PEDIATRIC

. v y
CRITICAL CARE GUIDELINES Alberta Children's Hospital

I'l Alberta Health
Bl Services

DVT/VTE PROPHYLAXIS & TREATMENT

= Introduction

= Trauma VTE Risk

» Pediatric Intensive Care VTE Risk

= PICU Scoring System

= Safety

» Contraindications to Pharmacological Prophylaxis
=  Prophylaxis Therapy

=  Treatment of VTE

= References

INTRODUCTION

It is uncertain which children require routine VTE prophylaxis when admitted.te the PICU, or for that matter
any inpatient unit in a children’s hospital. Practice varies widely in North America.X
The incidence of VTE in hospitalized children is increasing dramatically.?

TRAUMA VTE RISK

The overall incidence of VTE in children admitted with trauma is approximately 0.6%.3
Recently 2 scoring systems (model 1 and model 2) where.developed for predicting an increased risk of VTE in
pediatric trauma based on over 400,000 pediatric trauma cases®:
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TABLE 3. Weighted Scoring Systems Based on Clinical Risk Factors to Predict Venous
Thromboembolism in Pediatrics After Trauma

Weighted Score
Adjusted ORs for Venous (Rounded to Nearest
Thromboembolism p-Coefficient Integer)
National Johns Hopkins
Trauma Data Bank Trauma

Clinical Factor (2008-2010)* Registry Model 1 Model 2 Model 1 Model 2
Age (yr)

0-12 C E E J 0 0

13-16 20 38 065 064 2 1

16-21 38 62 131 1.36 4 2
Injury Severity Score

0-8 0 0

9-15 40 42 159 1.71 5 5

16-24 58 108 159 1.71 5 5

25-75 72 187 2N 259 7 7
Glasgow Coma Scale

13-15 E E G 0 0

9-12 13 28 z & 0 0

3-8 13 24 031 08 1 3
Blood transfusion

No - : : ° 0 0

Yes 15 28 051 061 2 1
Intubation

No g NA z = 0 =

Yes 25 NA 126 - 4 -
Major surgery

No : : ‘ “ 0 0

Yes 38 80 156 1.71 5 5

OR = odd ratio, NA = not available.

ORs rounded to nearest tenth of a decimal.

“From the regression equation for models with and without intubation.

*Reported from the study by Van Arendonk et al (3).

“Reference for ORs.

Regression equation for model 1: log-odds of venous thromboembolism (VTE) = ~8.39+0.646 x (age 13-15) + 1.31 x (age 16-21) + 0.308 x (Glasgow
Coma Scale [GCS]) + 1.58 x (Injury Severity Score [ISS] 9-24) + 2.21 x (ISS 25-75) + 0.51 x (blood transfusion) + 1.55  (surgery) + 1.25 x (intubation);
The p valua for the Hosmer—Lemashow for this multivariable modal is p = 0.0040. Regression aquation: model 2: log-odds of VTE = -9.42+0.636 x (age
13-15) + 1.36 x (age 16-21) + 0.9 x (GCS) + 1.71 x (1SS 9-24) + 2.59 x (IS5 25-75) + 0.61 x (blood transfusion) + 1.71 x (surgery); the p value for the
Hosmer-Lemeshow for this multivariable model is p = 0.0007.

Dashes indicate data was not calculated for modal 2

The risk of VTE is portrayed below based on the two different scoring models below. Any score > 10 is
associated with an increased risk of VTE and prophylaxis should be considered.

The Injury Severity Score (ISS) is.calculated using: https://www.mdcalc.com/injury-severity-score-iss

VTE frequency increases with higher score
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Figure 1. The frequency of venous thromboembolism (VTE) in pediatric patients with risk scores derived from the two risk assessment models. Model 1
incorporates six factors (age, Glasgow Coma Scale, Injury Severity Scare, intubation, blood transfusion, and major surgery). Model 2 uses five factors from
model 1 and does not incorporate intubation. Scores from the two models were applied to 402,329 pediatric patients less than or equal to 21 yr from the
National Trauma Data Bank from 2008 to 2010.
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A recent guideline from the Pediatric Trauma Society recommends prophylaxis for children > 15 yrs or
younger post-pubertal children and an Injury Severity Score (ISS) > 25.°

PEDIATRIC INTENSIVE CARE VTE RISK

The incidence in all types of pediatric hospital admissions is low at 0.01%.¢
Risk factors as published in the Cincinnati Children’s Hospital Guideline” are:

Alberta Children’s Hospital

Table 2: VTE risk factors
VTE risk factor Studies
(Branchford 2012 [4a], Sharathkumar 2012 [4a], Wright 2011 [4a])

® central venous catheter (including non-tunneled, (O'Brien 2011 [3a (incidence); 4a (risk factors)], Vavilala 2002 [3a (incidence), 4a
tunneled and PICCs) (risk factors)], Cyr 2006 [3b (incidence); 4b (risk factors)], Takemoto 2013 [4a],
Askegard-Giesmann 2012 [4a], Branchford 2012 [4a], Sharathkumar 2012 [4a],
Wright 2011 [4a], Hanson 2012 [4b], Grandas 2000 [4b])

* blood stream infection

* history of venous thrombosis

(Hanson 2012 [4b])

* hyperosmolar state (serum osmolality >320
mOsm/kg)

(Local Consensus 2014 [5])

® inflammatory diseases (e.g. IBD, SLE)

(Takemoto 2013 [4a], Branchford 2012 [4aj, Vu 2008 [4a], Hanson 2012 [4b])

* medications: asparaginase

(Local Consensus 2014 [5], Monagle 2012 [5a])

* medications: estrogen use (within past two
months)

(Sharathkumar 2012 [4a], Hanson 2012 [4b])

* obesity (BMI > 95" percentile for age)

(Sharathkumar 2012 [4a], Rana 2009 {4a], Vu 2008 [4a], Local Consensus 2014 {5])

* oncologic diagnosis

(Takemoto 2013 [4a], Wright 2011 [4a], Hanson 2012 [4b], Local Consensus 2014
[5], Monagle 2012 [5a])

* orthopedic procedures: hip or knee
reconstruction

(Local Consensus 2014 [5], Falck-Ytter 2012 [5a])

* nephrotic syndrome

(Takemoto 2013 [4a], Wiight 2011 [4a], Local Consensus 2014 [5], Monagle 2012
[5a])

® thrombophilia — known, or family history of clots  (W7ight 2011 [4a]. Hanson 2012 [4b])

(O'Brien 2011 [3a (incidence); 4a (risk factors)], Candrilli 2009 [3a (incidence); 4a
(risk factors)], Vavilala 2002 [3a (incidence); 4a (visk factors)], Cyr 2006 [3b
(incidence); 4b (risk factors)], Askegard-Giesmann 2012 [4a], Hanson 2012 [4b])

* trauma: > 1 lower extremity long bone fracture,
complex pelvic fractures, spinal cord injury

A recent study from Colorado® has looked at adjusted risk factors in all children admitted to a children’s
hospital showing that mechanical ventilation, systemic infection and hospitalization > 5 days was associated
with an increased risk:
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Table 2.

Unadjusted and adjusted risk factors for development of in-hospital VTE 1n children (all hospital umit locations), from univariate and multiple
logistical regression. Independent risk factors, as determined by the results of multivariate analysis, are shown in bold. See Table 1 for P values
of unadjusted risk factors.

Risk factor Unadjusted Adjusted

OR 95% Cl OR 95% Cl P value
Mechanical ventilation * 6,36 34118 3.29 1.53-7.06 0.002
Central venous catheter * 381 2.16-6.75 1.44 0.70-2.97 0.33
Systemic infection * 3.88 219-689 305 1.57-5.94 0.001

Surgery 149 081276 - s =
Malignancy 165 059462 = -
Dehydration 211 0.51-8.66 = - =
Inflammatory discase NE NE - = e
Obesity 0.82 0.16-4.30 - .

Hospitalization >/=5d*  1.04 1.03-1.06 1.03 101-1.04 <0001

Frior hospitalization 1.73 0.81-3.68 = = =
within 30d
VTE: penous thromboembolism, OR: odds ratio; CF confidence interval; NE! not evaliable.

*Univariate P value met the critevion for inclusion in multivariate analysis (see also Design and
Methods section).

Also a recent meta-analysis demonstrated three main risk factors for hospitalized children3:
= Intensive care unit stay
Central venous catheter
Length of hospital stay

Specifically for children admitted to the PICU, the overall risk is higher, with a point prevalence rate of 0.93%
in one study.? A recent study from John Hopkins had an incidence of 0.3% of all non-cardiac surgery PICU
admissions.10

Adjusted risk factors for intensive care cases in the first study were mechanical ventilation and presence of a
CVC. In this study, children with VTE had an average LOS in PICU of 21 days (vs 4.6 days) and a mortality of
10.2% (vs 2.6%).2

In the second John Hopkins study of pediatric intensive care cases, significant infection was found to be a
risk factoralong with LOS > 4 days and a CVC, consistent with the Colorado study.
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Table 2
Unadjusted and adjusted odds ratios for putative risk factors for developmentof HA-VTE in critically-ill children, from univariate and multiple logistic regression. Data for independent risk
factors, as determined by the results of multivariate analysis, are shown in bold type.

Putative risk factor Unadjusted Adjusted

OR 95%LCL 95%UCL P-value OR 95%LCL 95%UCL P-value
Age (per each 1 y increase) 097 093 1.01 017
Male gender (vs. female) 0.60 033 1.09 0.09 0.99 0.36 272 0.98
Mechanical ventilation 9.48 4.80 1872 <0.001 1.87 0.63 5.50 0.26
CVC (any) 57.57 22,11 14991 <0.001 26.64 746 95.13 <0.001
Short term CVC 47.94 19.32 11895 <0.001
Long term CVC 291 122 692 0.016
Significant infection 1240 5.90 26.07 <0.001 3.41 113 10.29 0.029
Major or orthopedic surgery 1.28 0.62 2.66 0.50
Malignancy 763 2.90 20.06 <0.001 0.69 0.19 2.55 0.58
Dehydration 132 048 361 0.59
Chronic inflammatory disease (non-Lupus) 475 0.77 2922 0.09 0.37 0.03 449 043
LOS z4d 70.00 947 517.36 <0.001 20.22 227 180.07 0.007
Cardiac catheterization 5.82 201 1683 0.001 5.49 0.81 37.24 0.08
History of prematurity 139 057 339 047
History of VTE 538 1.24 2329 0.024 3.38 035 32.78 029
Congenital heart disease 1.08 049 239 0.85
Diabetes mellitus 1.00 031 323 1.00
Nephrotic syndrome 3.04 0.19 4934 0.44

Abbreviations: OR, odds ratio; 95%LCL, 95% lower confidence limit; 95%UCL, 95% upper confidence limit; CVC, central venous catheter; LOS, length of stay.

Age does not seem to be as strong a risk factor for pediatric intensive care cases, yet the Cincinnati Children’s
Guideline considers VTE prophylaxis routinely only in children > 10 years of age.

In fact there is a bimodal distribution reported with peaks in infaney-and adolescence in one paper?, and no
association with age groups in another.10

PICU SCORING SYSTEM

Based on the 3 risk factors from Arlikar et al'® a'seoring system was developed:

- CVC 8 points
« LOS =4 days 6 points
= Significant infection 1 point
Total score Risk of VTE (%) Recommendation*
15 8.8 Pharmacological prophylaxis
7-14 1.3 Mechanical prophylaxis
0-6 0.03 Observation

*Based on recommended adult threshold for VTE prophylaxis of = 2%, 1- < 2%12 for patients without an
increased risk of bleeding.

SAFETY

The safetyof VTE prophylaxis in children has not been well studied, but major bleeding complications have
been reported in 2.2% of 89 children with a mean age of 16.6 yrs, with all events occurring post major
orthopedic surgery.13
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CONTRAINDICATIONS TO PHARMACOLOGICAL PROPHYLAXIS

Table 5: Contraindications to pharmacologic prophylaxis

Absolute contraindications Relative contraindications

* bleeding disorder, known or tendency ® intracranial mass

e hemorrhage, evidence of or high risk of e lumbar puncture or epidural catheter removal in prior 12 hours
» platelet count unable to be sustained > 50,000/mm?® * neurosurgical procedure

* pelvic fracture within past 48 hours
* uncontrolled hypertension
(Local Consensus 2014 [5], Horlocker 2010 [5a], Branchford 2012 [5b])

PROPHYLAXIS THERAPY

Hematology consultation is recommended in all cases where prophylaxis is being considered. The risk of
pulmonary embolism in children appears to be small'4 1> and proof of the efficacy of prophylaxis for pediatric
VTE disease is lacking. A new trial of VTE prophylaxis for adolescents.admitted to PICU is starting soon -

ATHENA Trial.

Pediatric VTE prophylaxis dosing as per LexiComp:

Thrombosis Treatment:
o Less than 2 months:
= Subcutaneous: 1.5 mg/kg every 12 hours.

o 2 months or greater:
= Subcutaneous: 1 mg/kg every 12 hours.

o Titrate dose to achieve a 4 hour (post dose) anti-Xa level of 0.5 to 1 units/mL.
Prophylaxis:
o Less than 2 months:

= Subcutaneous: 0.75 mg/kg every 12 hours.

o 2 months or greater:
= Subcutaneous: 0.5 mg/kg every 12 hours.

o Titrate dose to achieve a 4 hour (post dose) anti-Xa level of 0.1 to 0.3 units/mL.

Dose Titration based on Anti-Factor Xa (Anti-Xa) Levels:

Time to Repeat Antifactor Xa Level

\ Antifactor Xa Dose Titration
Mess than 0.35 units/mL Increase dose by 25% 4 hours after next dose

\0.5 fo 1 units/mL Keep same dose Next day 4 hours after dose, 1 week later, then monthly

\1 .1to 1.5 units/mL Decrease dose by 20% Before next dose

1.6 to 2 units/mL [ Hold dose for 3 hours and then decrease dose by 30% [ Before next dose, then 4 hours after the dose

\more than 2 units/mL |HOId dose until anti-Xa level is less than 0.5 units/imL, then reduce dose by 40% |Before next dose and g12h, until anti-Xa level is less than 0.5 units/mL

| |
| |
(0.35t0 049 unitsimL | Increase dose by 10% [ 4 hours after next dose
| |
| |

Note: accumulation may occur in renal; and hepatic failure.

Use Calgary Adult Critical Care Guideline for adult size dosing:
= Provincial Clinical Knowledge Topic Pulmonary Embolism, Adult
= Provincial Clinical Knowledge Topic Deep Vein Thrombosis, Adult
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TREATMENT OF VTE

See Adult (2016)'¢ and Pediatric (2012)7 Guidelines in Chest.
Also see:

PICU Anticoagulation Guideline

Arterial Occlusion Pathway
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