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Abstract

Introduction: Although critically ill children may be at risk from developing deep venous throm-
bosis (DVT), data on its incidence and effectiveness of thromboprophylaxis are lacking.
Objective: To describe the use of thromboprophylaxis in critically ill children in Spain and
Portugal, and to compare the results with international data.
Material and methods: Secondary analysis of the multinational study PROTRACT, carried out in
59 PICUs from 7 developed countries (4 from Portugal and 6 in Spain). Data were collected from
patients less than 18 years old, who did not receive therapeutic thromboprophylaxis.
Results: A total of 308 patients in Spanish and Portuguese (Iberian) PICUS were compared with
2176 admitted to international PICUs. Risk factors such as femoral vein (P = .01), jugular vein
central catheter (P < .001), cancer (P = .03), and sepsis (P < .001) were more frequent in Iberian
PICUs. The percentage of patients with pharmacological thromboprophylaxis was similar in
both groups (15.3% vs. 12.0%). Low molecular weight heparin was used more frequently in
Iberian patients (P < .001). In treated children, prior history of thrombosis (P = .02), femoral
vein catheter (P < .001), cancer (P = .02) and cranial trauma or craniectomy (P = .006), were more
frequent in Iberian PICUs. Mechanical thromboprophylaxis was used in only 6.8% of candidates
in Iberian PICUs, compared with 23.8% in the international PICUs (P < .001).
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Conclusions: Despite the presence of risk factors for DVT in many patients, thromboprophy-
laxis is rarely prescribed, with low molecular weight heparin being the most used drug. Passive
thromboprophylaxis use is anecdotal. There should be a consensus on guidelines of thrombo-
prophylaxis in critically ill children.
© 2014 Asociación Española de Pediatría. Published by Elsevier España, S.L.U. All rights
reserved.
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Utilización de medidas de tromboprofilaxis en niños críticamente enfermos en

España y Portugal

Resumen

Introducción: Los niños críticos pueden tener riesgo de trombosis venosa profunda (TVP), pero
no conocemos ni su incidencia ni la eficacia de la tromboprofilaxis.
Objetivo: Describir la tromboprofilaxis en niños críticos en España y Portugal, en comparación
con datos internacionales.
Material y métodos: Análisis secundario del estudio multinacional PROTRACT, realizado en 59
unidades de cuidados intensivos pediátricos (UCIP) de 7 países desarrollados (4 de Portugal y 10
de España). Se incluyeron los pacientes menores de 18 años que no recibieran anticoagulación
terapéutica.
Resultados: Se analizaron 308 pacientes, que se compararon con 2.176 de UCIP internacionales.
Los factores de riesgo: catéter en vena femoral (p = 0,01), yugular (p < 0,001), cáncer (p = 0,03)
y sepsis (p < 0,001) fueron más frecuentes en las UCIP ibéricas. El porcentaje de pacientes con
tromboprofilaxis farmacológica fue similar en ambos grupos (15,3% vs. 12,0%). La heparina de
bajo peso molecular se utilizó con mayor frecuencia en las UCIP ibéricas (p < 0,001). En los
pacientes con profilaxis, la historia de trombosis (p = 0,02), catéter venoso femoral (p < 0,001),
cáncer (p = 0,02) y trauma craneal o craneotomía (p = 0,006) fueron más frecuentes en las UCIP
ibéricas. En solo el 6,8% de los candidatos de las UCIP ibéricas se utilizó tromboprofilaxis
mecánica, en comparación con el 23,8% de los internacionales (p < 0,001).
Conclusiones: A pesar de que los pacientes ingresados en UCIP ibéricas suelen presentar factores
de riesgo de TVP, la tromboprofilaxis es poco utilizada, siendo la heparina de bajo peso molecular
la medida más habitual. La tromboprofilaxis pasiva se utiliza raramente. Se deberían consensuar
las pautas de tromboprofilaxis en los niños críticamente enfermos.
© 2014 Asociación Española de Pediatría. Publicado por Elsevier España, S.L.U. Todos los dere-
chos reservados.

Introduction

Deep vein thrombosis (DVT) and pulmonary embolism (PE)
are severe but often unrecognised complications in criti-
cally ill hospitalised patients.1,2 In adult patients admitted
to the ICU, the prevalence of DVT or PE with evident clinical
manifestations exceeds 20 cases per 1000 patients, with an
incidence higher than 14.5 cases per 1000 patients despite
the use of pharmacological thromboprophylaxis (PTP),3 so
its use is justified unless there is a recognised contraindica-
tion for anticoagulation.4

Using the scarce data available for children admitted to
paediatric intensive care units (PICUs), the prevalence of
DVT or PE with clinical manifestations is estimated at 9 cases
per 1000 patients and their incidence at 7 cases per 1000
patients,5 and there are no specific recommendations for
the use of PTP in these patients.6

A survey of paediatric intensivists in the United States
showed that they were more likely to prescribe PTP to
adolescents receiving mechanical ventilation, with a hyper-
coagulable state, a prior history of DVT or a cavopulmonary
anastomosis.7

The PROTRACT prospective multicentre study concluded
that the low frequency and great variability in the use of
thromboprophylaxis in PICUs call for well-designed research
that can set the foundation for establishing the indication of
PTP in children.1 In the secondary analysis of the PROTRACT
data performed in our study,1 we evaluated the frequency
of thromboprophylaxis in critically ill children in Spain and
Portugal in an attempt to determine the patient and PICU
characteristics associated with its use.

Materials and methods

Study design

We performed a secondary analysis of the data of the
PROTRACT1 prospective observational multicentre multina-
tional study, which was carried out over four study dates in
2012 (February 1st, May 1st, August 1st, and November 1st)
in 59 PICUs of 7 developed countries (United States of Amer-
ica, Canada, Australia, New Zealand, Singapore, Portugal
and Spain) and included 2484 patients. Our study analysed
the data of the patients corresponding to the 4 Portuguese
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PICUs and the 10 Spanish PICUs included in the PROTRACT
study, and compared it to the data of the remaining patients
(those hospitalised in PICUs of the remaining countries).

The methodology of the PROTRACT study has been pub-
lished in full.1 The study included all patients less than 18
years old hospitalised in the PICU during the study dates,
unless they were receiving therapeutic anticoagulation or
boarding in the unit for lack of available beds elsewhere
in the hospital. The data for each patient were collected
at 9 am on study dates, and included data on demographic
characteristics, preadmission history, and the clinical fea-
tures of the current admission. The study collected data
on clinical features with a known association with DVT or
PE,2,6,8---11 indications and contraindications for PTP based
on the paediatric recommendations of the American College
of Chest Physicians (ACCP),6 and the actual prescription of
thromboprophylaxis. It also counted the number of central
venous catheters (CVCs) used in patients, as their presence is
the most significant risk factor for DVT in children.12,13 The
study documented any current treatments that may have
been associated with a risk of DVT and may have affected the
prescription or the outcome of thromboprophylaxis (vasoac-
tive agents, parenteral nutrition, mechanical ventilation,
l-asparaginase therapy, bed rest, and previous or sched-
uled surgery). The data were collected and handled using
the Research Electronic Data Capture (REDCap) system of
Washington University and the St. Louis School of Medicine.14

Definitions and outcome measures

We defined a patient as a candidate for PTP if: (a) the patient
was hospitalised in the PICU and (b) based on the paedi-
atric recommendations of the ACCP, he or she had a dilated
cardiomyopathy, cavopulmonary anastomosis, cyanotic con-
genital heart disease, end-stage renal disease or pulmonary
hypertension, with no contraindications for anticoagulation.
Anticoagulation was considered contraindicated in case of:
scheduled surgery, heparin-induced thrombocytopaenia, or
intracranial or extracranial haemorrhage requiring blood
transfusions.6,15

We considered that any patient that received a thrombo-
prophylactic agent (aspirin, low molecular weight heparin,
intravenous or subcutaneous unfractionated heparin, war-
farin or clopidogrel) or mechanical thromboprophylaxis in
the 24 h prior to the study date was receiving thrombo-
prophylaxis. The administration of more than 10 units per
hour of unfractionated heparin through the CVC was consid-
ered a thromboprophylactic dose, while lower doses were
considered a treatment for maintaining CVC patency.12

The primary outcome measure was the prevalence of PTP,
defined as the proportion of all patients hospitalised in the
PICU that were receiving PTP. Our secondary objective was
to identify the factors associated with the prescription of
thromboprophylaxis. The analysis of mechanical thrombo-
prophylaxis only included children older than 8 years, the
age at which this therapy starts to be applied.12

Statistical analysis

Patients were divided into 3 age categories: infants younger
than one year, children aged 1---13 years, and adolescents

older than 13 years, based on the bimodal distribution of DVT
in children.12,13 We pooled the data for the 4 study dates.
Continuous variables are expressed as median and interquar-
tile range (IQR), while categorical variables are expressed as
absolute frequencies and percentages. The statistical analy-
sis was performed with the Stata 12 software (StataCorp LP,
College Station, TX). Statistical significance was defined as
P < .05 for two-tailed tests. We calculated the odds ratios
and the 95% confidence intervals. The full details of the
statistical analysis have been published previously.1

Results

Characteristics of the patients and the paediatric
intensive care units

The study included a total of 308 (12.4%) patients admit-
ted to 14 PICUs in Spain and Portugal (Iberian PICUs) that
were compared to 2176 (87.6%) patients admitted to 45
PICUs in other countries (international PICUs). The patients
had a similar distribution across the 4 study dates. Table 1
summarises the patient and PICU characteristics. The distri-
bution in age groups was significantly different in the two
subgroups, with a greater percentage of patients aged less
than 1 year and more than 13 years in the international
PICUs (P = .02). As for ethnicity, while only 6.2% of patients in
the Iberian PICUs were non-white, 24.3% of them were non-
white in international PICUs (P < .001). The size of the PICUs
was very different, since most PICUs in Portugal and Spain
(64.3%) had 10 or fewer beds, while 88.9% of international
PICUs had more than 10 beds (P < .001).

The risk factors for DVT found in patients are shown in
Table 2. When we compared the two samples, we found that
femoral (P = .01) or jugular vein catheters (P < .001), cancer
(P = .03) and sepsis (P < .001) were found more frequently in
Spanish and Portuguese PICUs. The median number of risk
factors was significantly higher in these PICUs than in inter-
national PICUs (3 vs. 2; P < .001), although the percentages
of patients with more than 2 coexisting risk factors were
similar (Table 2).

Out of the 14 analysed PICUs, 9 (64.3%) had a formal
thromboprophylaxis protocol, compared to 26 out of the 45
(57.8%) international PICUs (P = .67).

Pharmacological thromboprophylaxis

A total of 47 patients (15.3%) in Iberian PICUs received
some type of PTP, compared to 261 (12.0%) in the cohort
of the other countries (P = .10). The drugs used are shown in
Table 3. Low molecular weight heparin was used most fre-
quently in patients treated in Iberian PICUs than in PICUs
in other countries (P < .001), while subcutaneous unfrac-
tionated heparin was used more frequently in the latter,
although the number of cases in which it was used was very
small, so the data cannot be used to draw any valuable
conclusions.

Table 4 shows the risk factors of the patients, and
Table 5 the treatments patients were receiving. In Iberian
PICUs, the most frequent factors were a previous history
of thrombosis (P = .02), the presence of a femoral venous
central catheter (P < .001), cancer (P = .02) and head injury
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Table 1 Characteristics of the patients and paediatric intensive care units (PICUs). Results given as absolute frequencies and
percentages.

Spain and Portugal
n (%)

PICUs in other countries
n (%)

P

Patients 308 (12.4) 2176 (87.6)
Age groups .02

<1 year 121 (39.3) 904 (41.5)
1---13 years 166 (53.9) 1025 (47.1)
>13 years 21 (6.8) 247 (11.4)

Male sex 163 (52.9) 1226 (56.3) .26
Ethnicity <.001

Caucasian 271 (88.0) 1426 (65.5)
Black 14 (4.6) 355 (16.3)
Asian 4 (1.3) 130 (6.0)
Other or unknown 19 (6.1) 265 (12.2)

PICU 14 (23.7) 45 (76.3)
Type of hospital .76

University/research 10 (71.4) 34 (75.6)
Other/private 4 (28.6) 11 (24.4)

Type of PICU .48
Cardiac 0 (0) 4 (8.9)
Medical or surgical 5 (35.7) 17 (37.8)
Mixed 9 (64.3) 24 (53.3)

Number of beds <.001
≤10 9 (64.3) 5 (11.1)
11---20 5 (35.7) 22 (48.9)
>20 0 (0) 18 (40.0)

Table 2 Risk factors for deep vein thrombosis. Results in absolute frequencies and percentages.

Risk factors Iberian PICUs
n (%)

International PICUs
n (%)

P

n 308 2176
Previous history of thrombosis 17 (5.5) 100 (4.6) .47
Thrombophilia or acquired hypercoagulable state 4 (1.3) 17 (0.8) .35
Obesity 3 (1.0) 43 (2.0) .22
Central venous catheter 173 (56.2) 1139 (52.3) .21
Femorala 63 (33.0) 292 (22.3) .001
Jugulara 70 (36.6) 287 (21.3) <.001
Congenital heart disease .42

Noncyanotic 36 (11.7) 205 (9.4)
Cyanotic 40 (13.0) 272 (12.5)

Pulmonary hypertension 28 (9.1) 137 (6.3) .07
Cardiomyopathy 7 (2.3) 33 (1.5) .32
Cancer 26 (8.4) 117 (5.4) .03
Sepsis 53 (17.2) 200 (9.2) <.001
Stroke 6 (2.0) 34 (1.6) .62
Head injury or craniotomy 29 (9.4) 147 (6.8) .09
Immobilisation of lower extremities 9 (2.9) 37 (1.7) .14
Spine surgery 15 (4.9) 68 (3.1) .11
Solid organ transplant 5 (1.6) 34 (1.6) .94
Haemorrhage (intracranial or extracranial) 17 (5.5) 102 (4.7) .52
Median (IQR) number of risk factors 3 (1---5) 2 (1---4) <.001
Patients with 2 or more risk factors 221 (71.8) 1491 (68.5) .25

IQR: interquartile range.
a The total number of catheters was counted disregarding the number of lumens each had. Total number of central venous lines: 191

(Iberian PICUs), 1307 (PICUs in other countries).
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Table 3 Pharmacological thromboprophylaxis measures used.

Drug Iberian PICUs
n (%)

PICUs in other countries
n (%)

P

Aspirin 11 (3.6) 132 (6.1) .08
Low molecular weight heparin 31 (10.1) 82 (3.8) <.001
Intravenous unfractionated heparin 5 (1.6) 60 (2.8) .24
Subcutaneous unfractionated heparin 3 (0.1) 5 (0.2) .03
Vitamin K antagonist 1 (0) 14 (0.6) .50
Clopidogrel 0 (0) 2 (0.1) .60

Total 47 (15.3) 261 (12.0) .10

Table 4 Risk factors for deep vein thrombosis in patients that received pharmacological thromboprophylaxis.

Risk factor Iberian PICUs
n (%)

PICUs in other countries
n (%)

P

N 47 261
Previous history of thrombosis 13 (27.7) 37 (14.2) 0.02
Thrombophilia or acquired hypercoagulable state 3 (6.4) 6 (2.3) 0.13
Obesity 3 (6.4) 11 (4.2) 0.51
Central venous catheter 37 (78.8) 186 (71.3) 0.29
Femorala 18 (40.9) 38 (17.8) <0.001
Jugulara 10 (22.7) 33 (15.5) 0.24
Congenital heart disease 0.50

Noncyanotic 7 (14.9) 28 (10.7)
Cyanotic 17 (36.2) 116 (44.4)

Pulmonary hypertension 9 (19.2) 34 (13.0) 0.27
Cardiomyopathy 3 (6.4) 14 (5.4) 0.78
Cancer 3 (6.4) 3 (1.2) 0.02
Sepsis 9 (19.2) 27 (10.3) 0.08
Stroke 3 (6.4) 8 (3.1) 0.26
Head injury or craniotomy 4 (8.5) 4 (1.5) 0.006
Immobilisation of lower extremities or spine surgery 2 (4.3) 13 (5.0) 0.83
Solid organ transplant 2 (4.3) 10 (3.8) 0.89
Haemorrhage (intracranial or extracranial) 5 (10.6) 12 (4.6) 0.10
Median (IQR) number of risk factors 4 (2---5) 5 (4---6) <0.001
Patients with two or more risk factors 44 (93.6) 230 (88.1) 0.27

IQR: interquartile range.
a The total number of catheters was counted disregarding the number of lumens each had. Total number of central venous lines: 44

(Iberian PICUs), 213 (PICUs in other countries).

Table 5 Concomitant treatments in patients receiving pharmacological thromboprophylaxis.

Treatment Iberian PICUs
n (%)

PICUs in other countries
n (%)

P

Vasoactive drugs 21 (44.7) 84 (32.2) .10
Parenteral nutrition 17 (36.2) 65 (24.9) .11

Mechanical ventilation

Invasive 25 (53.2) 111 (42.5) .18
Noninvasive 12 (25.5) 51 (19.5) .35

l-Asparaginase 1 (2.3) 1 (0.4) .17
Bed rest 26 (55.3) 109 (41.8) .09

Surgery

Scheduled 8 (17.0) 15 (5.8) .007
Previous 25 (53.2) 101 (38.7) .06

Central venous catheter 37 (78.7) 186 (71.3) .29
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or craniotomy (P = .006), while the median number of risk
factors in patients that received PTP was higher in interna-
tional PICUs (5 vs. 4; P < .001). The presence of concomitant
treatments was similar in both series, with the exception
of scheduled surgery (patients admitted to the PICU with
a surgery scheduled within the next two days), which was
more frequent in Iberian PICUs (P = .007).

Mechanical thromboprophylaxis

Mechanical thromboprophylaxis was performed in only 5 out
of 73 (6.8%) candidate patients (aged more than 8 years)
in Iberian PICUs, compared to 156 out of 655 (23.8%) in
international PICUs (P < .001). Compression stockings were
used in all instances in Spain and Portugal, while sequen-
tial pneumatic compression devices were used in 85.9% and
compression stockings in 22.4% of the patients in other
countries (P < .001).

Discussion

Venous thromboembolism is a significant cause of morbidity
and mortality in hospitalised adults, with reported incidence
rates ranging from 10% to 40%.2,16 The incidence in children
seems to be much lower at about 0.5% of the total number
of hospitalisations.2,17---19 When children are critically ill, the
risk factors for DVT increase in number, so it is likely that
its incidence also increases, although no reliable data are
available on this particular.1

In light of this, the use of a thromboprophylaxis reg-
imen in children admitted to the PICU may be justified,
although this remains a matter of contention. On one hand,
its indiscriminate use could unnecessarily expose low-risk
children to an increased risk of bleeding or complications
such as heparin-induced thrombocytopaenia.2 On the other
hand, failure to use of thromboprophylaxis in high-risk chil-
dren could result in episodes of DVT or PE that could have
been prevented.2 In addition to pharmacological measures,
mechanical thromboprophylaxis (which is usually indicated
starting at 8 years of age) is a preventive measure available
to the patient that poses no risks.

Intensivists acknowledged that the criterion they use
for prescribing thromboprophylaxis in actual practise is the
presence of one or more risk factors, such as the patient
having a CVC, mechanical ventilation, heart disease, or
hypergoagulability.1,7,20

The PROTRACT multicentre study, which included a
considerable number of PICUs and patients from various
developed countries and of which our study made a sec-
ondary analysis, demonstrated the great variability that
exists in the use of thromboprophylaxis in critically ill
children.1 It identified a series of characteristics associ-
ated to the use of PTP, such as congenital heart disease,
immobility, obesity, a previous history of thrombosis or
cavopulmonary anastomosis, the presence of one or more
CVCs, and adolescence.1

However, given the aforementioned variability, we had
to compare the results obtained in the PICUs in our region
(the Iberian Peninsula) to gain a more accurate perspec-
tive on what occurs in our units. Our results show that
the characteristics of Iberian PICUs and their patients differ

significantly from the rest of the sample, with Iberian PICUs
having fewer beds, a lower percentage of patients in the
extreme age groups (younger than 1 year and older than
13 years) and a small percentage of non-white patients.
Still, the risk factors for DVT found in patients in the Iberian
Peninsula were similar to those found in patients of PICUs
in other countries, although we found a significantly higher
frequency for factors such as CVCs (femoral and jugular),
cancer and sepsis. While our study was not designed to
establish or rule out causality, we believe that the num-
ber of beds in the PICUs or the age of the patients should
probably not be considered relevant factors.

While the percentage of patients who received PTP was
similar in Iberian and international PICUs, the regimens
applied diverged, with low molecular weight heparin being
the most frequently used drug in Iberian PICUs and aspirin
in international PICUs, which shows greater compliance of
Iberian PICUs with current recommendations.1,6

Many of the patients admitted to the PICU have complex
clinical conditions, and may have more than one risk factor
for DVT. In our series, the median number of risk factors was
3, while in the multinational PICU study the median was 2.
The median number in patients that did receive PTP was
higher in countries other than Spain and Portugal (5 vs. 4).

Despite their simplicity (as in using graduated compres-
sion stockings) and their safety (since they do not carry a
risk of bleeding), mechanical thromboprophylaxis measures
were used rarely in Iberian PICUs, while they were used in
one-fourth of candidate patients in the international PICUs.
Although there is no conclusive evidence on their efficacy,1

we believe that they offer an opportunity to improve the
prevention of DVT that should be taken into consideration
by intensivists in children aged more than 8 years that have
any risk factors.

Why is thromboprophylaxis used so rarely in critically
ill children? Several factors are probably at play, such as
the lack of evidence for the paediatric age group, under-
estimation of the risk of DVT by paediatricians, current
protocols being based on expert opinions (and therefore less
binding) and the varying compliance with some recommen-
dations found in clinical practise,1,6 as well as the concern of
bleeding following administration of heparin or other antiag-
gregant or anticoagulant drugs.7,17 Having a formal protocol
for thromboprophylaxis would contribute to the homoge-
neous implementation of these measures. Such protocols,
which are in place in over half of the PICUs in Portugal,
Spain, and the remaining countries, have the drawback of
being necessarily based on the extrapolation of adult data
and protocols and the opinions and personal preferences of
the professionals in each unit.1

There are limitations to our results that need to be taken
into account. As happened in the multinational PROTRACT
study, we did not gather data on the clinical outcome of
patients as it relates to DVT, PE or bleeding, as the study
was designed solely to determine the presence of risk fac-
tors and the thromboprophylactic measures applied. Thus,
it would be interesting to conduct another study with a
large enough sample of PICUs with a methodology that would
make it possible to establish the clinical significance of the
risk factors for DVT and PE as well as the risks and benefits
(individual and comparative) of different thromboprophy-
lactic measures.1 Such a study could provide the foundation
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to develop an evidence-based thromboprophylaxis protocol
for the PICU.

Participation of the PICUs was voluntary, which may have
led to a bias in patient characteristics. In any case, based on
the characteristics of the participating Portuguese and Span-
ish PICUs we believe that they provide an accurate reflection
of intensive care in their countries. As for the potential het-
erogeneity of PICUs in other countries, we consider that
while their structure and work may be organised differently,
since they all are in developed countries they may be compa-
rable in terms of human and material resources, the type of
admitted patients, and the procedures performed. The fact
that due to administrative reasons the Portuguese and Span-
ish PICUs are smaller (have fewer beds) than those of other
countries may have biased the results slightly, so this should
be taken into account.

Conclusions

Although many critically ill children have more than one
risk factor for DVT, thromboprophylactic measures are used
infrequently in this set of patients, both in Spain and Portu-
gal and at the international level. The use of low molecular
weight heparin in Spanish and Portuguese PICUs is more fre-
quent and widespread and mechanical thromboprophylaxis
is rarely used, while the latter is used more frequently in
PICUs from other countries. An effort should be made to
reach a consensus on the indications and regimens of throm-
boprophylaxis in critically ill children.
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