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Recommendations from the ICM-VTE:
Pediatric

The ICM-VTE Pediatric Delegates*

1 - Are the risk factors for VTE following orthopaedic
procedures different between children and adults?

Response/Recommendation: Many risk factors for venous
thromboembolism (VTE) in pediatric orthopaedic pa-
tients are similar to those in adults. These include older
age (adolescents), trauma, malignancy, certain infections,
clotting disorders and a personal or family history of VTE.
However, certain VTE risk factors reported in adult lit-
erature (e.g., smoking) may be less prevalent in children,
and vice versa (e.g., congenital thrombophilia).

Strength of Recommendation: Moderate.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: VTE is a common complication in adults
undergoing orthopaedic surgery, and the risk factors for this
condition are well established. In contrast, VIE is extremely
rare in pediatric orthopaedic patients'. The incidence of VTE
has been reported at 0.0515% for pediatric patients admitted
following elective orthopaedic procedures’. The incidence rises
to 0.10% when non-elective procedures are included’, and
peaks at 0.68% in trauma patients™’.

Epidemiologic data has demonstrated that the incidence
of pediatric VTE is bimodal, with the highest incidence rates in
infants and adolescents®. Pediatric patient populations with
certain conditions are at an increased risk for VTE. These
conditions include: congenital heart disease, nephrotic syn-
drome, prior splenectomy in patients with hemolytic anemia,
colectomy in patients with inflammatory bowel disease, con-
genital thrombophilia and other genetic or metabolic diseases’.
Catheter-related thrombosis is the single most common cause
of pediatric VTE**. Central venous catheters (CVC) may directly
damage the vessel wall, increase blood flow turbulence, introduce
substances that damage endothelial cells, and contain thrombo-
genic materials.

Due to the complex pathophysiology of pediatric patients,
pediatric orthopaedic patients have different risk factors for VTE

compared to their non-orthopaedic counterparts''®. Currently,
literature suggests that the most common risk factors for VIE in
pediatric orthopaedic patients are adolescent age, trauma, infec-
tion, cancer, clotting disorders, and a personal or family history of
VTEQ,ILIS‘

Pediatric trauma patients are an identifiable subgroup
that is at highest risk of VTE™. However, the risk of VTE is not
uniform across age groups, with most cases occurring in children
aged 10— 15 years (0.1%). In one study, Guzman et al.", found that
younger pediatric trauma patients (i.e., under 10 years) had a
much lower risk of VTE compared to adolescents aged 13 - 15.
Moreover, older adolescent patients (> 16 years) physiologically
resembled adults, and had similar VTE frequencies to the adult
populationét,&ll,l&lﬂ‘

Another specific pediatric orthopaedic population at
increased risk of VTE is children with musculoskeletal infections
such as osteomyelitis or septic arthritis, especially if the infecting
organism is Staphylococcus aureus™”. The severity and duration
of elevation in C-reactive protein (CRP) may predict the devel-
opment of VTE, with every 20 mg/L increase in peak CRP asso-
ciated with a 29% increase in risk of thrombosis™.

In conclusion, there is a paucity of high-quality data on
the risk factors for VTE in pediatric orthopaedic patients. Risk
factors for VTE in pediatric orthopaedic patients are largely
similar to those in adults when the same comorbid conditions
are considered. Further studies are needed to develop risk-
stratification protocols specific for pediatric orthopaedic patients
in order to determine which subgroup of patients may benefit
from VTE prophylaxis.

Graham S. Goh, John ]. Corvi, Robert F. Murphy
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2 - Are there specific risk stratification methods for VTE
in pediatric patients undergoing orthopaedic
procedures?

Response/Recommendation: Adolescence, central venous
catheter (CVC) placement, obesity, trauma, and oral contra-
ceptive use are the most commonly reported risk factors for

venous thromboembolism (VTE) in pediatric patients undergoing
orthopaedic surgery. Currently, there are no standardized tools that
are well-developed enough to captures all these factors. Due to the
low incidence of VTE in the pediatric population, VTE chemo-
prophylaxis should not be routinely used except in high-risk
individuals who can be identified with the use of simple screening
questions.

Strength of Recommendation: Moderate.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: Numerous studies have documented the in-
creased risk for venous thromboembolism (VTE) in patients
undergoing orthopaedic surgery. It has been widely reported
that the incidence of VTE is lower among pediatric patients
than adults™. Existing literature documents various patient
characteristics, comorbidities, and perioperative variables that
can correlate with increased VTE risk among pediatric ortho-
paedic patients. Based on these studies, a number of screening
tools and VTE risk assessment algorithms have been proposed
to guide risk stratification and inform clinical decision-making
regarding the utilization of thromboprophylaxis strategies™ .
However, compared to existing VTE guidelines for adult
patients, current information on pediatric patients has been
poorly synthesized, with no clear consensus on the indepen-
dent predictors of VTE risk. Previous studies have been limited
by narrow clinical focus (e.g., lower extremity trauma patients
only), too few VTE events for meaningful correlations,
uncontrolled confounding variables, and conflicting findings
with previously published reports. As a result, guidelines on
VTE prophylaxis are reliant on seemingly discordant methods
of risk stratification. We conducted a review of current litera-
ture on the risk factors for VTE among pediatric orthopaedic
patients. This was done in an effort to gauge the reliability of
recent studies, and to evaluate the most widely adopted risk
stratification methods for this population.

Studies on the pediatric population consistently cite older
age and adolescence as the most common risk factors for
VTE?*******_Tain et al.”, reported that for each year of age, the
incidence of VTE increased 1.37-fold (p < 0.01) among patients
< 18 vyears of age undergoing spinal fusion surgery. Samineni
et al.”, found that the mean age of VTE amongst orthopaedic
patients was 15.2 years, compared to 9.9 years for VTE amongst
non-orthopaedic patients (p < 0.0001). Murphy et al., and
Guzman et al., reported that the mean ages of children who did
and did not develop VTE were 16.9 years versus 15.1 years (p =
0.01) and 17 years vs. 12 years, respectively'®”. Van Arendonk
et al., subdivided their study population and found the following
risk profiles for each age subgroup: 0 - 12 years (odds ratio [OR]: 1),
13 - 15 years (OR: 1.96, p < 0.001), 16 - 21 years (OR: 3.77,
p < 0.001). Only one study in our review claimed that they did
not find an association between age and VTE risk. However, the
authors of that study were unable to identify any risk factors at
all”. Overall, studies reported that increased age (generally past
12 years), increased the risk of VTE.
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A frequently reported perioperative variable associated
with increased risk of VTE is presence of a CVC or peripherally
inserted central catheter (PICC)*******"**, Van Arendonk et al.,
found that the presence of a PICC increases the OR for the
diagnosis of VTE to 1.33 (p < 0.001)*. More recently, Baker
et al., suggested that the pathophysiology of this relation-
ship may pertain to CVC-associated bloodstream infection
(p < 0.001)".

Another commonly cited patient comorbidity known to
increase VTE risk is obesity or metabolic syndrome®*****, Van
Arendonk et al., reported an OR of 3.03 for VTE development
among obese patients compared to patients with a normal body
mass index (BMI) (p < 0.001)*. Prolonged hospital stay has
also been associated with an increased risk of VTE. However, it
maybe be challenging to infer causal relationships as patients
may have other medical comorbidities or socioeconomic fac-
tors, that can affect this variable®*****!.,

The restricted clinical focus of most articles we re-
viewed made it difficult to analyze the distribution of the
different injury types among patients who develop VTE in
this setting. Overall, we found that pediatric patients with
multiple fractures, or those presenting with polytrauma,
were more likely to be diagnosed with VTE during their
orthopaedic care’®******, Furthermore, the association
between Injury Severity Score (ISS) and the diagnosis of
VTE was further validated by Van Arendonk et al. They
found a direct relationship between the two: mild injury,
ISS < 9 (OR: 1, reference); moderate injury, ISS 9 - 15 (OR:
3.95, p < 0.001); severe injury, ISS 16 - 24 (OR: 5.94, p < 0.001);
very severe injury, ISS 25 - 75 (OR: 7.19, p < 0.001). Additionally,
they also found a similar relationship between VTE risk and a
worsening Glasgow coma scale (GCS) score®.

There is also some evidence to suggest that patients with
neuromuscular diseases or other syndromic conditions may be
at increased risk for VTE***. Jain et al., reported that among
pediatric spine patients, children with idiopathic scoliosis dem-
onstrated the lowest incidence of VTE after corrective spine sur-
gery (OR: 1, reference). By comparison, children with congenital
and syndromic scoliosis/kyphoscoliosis were at much higher risk
(OR: 421, p = 0.04 and OR: 7.14, p < 0.01, respectively). In
addition, children with thoracolumbar fractures who underwent
spine surgery were found to have the highest incidence of VTE
(OR: 12.59, p < 0.01)*. Similarly, Georgopoulos et al., (2016)
reported that neuromuscular and neurological disorders were
significantly associated with VTE (p = 0.0042)*.

A number of other factors associated with VTE were con-
sidered in this review. However, a consensus on these variables
was based on limited information. Two studies suggested that a
patient’s intubation status was associated with development of
VTE in the pediatric orthopaedic population®*'. Additionally,
one study in our review reported on prolonged tourniquet time
in adolescents undergoing knee arthroscopy”’. Most evidence
suggests that both males and females are vulnerable to VTE,

and that a patient’s sex is not a significant predictor of VTE
risk27,35,38,40

We found that a limited number of screening tools for
VTE were specifically being used for pediatric orthopaedic
patients®?>*’, Risk factors commonly highlighted in the
pediatric population include older age, obesity, CVC use,
and a positive family or past individual history of VTE.
Padhye et al., developed a screening tool that assigned one
point for each of the following risk factors: age > 14 years,
BMI > 30kg/m?, limited or altered mobility > 48 hours,
cardiovascular flow anomalies, metabolic syndromes, CVC
use, prolonged surgery > 120 minutes, and repeat/compli-
cated surgery. If patients had a score of 4 or more points,
immediate referral to hematology is advised. Furthermore,
patients should be under automatic consideration for both
chemical and mechanical VTE prophylaxis™. In another study,
Ellis et al., reported on the efficacy of a screening tool that
categorized risk factors as high-risk (family or past medical
history of VIE), major risk (oral contraceptives, CVC, and
cancer), and minor risk (obesity and other various comor-
bidities). Utilizing the screening tool significantly increased
sensitivity for identifying risk factors such as family history of
blood clots (p < 0.001), history of previous blood clot (p =
0.059), recurrent miscarriages in the family (p = 0.010), and
smoking exposure (p = 0.062)*". Both studies recommended
the initiation of VTE prophylaxis depending on the number
and/or severity of risk factors as determined by their screening
tools®"*.

A recent study by MacNevin et al., evaluated the efficacy
of an existing perioperative VIE screening tool. Similar to the
two previous screening tools, they classified patients by “risk
levels” based on their “risk scores”: Level 1 low risk (risk score 0
to 2), Level 2 moderate risk (risk score 3), and Level 3 high risk
(risk score > 4). Although specific risk factors were not reported
in the study, they found a significant reduction (4.09% vs. 2.13%,
p = 0.046) in the use of thromboprophylaxis in the surgical
patient cohort after implementation of the screening tool. Mod-
erate and high-risk patients were also more likely to be un-
dergoing bony surgical procedures, scoliosis surgery and hip
procedures™.

Finally, in a recent survey of members of the Pediatric
Orthopaedic Society of North America (POSNA), respondents
reported oral contraceptive pills (OCP) use (81.2%), family
history of thrombosis (72.8%), and obesity (70.7%), as the top
risk factors they used to guide implementation of VTE chemical
and mechanical prophylaxis in their patients”. Trauma-related
procedures (65%), spinal fusion (64%), and hip reconstruction
(60%) had the highest frequency of VTE prophylaxis use, surgery
on patients with a neuromuscular diagnosis had a considerably
lower frequency (34%, p < 0.001)*. Similarly, Van Arendonk
et al., reported on an increased OR for VTE in trauma patients
with a high ISS™.

In summary, older age, CVC placement, obesity, trauma,
and OCP use are the most commonly reported risk factors for
VTE in pediatric patients undergoing orthopaedic surgery.
Currently, there are no standardized tools that are well-developed
enough to capture all these factors. Due to the low incidence of
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VTE in the pediatric population, VTE chemoprophylaxis should
not be routinely used except in high-risk individuals who can be
identified with simple screening questions.

Frederick Mun, Arjun Gupta, Manjeera S.B. Rednam, Ashok N.
Johari, Amit Jain
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3 - In pediatric patients undergoing orthopaedic
procedures, does skeletal maturity and gender influence
the choice of VTE prophylaxis?

Response/Recommendation: Gender does not influence
the choice of venous thromboembolism (VTE) prophylaxis.
However, high-risk pediatric patients > 13-years old, may benefit
from the administration of VTE prophylaxis.

Strength of Recommendation: Strong.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: Several clinical practice guidelines (CPG)
have repeatedly identified adolescence as an independent
risk factor for the development of VTE. Conversely, patient
gender has not been recognized as a risk factor for the
development of VTE. Most studies refer to skeletal maturity
as chronologic age. Terminology such as “puberty” and “adoles-
cence” is also used by some authors”**, Unlike in adults, there is a
scarcity of evidence on the risks and benefits of VIE prophylaxis
in children. In addition, most of the existing studies were carried
out in pediatric patients who sustained traumatic injuries®*, with
very few evaluating patients undergoing elective orthopaedic
procedures®°.

Interventions to prevent VIE include early postoperative
ambulation, mechanical prophylaxis, and pharmacologic pro-
phylaxis. The VTE risk threshold for administration of pro-
phylaxis must evaluate both the harm of a VTE event, as well as
the possible adverse side effects brought-on by the prophylactic
agent itself”*.

Most studies evaluating the incidence of VTE in pediatric
patients showed no difference in risk with respect to gender®”.
Some isolated studies identified female gender as a contributing
factor; however, the level of risk contribution was negligible
compared to other risk factors™”".

The precise age at which pediatric patients are at highest
risk of VTE remains unknown. The evidence to date currently
suggests that in pediatric patients undergoing orthopaedic pro-
cedures, children > 13-years old are at the highest risk of VTE
development™”.

Due to the low incidence of VTE in the pediatric ortho-
paedic surgical patients, and the considerable risks associated with
thromboprophylaxis administration, universal thromboprophy-
laxis cannot be recommended™ The age at which a pediatric
patient is considered at significant risk for VTE development
remains a contentious issue. Age cut-offs for VTE risk tend to
range from 9 to 15. The ambivalence towards age and risk is best
reflected in a national multidisciplinary consensus study on VTE
in pediatric trauma. They found that the risk of VTE appears
augment in early adolescence and continues to increase into
young adulthood™.

A survey of pediatric trauma practices indicated that 13%
of trauma centers described their utilization of low-molecular-
weight heparin (LMWH) prophylaxis in patients aged 11 to 15
as “often” or “always.” Additionally, the incidence increased to
57% in patients aged 16 to 20%°.
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In 2017 the Pediatric Trauma Society (PTS), in con-
junction with the Eastern Association of Surgery for Trauma
(EAST), conducted a systematic review and published CPG on
prophylaxis against VTE in pediatric trauma®. They recom-
mended that pharmacologic and/or mechanical thrombopro-
phylaxis be considered in all pediatric trauma patients = 15
years-old who are at low risk of bleeding. However, due to the
inadequacies of available data, the significance of these CPG
was limited. Additionally, there is no evidence to support
routine surveillance with ultrasound screening for VTE in
injured children®.

In one study, Hanson et al.””, concluded that despite the
low incidence of VTE, emerging data indicates that critically
injured adolescent patients are at significant risk of developing
VTE. As the risk of bleeding with prophylactic doses of LMWH
is quite low, critically injured adolescent patients is one pop-
ulation that stands to benefit greatly from the implementation
of a protocol for VTE prophylaxis. In conjunction with mechanical
prophylaxis, LMWH is appropriate for many critically injured
adolescent patients who have a low risk of bleeding. CPG on early
and aggressive postoperative mobilization have helped drastically
reduce VTE occurrence and must continue to be part of the
standard of care.

In a recent meta-analysis of studies on VTE risk factors
and VTE risk-assessment models, Mahajerin et al.*, found that
in children with a low risk of bleeding who are hospitalized for a
traumatic injury, pharmacologic prophylaxis should be con-
sidered for those > 15 years old and in younger post-pubertal
children with injury severity score (ISS) > 25. Furthermore,
we recommend against the use of routine pharmacologic
prophylaxis in pre-pubertal children, even those with ISS >25.
Similarly, current EAST guidelines state that pharmacologic
prophylaxis should only be used in either children = 15-years
old, or post-pubertal children under the age of 15 with an ISS
greater than 25. However, these guidelines are not definitive
due to the lack of supportive data and overall low quality of
evidence.

Despite the paucity of evidence supporting reliable treat-
ment algorithms, CPG on the management of VTE in pediatrics
have been established. In general, they have all identified ado-
lescence and older age as independent risk factors and identified
particular age cut-offs for the administration of specific VTE
prophylactic agents**®. While the overall incidence of VTE in
pediatric patients remains low, the identification of a prophy-
lactic agent that is both safe and effective remains a challenge.
Currently, a reliable treatment algorithm for the management
of VTE in pediatric patient is non-existent, further clinical
trials with innovative study designs are required to aid in its
development.

Enric Castellet, Miriam Basagafia-Farrés
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4 - Is routine VTE prophylaxis necessary in children with
chronic neuromuscular conditions?

Response/Recommendation: The overall risk of venous
thromboembolism (VTE) in children with chronic neuromuscular
conditions is very low. Routine VTE prophylaxis in children with
chronic neuromuscular conditions is not necessary, unless addi-
tional VTE risk factors are identified.

Strength of Recommendation: Moderate.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: In comparison to adults, the incidence of VTE
in children is significantly lower* . Large multicenter inves-
tigations of pediatric VTE have reported an incidence of 5.3 per
10,000 hospital admission and 0.7 per 100,000 children®*®.
More than 80% of pediatric VIE events occur in children with
1 or more risk factors®. Furthermore, the incidence of ‘idio-
pathic’ VTE is only 5% in children, compared to 40% in
adults””*. Pediatric incidence of VTE has a bimodal distribu-
tion, with the highest proportions reported in infants aged 1 to
23 months and adolescent females™*. The incidence peaks in
adolescents due to contraception use, smoking, and obesity.
Additionally, the composition of the hemostatic system in
adolescents is simultaneously transitioning to the comparable
adult system”. Despite the significant differences in the epi-
demiology and pathophysiology between pediatric and adult
VTE, most clinical management guidelines for pediatric
patients are extrapolated from adult literature without tar-
geted evidence” .

In 2000, Feudtner et al.”, developed the definition for
children with complex chronic conditions (CCC), of which
there are 12 categories. Neuromuscular complex chronic con-
ditions (NCCC) was defined to encompass a host of conditions
including cerebral palsy, spina bifida, brain malformations,
muscular dystrophy and seizure disorder'®”. VTE events occurs
much less frequently in disabled children than in their adult
counterparts'®'. Children with NCCC frequently require hip
and spine surgery that is resource expensive'”. Additionally, spine
and lower-extremity orthopaedic surgery can be associated with a
substantial increase in VTE risk, attributed to immobility,
and inconsistent use of thromboprophylaxis'”®. However, in
children with NCCC, due to their chronic immobility, the
general consensus is that the risk of VTE is rare, yet little
research exists to support this assertion.

Adults with neuromuscular disease undergoing orthopae-
dic total joint arthroplasty (TJA) have been shown to experience
an increased risk for perioperative complications'"'”. Specifically,
abnormalities in muscle tone associated with cerebral palsy,
among others, are associated with a high rate of complications
of the vascular system, especially deep venous thrombosis
(DVT)'®. In an adult study of 28 patients with severe motor
and intellectual disabilities, the authors found that the rate of
asymptomatic DVT was high. Additionally, thrombosis was
absent in the soleal veins but present in the femoral and
common femoral veins'®. Conversely, similar findings in children
have not been noted. Over a 4-year period at one rehabili-
tation institution, 532 children’s (< 18 years old) charts were
reviewed, 9 of whom were diagnosed with a DVT. The
authors found that the majority of these children had suffered a
spinal cord injury leading to an acute change in their baseline
mobility'”. In this study, the majority of patients diagnosed
with DVT were over 13 years of age, leading the authors to
conclude that VTE chemoprophylaxis in the disabled pedi-
atric population, especially prepubertal patients, should be
questioned.
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Previous research has demonstrated that overall com-
plication rates are considerably higher amongst patients un-
dergoing surgical correction for neuromuscular scoliosis, vs.
those undergoing surgical correction for idiopathic scolio-
sis'® ", VTE is a known complication after pediatric spinal
fusion'”. However, a detailed review of the neuromuscular
complications from the Scoliosis Research Society Morbidity
and Mortality (SRSMM) database showed that the reported
annual rate of VTE was low, varying between 0 to 0.31%.

Shore et al.", utilized the Pediatric Health Information
System Plus (PHIS+) database to assess the incidence of VTE
after elective hip and spine surgery in children with NCCC.
They found that of 4,583 pediatric patients undergoing ortho-
paedic surgery, only four experienced a VTE event, all of whom
had a prior diagnosis of cerebral palsy. However, 2 of the 4 chil-
dren experienced their VTE episode prior to surgery, resulting in a
corrected VTE rate of 0.04%. It is also important to note that in
both cases of VTE, patients had a preoperative diagnosis of a
coagulation disorder, leading the authors to conclude that based
on their findings, no prophylaxis is required in children with
NCCC undergoing elective hip and spine surgery, unless other
known risk factors are also present.

VTE in pediatric orthopaedic patients is a rare occur-
rence. Furthermore, limited data is currently available to
guide decision making and practice management. The
presence of a neuromuscular disorder has been shown to
increase the risk of VTE in adults undergoing TJA by 30%'.
Despite this, a similar association has not been demonstrated in the
limited literature on orthopaedic procedures in pediatric patients.
In summary, based on the limited evidence available to date, VTE
prophylaxis for children with NCCC undergoing orthopaedic
surgery is not recommended, unless additional identified risk fac-
tors for thrombosis exist.

Benjamin J. Shore, Syeda Mehwish, Muhammad A. Chinoy
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5 - Do pediatric patients placed in a lower extremity cast
immobilization require routine VTE prophylaxis?
Response/Recommendation: Routine thromboprophy-
laxis is not recommended in pediatric patients with cast immo-
bilization. Furthermore, young age is protective against deep
venous thrombosis (DVT) in children. Unlike the adult popula-
tion, the association between lower extremity cast immobilization
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and venous thromboembolism (VTE) risk has not been estab-
lished in children. As development of acute DVT is unusual in
children, routine prophylaxis is not recommended. However,
there are also no clear recommendations for children with more
than 3 risk factors for the development of VTE.

Strength of recommendation: Weak.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: The presence of specific thromboembolic risk
factors such as older age, along with the nature of extremity
injury, are the main determinants when deciding whether to
administer thromboprophylaxis in patients with lower leg trauma
immobilized in a cast or a splint'*'",

Amongst pediatric trauma inpatients, those aged 16 to
21 years had a 4-fold increase in risk of VTE development,
compared to patients 12 years or younger. Additionally,
patients aged 16 to 21 years also had significantly higher odds
of VTE development compared to those aged 13 to 15 years.
Furthermore, no association of significance was identified
between patients’ age and injury severity. Clinical screening
for risk of VTE may be applied to older age groups (= 13
years). In addition, a VTE prophylaxis protocol must be
implemented in patients > 16 years old, as the risk of VTE
increases most dramatically at 16 years, after a smaller
increase at 13 years'".

The association between VTE and altered mobility has
been demonstrated in adult patients. However, there is paucity
of data on VTE following cast immobilization in children.
Decreased mobility, even without the use of a cast, is known to
increase the risk of DVT. Similarly, immobilization for longer than
3 days (p < 0.0001) and hospitalization for = 7 days (p < 0.0001),
are potential risk factors for VIE development in admitted pedi-
atric patients (< 20 years old)"”. The definition of ‘immobilization’
is challenging in children as younger infants may not necessarily be
ambulatory. Further evidence based on prospective studies is nec-
essary to validate these findings.

Oral contraceptive (OCP) use is a common risk factor for
VTE in adolescent females. Long travel, immobilization, plaster
cast, and/or trauma are all transient risk factors that can trigger
VTE events in OCP users'".

Common risk factors for VIE in adults with inherited
thrombophilia do not seem to increase the thrombotic risk in
children who are carriers of their parents’ mutated gene. Screening
for thrombophilia in otherwise healthy children (< 15 years
old) with have a family history of coagulation disorders seems
unjustified"”.

The 2017 Polish Consensus Statement (PCS) does not
recommend routine thromboprophylaxis in patients with lower
limb trauma immobilized by the use of a plaster cast (class C
recommendation)'®. Their findings have since been validated by
several studies”" . On the other hand, the PCS does recommend
VTE prophylaxis in moderate to high VTE risk patients immo-
bilized following lower limb trauma. Additionally, they rec-
ommend the administration of low-molecular-weight heparin
(LMWH) in this patient population. Furthermore, prophy-

lactic LMWH is recommended for the duration of immobiliza-
tion, and for 5 — 7 days afterwards. However, all the above
recommendations are based on studies in adult populations.
Currently, no studies suggest the above in the pediatric age group.

Testroote et al., recommended that all adult patients
treated with cast immobilization be considered to receive VIE
prophyalxis''*'*"'*’. However, based on the limited available
literature, the incidence of VTE in patients receiving cast immo-
bilization is not large enough to justify pharmacological prophy-
laxis in all these patients, as the additional costs and bleeding risks
associated with pharmacotherapy must also be considered (0.3%
major bleeding)'*.

Haque et al., developed a patient questionnaire based on
the National Institute for Health and Care Excellence (NICE)
in-patient guidelines as well as the UK College of Emergency
Medicine (CEM) outpatient guidelines. Ambulatory outpa-
tients being managed with cast immobilization for foot and
ankle fractures were the primary target of this questionnaire.
Risk factors included: age > 65 years, above-knee plaster cast,
long travel in cast, hormone replacement therapy or estrogen-
containing contraceptive, varicose veins, active (heart, lung,
bowel, or joint) disease, body mass index (BMI) > 30 kg/m?,
personal history of blood clot, first degree family history of
blood clot, known thrombophilia, pregnant or within 6 weeks
of child birth, hospital admission within the last six weeks,
active cancer or receiving cancer treatment (including tamoxifen
and raloxifene), and achilles tendon rupture. Patients were clas-
sified as high- or low-risk for VTE and administered LMWH
accordingly'”. Additionally, the Leiden—-Thrombosis Risk Pre-
diction score (L-TRiP cast) was developed for adult patients with
cast immobilization and has a cutoff of 10 points to stratify
individuals into high- vs. low-risk categories”. This score was
developed with data from the Multiple Environmental and
Genetic Assessment (MEGA) study of risk factors for venous
thrombosis and includes patients 18 to 70 years old. Further
studies are required to develop similar risk prediction models
in children. The difference in pathophysiology of coagulation
in children, compared to their adult counterparts, seems to
confer protection against VTE in younger patients.

Given the low incidence of VTE in the pediatric popu-
lation, the risks associated with routine VTE prophylaxis
administration, and lack of available evidence to recommend
regular screening, routine VTE prophylaxis cannot be recom-
mended in pediatric patients treated with cast immobilization.
As has been done in the past for the adult population, research
efforts should focus on the development of evidence-based
risk-stratification models that include a recommendation for the
type and duration of VTE prophylactic agent in pediatric patients
receiving cast immobilization.

Manjeera S.B. Rednam, Ashok N. Johari, Sanjeev Sabharwal
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6 - Is early ambulation and/or mechanical intermittent
devices sufficient for VTE prophylaxis in otherwise
healthy pediatric patients undergoing orthopaedic
procedures?

Response/Recommendation: Considering the rarity of
venous thromboembolism (VTE) events in healthy pediatric and
adolescent patients undergoing elective orthopaedic procedures,
early ambulation and/or mechanical intermittent devices are suf-
ficient for the prevention of VTE. However, pediatric orthopaedic
patient undergoing surgery following major trauma, as well as

patients undergoing major reconstruction resulting in prolonged
immobilization, require critical care. Additionally, they exhibit
other risk factors for VIE and prophylaxis with a supplementary
pharmacologic agent should be considered.

Strength of Recommendation: Moderate.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: Studies of national databases have found that
the incidence of VTE following pediatric orthopaedic proce-
dures is generally quite low. The lowest incidence rates of VTE
have been reported in pediatric patients undergoing elective
orthopaedic procedures, with estimates as low as 0.0515%"*,
and 0.04%""'. Additionally, the incidence of VTE rose to 0.10%
when including patients undergoing any orthopedics proce-
dure, including patients where the indication was trauma or
infection'”. The highest rates have been reported in studies of
pediatric orthopaedic patients undergoing surgery following
trauma (up to 0.68%)">"*,

Current literature is also considerably limited when
examining the rates of VTE occurrence in specific pediatric
orthopaedic conditions or procedures. In one study of ado-
lescents undergoing knee arthroscopy, 0.25% of patients
experienced a symptomatic VTE event'”. Additionally, Jain
et al., found that in a review of the National Inpatient sample
(NIS), 0.21% of pediatric patients undergoing spinal fusion
surgery experienced a VTE event'*. The remainder of studies
were surveys of current members of the Pediatric Orthopaedic
Society of North America (POSNA)"*"'.

Clinical practice guidelines (CPG) by the American
Academy of Pediatrics (AAP) recommend that the decision
of whether to use mechanical or chemical prophylaxis be
determined based on the level of an individual patient’s
VTE risk'*’. Unfortunately, the only specific elective orthopaedic
risk factor was for hip and knee reconstruction. Additionally, the
only orthopaedic reference came from the American College of
Chest Physicians (ACCP) guidelines, which focus on adult
reconstruction'"'. Nevertheless, the AAP guidelines found
that early ambulation and mechanical prophylaxis were adequate
for the prevention of VTE following most pediatric orthopaedic
operations. However, they do list certain high-risk scenarios where
chemical prophylaxis must be considered. These include patients
with a history of prior VTE, obesity, immobility, and trauma.
Similarly, recommendations on effective risk-stratification models
have been provided by the Association of Pediatric Anesthetists of
Great Britain and Ireland™.

In conclusion, the utilization of existing risk stratification
tools and prediction algorithms may help delineate which
patients are at an increased risk of VIE following orthopaedic
procedures''*,

Robert F. Murphy, Chadi Tannoury
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7 - Concerning VTE risk, which surgeries can be
considered major, and which surgeries can be
considered non-major in pediatric orthopaedics?
Response/Recommendation: The overall risk of venous
thromboembolism (VTE) in pediatric patients undergoing ortho-
paedic surgery is low. Pediatric orthopaedic patients undergoing
surgery for the management of certain severe musculoskeletal
infections (Methicillin-resistant Staphylococcus aureus [MRSA] with
Panton-Valentine Leukocidin [PVL] +) are an increased risk of
VTE. Additionally, hip, spine, and sports surgery have been iden-
tified as risk factors of VTE. Furthermore, the risk of VTE after
pediatric orthopaedic surgery appears to be greatest in adolescents.
Moreover, coagulation disorders (such as familial thrombophilia),
as well as the presence of indwelling central venous catheters
(CVC), were found to increase VTE risk substantially more than

any specific orthopaedic surgical procedure. In conclusion, ado-
lescents with identifiable confounding VTE risk factors in this
setting would benefit greatly from the utilization of perioperative
VTE screening tools and risk stratification models.

Strength of Recommendation: Moderate.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: VTE, a disease process that encompasses both
deep venous thrombosis (DVT) and pulmonary embolism
(PE), is a rare occurrence in pediatric patients. Estimates have
placed the occurrence of VTE in pediatric patients to be between
0.07 to 0.49 per 10,000. However, it is the second most common
cause of hospital-acquired morbidity for pediatric patients in the
United States, with a reported incidence of 5.3 per 10,000 pediatric
hospital admissions**'™. Previous literature has demonstrated
that the incidence of VTE in pediatric patients has a bimodal
distribution, with the highest proportions reported in infants aged
1 to 23 months and in adolescent females™*"". In hospitalized
pediatric patients, the risk factors for VTE development include
venous catheterization/central line, malignancy, infection/sepsis,
congenital heart disease, trauma/surgery, and inherited throm-
bophilia. From the aforementioned list, the presence of a central
venous catheter/center line demonstrated the greatest risk of VTE
development'®***. Despite this, there is a paucity of pediatric-
specific literature aimed at determining the risk of VTE risk after
orthopaedic surgery.

Recent studies have demonstrated that the incidence of
VTE in pediatric patients has been rising over the last two
decades" "> 1t is hypothesized that this rise may be attrib-
uted to a combination of factors. These include: increasing
awareness of pediatric VTE, increasing medical complexity of
pediatric patients, and increased frequency of application of
central venous access'”. In adults, certain orthopaedic proce-
dures are associated with an increased risk of VTE. Despite this,
the same association has not been demonstrated in pediatric
patients. Conversely, in pediatric patients, individual patient
attributes are more predictive of VTE risk than the procedure
being performed. Georgopoulous et al.'”, first reported on the
incidence of pediatric VTE after elective orthopaedic surgery.
In a study evaluating the Pediatric Health Information System
(PHIS) database, the authors found that the incidence of pediatric
VTE after elective orthopaedic surgery was 0.0515%. Increased
age, a diagnosis of a metabolic condition (such as fluid-electrolyte
imbalance), obesity, and complications associated with implanted
devices and/or surgical procedures were independently identified
as significant risk factors for VTE development.

Central catheter related thrombosis has been reported to
have the greatest risk for VTE development in pediatric patients'.
In a retrospective study of 78 patients, Sandoval et al."’, found that
in patients with a CVC, 45% experienced a DVT episode, 50% of
which occurred in the femoral vein. To summarize, recognition of
increased VTE risk in pediatric patients undergoing orthopaedic
surgery with a CVC in place is critical. Furthermore, immediate
removal of the catheter as soon as it is no longer needed is
paramount.
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Infection is a known risk factor for the development of
VTE as inflammatory mediators contribute to the activated
blood coagulation cascade'. This risk is compounded in patients
with immobility associated with musculoskeletal infections such
as osteomyelitis or septic arthritis of the lower extremity'”. In
particular, children suffering from disseminated musculoskeletal
infection with Staphylococcus aureus appear to be at greatest risk of
VTE development'®. Specifically, infection with MRSA possessing
the PVL gene has been implicated'®. In one study, Crary et al.',
retrospectively reviewed 35 patients with confirmed osteomyelitis.
They found that 29% of patients with an active MRSA infection
developed DVT during the acute infection phase, of which eight
occurred adjacent to an infection, and two secondary to CVC use.
Additionally, Hollmig et al.'”, found that patients > 8 years old
presenting with MRSA and a C-reactive protein > 6 mg/dL are at
an increased risk for the development of VTE. Clinicians must be
wary of the increased risk of VTE associated with pediatric
patients undergoing orthopaedic surgery for the management
of disseminated musculoskeletal infection. Moreover, chemical
VTE prophylaxis in this population must be considered.

Age is an important factor when considering the risk of
VTE in pediatric patients undergoing orthopaedic surgery.
When stratified by age, the incidence ranges from 0.02% for
patients < 5 years to 0.13% in those aged 10 - 15 years. A 10 year
survey of a single trauma center reported zero cases of VTE in
patients < 13 years of age'”. Additionally, recent date from the
American National Trauma Bank suggests that the incidence of
VTE is 0.1% in patients < 12 years, 0.3% in those 13 - 15 years,
and 0.8% in patients > 16 years'®. In conclusion, pediatric
patients > 13 years old are at an increased risk for developing
VTE after orthopaedic surgery. Furthermore, chemical pro-
phylaxis should be initiated in this patient population if addi-
tional risk factors are identified preoperatively.

Although the rates of VTE in patients < 15 years-old are a
100-fold less compared to VTE rates in an 80 years-old patient,
adolescents are known to have significantly increased risk of
VTE after trauma than their younger counterparts'®*'. In a
study of the PHIS database, Murphy et al.'®, found the inci-
dence of VTE to be 0.058% after lower extremity trauma.
Additionally, Allen et al.'”, found that at a single institution, the
incidence of VTE after orthopaedic trauma was 1.1%. Inter-
estingly, in this cohort, 86% of children who developed VTE
were receiving thromboprophylaxis. Moreover, motor vehicle
injuries and orthopaedic surgery were found to be synergistic
predictors for the development of VTE after orthopaedic trauma.
Careful consideration of the mechanism of injury, age of the
patient, and identification of additional comorbid risk is para-
mount in these patients. Due to the high risk of VTE occurrence,
the use of chemoprophylaxis in trauma patients is warranted.

The incidence of anterior cruciate ligament (ACL) recon-
struction in patients aged 15 - 18 has nearly doubled in the last 10
years'”’. Although major complications after knee arthroscopy are
rare, pediatric VIE has been reported after elective knee arthros-
copy"”". In one study, Murphy et al.””', reported a VTE incidence of
0.25% at a single institution. Similarly, in a study of the National

Health Service (NHS) database, Nogaro et al.”?, found the inci-
dence of VTE in patients undergoing ACL reconstruction to be
approximately 0.37%. Additionally, in a more recent study, Ellis
et al."”, found that risk factors for VTE development were present
in 32.5% of adolescent undergoing elective arthroscopic proce-
dures. In conclusion, the findings of the aforementioned studies
suggest that adolescents undergoing knee arthroscopy may benefit
from the utilization of a preoperative VIE screening tool.

Adolescent idiopathic scoliosis (AIS) is the most com-
mon cause of structural spinal deformity in patients between
the ages of 10 and 18174, Although surgical correction provides
good outcomes for most patients, it carries significant risk of
medical complications, including VTE". In one study of the
National Inpatient Sample (NIS) database, the overall com-
plication rate of AIS surgery was 7.6%, with 0.2% of patients
experiencing a VTE event'”. Jain et al.'”’, found that using the
same database the incidence of VTE in pediatric patients over a
10 year period was low. Additionally, univariate analysis identified
increasing age and the presence of congenital or syndromic sco-
liosis as independent risk factors for the development of VTE.
Fatal VTE is a rare occurrence after pediatric spine surgery.
However, the risk of bleeding following administration of VTE
chemoprophylaxis is well-established. Therefore, expert opinion
has recommended against the routine use of chemical prophylaxis
in this patient population'*. Despite this, VTE chemoprophylaxis
should always be considered in pediatric spine surgery patients
immobilized for prolonged periods of time'”*"”*.

Although recent literature has demonstrated an increase
in incidence of pediatric VTE, the overall rate of VTE occurrence
in pediatric orthopaedic patients remains quite low. Furthermore,
particular risk factors specific to individual patients, rather than
type of orthopaedic procedure, are more predictive of the risk of
VTE development in this patient population. In conclusion,
chemical prophylaxis should be considered in both pediatric
patients with disseminated musculoskeletal infection (espe-
cially MRSA PVL +) and in adolescents undergoing ortho-
paedic procedures who have additional risk factors for the
development of VTE.

Benjamin J. Shore, Samir Sabharwal, Sanjeev Sabharwal
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8 - What pediatric procedures require routine
administration of VTE prophylaxis?

Response/Recommendation: In the absence of other
identifiable risk factors of venous thromboembolism (VTE),
chemoprophylaxis for VTE should not be routinely pre-
scribed in patients younger than thirteen undergoing ortho-
paedic procedures.

Strength of Recommendation: Weak.

Delegates vote: Agree 100.00% Disagree 0.00% Abstain
0.00% (Unanimous Strong Consensus).

Rationale: VTE, a disease process that encompasses both
deep venous thrombosis (DVT) and pulmonary embolism
(PE), is well-studied in the adult population. However, in the
pediatric orthopaedic population, VTE occurrence is still rare.
Recent estimates have placed the incidence of post-operative
VTE in this setting to be between 0.05 — 0.1% . Due to a paucity
of evidence recommending routine pharmacologic prophy-
laxis for pediatric orthopaedic patients, we attempted to
identify the reported incidence of VTE in certain “high-risk”
orthopaedic procedures in the pediatric population.

In a study of the Pediatric Health Information System (PHIS)
database, Georgopoulos et al."*’, reported a VTE incidence
of 0.063% in pediatric patients undergoing elective orthopae-
dic procedures. However, this database can result in a gross
underestimation of the true incidence of VTE. Furthermore,
after conducting a multivariate analysis, no single elective pro-
cedure was identified as significantly increasing the risk of VTE.
In another study of the National Surgical Quality Improvement
Program (NSQIP) database, the incidence of VTE, DVT, and PE
in pediatric orthopaedic patients was 0.1%, 0.09%, and 0.01%,
respectively. Additionally, the highest prevalence of VTE was
reported in patients undergoing infection-related procedures'™.

In two separate studies, VTE rates in pediatric
patients undergoing knee arthroscopy were reported to be
between 0.25% to 0.27%. Additionally, they found that the
majority of VTE events occurred in patients with known
predisposing risk factors'®*'*’. In a another study, Alla-
habadi et al.'™, reported that the incidence of VTE was
0.61% in adolescents who underwent a pelvic osteotomy.
Surprisingly, of the nine patients that developed VTE,
nearly half (4/9 patients) had received pharmacologic pro-
phylaxis postoperatively.

In a study of the PHIS database, Shore et al.'"®, found that
the incidence of VTE after elective spine and hip surgery in
children with neuromuscular disorders was 0.04%. Further-
more, both patients who experienced a VTE event had a prior
diagnosis of a coagulation disorder. Therefore, in the absence of
known risk factors, the administration of VTE chemopro-
phylaxis in this setting may be unnecessary.
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In a survey of Scandinavian scoliosis centers between
1963 and 1976, the reported incidence of DVT was 0.65%'*. In
another study, follow-up doppler ultrasonography was per-
formed on 40 consecutive post pubertal adolescents undergo-
ing posterior spinal instrumentation. Of the 40 patients, two
cases of transient thromboses were identified, both of which
resolved spontaneously'”. Additionally, in a study of 1,471
pediatric patients undergoing scoliosis surgery, Erkilinc et al.",
reported that the incidence of DVT was 0.13%. Therefore, the
authors concluded that mechanical prophylaxis was sufficient
in this setting. Furthermore, in a study of the National Inpa-
tient Sample (NIS) database, Jain et al.'®, found that in pedi-
atric patients undergoing spine surgery, the incidence of DVT
was 0.21%. In addition, when compared to children with idi-
opathic scoliosis, those with congenital, syndromic or trau-
matic etiology experienced a higher incidence of VTE™.

Several studies have evaluated the incidence of VTE in
pediatric trauma patients. In a study of the PHIS database,
Murphy et al."”", found that the incidence of VTE in patients
with lower-extremity trauma was 0.058%. Conversely, in another
study utilizing the Kid’s Inpatient Database (KID), the incidence of
VTE in pediatric orthopaedic trauma patients was 0.68%. How-
ever, incidence of VTE in pediatric patients with isolated fractures
of the lower-limbs was 0.25%, compared to 0.32% in patients with
pelvic injuries™. In another study, Greenwald et al.”, found that
over a 20-year period the incidence of DVT in patients with pelvic
and femoral fractures was 0.17%. Additionally, there were no
reported cases of PE or mortality secondary to VTE. Moreover,
Internal fixation of lower limb fractures is commonly quoted as a
risk factor for VTE development'”. Despite this, we did not find
any data to support this claim.

Current data suggests that the incidence of VTE in pediatric
patients is highest during adolescence'™. Similarly, a recent follow-
up survey of the Pediatric Orthopaedic Society of North America
(POSNA) for 46 VTE cases found that the average age at diagnosis
was 14.3 years'. In addition, Murphy et al.'"”, found that
patients that experienced a VTE event were 15 to 18 years old
and had at least one other identifiable risk factor for VTE.
These included: oral contraceptive (OCP) use, smoking, obe-
sity, an arthroscopically assisted open procedure, or tourniquet
time > 60 minutes. Furthermore, two separate studies with
large cohorts identified age as a statistically significant inde-
pendent risk factor for the development of VTE. O’Brien
et al.'"”, identified 14 years of age as the threshold for increased
VTE risk. Additionally, Vavilala et al."”, found that there was a
5-fold increase in risk of DVT between the ages of 10 and 15.
Moreover, Meier et al.", recently established the Best Evidence
Statement (BESt) clinical practice guidelines (CPG) for VTE
prophylaxis in children. They found that age > 10 years and
altered mobility were the two most important factors when
considering initiating VTE prophylaxis.

Several studies have shown that the presence of a CVC
carries the single greatest risk for DVT development in the
pediatric population. Furthermore, some studies have esti-

mated that 33% to 80% of all pediatric DVT can be attributed
to the presence of a CVC'"™*""**,

In a retrospective case control study, Stokes et al.*”',
demonstrated a correlation between obesity and DVT. They
found that obese pediatric patients were 2.1-times more likely
to experience a VTE event, compared to non-obese patients.

Similarly, a recent large database study demonstrated an increased

risk of DVT in obese patients compared to nonobese patients™.

Infection a common and well-established risk factor for
the development of VTE'"****, Extensive septic thrombosis is
associated with infections caused by microorganisms produc-
ing necrotizing toxins such as Panton-Valentine leucocidin
(PVL). In conclusion, infection with methicillin-resistant
Staphylococcus aureus infection justifies the use of VTE
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thromboprophylaxis*®”.

The low incidence of DVT, heterogeneity of available
clinical studies, multiplicity of risk factors, and age-related
variability in risk levels has made it difficult to establish
evidence-based guidelines for chemoprophylaxis in pediat-
ric patients undergoing orthopaedic procedures. In con-
clusion, thromboprophylaxis should be considered in adolescents
with additional identifiable risk factors. Specifically, thrombo-
prophylaxis should be considered in pediatric patients with oste-
omyelitis or disseminated infection and in pediatric patients with a
central line.

Cecilia A. Méndez, Juan M. Del Castillo, Eduardo 1. Vilensky,
Muhammad A. Chinoy, Syeda Mehwish

References

179. Padhye K, El-Hawary R, Price V, Stevens S, Branchford B, Kulkarni K.
Development of a perioperative venous thromboembolism prophylaxis algorithm for
pediatric orthopedic surgical patients. Pediatr Hematol Oncol. 2020 Mar;37(2):
109-18.

180. Georgopoulos G, Hotchkiss MS, McNair B, Siparsky G, Carry PM, Miller
NH. Incidence of Deep Vein Thrombosis and Pulmonary Embolism in the
Elective Pediatric Orthopaedic Patient. J Pediatr Orthop. 2016 Jan;36(1):
101-9.

181. Baker D, Sherrod B, McGwin G Jr, Ponce B, Gilbert S. Complications and 30-
day Outcomes Associated With Venous Thromboembolism in the Pediatric
Orthopaedic Surgical Population. J Am Acad Orthop Surg. 2016 Mar;24(3):
196-206.

182. Lau BC, Jagodzinski J, Pandya NK. Incidence of Symptomatic Pulmonary
Embolus and Deep Vein Thrombosis After Knee Arthroscopy in the Pediatric and
Adolescent Population. Clin J Sport Med. 2019 Jul;29(4):276-80.

183. Murphy RF, Heyworth B, Kramer D, Naqvi M, Miller PE, Yen YM, Kocher MS,
Shore BJ. Symptomatic Venous Thromboembolism After Adolescent Knee
Arthroscopy. J Pediatr Orthop. 2019 Mar;39(3):125-9.

184. Allahabadi S, Faust M, Swarup I. Venous Thromboembolism After Pelvic
Osteotomy in Adolescent Patients: A Database Study Characterizing Rates and
Current Practices. J Pediatr Orthop. 2021 May-Jun 1;41(5):306-11.

185. Shore BJ, Hall M, Matheney TH, Snyder B, Trenor CC 3rd, Berry JG. Incidence of
Pediatric Venous Thromboembolism After Elective Spine and Lower-Extremity
Surgery in Children With Neuromuscular Complex Chronic Conditions: Do we Need
Prophylaxis? J Pediatr Orthop. 2020 May/Jun;40(5):e375-9.

186. Udén A. Thromboembolic complications following scoliosis surgery in
Scandinavia. Acta Orthop Scand. 1979 Apr;50(2):175-8.

187. Kaabachi O, Alkaissi A, Koubaa W, Aloui N, Toumi NelH. Screening for deep
venous thrombosis after idiopathic scoliosis surgery in children: a pilot study.
Paediatr Anaesth. 2010 Feb;20(2):144-9.

188. Erkilinc M, Clarke A, Poe-Kochert C, Thompson GH, Hardesty CK, O’Malley N,
Mistovich RJ. Is There Value in Venous Thromboembolism Chemoprophylaxis After
Pediatric Scoliosis Surgery? A 28-Year Single Center Study. J Pediatr Orthop. 2021
Mar 1;41(3):138-42.



251

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 104-A - NUMBER 6 (SUPPLEMENT 1) - MARCH 16, 2022

RECOMMENDATIONS FROM THE ICM-VTE: PEDIATRIC

189. Jain A, Karas DJ, Skolasky RL, Sponseller PD. Thromboembolic complications
in children after spinal fusion surgery. Spine (Phila Pa 1976). 2014 Jul 15;39(16):
13259.

190. Greenwald LJ, Yost MT, Sponseller PD, Abdullah F, Ziegfeld SM, Ain MC. The role
of clinically significant venous thromboembolism and thromboprophylaxis in pediatric
patients with pelvic or femoral fractures. J Pediatr Orthop. 2012 Jun;32(4):357-61.
191. Murphy RF, Naqvi M, Miller PE, Feldman L, Shore BJ. Pediatric orthopaedic
lower extremity trauma and venous thromboembolism. J Child Orthop. 2015 Oct;
9(5):381-4.

192. Grandas OH, Klar M, Goldman MH, Filston HC. Deep venous thrombosis in the
pediatric trauma population: an unusual event: report of three cases. Am Surg. 2000
Mar;66(3):273-6.

193. Vavilala MS, Nathens AB, Jurkovich GJ, Mackenzie E, Rivara FP. Risk factors
for venous thromboembolism in pediatric trauma. J Trauma. 2002 May;52(5):922-7.
194. Sabharwal S, Passannante MR. Venous thromboembolism in children:
preliminary results of a survey of POSNA members. J Pediatr Orthop. 2013 Dec;
33(8):852-6.

195. O’Brien SH, Candrilli SD. In the absence of a central venous catheter, risk of
venous thromboembolism is low in critically injured children, adolescents, and young
adults: evidence from the National Trauma Data Bank. Pediatr Crit Care Med. 2011
May;12(3):251-6.

196. Meier KA, Clark E, Tarango C, Chima RS, Shaughnessy E. Venous
thromboembolism in hospitalized adolescents: an approach to risk assessment and
prophylaxis. Hosp Pediatr. 2015 Jan;5(1):44-51.

197. Mahajerin A, Branchford BR, Amankwah EK, Raffini L, Chalmers E, van Ommen
CH, Goldenberg NA. Hospital-associated venous thromboembolism in pediatrics: a
systematic review and meta-analysis of risk factors and risk-assessment models.
Haematologica. 2015 Aug;100(8):1045-50.

198. Wright JM, Watts RG. Venous thromboembolism in pediatric patients:
epidemiologic data from a pediatric tertiary care center in Alabama. J Pediatr
Hematol Oncol. 2011 May;33(4):261-4.

199. Morgan J, Checketts M, Arana A, Chalmers E, Maclean J, Powis M, Morton N;
Association of Paediatric Anaesthetists of Great Britain and Ireland Guidelines
Working Group on Thromboprophylaxis in Children. Prevention of perioperative
venous thromboembolism in pediatric patients: Guidelines from the Association of
Paediatric Anaesthetists of Great Britain and Ireland (APAGBI). Paediatr Anaesth.
2018 May;28(5):382-91.

200. Andrew M, David M, Adams M, Ali K, Anderson R, Barnard D, Bemstein M, Brisson L,
Caimey B, DeSai D, et al Venous thromboembolic complications (VTE) in children: first
analyses of the Canadian Registry of VTE. Blood. 1994 Mar 1;83(5):1251-7.

201. Stokes S, Breheny P, Radulescu A, Radulescu VC. Impact of obesity on the risk
of venous thromboembolism in an inpatient pediatric population. Pediatr Hematol
Oncol. 2014 Aug;31(5):475-80.

202. Stein PD, Beemath A, Olson RE. Obesity as a risk factor in venous
thromboembolism. Am J Med. 2005 Sep;118(9):978-80.

203. Crary SE, Buchanan GR, Drake CE, Journeycake JM. Venous thrombosis and
thromboembolism in children with osteomyelitis. J Pediatr. 2006 Oct;149(4):
537-41.

204. Kim SJ, Sabharwal S. Risk factors for venous thromboembolism in
hospitalized children and adolescents: a systemic review and pooled analysis. J
Pediatr Orthop B. 2014 Jul;23(4):389-93.

Appendix

Supporting material provided by the authors is posted with the
online version of this article as a data supplement at jbjs.org
(http://links.lww.com/JBJS/G867).

Note: The ICM-VTE Pediatric Delegates include Sanjeev Sabharwal, MD, MPH, UCSF Benioff
Children's Hospital, Oakland, California; Miriam Basagana-Farrés, LA, Hospital Universitari
Vall d'Hebron, Barcelona, Spain; Enric Castellet, MD, Hospital Universitari Vall d'Hebron,
Barcelona, Spain; Muhammad A. Chinoy, MD, The Indus Hospital & Health Network, Karachi,
Pakistan; Emanuele Chisari, MD, Rothman Orthopaedic Institute, Philadelphia, Pennsylva-
nia; John J. Corvi, BS, School of Medicine, Drexel University, Philadelphia, Pennsylvania;
Juan M. Del Castillo, MD, Clinica Traumatologia Universidad de la Republica, Montevideo,
Uruguay; Graham S. Goh, MD, Rothman Orthopaedic Institute, Philadelphia, Pennsylvania;
Arjun Gupta, MD, Department of Orthopaedic Surgery, Johns Hopkins Medicine, Baltimore,
Maryland; Amit Jain, MD, Johns Hopkins University, Baltimore, Maryland; Ashok N. Johari,
MD, Children's Orthopaedic Centre, Mumbai, India; Syeda Mehwish, MD, The Indus Hospital
& Health Network, Karachi, Pakistan; Cecilia A. Méndez, MD, Universidad de la Republica,
Montevideo, Uruguay; Frederick Mun, MD, Johns Hopkins University, Baltimore, Maryland;
Robert F. Murphy, MD, Medical University of South Carolina, Charleston, South Carolina;
Manjeera S.B. Rednam, MD, Children's Orthopaedic Centre, Mumbai, India; Javad Parvizi,
MD, FRCS, Rothman Orthopaedic Institute, Philadelphia, Pennsylvania; Camilo Restrepo,
MD, Rothman Orthopaedic Institute, Philadelphia, Pennsylvania; Samir Sabharwal, MD,
MPH, Department of Orthopaedic Surgery, Johns Hopkins Medicine, Baltimore, Maryland;
Benjamin J. Shore, MD, Boston Children’s Hospital, Harvard Medical School, Boston, Mas-
sachusetts; Chadi Tannoury, MD, Boston University Medical Center, Boston, Massachu-
setts; Saad Tarabichi, MD, Rothman Orthopaedic Institute, Philadelphia, Pennsylvania; and
Eduardo I. Vilensky, MD, Universidad de la Republica, Montevideo, Uruguay.



http://jbjs.org
http://links.lww.com/JBJS/G867

