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Objective To assess the validity of existing clinical scales assessing the presence of physical and functional ab-
normalities for diagnosing post-thrombotic syndrome (PTS) in children, including specific evaluation of use in chil-
dren with congenital heart disease (CHD).

Study design One hundred children aged >2 years (average age, 6 years), including 33 with CHD and previ-
ously proven extremity deep vein thrombosis (DVT), 37 with CHD and no previous DVT, and 30 healthy siblings,
were blindly assessed for PTS using the modified Villalta Scale (MVS). All patients aged <6 years underwent
neurodevelopmental testing and an age-appropriate quality of life assessment.

Results The MVS identified mild PTS in 20 children and moderate PTS in 1 child (including 14 of 33 [42%] in the
CHD/DVT group, 5 of 37 [14%] in the CHD/no DVT group, and 2 of 30 controls [7%]). The diagnosis of PTS was
confirmed clinically in 14 patients, all of whom had previous thrombosis and 1 of whom was MVS-negative. MVS
had an accuracy of 91% and performed reasonably well as a screening tool but poorly as a diagnostic tool. MVS
reliability was acceptable. Children with PTS had similar quality of life as those without PTS but had higher rates
of neurodevelopmental delays in gross motor skills (70% vs 24%; P = .02) and problem-solving indicators (60% vs
15%; P =.008).

Conclusions Using the MVS scale for PTS screening in children with CHD is feasible and reliable, and the scale
has good correlation with a clinical diagnosis of PTS despite a high prevalence of false-positive findings. Further
research is needed to determine the clinical relevance of PTS in this population. (J Pediatr 2019;207:42-8).

hrombosis, especially venous thrombosis, is being increasingly recognized as a serious and common clinical entity in

hospitalized children.' Children undergoing cardiac surgery for either congenital or acquired heart disease are at par-

ticularly high risk of thrombosis, especially those with single-ventricle physiology.* Post-thrombotic syndrome (PTS)
is an important complication of limb venous thrombosis that has been documented in adults mainly after lower extremity deep
vein thrombosis (DVT). PTS results from chronic venous hypertension related to a combination of persistent venous outflow
obstruction and venous valve damage with valvular insufficiency.”® Ultimately, hypertension is transmitted from the deep venous
system to the superficial venous system and can cause fluid extravasation with varied degrees of inflammation.” Clinically, it
can be recognized by the development of dilated vessels, cutaneous changes, local edema, localized pain and reduced function,
and, in the more severe cases, venous ulcers.” In children, PTS generally occurs at the lower end of the severity spectrum seen
in adult patients.®’

Previous studies in children who experience thrombosis after cardiac surgery found a 17% prevalence of PTS at 6 years after
surgery.’ In a meta-analysis of the pediatric literature, the reported prevalence of PTS ranged between 3.1% and 70%, where the
prevalence of PTS differed according to study design (eg, retrospective vs prospective) or specific scale that had been used to
diagnose PTS within the given study (eg, structured vs unstructured). The diagnosis of PTS is based on clinical scales that require
assessors to rate the presence and severity of subjective and objective clinical findings.>'° The International Society on Throm-
bosis and Hemostasis has sanctioned the Villalta Scale as a tool for diagnosing PTS
in adult patients.'""* The Society’s Pediatric and Neonatal Subcommittee has en-
dorsed 2 scales for clinical use in children, the modified Villalta Scale (MVS)" and

the Manco-Johnson Scale,* despite the recognized limitations of these instruments." From the "Labatt Family Heart Centre, University of
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associated with PTS can be explained by other clinical prob-
lems common in this population. PTS characterization has not
previously been performed in children with heart disease. We
sought to assess the MVS’s feasibility, reliability, and correla-
tion with clinical history in children with CHD, and also to
assess the functional consequences for neurodevelopment and
health-related quality of life in these patients.

This cross-sectional study included 101 children aged >2 years
selected from 3 populations: children with repaired heart disease
complicated by an objectively confirmed postoperative upper
or lower extremity DVT, children with repaired heart disease
without thrombosis (positive controls), and siblings with an
unremarkable medical history (negative controls). Patients were
selected at random from the overall CHD patient population
and contacted by phone/mail to solicit participation in the
study. Oversampling of patients followed at our hospital’s pe-
diatric thrombosis clinic was performed to ensure inclusion
of a sufficient number of patients at increased risk for post-
thrombotic syndrome. Parents of children with CHD who
agreed to participate in the study were invited to bring sib-
lings along on the testing day to be included as negative con-
trols. All patients were seen at least 6 months after their last
cardiac intervention. The local Research Ethics Board ap-
proved the study protocol. Parental written informed consent
and appropriate assent were obtained for all participants.

Physical examination, performed by 4 medical students pre-
viously trained to apply the MVS under supervision, in-
cluded assessments of all 4 limbs for classic PTS clinical signs:
change in skin color, hyperpigmentation, presence of dilated
superficial collateral vessels, ulceration, pitting edema, and ten-
derness on palpation.'®" Bilateral limb circumference was mea-
sured in a standardized manner. For the upper extremities, the
midpoint of the upper arm, defined as the mid-length of the
humerus in a fully extended relaxed limb, was used to measure
arm circumference. For the lower extremities, the midpoint of
the upper thigh, defined as the halfway point between the an-
terior superior iliac spine and the tibial tuberosity in a fully
extended relaxed limb, was used to measure thigh circumfer-
ence. Absolute differences with the contralateral limb circum-
ference were included in the assessment of PTS (discordance
established with a difference of >1.0 cm for arms and >1.5 cm
for legs). A random subset of patients underwent inter-rater
reliability assessment for limb circumference measurements.
Assessors were completely blinded to patient medical history
including history of thrombosis. When families with >1 child
were tested (cases + sibling[s]), the children were instructed
by a coinvestigator not involved in the physical testing to not
reveal their medical history to the assessor, thus preserving the
assessor’s blinding.

All patients underwent physical function assessment focused
mainly on pain with use in all 4 limbs. Patients were asked to
describe pain in all 4 limbs when inactive, when a little active
(eg, during daily routine tasks, such as walking to school, shop-
ping with family, participating in birthday parties, doing chores),
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and when very active (eg, during sports, playing on play-
ground, running, swimming). Older children responded using
a 6-point generic Likert Scale, and younger participants used
the Wong-Baker Pain Scale. All participants used the Pediat-
ric Quality of Life Inventory (PedsQL) pain report (patient or
parent report, depending on the child’s capacity) to comple-
ment the physical function assessment.

Neurodevelopment and/or health-related quality of life were
assessed for all participants through the Ages & Stages Ques-
tionnaires (ASQs), which have been used to screen for
neurodevelopmental delays in academic studies.'® Families with
children aged <6 years completed the parent-reported PedsQL
and the age-appropriate ASQ. The ASQs are parent-reported
questionnaires eliciting information on age-expected comple-
tion of tasks by their child. Multiple versions of the question-
naire are used corresponding to 6- to 12-month age increments.
Children are assessed on 5 neurodevelopmental dimensions:
communication, gross motor skills, fine motor skills, problem-
solving, and personal-social. For each dimension, children
receive a score for each task to be accomplished and are then
classified as normal development, surveillance required, or
below-normal development. A parent/guardian of children age
>6 years completed the age-appropriate PedsQL. The PedsQL
is a questionnaire-based assessment in which respondents in-
dicate their level of agreement with various statements on a
scale of 1-6. Responses are then converted to a 100-point scale
across 4 functional dimensions: physical, emotional, social, and
school. All questionnaires were coded and scored according to
validated algorithms.'”*®

For each participating child, a complete clinical history, in-
cluding any previous history of thrombosis, was collected from
the medical record and reviewed with the parent/guardian at
the time of assessment. All children with at least 1 positive di-
agnostic criteria on the MVS were referred for specialized as-
sessment in the thrombosis clinic by a thrombosis expert and
for further ultrasound investigation to confirm the presence
of persistent thrombosis (unless a clinical ultrasound was per-
formed within the past 6 months, in which case the clinical
study was used). Patients followed in the pediatric thrombo-
sis clinic for PTS (either followed previously or a new refer-
ral) were considered to have a confirmed clinical diagnosis of
PTS.

Data are presented as mean with SD, median and IQR, or
frequency as appropriate. Comparisons between children with
CHD with and without a history of previous thrombosis and
comparisons between those with and without PTS were per-
formed using the Fisher exact test and Student ¢ test, assum-
ing unequal variance between groups. All comparisons among
the 3 study groups were performed in regression models (lo-
gistic for binary outcomes, linear for continuous outcomes)
using control subjects as the reference category. The Wald ?
test was used to obtain P values for difference across the 3 study
groups. A contingency table was used to compare MVS results
with clinical diagnosis of PTS and derive diagnostic metrics.
Inter-rater and intrarater agreement on the presence or absence
of PTS were evaluated using the Cohen « statistic. Pearson cor-
relation was used to determine the correlation between
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separate measurements performed on a limb. All statistical
analyses were performed using SAS version 9.3 (SAS Insti-
tute, Cary, North Carolina).

A total of 101 patients were enrolled in this study, including
33 with CHD and a previous history of objectively docu-
mented extremity DVT, 37 with CHD without a previous
history of thrombosis, and 31 controls. On examination, 1
control subject reported chronic, generalized pain of >3 months’
duration, thus PTS assessment was not appropriate and this
patient was subsequently excluded from our analysis. Rel-
evant medical history data for the patients with CHD are pre-
sented in Table I.

Patients with limb DVT had a higher prevalence of hypo-
plastic left heart syndrome, more previous operations, and
higher rates of previous surgery with circulatory arrest or ever
needing extracorporeal life support and/or heart transplan-
tation. Subjective assessment findings, including functional
health status and self-reported clinical and functional signs
of PTS, are reported in Table II. Overall, abnormal findings
were infrequent and universally mild in severity, but children
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with a previous history of limb DVT had a higher prevalence
of pain and abnormal findings in the lower limbs. Physical
examination findings are reported in Table III. Abnormal find-
ings were also generally mild but were more frequent than
seen in the subjective assessment, with slightly more abnor-
mal findings in patients with a previous history of thrombo-
sis. No patient had any physical findings indicative of severe
PTS.

Based on the subjective and objective assessments, using the
MVS, 21 patients screened positive for PTS, including 14 of
33 (42%) in the CHD with previous limb DVT group, 5 of 37
(14%) in the CHD without previous DVT group, and 2 of 30
(7%) controls (P=.001) (Figure). All patients with a posi-
tive screen had mild clinical findings, except for 1 patient with
moderate PTS. On comprehensive clinical assessment for PTS,
7 of the 8 patients who screened positive for PTS did not have
a previous history of thrombosis (false-positive), and 1 patient
with a previous diagnosis of PTS screened negative. Overall,
the MVS had an accuracy of 91% for diagnosing PTS, with a
sensitivity of 93%, specificity of 91%, positive predictive value
of 62%, and negative predictive value of 99%. In the patients
with CHD, the MVS had an accuracy of 94%, sensitivity of 93%,
specificity of 95%, positive predictive value of 93%, and nega-
tive predictive value of 95%.

p
Table I. Medical history of the patients with CHD with or without previous thrombosis

Variables

Previous thrombosis
(N=33)

No previous thrombosis

(N=37) Pvalue

Cardiac diagnosis, n (%)
Aortic or mitral valve disease (including HLHS)
Aortic arch abnormalities (including coarctation)
DORV/TGA
Tetralogy of Fallot, pulmonary or tricuspid atresia
Septal defects
Other
Age at last surgery, y, median (IQR)
Interval between last surgery and study, y, median (IQR)
Number of previous surgeries, n (%)
1
2
>2
Underwent surgery with circulatory arrest, n (%)
Previous history of ECLS/heart transplantation, n (%)
Previous thrombosis history, n (%)
Upper limb venous thrombi
0 19
1 6
3
5

= N o =
O N WU W —

DO O~

2
>2

Lower limb venous thrombi
0 1
1
2

Arterial thrombosis 1
Documented unresolved venous occlusion, n (%) 1
Treatment with unfractionated heparin, n (%) 2

Duration of treatment, d, median (IQR)

Daily dose, U/kg/d, mean + SD
Treatment with enoxaparin, n (%)

Duration of treatment, d, mean + SD

Daily dose, mg/kg/d, mean + SD

& w

1(33)
8 (24)
7 (1)
>2 7 (21)
5 (45)
7 (52)
3 (70)
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DORV, double-outlet right ventricle; ECLS, extracorporeal life support; HLHS, hypoplastic left heart syndrome; TGA, transposition of the great arteries.

44

Manlhiot et al



April 2019 ORIGINAL ARTICLES
( . . . .. )
Table II. Physical function and subjective assessment
Previous No previous
thrombosis thrombosis Controls
Variables N Value N Value N Value Pvalue
Male sex, n (%) 33 20 (61) 37 18 (49) 30 18 (60) .52
Age at assessment, y mean + SD 33 56+3.8 37 SY7EEE3N] 30 77+34 .03
<5y,n (%) 20 (61) 20 (54) 8 (27)
5-10y, n (%) 9 (27) 14 (38) 15 (50)
>10y, n (%) 4 (12) 38 7 (23)
Dominant side, n (%) 33 37 30 .02
Left 8 ( 8 (22) 3 (10)
Right 21 (64 29 (78) 27 (90)
Undetermined 41 0(0) 0(0)
Functional assessment, n (%) 33 37 30 .08
No pain reported 29 (88 37 (100) 28 (94)
Localized pain 309 0(0) 1(3)
Pain in >1 location 13 0(0) 1)
Severity of current pain (10 cm VAS), median (IQR) 14 0.1 (0.0-0.6) 18 0.2 (0.1-0.5) 23 0.2 (0.0-1.2) .30
Severity of worst pain this week (10 cm VAS), median (IQR) 14 0.3 (0.0-3.6) 18 0.3 (0.0-2.1) 23 0.3 (0.1-2.3) .87
Subjective assessment, upper body, n (%)
Spontaneous pain in upper arm 33 0(0) 37 0(0) 30 0(0)
Spontaneous pain in lower arm 33 0(0) 37 0(0) 30 0(0)
Pain in upper arm with use 33 0(0) 37 0(0) 30 0(0)
Pain in lower arm with use 33 13 37 0(0) 30 0(0)
Swelling of upper arm 33 0(0) 37 1) 30 0(0)
Swelling of lower arm 33 0(0) 37 0(0) 30 0(0)
Discoloration of upper arm 33 1) 37 0(0) 30 0(0)
Discoloration of lower arm 33 0(0) 37 0(0) 30 0(0)
Heaviness of arm 33 0(0) 37 103 30 0(0)
At least 1 positive finding, upper body, n (%) 33 2 (6) 37 2 (5) 30 0(0) .55
Subjective assessment, lower body, n (%)
Spontaneous pain in calf 33 0(0) 37 0(0) 30 0 (0)
Spontaneous pain in thigh 33 0(0) 37 0(0) 30 0(0)
Pain in calf with use 33 2 (6) 37 0(0) 30 0(0)
Pain in thigh with use 33 3(8 37 0(0) 30 0(0)
Swelling of foot/calf 33 0(0) 37 0(0) 30 0(0)
Swelling of thigh 33 0(0) 37 0(0) 30 0(0)
Discoloration of calf 33 13 37 0(0) 30 0(0)
Discoloration of thigh 33 1) 37 0(0) 30 0(0)
Heaviness of leg 33 0(0) 37 0(0) 30 0(0)
\At least 1 positive finding, lower body, n (%) 33 4(12 37 0(0) 30 0(0) .02 )

VAS, visual analog scale.

There was moderate inter-rater agreement for the MVS
results (positive or negative PTS screen), with a « value of 0.64
(95% CI, 0.18-0.81; P =.002; raw agreement, 85%) and ex-
cellent intrarater agreement, with a x of 0.79 (95% CI, 0.28-
0.79; P < .001; raw agreement, 93%). There were high intrarater
(R*=0.83-0.98) and inter-rater (R? = 0.89-0.97) correlations
between circumference measurements on the same limb. The
average inter-rater difference in circumference was 0.81 cm at
the thigh and 0.38 cm at the upper arm, and the average
intrarater difference in circumference was 0.73 cm at the thigh
and 0.32 cm at the upper arm.

Results from the health-related quality of life and
neurodevelopmental testing are reported in Table IV for the
children with CHD, stratified by the presence or absence of
clinically- confirmed PTS. Health-related quality of life was
similar in the children with PTS and those without PTS, but
the children with PTS had higher rates of neurodevelop-
mental delays on the gross motor skill and problem-solving
indicators.

In this study, we have shown that screening for PTS using the
MVS is feasible and reliable in children with repaired CHD.
The MVS performed reasonably well as a screening tool but
showed limitations as a diagnostic tool. Although children with
clinically confirmed PTS had delayed achievement of some de-
velopmental milestones, given that most PTS findings were mild
and of unclear clinical relevance, a detrimental effect of PTS
on long-term outcomes in children with repaired CHD remains
to be proven. One possible explanation for the delays in achiev-
ing developmental milestones in patients with PTS is the higher
rate of extracorporeal support and circulatory arrest in chil-
dren with thrombosis after cardiac surgery. It also should be
noted that the group of patients with thrombosis included an
overrepresentation of children with hypoplastic left heart syn-
drome, who are known to be at high risk for developmental
delays, which may partly explain the observed association
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Table III. Physical assessment findings
Previous thrombosis No previous thrombosis Controls
Variables (N=33) (N=37) (N=230) Pvalue
Upper body
Discoloration, upper arm, n (%) 3(8) 0(0) 0(0)
Discoloration, lower arm, n (%) 0(0) 0(0) 0(0)
Hyperpigmentation, upper arm, n (%) 103 0(0) 0(0)
Hyperpigmentation, lower arm, n (%) 0(0) 0(0) 0(0)
Dilated superficial collaterals, n (%) 4(12) 4(12) 2 (6)
Upper arm circumference, left, cm, mean + SD 16.1+3.2 18.5+4.6 19.9+3.8
Upper arm circumference, right, cm, mean + SD 16.0+3.3 18.5+4.4 20.0+3.9
Difference in upper arm circumference
Absolute difference, cm, mean + SD 0.29+£0.33 0.36 £ 0.44 0.29+0.34
>1.0 cm, n (%) 39 38 3(10)
Relative difference, %, mean + SD 21126 1.9+19 15+1.7
>3%, n (%) 7 (21) 38 3(10)
At least 1 positive finding, upper body, n (%) 7 (21) 4 (11) 2 (6) 23
Lower body
Discoloration, thigh, n (%) 0(0) 0(0) 0(0)
Discoloration, calf, n (%) 0(0) 0(0) 0(0)
Hyperpigmentation, thigh, n (%) 2 (6) 0(0) 0(0)
Hyperpigmentation, calf, n (%) 13 0(0) 0(0)
Dilated superficial collaterals, n (%) 309 4(11) 1)
Thigh circumference, left, cm, mean + SD 29.0+4.6 329+8.3 36.0+£7.3
Thigh circumference, right, cm, mean + SD 292+438 329+8.3 359175
Difference in thigh circumference
Absolute difference, cm, mean + SD 0.68 £ 0.68 0.54 +0.46 0.52+0.50
>1.5¢cm, n (%) 6 (18) 3(8) 3 (10)
Relative difference, %, mean + SD 24+£23 1.7£15 1.4+14
>3%, n (%) 10 (30) 3(8) 3(10)
\At least 1 positive finding, lower body, n (%) 5(15) 4(11) 103 .28 )

between PTS and delayed neurodevelopment.'*”* However, even
after adjustment for these factors in regression models, the ob-
served difference remained statistically significant, so this ex-
planation can only partially account for the difference observed
in this study. An association between PTS and impaired activity/
participation in children has been reported recently.” Thus,
it can be hypothesized that the children with cardiac defects
with potential brain injury (ie, problem-solving delay on the
ASQ) had their baseline motor impairment (ie, motor skills
delay) potentiated by the presence of PTS, given that PTS is
also associated with functional limitations irrespective of
the underlying condition, working as a “second hit.” Our

findings are hypothesis-generating only, and as such, our data
should be interpreted with caution.

An important challenge in diagnosing PTS is the lack of a
diagnostic gold standard. Currently, the diagnosis is based on
the presence of physical findings that are often subtle and of
only mild severity. An important additional challenge in chil-
dren is difficulty recognizing functional pain, further compli-
cating the diagnosis. This challenge was particularly noticeable
when we attempted to use the Manco-Johnson Instrument,
which includes many more subjective elements. Given those
limitations, we chose to focus solely on the MVS in this study
and recommend using the MVS in young children with CHD.

PTS positive screen

PTS negative screen

CHD with thrombosis: 13/33 (39%) | CHD with thrombosis:  1/33 (3%)
PTS iti
(O POSIIVE iy 1o thrombosis: — 0/37 (0%) | CHD no thrombosis: ~ 0/37 (0%)
diagnosis
Control subjects: 0/30 (0%) | Control subjects: 0/30 (0%)

CHD with thrombosis:  1/33 (3%)
PTS negative | 11y 1 thrombosis: /37 (14%)
diagnosis

Control subjects: 2/30 (7%)

CHD with thrombosis:
CHD no thrombosis:

Control subjects:

18/33 (55%)
32/37 (86%)

28/30 (93%)

Figure. Comparison of results from PTS screening with MVS and clinical diagnosis of PTS stratified by patient category.
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Table IV. Age-specific neurodevelopment and health-related quality of life assessment findings
il MO OR/EST Adjusted
Variables N Value N Value Pvalue (95% Cl) P value*
PedsQL, mean + SD
Physical function 14 83+ 16 56 84+19 .90 -1.7 (-12.0 to 8.6) 74
Emotional function 14 78+19 56 74+20 .51 -3.3(-1451t07.9) .56
Social function 14 8317 56 82+19 .84 -2.9 (-12.91t0 8.7) .70
School function 9 78+23 46 74+ 21 .57 —4.9 (-19.4 to 12.0) .65
ASQ, n (%)" 10 34
Communication 6 (60) 11 (26) 15 1.9 (0.3-10.6) 49
Gross motor skills 7 (70) 8 (24) .02 18.9 (2.3-155) .006
Fine motor skills 5 (50) 10 (29) 27 1.8 (0.3-9.6) 51
Problem-solving 6 (60) 5 (15) .008 6.2 (1.1-37) .04
| Personal-social 4 (40) 8 (24) 42 1.2 (0.2-7.5) 81

EST, parameter estimates.

*Adjusted in linear (PedsQL) and logistic (ASQ) regression models for hypoplastic left heart syndrome/left heart disease, use of extracorporeal life support, and operations performed with circu-

latory arrest.
TProportion of patients in the delayed development or surveillance categories.

In children with CHD, many of the physical signs and symp-
toms often attributed to PTS can have other causes, includ-
ing congenital conditions and sequelae of other complications.
Given the range of signs and symptoms of PTS, it is difficult
to know whether PTS is overdiagnosed when nonspecific clini-
cal signs mimicking PTS are present or underdiagnosed, given
the lack of a more objective test.

Our finding that most of the children with PTS in our cohort
had only mild disease and nonspecific findings raises the ques-
tion about the clinical relevance of mild PTS in children. Most
previous studies have reported similar findings, with the ma-
jority of pediatric patients labeled with “PTS” having only mild
and asymptomatic disease; in contrast, adult studies have shown
important impacts from PTS. A few severe cases have been pre-
viously reported in the pediatric literature. The long-term effects
on vascular function, functional status and quality of life remain
to be determined, but in previous studies, negative impacts
seem to have been limited to children with moderate or severe
PTS.*

Another challenge to be considered is that the original Villalta
Scale for adults focuses mostly on the lower limbs, whereas in
children, approximately one-half of DVTs occur in the upper
extremities. Although the MVS incorporates additional ele-
ments in an effort to account for this factor, a difference in ac-
curacy between the upper and lower limbs remains. To address
this, more recent studies have elected to increase the thresh-
old for diagnosing PTS in children (>2 clinical manifestations),*’
and new child-specific scales have been developed.”

This study must be viewed in light of some limitations.
First, our cohort is not an inception cohort, and thus the
proportion of patients with signs and symptoms of throm-
bosis or PTS cannot be taken as an estimate of PTS prevalence
in pediatric patients after cardiac surgery. In addition, given
the lack of a gold standard for diagnosing PTS, we had to use
clinical history to confirm the diagnosis. Even if the clinical
diagnosis of PTS were based on long-term evaluation of the
limb affected by DVT in specialized clinics, using the clinical
diagnosis of PTS might have artificially increased the diag-
nostic performance of the MVS, because the same clinical

features are used by the thrombosis clinic. Furthermore, the
application of the MVS by students (ie, non-content experts)
may have contributed to overinterpretation of pain related
to limb activity despite supervision provided by a local content
expert. However, we believe that this limitation mimics the
application of pediatric PTS scales outside of thrombosis
clinic settings, reinforcing the importance of educational ma-
terial to better orient healthcare providers on how to
appropriately apply them.

The tools used for assessing quality of life were generic,
pediatric-specific tools rather than disease-specific; PTS-
specific tools for the assessment of quality of life in children
are expected in the near future but are not currently available.**
Finally, although we have shown delayed achievement of
neurodevelopmental milestones in children with PTS, the
number of patients assessed in this study was limited, and we
were not able to adjust for the many other clinical factors known
to be associated with neurodevelopment in children with
CHD.*

Given that the majority of patients had mild disease, non-
specific clinical signs, and limited effects on functional status
and quality of life, the clinical relevance of a PTS diagnosis
in these children remains to be determined. Recent studies
describing a new pediatric scale have attempted to overcome
the issue of overcalling PTS.” Moreover, additional research
elucidating the pathophysiology of PTS in children with
the aim of improving diagnosis and case definition are also
needed. W
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