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Abstract
Aim: To compare, in term-born children with cerebral palsy (CP), the characteristics 
of those who exhibit detectable risk factors for CP at birth with those who do not.
Method: This was a cross-sectional study of term-born children using the Canadian 
Cerebral Palsy Registry comparing those with and without perinatal risk factors and/
or neonatal symptoms for pregnancy, birth and neonatal characteristics, magnetic 
resonance imaging (MRI) findings, CP subtype, and impairment severity. Risk fac-
tors were quantified with a CP risk calculator. Multivariable and multinomial regres-
sions were expressed as odds ratios (OR) and relative risk ratios.
Results: Of 1333 term-born children, 781 (58.6%) had complete variables for the CP 
risk calculator, of whom 195 (25%) had ‘undetectable’ newborn infant CP risk, and 
they did not have greater postneonatal brain injury. Focal injury on MRI was more 
common (OR 2.0, 95% confidence interval [CI] 1.3–3.1) than in the ‘detectable’ group. 
The ‘undetectable’ group had more unilateral CP (OR 1.8, 95% CI 1.3–2.6), less severe 
motor impairment (OR 0.76, 95% CI 0.67–0.86), and were more verbal (OR 2.3, 95% 
CI 1.5–3.6).
Interpretation: In the Canadian CP Registry, one-quarter of term-born children 
lacked neonatal encephalopathy, seizures, or perinatal risk factors. They were more 
likely to have unilateral CP, focal MRI findings, and communicate with words than 
children with risk factors or neonatal symptoms.

Cerebral palsy (CP) is a lifelong motor impairment caused 
by non-progressive disturbance of early brain development, 
and is the most common physical disability of childhood.1 
CP provides a label for the clinical manifestations of vari-
ous brain conditions and can be categorized by phenotype 
as spastic (unilateral and bilateral), dyskinetic, hypotonic, 
and ataxic.2 The range of motor function can be described 
using scales such as the Gross Motor Function Classification 
System (GMFCS) or Manual Ability Classification System. 
In addition to motor challenges, children with CP can 

have impairments in cognition, vision, hearing, and 
communication.3

In high-resource settings the estimated incidence of 
CP is 1.6 per 1000 births,4 which may be declining.5, 6 
Approximately 90% to 94% of CP is attributed to the ante-
natal and neonatal periods; and 6% to 10% to the postneo-
natal period.7–10 Historically, CP was particularly associated 
with preterm birth and hypoxic–ischemic encephalopathy, 
both of which are evident in neonates and often require care 
in a neonatal intensive care unit.11 Early diagnosis of CP is 
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facilitated by follow-up programs in neonatal intensive care 
units using tools such as the General Movements Assessment 
or specific magnetic resonance imaging (MRI) biomarkers.12 
Early screening can reduce the time to diagnosis from 12 to 
18 months of age to 6 months of age.11 After CP is diagnosed, 
infants can be engaged in targeted, evidence-based therapies 
to improve their outcomes.13

However, approximately 40% of children with CP do 
not undergo early screening because they do not have neo-
natal symptoms or are not admitted to a neonatal inten-
sive care unit, and their CP diagnosis is delayed by months 
or years.14, 15 To address this gap, a recent study used the 
Canadian Cerebral Palsy Registry (CCPR) and a large group 
of typically developing comparison children to determine 
whether combinations of risk factors could help predict CP 
risk in newborn infants at term.16 The authors of the study 
developed a risk calculator using 12 clinical variables usually 
available at birth, the output of which is a score from 0 to 
1. Most of the comparison children (70%) had scores below 
0.3, which was proposed as a cut-off for CP screening with a 
sensitivity of 65% (95% confidence interval [CI] 60–68) and 
specificity of 71% (95% CI 69–73). However, 28% of the chil-
dren with CP also had scores below 0.3, and thus the risk 
calculator would not identify them for early screening, early 
diagnosis, or therapy. To achieve earlier CP diagnosis in this 
subset of term-born children, an understanding of their phe-
notype for CP type, clinical findings, severity, imaging find-
ings, and other variables is needed.

The aim of the present study was to compare characteris-
tics of CP in children born at term with and without detect-
able perinatal risk factors as determined by a validated CP 
risk calculator16 and/or neonatal symptoms such as encepha-
lopathy or seizures, who were born at term. We hypothesized 
this group may have had more postneonatally acquired CP.

M ETHOD

Study design

This was a cross-sectional study using the CCPR.

Setting

The CCPR was founded in 2003 in Quebec and expanded 
to Northern Alberta (2007), British Columbia (2011), 
Manitoba (2017), Newfoundland (2011), Nova Scotia (2011), 
and the Greater Toronto Area of Ontario (2010). Children 
with CP were recruited from pediatric rehabilitation cent-
ers and hospitals from 2003 onwards. Data were collected 
through in-person or telephone interviews with parents/
guardians as well as medical chart review. All children in 
the CCPR were recruited at 2 years of age or older.17 CP was 
diagnosed as previously described,18 and confirmed at the 
age of 5 years. Ethics approval for the CCPR was obtained 
from the Research Institute of the McGill University Health 

Center (Research Ethics Board number 2010–398) and from 
each center. Written informed consent was obtained from 
a caregiver. The data were received as a de-identified data 
set. All participants in the study were evaluated using the 
same definitions and measurements (Table  S1) performed 
by local pediatric neurologists and developmental pediatri-
cians. Results are reported according to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) checklist.19

Participants

We included participants born from 2003 to 2018 with a 
gestational age of 37 weeks or greater at birth with com-
plete variables for the CP risk calculator. The 12 variables 
required to be complete were number of previous pregnan-
cies and miscarriages, diabetes, preeclampsia, chorioamnio-
nitis, maternal tobacco or illicit drug use, prolonged rupture 
of membranes, 5-minute Apgar score, gestational age at de-
livery, birthweight, and infant sex. The definitions for these 
variables are provided in Table S1. All participants were also 
included in a previous study for the development of a CP risk 
calculator.16

Variables

Variables are defined in Table S1. The following pregnancy-
related variables were collected: physical trauma during 
pregnancy, gestational diabetes, preeclampsia, chorioam-
nionitis, twin pregnancy, exposure to tobacco/drugs/alco-
hol, vaginal bleeding, maternal fever during delivery, and 
intrauterine growth restriction (all binary yes/no), and the 
number of pregnancies and miscarriages (continuous). 
Delivery variables were presence of maternal fever, need 
for resuscitation, emergency Caesarean section, and pro-
longed rupture of membranes (all binary). Infant variables 
included sex (binary male/female), and birthweight, gesta-
tional age at delivery, 5-minute Apgar score, and umbilical 

What this paper adds

•	 ‘Detectable’ perinatal risk factors were absent 
in 25% of term-born children in the Canadian 
Cerebral Palsy (CP) Registry.

•	 Focal brain injury and hemiparesis were more 
common in children without detectable CP risk 
factors.

•	 Those without detectable risk factors were more 
likely to be ambulatory and communicate with 
words.

•	 Screening for early handedness may be most 
practical for early detection.
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cord pH (all continuous). Variables specific to the neonatal 
period included the presence and severity of encephalopa-
thy, convulsions in the first 72 hours, administration of an-
tibiotics, hypoglycemia, hyperbilirubinemia, and sepsis (all 
binary or ordinal), as well as length of stay in hospital (con-
tinuous). Postneonatal brain injury was extracted (binary). 
Associated conditions were presence or absence of impair-
ments in cognition, vision, hearing, and communication 
(binary). Interventions such as surgery or botulinum neu-
rotoxin type A for tone, surgical tube feeding (gastrostomy 
or jejunostomy), or gavage feeds were documented as binary. 
Quantification of motor function was based on GMFCS and 
Manual Ability Classification System levels at older than 
5 years (ordinal). Ambulation was considered a binary varia-
ble defined as GMFCS levels I to III. CP types were exclusive 
categories of spastic bilateral (diplegia, triplegia, quadriple-
gia), unilateral, ataxic, dyskinetic, and hypotonic.

There are eight previously established MRI patterns in 
the CCPR: normal, deep gray matter injury, white matter 
injury, white matter and cortical injury, near-total brain in-
jury, focal insult, malformation, or other (i.e. non-specific).20 
To enable independent groups for analysis only participants 
with a single MRI diagnosis were included. A subset of MRI 
reports was reviewed for evidence of stroke by a blinded pe-
diatric stroke expert and categorized as definite, probable, 
or not stroke, and further categorized as arterial or venous 
when possible. Age at MRI was estimated by assigning each 
participant a birthday on the first day of their birth month 
and subtracting the MRI date from this approximate birth 
date (only birth month and year were available).

Statistical methods

Descriptive statistics were used including frequency for cat-
egorical variables or medians with interquartile range (IQR) 
for continuous variables. Univariable comparison between 
the ‘undetectable’ and ‘detectable’ groups was performed by 
calculating the odds ratio (OR) with 95% CIs and p-values. 
Fisher's exact test was used for variables with a zero-count. 
All continuous variables such as age and weight were treated 
as such. For each participant, the CP risk calculator was ap-
plied (equation in Table S1) to generate a CP risk score from 
0 to 1, and dichotomized at 0.3, on the basis of the previously 
suggested cut-off score.16 The variables used in the risk cal-
culator were not included in further analysis or tables, ex-
cept for Tables S2 and S3.

Missing values for Table  1 were initially evaluated for 
randomness, then all the variables in Table 1 were used to 
perform multiple imputations using multivariable normal 
regression and at least 50 imputations or the fraction of 
missing information, whichever was larger. The output of 
the multiple imputation was used for multivariable logistic 
regression, adjusting coefficients and standard errors for 
the variability between imputations. Multivariable logistic 
regression was used to compare characteristics for variables 
with at least five participants per cell (adjusting for multiple 

imputations, when that technique was used). Multinomial 
regression was used to assess categorial outcomes with more 
than two categories (CP subtype and MRI pattern), and ex-
pressed as a relative risk ratio. For both multinomial and 
multivariable regression, all variables in the relevant table 
were used. Collinearity was evaluated for Table 1. Alpha was 
set at 0.01 owing to multiple comparisons. Participants in-
cluded in the analysis were compared with those excluded 
owing to incomplete variables to mitigate bias (Table S2).

The data from the CCPR were analyzed from June 2023 
to August 2023 with IBM SPSS (IBM Corp., Armonk, NY, 
USA) and STATA version 15 (StatCorp, College Station, TX, 
USA) and then re-analyzed May 2024 with STATA version 
18 in response to reviewers' suggestions.

R E SU LTS

There were 2778 registry participants screened; 1333 (48%) 
were of at least 37 weeks gestational age at birth and 781 
(58.6%) had complete variables for the CP risk calculator 
(Figure 1a). Characteristics of those included and excluded 
owing to missing calculator variables were compared and 
found to be comparable (Table S2). There were 71 out of 764 
(9.3%) with postneonatal CP. After applying the CP risk cal-
culator, 219 out of 781 (28.0%) participants had a score of 
less than or equal to 0.3, and 562 out of 781 (72.0%) had a 
score greater than 0.3 (Figure 1a). The distribution of scores 
was bimodal, with peaks around 0.25 and 0.9 (Figure  1b). 
Presence or absence of neonatal encephalopathy was docu-
mented in 772 out of 781 (98.9%), and was present in 204 out 
of 772 (26.4%), of whom 5 out of 204 (2.5%) were mild, 135 
out of 204 (66.2%) were moderate, and 64 out of 772 (31.3%) 
were severe. Seizures in the first 72 hours after delivery were 
present in 177 out of 772 (22.9%). Either seizures and/or neo-
natal encephalopathy were documented as present in 220 out 
of 771 (28.5%). There were 24 out of 219 (11.0%) participants 
in the group with a score less than or equal to 0.3 who had 
encephalopathy or seizures and were thus moved to the ‘de-
tectable’ group.

The final study population was 195 out of 781 (25.0%) 
participants with ‘undetectable’ neonatal CP risk (calculator 
score ≤0.3 and no seizures or encephalopathy), and 586 out of 
781 (75%) with ‘detectable’ CP risk (calculator score >0.3, or 
neonatal seizures or encephalopathy) (Figure 1). The charac-
teristics of the groups are shown in Table 1. The proportion 
of males was 93 out of 195 (47.7%) in the ‘undetectable’ group 
and 354 out of 586 (60.4%) in the ‘detectable’ group (OR 0.60, 
95% CI 0.43–0.84); sex is one of the 12 variables on which the 
CP risk calculator is based. The results for the additional 11 
variables of the CP risk calculator are shown in Table S3. The 
provinces of birth for each group are available in Table S4.

On univariable analysis of pregnancy, delivery, and neo-
natal variables, participants with ‘undetectable’ CP risk had 
fewer instances of: maternal fever at delivery (OR 0.14, 95% CI 
0.03–0.45), emergency Caesarean sections (OR 0.36, 95% CI 
0.022–0.57), resuscitation (OR 0.08, 95% CI 0.03–0.18), days in 
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hospital (OR 0.96, 95% CI 0.93–0.98); and they had higher cord 
pH (OR 492.9, 95% CI 62.3–3902). The ‘undetectable’ group 
tended to have less hyperbilirubinemia, sepsis, and hypoglyce-
mia; however, the differences were not significant. There were 
no participants in the ‘undetectable’ group with intrauterine 
growth restriction, but 39 out of 583 (6.7%) had intrauterine 
growth restriction in the ‘detectable’ group (p < 0.001).

There was no difference in the proportion with postneo-
natal CP (10.1% vs 9.0%, OR 1.1, 95% CI 0.61–2.0). Both cog-
nitive and communication impairment were less common 
in those with undetectable neonatal CP risk (OR 0.41, 95% 
CI 0.28–0.62, and OR 0.57, 95% CI 0.4–0.82), and they were 
more likely to communicate with words (OR 2.3, 95% CI 
1.5–3.6). GMFCS levels at 5 years or more were lower (higher 
motor function) in those with undetectable neonatal CP risk 
(OR 0.76, 95% CI 0.67–0.86), as were severity scored by the 
Manual Ability Classification System (OR 0.81, 95% CI 0.71–
0.92) and the odds of being non-ambulatory (OR 0.42, 95% 
CI 0.26–0.67).

With multivariable analysis using 50 multiple imputa-
tions, the only variables that remained significantly different 
between groups were resuscitation at birth (OR 0.17, 95% CI 
0.07–0.41) and cord pH (OR 19.4, 95% CI 2.0–184) (Table 1), 
with a mean variance inflation factor on collinearity testing of 
1.97, and no variance inflation factor values greater than 7.0.

Missing values

Data were complete for the 12 variables on which the CP risk 
calculator was based. For the remaining variables in Table 1, 

data were complete for 61% of participants, and the most 
commonly missing variable was umbilical cord/arterial pH, 
missing in 28% of participants, followed by maternal fever 
(missing in 7%), then maternal fever and pH (2%). Missing 
data were handled in Table 1 with 50 multiple imputations 
(fraction of missing information 49%) using all the variables 
in Table 1 to ensure sufficient variables predictive of miss-
ing values. Missing values are provided in Table 1 for each 
variable.

MRI categorization was available for 127 out of 195 (65.1%) 
and 404 out of 586 (68.3%) for the ‘undetectable’ and ‘de-
tectable’ groups respectively (Table  2). There were five par-
ticipants' MRIs excluded for dual diagnosis. On univariable 
analysis, focal injury was more common (OR 2.0, 95% CI 1.3–
3.1) in the ‘undetectable’ group (Figure 2a). On multinomial 
analysis using focal injury as the baseline, there was a lower 
relative risk of deep gray matter injury (relative risk ratio 0.13, 
95% CI 0.03–0.55) and total brain injury (relative risk ratio 
0.29, 95% 0.13–0.64) for those with undetectable neonatal risk 
(Table 2). A subset of MRI reports (252 out of 531; 47%) were 
evaluated for stroke. Probable or definite stroke was found in 
63 out of 76 (82.9%) of the ‘undetectable’ group and 122 out of 
176 (69.3%) of the ‘detectable’ group (OR 2.2, 95% CI 1.1–4.6). 
The overall estimated incidence of stroke in those with MRI 
categorization was 63 out of 127 (32.3%) for the ‘undetectable’ 
group and 122 out of 404 (30.2%) for the ‘detectable’ group. 
There was more venous stroke in the ‘undetectable’ group (34 
out of 61; 55.7% vs 40 out of 113; 35.4%; OR 2.3, 95% CI 1.2–
4.6). The median age at MRI was 18.6 months (IQR 10.6–33) 
compared with 12.7 months (IQR 2.3–25.9) for the ‘undetect-
able’ vs ‘detectable’ groups (p = 0.001).

F I G U R E  1   Study participants from the Canadian Cerebral Palsy Registry. (a) Flowchart demonstrating selection of participants, with variables 
included in the risk stratification tool, and the movement of 24 participants to the ‘detectable’ group owing to neonatal symptoms (encephalopathy and/
or seizures). (b) Histogram of output from the risk stratification tool; participants with cerebral palsy (CP) falling below the 0.3 probability threshold are 
highlighted in green.

(a) (b)
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Subtypes of CP are given in Table  3 and Figure  2b and 
d. Those in the ‘undetectable’ group had more unilateral 
spastic CP (OR 1.8, 95% CI 1.3–2.6) and less bilateral (quad-
riplegia) (OR 0.48, 95% CI 0.31–0.74), which persisted in 
multinomial analysis. Figure 2c,d shows heatmaps of MRI 
pattern and CP subtype to illustrate the different phenotypes 
between groups.

DISCUSSION

We found that participants in the CCPR born at term with 
‘undetectable’ neonatal risk were more likely to have unilat-
eral CP and focal injury on MRI, particularly venous stroke, 
than those with perinatal risk factors and/or symptoms, and 
they had a lower degree of impairments as measured by the 
GMFCS and were more likely to communicate with words. 
Contrary to our hypothesis, the ‘undetectable’ group did not 
have more postneonatal causes of CP.

The lack of neonatal symptoms and risk factors in the 
‘undetectable’ group may reflect an early, antenatal timing 
of disruption to the central nervous system leading to CP. In 
this study, 28% of participants had encephalopathy or sei-
zures, which is similar to other studies.21, 22 There has been 
speculation that the absence of documented neonatal symp-
toms in some children with CP represents encephalopathy 
that has been ‘missed’ and could have benefited from inter-
ventions such as therapeutic hypothermia. Contrary to that 
hypothesis, the HEAL Trial has shown that subacute injuries 

(>7–10 days, on the basis of the absence of diffusion restric-
tion)23 can be associated with ‘mild’ encephalopathy, which 
suggests previous injury to the brain allowing for some res-
olution of encephalopathy before delivery.24 This conclusion 
is further supported by high rates of MRI abnormalities in 
infants with mild encephalopathy,25 and a recent study from 
the CCPR that found that 17% of participants with MRI pat-
terns of hypoxia–ischemia did not have documented neona-
tal encephalopathy (nor postneonatal injury).26 Postneonatal 
brain injury in the CCPR includes infection, trauma, med-
ical intervention, stroke, hypoxia (near-drowning or near-
sudden infant death syndrome), and miscellaneous,7, 8 and 
contrary to our hypothesis was found in approximately 9% 
of participants in both groups, which is similar to other 
studies reporting 6% to 8%.8–10, 27 Genetic conditions are 
another important cause of CP that may be asymptomatic 
at birth, which are considered to account for 7% to 30% of 
CP.28–32 The characteristics of children with genetic causes 
of CP include those with intellectual disability, born at term, 
with a normal MRI, or non-stroke MRI abnormalities.33, 34 
Children without detectable risk factors have a higher prev-
alence of genetic causes for their CP.35

Focal injury including probable or definite stroke was di-
agnosed more in the ‘undetectable’ group, and they had more 
venous stroke than the ‘detectable’ group. Venous stroke ac-
counts for 60% of perinatal stroke that is silent at birth, the 
most common being periventricular infarction due to an-
tenatal germinal matrix hemorrhage,36 which results in CP 
in approximately three-quarters of cases.37 Malformations 

T A B L E  2   Imaging characteristics of those with and without detectable neonatal risk factors or symptoms.

Undetectable (n = 195) Detectable (n = 586) Univariable Multinomial

n Missing (%) n Missing (%)
Odds ratio 
(95% CI) p RRR (95% CI) p

Age at MRI 
(median months, 
IQR)

18.6 (10.6–33) 28/195 (14.6) 12.7 (2.3–29.5) 96/586 (16.3) N/A 0.001

Expert MRI 
diagnosis

Normal 9/127 (7.1%) 68/195 (34.9) 16/404 (4.0) 182/586 (31.1) 1.9 (0.7–4.6) 0.15 1.2 (0.48–2.8) 0.75

Deep gray matter 
injury

2/127 (1.6%) 68/195 (34.9) 32/404 (7.9%) 182/586 (31.1) 0.19 
(0.02–0.75)

0.011 0.13 (0.03–0.55) 0.006

White matter 
injury

21/127 (16.5%) 68/195 (34.9) 65/404 (16.1%) 182/586 (31.1) 1.0 (0.57–1.8) 0.9 0.66 (0.37–1.2) 0.17

Watershed 3/127 (2.4%) 68/195 (34.9) 25/404 (6.2%) 182/586 (31.1) 0.37 (0.07–1.2) 0.09 0.26 (0.07–0.85) 0.027

Near-total brain 
injury

8/127 (6.3%) 68/195 (34.9) 57/404 (14.1%) 182/586 (31.1) 0.41 
(0.16–0.90)

0.019 0.29 (0.13–0.64) 0.003

Focal injury 55/127 (43.3%) 68/195 (34.9) 112/404 (27.7%) 182/586 (31.1) 2.0 (1.3–3.1) 0.001 Reference

Malformation 18/127 (14.2%) 68/195 (34.9) 42/404 (10.4%) 182/586 (31.1) 1.4 (0.74–2.6) 0.24 0.88 (0.47–1.7) 0.7

Other 11/127 (8.7%) 68/195 (34.9) 55/404 (13.6%) 182/586 (31.1) 0.60 (0.27–1.2) 0.14 0.47 (0.24–0.93) 0.03

Stroke 
evaluation

Stroke review 
done

76/127 (59.8%) 51/127 (40.1) 177/404 (43.8%) 227/404 (56.2)

Stroke probable 
or definite

63/76 (82.9%) 51/127 (40.1) 122/176 (69.3%) 227/404 (56.2) 2.2 (1.1–4.6) 0.025

Arterial stroke 27/61 (44.3%) 51/127 (40.1) 73/113 (64.6%) 227/404 (56.2) 0.44 
(0.22–0.86)

0.01

Venous stroke 34/61 (55.7%) 51/127 (40.1) 40/113 (35.4%) 227/404 (56.2) 2.3 (1.2–4.6) 0.01

Abbreviations: CI, confidence interval; IQR, interquartile range; MRI, magnetic resonance imaging; RRR, relative risk ratio.
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were not more common in the ‘undetectable’ group, which 
was somewhat surprising given that early antenatal injury or 
genetic conditions causing malformations could lack detect-
able perinatal risk factors.

Supporting the finding of more stroke in the ‘undetect-
able’ group was the prevalence of unilateral CP, higher rates 
of ambulation, and better hand function. In addition to 
milder physical impairments, the group lacking detectable 
risk factors had a lower prevalence of cognitive and commu-
nication impairments, and were more likely to communicate 
with words. This is consistent with other studies finding 
more severe CP in term-born children with neonatal symp-
toms.38, 39

Because many of the participants with ‘undetectable’ 
neonatal risk had predominantly unilateral CP, screen-
ing efforts could be focused on supporting primary care 
providers to detect early signs of hemiparesis. The Early 
Detection and Intervention Toolkit for CP40 is an ongoing 
Canadian knowledge translation study to support primary 

care providers in identifying clues on physical examination 
that should prompt referral to a specialist for evaluation of 
CP. The Hammersmith Infant Neurological Examination is 
a clinical examination that can easily be performed and has 
high sensitivity and specificity for unilateral CP.41–43 An im-
portant message is that a hand preference before the age of 
1 year is pathological.44

This study has several limitations. It was a cross-sectional 
study where data collection was limited by availability in 
the chart, such as documentation of encephalopathy. We 
did not have access to MRI, only textual MRI reports that 
were categorized according to standard criteria as previously 
described.17, 38, 45 Although multiple imputation was used to 
address missing values and reduce bias, caution should be 
used when interpreting the results of variables with a high 
proportion of missing values. Only a subset of the CCPR 
with variables complete for the CP risk calculator was used; 
however, this subset was comparable to the other term-born 
registry participants for the variables in Table 1 (Table S2). 

F I G U R E  2   Magnetic resonance imaging (MRI) and cerebral palsy (CP) characteristics for participants with CP with and without perinatal risk 
factors and/or neonatal encephalopathy or seizures. (a) MRI patterns. (b) CP types. (c) Heatmap of MRI versus CP type for those without detectable CP 
risk. (d) Heatmap of MRI versus CP type for those with detectable CP risk. *Denotes univariable p-value when variable was used as the reference for 
multinomial analysis. Green, ‘undetectable’ CP risk factors; gray, ‘detectable’ risk factors.

(a)
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Although a standardized, validated CP risk calculator was 
used to help categorize detectable versus undetectable CP, 
the results were limited by the performance of the model in 
the calculator.16 Since this is a multi-provincial registry, the 
results are expected to be applicable to children with CP in 
settings with similar resources.

CONCLUSIONS

In this national registry from a high-resource setting, 
children with CP born at term lacking detectable peri-
natal CP risk factors were more likely to be female, 
have an uneventful pregnancy and delivery, have more 
focal injury (including perinatal stroke), have predomi-
nantly hemiparetic/unilateral CP, be ambulatory, and 
communicate with words more than children with CP 
who had detectable risk factors. They were not more 
likely to have experienced a postneonatal brain injury, 
and we propose the etiology of their CP may have been 
an initially asymptomatic perinatal brain injury (such 
as antenatal germinal matrix hemorrhage with venous 
infarct). These findings are expected to be generaliz-
able to other populations with similar perinatal care 
and resources. Understanding this phenotype, which 
encompasses a quarter of children with CP in our regis-
try, helps explain the limitations of CP screening tools 
based on perinatal risk factors, and highlights the im-
portance of supporting primary care providers in rec-
ognizing early signs of CP such as subtle hemiparesis, 
and initiating prompt referral for further evaluation 
and treatment.
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