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Treatment of deep vein thrombosis with continuous
intravenous infusion of LMWH in children — an
alternative to subcutaneous application when needed

J. Blatny, V. Fiamoli
Department of Clinical Haematology, Children’s University Hospital Brno, head prof. MUDr. Miroslav Penka, CSc.

Summary: Incidence of thrombosis is age dependent with the lowest risk in the childhood. Children mostly suffer from vein thrombosis.
Incidence of thrombosis in children is only 0.07/10 000, but it increases among hospitalized children (3.5/10 000). Subcutaneous admi-
nistration of low molecular weight heparin (LMWH) is preferred treatment of deep vein thrombosis in children. In this study we present
group of 33 children with deep vein thrombosis, who were treated with LMWH for their first thrombosis from 2003 till 2006. Twenty-one
(63.6%) patients were treated with LMWH by continuous infusion and 12 (36.3%) patients by subcutaneous injection. Duration of the
treatment with LMWH was modified in accordance with the course of thrombosis (monitored by Doppler ultrasound with compression)
with median of 15 days in patients treated by continuous infusion and 18.5 days when treated subcutaneously. Median dose of LMWH
for intravenous and subcutaneous application was 240 1U/kg/24 h and 215 1U/kg/24 h respectively. The administered dose of LMWH
was modified to achieve and maintain required therapeutic antiXa level within the range of 0.5-1 IU/ml. The treatment with continuous
infusion led to total recanalisation of the occluded vein in 3 cases (14.3%), partial recanalisation was achieved in 15 (71.4%) patients.
Three (14.3%) patients were without any recanalisation. The treatment by subcutaneous injection led to total recanalisation of the vein
in 4 cases (33.3%), partial recanalisation was seen in 4 (33.3%) patients. Four (33.3%) patients were without any recanalisation. The dif-
ference in the outcomes of the therapy between both groups appears to be statistically significant (p = 0.041, nonparametric Mann-Whit-
ney test). We have not noticed any severe adverse event of the treatment in any of our patients. Our results support the hypothesis that
the treatment of DVT with continuous infusion of LMWH might be efficient and safe alternative to subcutaneous application in those
children in whom we want to avoid subcutaneous administration from certain reasons.
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Lé¢ba trombézy u déti pomoci kontinudlni intravenézni infuze - moznd alternativa k subkutdnnimu podani tam, kde je tfeba

Souhrn: Incidence trombdzy je vékové zavisld, s nejnizsim rizikem v détstvi. Déti vétdinou trpi trombdzou Zilni. Jeji vyskyt je v bézné
détské populaci 0,07/10 000, mezi hospitalizovanymi détmi pak ve vy38im poctu 3,5/10 000. P¥i |é¢bé hluboké Zilni trombdzy u déti
je preferovan nizkomolekuldrni heparin (LMWH). Nejcastéjsi formou podani LMWH je subkutdnni aplikace. V nasi praci prezentu-
jeme soubor 33 déti s hlubokou Zilni trombdzou, které byly v letech 2003-2006 lé¢eny pomoci LMWH pro prvni Zilni trombézu. Dvacet
jedna (63,6 %) pacientl bylo lé¢eno nizkomolekularnim heparinem kontinudlni infuzi. Dvanéct (36,3 %) pacientt bylo lé¢eno LMWH
subkutanni aplikaci. Délka lé¢by LMWH byla modifikovéna dle vyvoje trombu (monitorace Doppler sono s kompresi). Primérna délka
[é¢by u pacientt, kterym byl LMWH podavéan kontinudlni infuzi, byla 18,7 dni, medidn 15 dni. U pacientd lé¢enych LMWH subkutanni
aplikaci byla priimérna délka terapie 28,2 dni, medidn 18,5 dne. Priimérnd podavand davka LMWH nakg a den u pacientd lé¢enych
kontinudlniinfuzi byla 250,7 IU/kg/24 hod, medidn 240 1U/kg/24 hod, u pacient( [é¢enych LMWH subkuténni aplikaci potom priimérna
davka 223,1 1U/kg/24 hod, median byl 215 1U/kg/24 hod. Davka LMWH byla v pribéhu terapie upravovana dle hodnot antiXa k udrzenf{
poZadované terapeutické hladiny 0,5-1 IU/ml. Béhem podavani LMWH kontinudlni infuzi byla hluboka Zilni trombdza kompletné
odstranéna u 3 (14,3 %) pacient( a alespori ¢4ste¢né odstranéna u 15 (71,4 %) pacient(. U 3 (14,3 %) pacient( nebyla odstranéna viibec.
U pacient(l lé¢enych subkutdnné byla trombdza kompletné odstranéna ve 4 (33,3%) p¥ipadech, u 4 (33,3%) pacient(l jen ¢astecné
au4(33,3%) pacientl odstranéni trombdzy nedoslo. Rozdil ve vysledku lé¢by se vzhledem ke zplsobu podani LMWH jevi jako statisticky
vyznamny (p = 0,041, test Mann-Whitney). Krvaceni jako nezddouci tcinek lé¢by LMWH jsme v naSem souboru nezaznamenali. Tato
prace md upozornit na fakt, Ze intravendzni [é¢ba hluboké Zilni trombdzy u déti formou kontinuélni infuze LMWH muze byt bezpe¢nou
a efektivni alternativou lé¢by subkutdnni tam, kde je to zapottebi. Je spojend s kratsim polo¢asem LMWH, mazZe byt vyuZita zejména
u hospitalizovanych déti s permanentnim intravenéznim p¥istupem a u téch, které jsou ohroZeny rizikem krvécivych komplikaci.
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Introduction

The incidence of VTE - venous trombem-
bolic event (deep vein thrombosis, pulmo-
nary embolism) is age dependent with the
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lowest risk occurringin children [1-3]. The
estimated incidence of deep vein throm-
bosis (DVT) and pulmonary embolism
(PE) in the general pediatric population is

0.07/10 000 and 5.3/10 000 among hos-
pital admissions [4-6].

DVT/PE develops in children often
as a secondary complication of other
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underlying disorders or in children
with hereditary prothrombotic risks
[7]. Idiopathic VTE occurs in less than
1% of newborns and in less than 5%
of children compared to approxima-
tely 40% of adults [7-10]. Children less
than one year of age and teenagers are
at higher risk for VTE [7,8,10].

Patients with hereditary prothrom-
botic risk factors in heterozygous form
and without any other acquired pro-
thrombotic risk factors, which might
potentiate each other, have very sel-
dom theirfirst thrombosis during child-
hood. Whereas patients with risk fac-
tors in homozygous form or with
combination of same in heterozygous
form have thrombosis during early
childhood frequently [11].

The most frequent acquired pro-
thrombotic risk factors in children are
malignancy, indwelling central venous
lines (CVL), prematurity in neonates,
sepsis, surgery—especially orthopaedic,
injury or trauma including burns, hor-
monal therapy, vascular anomalies,
autoimmune diseases, endocrine di-
seases and nephrotic syndrome.

Low molecular weight heparin
(LMWH) is currently the standard
treatment of DVT in children for its
more predictable pharmacokinetics
and better bioavailability than unfrac-
tionated heparin [12]. It is also asso-
ciated with lower risk of heparin indu-
ced thrombocytopenia (HIT), bleeding
and/or osteoporosis [13]. Another al-
ternatives include unfractionated he-
parin, coumarins, pentasacharides
and under specific circumstances also
thrombolytics.

Patients and Methods

In The Children’s University Hospital
Brno there were 45 children treated for
venous thrombosis with LMWH from
2004 till 2006. We excluded 3 children
with superficial vein thrombosis, 5 chil-
dren who died because of their under-
lying disease during the treatment,
1 patient who has not had thrombo-
philia screening done, 1 patient who
was transferred to another hospital

228

with no sufficient feedback regarding
his treatment outcome, 1 patient who
was referred from regional hospital
and his medical records were not com-
plete and 1 patient who was treated
by local thrombolysis. We assessed
33 patients treated by LMWH for
deep vein thrombosis. Twenty one of
them were treated by continuous infu-
sion (Cl). Twelve (57.1%) of them were
boys and 9 (42.9%) were girls. Twelve
patients were treated by subcutaneous
(SC) application, 8 (66.7%) girls and
4 (33.3%) boys. The age range varied
from newborns to 18 years and was
comparable in both groups (Fig. 1).

Low molecular weight heparin was
administered to patients by intrave-
nous (IV) pump Infusomat (Braun, Fi-
rana, Ivac) at the dose of 80 1U/kg/8 h
diluted in normal saline. Rate of infu-
sion was 1 ml per hour. Continuous in-
fusion was interrupted maximally for
2 hours and only in exceptional si-
tuations such as Doppler ultrasono-
graphy. Second group was treated with
s.c. injection standard way. The cho-
sen starting dose (240 |U/kg/24 h) was
the recommended therapeutic dose
for dalteparin, which we have used in
all of our patients. In patients youn-
ger 5 months we used the same initial
dose. Further dosing was tailored indi-
vidually for each patient to reach the
required antiXa level. The study, inclu-
ding genetic investigation for inherited
thrombophilia risks was authorized by
local ethical committee.

Before starting the treatment our
aim was to perform full thrombophilia
work-up in all patients. Blood samples
were taken by qualified nurses into the
Sarstaedt tube as requested by Stan-
dard operational procedures valid in
University Hospital Brno at the time
of the investigation. (University Hospi-
tal Brno is certified in accord with the
norm I1SO 9000:2001.)

These tests were performed: anti-
thrombin plasmatic level assessment
(Accucolor AT III Kit, Trinity Biotech,
Ireland); assessment of mutation F
V Leiden by PCR method (East-Port

Praha, The Czech Republic); assess-
ment of mutation FIl G20210A by PCR
method (East-Port Praha, The Czech
Republic); assessment of polymor-
phisms of methylentetrahydrofolate
reductase by PCR method (East-Port
Praha, The Czech Republic); protein C
plasmatic level assessment (Sta Staclot
protein C, Diagnostika Stago, France);
protein S plasmatic level assessment
(Asserachrom Total protein S, Sta
Staclot Protein S, Diagnostika Stago,
France); homocystein plasmatic level
assessment (Homocystein Bio-Rad,
Bio-Rad Laboratories, USA); lipopro-
tein a plasmatic level assessment (Lpa
Roche, Roche, Switzerland).

Deep vein thrombosis was diagno-
sed with Doppler ultrasonography
(Siemens, type Antarez, linear probe
VFX 15-3, 10MHZ), increased D-dim-
mer level (STA Liatest D-Di, Diagnos-
tica STAGO, France) and by clinical
examination: tenderness, pain and
swelling at the site of thrombosis, po-
sitivity ,,plantar® sign and/or positive
Hommans sign when applicable.

Efficiency of the treatment was moni-
tored by the regression of clinical sym-
ptoms which were assessed and recor-
ded during regularward rounds, as well
as by repeated Doppler ultrasonogra-
phy (week 1, week 2 and week 6 after
the diagnosis of the thrombosis) toge-
ther with D-dimmers testing. AntiXa
levels (Coamatic Heparin, Chromoge-
nix, Italy) were monitored daily at least
during first five days of the treatment,
but majority of the patients had longer
monitoring of antiXa levels.

In patients treated by continuous in-
fusion samples for antiXa level measu-
rements were taken twelve hours after
dose adjustment and/or change and in
patients treated by subcutaneous inje-
ction 3-4 hours after application fol-
lowing such a change. In accord with
those levels the dose of LMWH was
modified to keep antiXa within requi-
red intervals. The aim was to achieve
as stable as possible antiXa level.

Platelet levels were monitored du-
ring the whole time of the treatment to
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Fig. 1. Age of patients according to administration of LMWH (percentage of

patients).

N Average
intraveous 21 18.7
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subcutaneous 12 28.2
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Median
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Fig. 2. Sumarization of duration of treatment (in days) with LMWH.

avoid possible bleeding complications
in patients with low platelets treated
with heparins. None of the patients in
both groups had a kidney disorder the-
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refore there were no supposed diffe-
rences in antiXa clearance. Liver tests
were not monitored regularly and/or
intentionally in our patients. The treat-
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ment with LMWH was stopped when
recanalisation of the vein was achieved
or the thrombus has been organised
and unchanged during two consecu-
tive Doppler ultrasound examinations.
Patients were then switched to prophy-
lactic treatment for at least 3 months
to prevent re-occurrence of the throm-
bus. The safety of the treatment was
clinically assessed by nurses who re-
corded possible bleeding or other ad-
verse events related to the LMWH into
patients charts.

No patients were treated with throm-
bolytics or other anticoagulants than
those, mentioned above.

Statistics - methods and data
processing

Descriptive statistics such as mean,
median, minimum and maximum va-
lues were used for comparison of dura-
tion of treatment, dose of LMWH and
level of antiXa. Differences between
continuous variables were tested
using nonparametric Mann-Whitney
test whereas for assessment of asso-
ciations between categorical variables
Spearman test for frequency tables
was used. As a level of statistical signi-
ficance o = 0.05 was adopted. Graphi-
cal visualization was performed using
box-plots generated by software STA-
TISTICA for Windows 7.1.

Results
None of the patients in both groups
was free of any prothrombotic risk.
Those, who had no acquired risk had
at least one inherited and vice versa.
Detailed analysis of acquired and in-
herited thrombophilia risks in our pa-
tients goes beyond the scope of this
manuscript which is focused on effi-
cacy and safety of the treatment with
LMWH when administered by conti-
nuous infusion. However no significant
difference neither in acquired nor in-
herited risk factors was found between
two groups of our patients.

Average duration of the treatment
in patients with ClI of LMWH was
18.7 days, median was 15 days (range
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N Average Median Minimum Maximum p - level
intraveous 21 250.7 240.0 200.0 300.0
administration 0.024*
subcutaneous 12 2231 215.0 200.0 282.5
administration
*statistically significant result
Weighted dose of a LMWH during treatment

320

300 p =0.024*
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- 260
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200 I Min - Max
180
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administration administration

Fig. 3. Weighted dose of LMWH (in 1U/kg/d) during the treatment.

5 to 44 days). In patients treated with
LMWH by SC application the ave-
rage duration was 28.2 days, median
18.5 days (range 6 to 94 days). The
difference in the duration of the treat-
ment between those two groups was
not statistically significant (Fig. 2).

Average dose administered perkg
per day to reach required antiXa level
in the group treated with LMWH by
Cl was 250.7 1U/kg/24 h, median
240 1U/kg/24 h. In patients treated
with LMWH by SC average dose
was 223.1 IU/kg/24 h with median
215 1U/kg/24 h.

We found statistically significant
difference in the average weighted
daily dose of LMWH between patients
treated with LMWH by continual infu-
sion and patients treated with LMWH
by subcutaneous injections (p = 0,024)

(Fig. 3).
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The LMWH dose was adjusted to
achieve and maintain required antiXa
levels during the treatment. Requi-
red therapeutic range of antiXa level
was 0.5-1 IU/ml. In group of patients
treated with LMWH by Cl average an-
tiXa level achieved by the treatment
described above was 0.53 IU/ml, me-
dian 0.52 IU/ml. In patients treated
with LMWH by SC application average
antiXa level was 0.66 IU/ml, median
0.71 IU/ml. The difference between
summarized level of antiXa in pa-
tients with Cl and SC administration
of LMWH was statistically significant
(p = 0,044) (Fig. 4).

In the group treated with LMWH by
Cl the treatment with therapeutic dose
led to complete recanalisation of the
affected vein in 3 (14.3 %) patients and
to partial recanalisation in 15 (71.4%)
patients. Only in 3 (14.3%) patients

the treatment with therapeutic dose of
LMWH did not lead to recanalisation.
In patients treated by subcutaneous
application the complete recanali-
sation appeared in 4 (33.3%) chil-
dren. In 4 (33.3%) patients treatment
led only to partial recanalisation and
in 4 (33.3%) patients did not lead to
any recanalisation at all. Above men-
tioned results of the therapy seem to
be significantly different between pa-
tients treated with IV and SC LMWH
(p = 0,041) (Fig. 5).

In patients treated by Cl we have not
recorded any adverse event neither any
bleeding complication nor decreased
platelet counts which could be related
to heparin treatment. Patients treated
by SC application had bruises after ap-
plication recorded.

Discussion

The aim of this pilot project was to
point out alternative way of throm-
bosis treatment in children. In these
days the standard treatment of DVT is
subcutaneous application of LMWH.
These well-established recommenda-
tions result especially from REVIVE
study, which has proven LMWH to be
as effective and even more safe compa-
red to unfractionated heparin.

We compared the efficacy and sa-
fety of DVT treatment with LMWH by
Cl and SC application in two groups
of patients with similar age ranges and
types of primary diagnoses. In those
treated with LMWH by CI the initial
treatment with full therapeutic dose of
LMWH led to at least partial recanali-
sation of thrombosis in 85.7% of chil-
dren. In patients treated with SC appli-
cation we were not able to recanalize
the thrombosis in 33.3% of our pa-
tients. The difference in the outcomes
of the therapy between both groups
appears to be statistically significant
(p = 0.041).

We can speculate that the reason for
better results with Cl could be lower
median dose of LMWH (1U/kg/day)
and/or wider range of antiXa levels
and thereby less stable antiXa levels in
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N Average Median Minimum Maximum p - level
intraveous 21 0.53 0.52 0.26 0.87
administration 0.044*
subcutaneous 12 0.66 0.71 0.20 0.93
administration
*statistically significant result
Summarized volume of anti-Xa during treatment
1.0
0.9 p = 0.044*
0.8
0.7
0.6
= 054
0.4 -
03 Median
25-75%
0.2 L I ’
01 4 I Min - Max
0.0
intravenous subcutaneous
administration administration
Fig. 4. Summarized level of antiXa (in IlU/ml) during treatment.
Fig. 5. Result of the treatment with LMWH.
Complete Partial No p - level
recanalisation recanalisation recanalisation
intraveous 14.3% 71.4% 14.3%
administration (N = 21) 0.024*
subcutaneous 33.3% 33.3% 33.3%
administration (N = 12)
*statistically significant result
This table shows percentage of patients in whom the treatment of LMWH in thera-
peutic doses led to complete recanalisation, partial recanalisation or no recanalisa-
tion respectively.

plasma of patients treated with LMWH
via SC application. On the other hand
median of antiXa levels measured after
LMWH application was higher in the
group of patients treated by SC ap-
plication. However we have to bear in
mind, that assessment of antiXa during
SC treatment reflects only the maximal
peaks of antiXa activity reached in vivo

after bolus SC injection. In contrary,
monitoring of antiXa during Cl aims
to reflect the stable steady state of
antiXaactivity in patients’ plasma. Thus
information provided is not fully com-
parable. It seems, that being guided
by antiXa levels during treatment with
LMWH via Cl, we were able to reach
better clinical results. To achieve the

Treatment of deep vein thrombosis with continuous intravenous infusion of LMWH in children

same or similar levels of antiXa we had
to use different dosage for different
ways of application of LMWH. There-
fore it is probably not correct just to
extrapolate the dose of LMWH for Cl
from the dose of LMWH administe-
red subcutaneously. In other words we
should further assess what is more im-
portant for the successful treatment:
if more stable levels or higher peaks of
antiXa levels. Further and more detai-
led study of the pharmacodynamics
of LMWH during Cl administration
might put more light on that issue.
Based on currently available results of
this particular study, it however seems,
that stability of antiXa levels in pa-
tients’ plasma might be probably more
important for favourable outcome of
the treatment. The duration of treat-
ment - average, minimal as well as ma-
ximal - was shorter in group of pa-
tients treated by ClI, what might be
considered an advantage for the pa-
tients, but the difference was not sta-
tistically significant.

In contrast to REVIVE study we have
not recorded any severe adverse events
in none of our patients. That finding,
in certain way, also corresponds with
results of U. Hoffman showing that
even i.v. bolus application of LMWH is
as safe as SC administration and it is
not associated with higher risk of ad-
verse events [14].

We understand that the results of
this study do not enable us to draw any
firm conclusions, mainly due to small
number of patients and that it will be
necessary to prove these results on lar-
ger cohort. In spite of that we have
shown that the treatment of DVT with
LMWH by Cl in our group of patients
was at least as effective and safe as SC
application.

Conclusion

Based on results mentioned above and
according to facts coming up in the di-
scussion we believe that in our patients
the treatment of DVT with LMWH by
continuous infusion was non-inferior
and in some aspects even more pro-
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mising compared to the treatment by
subcutaneous injection.

The treatment by Cl might be advan-
tageous especially in children admit-
ted to the hospital, who have perma-
nent intravenous access. By means of
this treatment we can avoid repeated
painful SC injections and thus in-
crease child’s quality of life. In chil-
dren with very low weight, it might
be difficult to dose LMWH subcuta-
neously precisely enough due to very
small amount of the medication injec-
ted. Moreover in small children and
neonates SC injections might be limi-
ted by body surface available for ap-
plication. When administered by con-
tinuous infusion, LMWH has shorter
half-life and this could be useful espe-
cially in patients with considerable
risk of bleeding, for example patients
with thrombocytopenia as shown in
our patients with low platelet counts
after chemotherapy, who had no blee-
ding complications related to LMWH
administration. Moreover their pa-
rents appreciated the possibility to
avoid painful SC applications. Based
on our results guidelines for the treat-
ment of deep vein thrombosis for both
Department of Internal Medicine and
Department of Paediatric Oncology
were updated.

Abbrevations

LMWH - low molecular weight heparin,
DVT - deep vein thrombosis, SC - sub-
cutaneous, Cl - continuous infusion,
PE - pulmonary embolism, VTE - ve-
nous trombembolic event, TED - throm-
bembolic disease, CVL - central venous
line, IV - intravenous
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