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Introducti on
The incidence of VTE –  veno us trombem-
bolic event (deep vein thrombosis, pulmo-
nary embolism) is age dependent with the 

lowest risk occurring in children [1– 3]. The 
estimated incidence of deep vein throm-
bosis (DVT) and pulmonary embolism 
(PE) in the general pedi atric populati on is 

0.07/ 10 000 and 5.3/ 10 000 among hos-
pital admissi ons [4– 6].

DVT/ PE develops in children often 
as a secondary complicati on of other 
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Summary: Incidence of thrombosis is age dependent with the lowest risk in the childho od. Children mostly suffer from vein thrombosis. 
Incidence of thrombosis in children is only 0.07/ 10 000, but it incre ases among hospitalized children (3.5/ 10 000). Subcutane o us admi-
nistrati on of low molecular weight he pa rin (LMWH) is preferred tre atment of deep vein thrombosis in children. In this study we present 
gro up of 33 children with deep vein thrombosis, who were tre ated with LMWH for their fi rst thrombosis from 2003 till 2006. Twenty- one 
(63.6%) pati ents were tre ated with LMWH by continuo us infusi on and 12 (36.3%) pati ents by subcutane o us injecti on. Durati on of the 
tre atment with LMWH was modifi  ed in accordance with the co urse of thrombosis (monitored by Doppler ultraso und with compressi on) 
with medi an of 15 days in pati ents tre ated by continuo us infusi on and 18.5 days when tre ated subcutane o usly. Medi an dose of LMWH 
for intraveno us and subcutane o us applicati on was 240 IU/ kg/ 24 h and 215 IU/ kg/ 24 h respectively. The administered dose of LMWH 
was modifi  ed to achi eve and maintain required therape utic antiXa level within the range of 0.5– 1 IU/ ml. The tre atment with continuo us 
infusi on led to total recanalisati on of the occluded vein in 3 cases (14.3%), parti al recanalisati on was achi eved in 15 (71.4%) pati ents. 
Three (14.3%) pati ents were witho ut any recanalisati on. The tre atment by subcutane o us injecti on led to total recanalisati on of the vein 
in 4 cases (33.3%), parti al recanalisati on was seen in 4 (33.3%) pati ents. Four (33.3%) pati ents were witho ut any recanalisati on. The dif-
ference in the o utcomes of the therapy between both gro ups appe ars to be statistically signifi cant (p = 0.041, nonparametric Mann-Whit-
ney test). We have not noticed any severe adverse event of the tre atment in any of o ur pati ents. Our results support the hypothesis that 
the tre atment of DVT with continuo us infusi on of LMWH might be effi ci ent and safe alternative to subcutane o us applicati on in those 
children in whom we want to avo id subcutane o us administrati on from certain re asons. 
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Léčba trombózy u dětí pomocí kontinu ální intravenózní infuze –  možná alternativa k subkutánnímu podání tam, kde je třeba

So uhrn: Incidence trombózy je věkově závislá, s nejnižším rizikem v dětství. Děti většino u trpí trombózo u žilní. Její výskyt je v běžné 
dětské populaci 0,07/ 10 000, mezi hospitalizovanými dětmi pak ve vyšším počtu 3,5/ 10 000. Při léčbě hluboké žilní trombózy u dětí 
je preferován nízkomolekulární he pa rin (LMWH). Nejčastější formo u podání LMWH je subkutánní aplikace. V naší práci prezentu-
jeme so ubor 33 dětí s hluboko u žilní trombózo u, které byly v letech 2003– 2006 léčeny pomocí LMWH pro první žilní trombózu. Dvacet 
jedna (63,6 %) paci entů bylo léčeno nízkomolekulárním he pa rinem kontinu ální infuzí. Dvanáct (36,3 %) paci entů bylo léčeno LMWH 
subkutánní aplikací. Délka léčby LMWH byla modifi kována dle vývoje trombu (monitorace Doppler sono s kompresí). Průměrná délka 
léčby u paci entů, kterým byl LMWH podáván kontinu ální infuzí, byla 18,7 dní, medi án 15 dní. U paci entů léčených LMWH subkutánní 
aplikací byla průměrná délka terapi e 28,2 dní, medi án 18,5 dne. Průměrná podávaná dávka LMWH na kg a den u paci entů léčených 
kontinu ální infuzí byla 250,7 IU/ kg/ 24 hod, medi án 240 IU/ kg/ 24 hod, u paci entů léčených LMWH subkutánní aplikací potom průměrná 
dávka 223,1 IU/ kg/ 24 hod, medi án byl 215 IU/ kg/ 24 hod. Dávka LMWH byla v průběhu terapi e upravována dle hodnot antiXa k udržení 
požadované terape utické hladiny 0,5– 1 IU/ ml. Během podávání LMWH kontinu ální infuzí byla hluboká žilní trombóza kompletně 
odstraněna u 3 (14,3 %) paci entů a alespoň částečně odstraněna u 15 (71,4 %) paci entů. U 3 (14,3 %) paci entů nebyla odstraněna vůbec. 
U paci entů léčených subkutánně byla trombóza kompletně odstraněna ve 4 (33,3 %) případech, u 4 (33,3 %) paci entů jen částečně 
a u 4 (33,3 %) paci entů odstranění trombózy nedošlo. Rozdíl ve výsledku léčby se vzhledem ke způsobu podání LMWH jeví jako statisticky 
významný (p = 0,041, test Mann-Whitney). Krvácení jako nežádo ucí účinek léčby LMWH jsme v našem so uboru nezaznamenali. Tato 
práce má upozornit na fakt, že intravenózní léčba hluboké žilní trombózy u dětí formo u kontinu ální infuze LMWH může být bezpečno u 
a efektivní alternativo u léčby subkutánní tam, kde je to zapotřebí. Je spojená s kratším poločasem LMWH, může být využita zejména 
u hospitalizovaných dětí s permanentním intravenózním přístupem a u těch, které jso u ohroženy rizikem krvácivých komplikací. 

Klíčová slova: hluboká žilní trombóza –  LMWH –  trombóza –  antiXa
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underlying disorders or in children 
with hereditary prothrombotic risks 
[7]. Idi opathic 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 ye ar of age and teenagers are 
at higher risk for VTE [7,8,10].

Pati ents with hereditary prothrom-
botic risk factors in heterozygo us form 
and witho ut any other acquired pro-
thrombotic risk factors, which might 
potenti ate e ach other, have very sel-
dom their fi rst thrombosis during child-
ho od. Where as pati ents with risk fac-
tors in homozygo us form or with 
combinati on of same in heterozygo us 
form have thrombosis during e arly 
childho od frequently [11].

The most frequent acquired pro-
thrombotic risk factors in children are 
malignancy, indwelling central veno us 
lines (CVL), prematurity in ne onates, 
sepsis, surgery –  especi ally orthopaedic, 
injury or tra uma including burns, hor-
monal therapy, vascular anomali es, 
a uto immune dise ases, endocrine di-
se ases and nephrotic syndrome.

Low molecular weight he pa rin 
(LMWH) is currently the standard 
tre atment of DVT in children for its 
more predictable pharmacokinetics 
and better bi o availability than unfrac-
ti onated he pa rin [12]. It is also asso-
ci ated with lower risk of he pa rin indu-
ced thrombocytopeni a (HIT), bleeding 
and/ or oste oporosis [13]. Another al-
ternatives include unfracti onated he-
pa rin, co umarins, pentasacharides 
and under specifi c circumstances also 
thrombolytics.

Pati ents and Methods
In The Children’s University Hospital 
Brno there were 45 children tre ated for 
veno us thrombosis with LMWH from 
2004 till 2006. We excluded 3 children 
with superfi ci al vein thrombosis, 5 chil-
dren who di ed beca use of their under-
lying dise ase during the tre atment, 
1 pati ent who has not had thrombo-
phili a screening done, 1 pati ent who 
was transferred to another hospital 

with no suffi ci ent feedback regarding 
his tre atment o utcome, 1 pati ent who 
was referred from regi onal hospital 
and his medical records were not com-
plete and 1 pati ent who was tre ated 
by local thrombolysis. We assessed 
33 pati ents tre ated by LMWH for 
deep vein thrombosis. Twenty one of 
them were tre ated by continuo us infu-
si on (CI). Twelve (57.1 %) of them were 
boys and 9 (42.9 %) were girls. Twelve 
pati ents were tre ated by subcutane o us 
(SC) applicati on, 8 (66.7 %) girls and 
4 (33.3 %) boys. The age range vari ed 
from newborns to 18 ye ars and was 
comparable in both gro ups (Fig. 1).

Low molecular weight he pa rin was 
administered to pati ents by intrave-
no us (IV) pump Infusomat (Bra un, Fi-
rana, Ivac) at the dose of 80 IU/ kg/ 8 h 
diluted in normal saline. Rate of infu-
si on was 1 ml per ho ur. Continuo us in-
fusi on was interrupted maximally for 
2 ho urs and only in excepti onal si-
tu ati ons such as Doppler ultrasono-
graphy. Second gro up was tre ated with 
s.c. injecti on standard way. The cho-
sen starting dose (240 IU/ kg/ 24 h) was 
the recommended therape utic dose 
for dalte pa rin, which we have used in 
all of o ur pati ents. In pati ents yo un-
ger 5 months we used the same initi al 
dose. Further dosing was tailored indi-
vidu ally for e ach pati ent to re ach the 
required antiXa level. The study, inclu-
ding genetic investigati on for inherited 
thrombophili a risks was a uthorized by 
local ethical committee.

Before starting the tre atment o ur 
aim was to perform full thrombophili a 
work- up in all pati ents. Blo od samples 
were taken by qu alifi  ed nurses into the 
Sarstaedt tube as requested by Stan-
dard operati onal procedures valid in 
University Hospital Brno at the time 
of the investigati on. (University Hospi-
tal Brno is certifi  ed in accord with the 
norm ISO 9000:2001.)

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

Praha, The Czech Republic); assess-
ment of mutati on FII 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, Di agnostika Stago, France); 
protein S plasmatic level assessment 
(Asserachrom Total protein S, Sta 
Staclot Protein S, Di agnostika Stago, 
France); homocystein plasmatic level 
assessment (Homocystein Bi o- Rad, 
Bi o- Rad Laboratori es, USA); lipopro-
tein a plasmatic level assessment (Lpa 
Roche, Roche, Switzerland).

Deep vein thrombosis was di agno-
sed with Doppler ultrasonography 
(Si emens, type Antarez, line ar probe 
VFX 15– 3, 10MHZ), incre ased D- dim-
mer level (STA Li atest D- Di, Di agnos-
tica STAGO, France) and by clinical 
examinati on: tenderness, pain and 
swelling at the site of thrombosis, po-
sitivity „plantar“ sign and/ or positive 
Hommans sign when applicable.

Effi ci ency of the tre atment was moni-
tored by the regressi on of clinical sym-
ptoms which were assessed and recor-
ded during regular ward ro unds, as well 
as by repe ated Doppler ultrasonogra-
phy (week 1, week 2 and week 6 after 
the di agnosis of the thrombosis) toge-
ther with D- dimmers testing. AntiXa 
levels (Co amatic He pa rin, Chromoge-
nix, Italy) were monitored daily at le ast 
during fi rst fi ve days of the tre atment, 
but majority of the pati ents had longer 
monitoring of antiXa levels.

In pati ents tre ated by continuo us in-
fusi on samples for antiXa level me asu-
rements were taken twelve ho urs after 
dose adjustment and/ or change and in 
pati ents tre ated by subcutane o us inje-
cti on 3– 4 ho urs after applicati on fol-
lowing such a change. In accord with 
those levels the dose of LMWH was 
modifi  ed to keep antiXa within requi-
red intervals. The aim was to achi eve 
as stable as possible antiXa level.

Platelet levels were monitored du-
ring the whole time of the tre atment to 
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avo id possible bleeding complicati ons 
in pati ents with low platelets tre ated 
with he pa rins. None of the pati ents in 
both gro ups had a kidney disorder the-

refore there were no supposed diffe-
rences in antiXa cle arance. Liver tests 
were not monitored regularly and/ or 
intenti onally in o ur pati ents. The tre at-

ment with LMWH was stopped when 
recanalisati on of the vein was achi eved 
or the thrombus has been organised 
and unchanged during two consecu-
tive Doppler ultraso und examinati ons. 
Pati ents were then switched to prophy-
lactic tre atment for at le ast 3 months 
to prevent re-occurrence of the throm-
bus. The safety of the tre atment was 
clinically assessed by nurses who re-
corded possible bleeding or other ad-
verse events related to the LMWH into 
pati ents charts.

No pati ents were tre ated with throm-
bolytics or other antico agulants than 
those, menti oned above.

Statistics –  methods and data 
processing
Descriptive statistics such as me an, 
medi an, minimum and maximum va-
lues were used for comparison of dura-
ti on of tre atment, dose of LMWH and 
level of antiXa. Differences between 
continuo us vari ables were tested 
using nonparametric Mann-Whitney 
test where as for assessment of asso-
ci ati ons between categorical vari ables 
Spe arman test for frequency tables 
was used. As a level of statistical signi-
fi cance α  = 0.05 was adopted. Graphi-
cal visu alizati on was performed using 
box- plots generated by software STA-
TISTICA for Windows 7.1.

Results
None of the pati ents in both gro ups 
was free of any prothrombotic risk. 
Those, who had no acquired risk had 
at le ast one inherited and vice versa. 
Detailed analysis of acquired and in-
herited thrombophili a risks in o ur pa-
ti ents goes beyond the scope of this 
manuscript which is focused on effi -
cacy and safety of the tre atment with 
LMWH when administered by conti-
nuo us infusi on. However no signifi cant 
difference neither in acquired nor in-
herited risk factors was fo und between 
two gro ups of o ur pati ents.

Average durati on of the tre atment 
in pati ents with CI of LMWH was 
18.7 days, medi an was 15 days (range 

Fig. 1. Age of patients according to administration of LMWH (percentage of 
patients).

  N Average Median Minimum Maximum p – level
intraveous 21 18.7 15.0 5.0 444.0 
administration      0.726
subcutaneous 12 28.2 18.5 6.0 94.0
administration

Fig. 2. Sumarization of duration of treatment (in days) with LMWH.
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5 to 44 days). In pati ents tre ated with 
LMWH by SC applicati on the ave-
rage durati on was 28.2 days, medi an 
18.5 days (range 6 to 94 days). The 
difference in the durati on of the tre at-
ment between those two gro ups was 
not statistically signifi cant (Fig. 2).

Average dose administered per kg 
per day to re ach required antiXa level 
in the gro up tre ated with LMWH by 
CI was 250.7 IU/ kg/ 24 h, medi an 
240 IU/ kg/ 24 h. In pati ents tre ated 
with LMWH by SC average dose 
was 223.1 IU/ kg/ 24 h with medi an 
215 IU/ kg/ 24 h. 

We fo und statistically significant 
difference in the average weighted 
daily dose of LMWH between pati ents 
tre ated with LMWH by continu al infu-
si on and pati ents tre ated with LMWH 
by subcutane o us injecti ons (p = 0,024) 
(Fig. 3).

The LMWH dose was adjusted to 
achi eve and maintain required antiXa 
levels during the tre atment. Requi-
red therape utic range of antiXa level 
was 0.5– 1 IU/ ml. In gro up of pati ents 
tre ated with LMWH by CI average an-
tiXa level achi eved by the tre atment 
described above was 0.53 IU/ ml, me-
di an 0.52 IU/ ml. In pati ents tre ated 
with LMWH by SC applicati on average 
antiXa level was 0.66 IU/ ml, medi an 
0.71 IU/ ml. The difference between 
summarized level of antiXa in pa-
ti ents with CI and SC administrati on 
of LMWH was statistically signifi cant 
(p = 0,044) (Fig. 4). 

In the gro up tre ated with LMWH by 
CI the tre atment with therape utic dose 
led to complete recanalisati on of the 
affected vein in 3 (14.3 %) pati ents and 
to parti al recanalisati on in 15 (71.4 %) 
pati ents. Only in 3 (14.3 %) pati ents 

the tre atment with therape utic dose of 
LMWH did not le ad to recanalisati on. 
In pati ents tre ated by subcutane o us 
applicati on the complete recanali-
sati on appe ared in 4 (33.3 %) chil-
dren. In 4 (33.3 %) pati ents tre atment 
led only to parti al recanalisati on and 
in 4 (33.3 %) pati ents did not le ad to 
any recanalisati on at all. Above men-
ti oned results of the therapy seem to 
be signifi cantly different between pa-
ti ents tre ated with IV and SC LMWH 
(p = 0,041) (Fig. 5). 

In pati ents tre ated by CI we have not 
recorded any adverse event neither any 
bleeding complicati on nor decre ased 
platelet co unts which co uld be related 
to he pa rin tre atment. Pati ents tre ated 
by SC applicati on had bruises after ap-
plicati on recorded.

Discussi on
The aim of this pilot project was to 
po int o ut alternative way of throm-
bosis tre atment in children. In these 
days the standard tre atment of DVT is 
subcutane o us applicati on of LMWH. 
These well-established recommenda-
ti ons result especi ally from REVIVE 
study, which has proven LMWH to be 
as effective and even more safe compa-
red to unfracti onated he pa rin.

We compared the effi cacy and sa-
fety of DVT tre atment with LMWH by 
CI and SC applicati on in two gro ups 
of pati ents with similar age ranges and 
types of primary di agnoses. In those 
tre ated with LMWH by CI the initi al 
tre atment with full therape utic dose of 
LMWH led to at le ast parti al recanali-
sati on of thrombosis in 85.7 % of chil-
dren. In pati ents tre ated with SC appli-
cati on we were not able to recanalize 
the thrombosis in 33.3 % of o ur pa-
ti ents. The difference in the o utcomes 
of the therapy between both gro ups 
appe ars to be statistically signifi cant 
(p = 0.041).

We can speculate that the re ason for 
better results with CI co uld be lower 
medi an dose of LMWH (IU/ kg/ day) 
and/ or wider range of antiXa levels 
and thereby less stable antiXa levels in 

  N Average Median Minimum Maximum p – level
intraveous 21 250.7 240.0 200.0 300.0 
administration      0.024*
subcutaneous 12 223.1 215.0 200.0 282.5
administration

*statistically signifi cant result

Fig. 3. Weighted dose of  LMWH (in IU/kg/d) during the treatment.
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plasma of pati ents tre ated with LMWH 
vi a SC applicati on. On the other hand 
medi an of antiXa levels me asured after 
LMWH applicati on was higher in the 
gro up of pati ents tre ated by SC ap-
plicati on. However we have to be ar in 
mind, that assessment of antiXa during 
SC tre atment refl ects only the maximal 
pe aks of antiXa activity re ached in vivo 

after bolus SC injecti on. In contrary, 
monitoring of antiXa during CI aims 
to ref lect the stable ste ady state of 
antiXa activity in pati ents’ plasma. Thus 
informati on provided is not fully com-
parable. It seems, that being guided 
by antiXa levels during tre atment with 
LMWH vi a CI, we were able to re ach 
better clinical results. To achi eve the 

same or similar levels of antiXa we had 
to use different dosage for different 
ways of applicati on of LMWH. There-
fore it is probably not correct just to 
extrapolate the dose of LMWH for CI 
from the dose of LMWH administe-
red subcutane o usly. In other words we 
sho uld further assess what is more im-
portant for the successful tre atment: 
if more stable levels or higher pe aks of 
antiXa levels. Further and more detai-
led study of the pharmacodynamics 
of LMWH during CI administrati on 
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-
ti ents’ plasma might be probably more 
important for favo urable o utcome of 
the tre atment. The durati on of tre at-
ment –  average, minimal as well as ma-
ximal –  was shorter in gro up of pa-
ti ents tre ated by CI, what might be 
considered an advantage for the pa-
ti ents, but the difference was not sta-
tistically signifi cant.

In contrast to REVIVE study we have 
not recorded any severe adverse events 
in none of o ur pati ents. That fi nding, 
in certain way, also corresponds with 
results of U. Hoffman showing that 
even i.v. bolus applicati on of LMWH is 
as safe as SC administrati on and it is 
not associ ated with higher risk of ad-
verse events [14].

We understand that the results of 
this study do not enable us to draw any 
fi rm conclusi ons, mainly due to small 
number of pati ents and that it will be 
necessary to prove these results on lar-
ger cohort. In spite of that we have 
shown that the tre atment of DVT with 
LMWH by CI in o ur gro up of pati ents 
was at le ast as effective and safe as SC 
applicati on. 

Conclusi on
Based on results menti oned above and 
according to facts coming up in the di-
scussi on we beli eve that in o ur pati ents 
the tre atment of DVT with LMWH by 
continuo us infusi on was non-inferi or 
and in some aspects even more pro-

  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 signifi cant result

Fig. 4. Summarized level of antiXa (in IU/ml) during treatment.

Fig. 5. Result of the  tre atment with LMWH.

  Complete Parti al No p –  level
 recanalisati on recanalisati on recanalisati on
intrave o us 14.3 % 71.4 % 14.3 % 
administrati on (N = 21)    0.024*
subcutane o us 33.3 % 33.3 % 33.3 %
administrati on (N = 12)

*statistically signifi cant result

This table shows percentage of pati ents in whom the tre atment of LMWH in thera-
pe utic doses led to complete recanalisati on, parti al recanalisati on or no recanalisa-
ti on respectively.
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mising compared to the tre atment by 
subcutane o us injecti on.

The tre atment by CI might be advan-
tage o us especi ally in children admit-
ted to the hospital, who have perma-
nent intraveno us access. By me ans of 
this tre atment we can avo id repe ated 
painful SC injecti ons and thus in-
cre ase child’s qu ality of life. In chil-
dren with very low weight, it might 
be diffi cult to dose LMWH subcuta-
ne o usly precisely eno ugh due to very 
small amo unt of the medicati on injec-
ted. More over in small children and 
ne onates SC injecti ons might be limi-
ted by body surface available for ap-
plicati on. When administered by con-
tinuo us infusi on, LMWH has shorter 
half-life and this co uld be useful espe-
ci ally in pati ents with considerable 
risk of bleeding, for example pati ents 
with thrombocytopeni a as shown in 
o ur pati ents with low platelet co unts 
after chemotherapy, who had no blee-
ding complicati ons related to LMWH 
administrati on. More over their pa-
rents appreci ated the possibility to 
avo id painful SC applicati ons. Based 
on o ur results guidelines for the tre at-
ment of deep vein thrombosis for both 
Department of Internal Medicine and 
Department of Paedi atric Oncology 
were updated.

Abbrevati ons
LMWH –  low molecular weight he pa rin, 
DVT –  deep vein thrombosis, SC –  sub-
cutane o us, CI –  continuo us infusi on, 
PE –  pulmonary embolism, VTE –  ve-
no us trombembolic event, TED –  throm-
bembolic dise ase, CVL –  central veno us 
line, IV –  intraveno us
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