in pediatric
y 9, P y y patients: A prospective study. Thromb Haemost 71:265, 1994

testing is placed on parents. Data from the literature does not g 1.t RC. Ladusans EJ. El-Metaal M. Patel RG. Will AM: Oral

support t.his hypothesis. _One randomized controlled_ trial a_nd Janticoagulation in paediatric patients: Dose requirements and complica-
prospective cohort study in adults show that self-testing patientsons. Arch Dis Child 74:228, 1996

had a greater percentage of INR values within the target range 7. Massicotte P, Marzinotto V, Vegh P, Adams M, Andrew M: Home
and showed excellent agreement with reference plasma PTsonitoring of warfarin therapy in children with a whole blood
(83% to 96%)536 The former may reflect the fact that Prothrombintime monitor. J Pediatr 127:389, 1995

self-managed patients tend to test themselves more frequentl 8. Buck ML: Anticoagulation with warfarin in infants and children.
than patients monitored by an anticoagulation clinic. These‘er Pharmacother 30:1316, 1996 - . .
studies indicate that home monitoring is accurate and may evelélng' Michelson AD, Bovill E, Andrew M: Antithrombotic therapy in

tini d clinical ildren. Chest 108:506S, 1995
resultin improved clinical outcome. 10. Andrew M, Michelson AD, Bovill E, Leaker M, Massicotte MP:

No child receiving primary prophylaxis had a TE. Eight Guidelines for antithrombotic therapy in pediatric patients. J Pediatr
children receiving secondary prophylaxis had a recurrence, 332:575 1998
patients developed recurrent TEs while receiving warfarin  11. Hirsh J, Dalen JE, Anderson DR, Poller L, Bussey H, Ansell J,
(incidence of 1.3% per patient year). Six children developedDeykin D, Brandt JT: Oral anticoagulants: Mechanism of action,
recurrent TEs when warfarin therapy was discontinued. Thelinical effectiveness, and optimal therapeutic range. Chest 114:445S,
overall incidence of major bleeding in our study was 0.5% per1998 _ '
patient year. As both bleeding episodes occurred in children 12- James AH, Britt RP, Raskino CL, Thompson SG: Factors
with target INR range of 2.0 to 3.0, the incidence of major affecting the maintenance dose of warfarin. J Clin Pathol 45:704, 1992
. . ] . . 13. Lehman ME, Kolb KW, Barnhart GR, Wagman LD, Barr WH:
bleeding was 1.0% per patient year in that group, which is . T . . ;
30 . &&ne child had a Warfarin apsorpt.|on in a patient with short-bowel syndrome. Clin
comparable to adults (1.3% per patient y! : Pharmacokinet 4:325. 1985
CNS bleed and a second developed soft-tissue hemorrhage. NO14 welis PS, Holbrook AM, Crowther NR, Hirsh J: Interactions of
child with MV had serious bleeding. The reported risk of \warfarin with drugs and food. Ann Intern Med 121:676, 1994
serious bleeding in children with MV ranges from 0% to 0.9%  15. Jahangiri M, Shore D, Kakkar V, Lincoln C, Shinebourne E:
per patient year, while the risk in adults is 1.2% to 5.8 Coagulation factor abnormalities after the Fontan procedure and its
Clinically insignificant minor bleeding complications occurred modifications. J Thorac Cardiovasc Surg 113:989, 1997
in 2.3% per patient year. 16. Monagle P, Andrew M: Coagulation abnormalities after Fontan
In summary, our study showed that age is the single mosProcedures. J Thorac Cardiovasc Surg 115:732, 1993 (letter) N
important variable influencing warfarin therapy during child- 17 Vadnher B, Patterson DL, Leaning M: Evaluation of a decision

- - ; . ] support system for initiation and control of oral anticoagulation in a
hood. Our study confirms that warfarin requirements in chlldrenrandomised trial. BMJ 314:1252, 1997

gre highly age-dependent .an.d extends previous work by show- 18. Hirsh J: Oral anticoagulant drugs. N Engl J Med 324:1865, 1991
ing that the effect of age is independent of target INR range, 19 parbuiT, Finazzi G, Remuzzi A: Clinical coagulation laboratory
underlying disease, medication, and diet. Also, our study showgng oral anticoagulant therapy treatment. Instrumentation and method-
that younger children have a significantly more complicatedology. Thromb Haemost 74:511, 1995

clinical course. This study has shown for the first time that 20. Levine MN, Hirsh J, Gent M, Turpie AG, Weitz J, Ginsberg J,
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