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ABSTRACT
We examined the association of Total Sarnat Score 
(TSS) with brain injury on neonatal magnetic resonance 
(MR) and adverse neurodevelopmental outcome (NDO) 
(death or moderate or severe disability) at 2 years of 
age in 145 infants undergoing therapeutic hypothermia 
for neonatal encephalopathy. TSS was associated 
with basal ganglia/thalamic injury on conventional 
MR (p=0.03) and thalamic N- acetyl aspartate on MR 
spectroscopy (R2=0.16, p=0.004) at 2 weeks of age, and 
Bayley Composite Cognitive (R2=0.18, p=0.01), Motor 
(R2=0.15, p=0.02) and Language (R2=0.11, p=0.01) 
Scores at 2 years of age after adjustment for seizures 
at the time of neurological assessment. The accuracy of 
TSS (area under the curve (AUC)=0.71) for predicting 
adverse NDO was similar to the modified Sarnat staging 
(AUC=0.72). TSS of >12 within 6 hours of birth indicated 
high risk of adverse NDO, while TSS of <4 indicated 
intact survival and was reassuring of a good outcome 
among cooled infants.

BACKGROUND
Clinical assessment of encephalopathy severity 
is useful for an early identification of at- risk 
neonates who may benefit from neuroprotec-
tive therapies. Although the original Sarnat 
staging was based on the evolution of neonatal 
encephalopathy (NE) over the first few days, it 
has been subsequently modified and validated as 
an accurate method for identifying infants with 
moderate or severe NE who require therapeutic 
hypothermia (TH).1 Over the years, different 
attempts have been made to improve the accuracy 
of Sarnat staging to predict neurological outcomes 
in infants with NE. In the secondary analysis of 
the National Institute of Child Health and Human 
Development (NICHD) cooling trial, Ambala-
vanan et al developed classification trees and a 
scoring system based on clinical and lab variables. 
The regression tree model, but not the scoring 
system, showed a higher accuracy than the early 
neurological examination alone.2 More recently, a 
new scoring system was developed by adding the 
numerical values of each component of the Modi-
fied Sarnat Score to produce a continuous score.3 
Whether this continuous scoring system is better 
than the modified Sarnat staging in infants under-
going TH is still unknown.

In this secondary analysis of the Magnetic Reso-
nance Biomarkers in Neonatal Encephalopathy 

(MARBLE)4 study, we studied the accuracy of the 
Total Sarnat Score (TSS) done within first 6 hours 
after birth for predicting brain injury and adverse 
neurodevelopmental outcomes (NDOs) in infants 
with NE undergoing TH.

METHODS
The MARBLE study recruited 223 infants born at 
or after 36 weeks of gestation with NE treated 
with TH, from eight centres in the UK and the 
USA. All infants had a structured neurolog-
ical examination by a certified examiner within 
6 hours of birth (on line supplemental table 1). 
Infants with life- threatening congenital malforma-
tions, metabolic disorders, meningitis or encepha-
litis, and syndromic disorders were excluded.

All infants had MRI and spectroscopy using 
harmonised sequences at 4–14 days. NDO was 
assessed at 18–24 months of age by trained and 
certified examiners by using Bayley Scales of Infant 
and Toddler Development III examination.5 MRI 
injury was scored by a single central reader using 
a validated scoring system, masked to the clinical 
outcomes.6

Adverse outcome was defined as death or severe 
(Bayley  III Composite Cognitive and Language 

What is already known on this topic?

 ► Modified Sarnat staging within 6 hours of birth 
is useful for predicting later adverse outcomes 
after neonatal encephalopathy (NE) and for 
identifying infants with moderate and severe 
encephalopathy who require therapeutic 
hypothermia (TH).

 ► The Total Sarnat Score (TSS) has been recently 
reported to have a higher prognostic accuracy 
in non- cooled infants with mild encephalopathy.

What this study adds?

 ► TSS is associated with basal ganglia injury on 
MRI and later adverse neurodevelopmental 
outcomes in cooled infants with NE.

 ► The TSS in the first 6 hours of life has 
prognostic accuracy similar to modified Sarnat 
staging across all spectrum of infants with 
encephalopathy undergoing TH.
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Scores less than 70, Gross Motor Function Classification System 
(GMFCS) levels 3–5, hearing impairment requiring hearing aids 
or blindness) or moderate (composite cognitive and language 
scores between 70 and 84 and any of the following: hearing 
impairment without need of amplification, cerebral palsy 
(GMFCS level 2) and seizure disorder) disability.4

For this secondary analysis, TSS was calculated by summating 
the individual scores from the six categories: level of conscious-
ness, spontaneous activity, tone, posture, primitive reflexes 
and autonomic system activity. Each category was scored as 0 
(normal), 1 (mild), 2 (moderate) or 3 (severe); thus, the score 
ranged from 0 to 18.

STATISTICAL ANALYSIS
We used linear regression to examine the association of TSS 
with thalamic N- acetyl aspartate (NAA) and Bayley Composite 
Scores. The area under curve (AUC) of the receiver operating 
characteristic was used to examine the prognostic accuracy of 
TSS and to find the best cut- off value to predict neurodevel-
opment at 2 years. We adjusted the regression model for the 
presence of seizures at the time of the neurological examination. 
We used one- way analysis of variance to compare the mean TSSs 
among the neonates with different basal ganglia/thalami (BGT) 
and White Matter and Cortex Injury Scores (0, 1, 2 and 3). All 
analyses were performed with SPSS Statistics V.24, and a p value 
of <0.05 was considered statistically significant.

RESULTS
TSS within 6 hours of birth and MRI were available in 169 
infants, of whom 133 (78%) had proton MRS including 
thalamic metabolite peak:area ratios. Twenty- four children were 

lost to follow- up, and TSS within 6 hours of birth and NDO at 
23 months were available for 145 infants. Of these, 27 (18%) 
infants had mild NE; 103 (71%) had moderate NE; and 15 
(10%) had severe NE. Adverse NDOs were seen in 21 (14.5%) 
infants, of whom 1 infant died. The median TSSs of babies with 
mild, moderate and severe NEs were 5 (IQR 3), 10 (IQR 5) 
and 16 (IQR 2), respectively (figure 1A). The median age at the 
time of the MRI scan was 8 (IQR 5) days. In infants with mild, 
moderate and severe NEs, the median ages at the time of the 
MRI scan were 7 (IQR 3.75), 8 (IQR 5.0), and 9 (IQR 7.0) days, 
respectively.

TSS had a significant association with BGT Injury Score groups 
(F=4.78, p=0.03) but not with white matter injury (F=0.94, 
p=0.42) and cortex injury (F=2.02, p=0.11) (figure 1B). The 
TSS was significantly associated with thalamic NAA on magnetic 
resonance (MR) spectroscopy (R2=0.09, equation=7.67–0.10, 
p=0.005) (figure 1C). After adjustment for seizures at the 
time of neurological assessment, the association between TSS 
and thalamic NAA was still statistically significant (adjusted 
R2=0.16, p=0.04). The Bayley Composite Cognitive, Motor 
and Language Scores significantly correlated with the TSS 
(language R2=0.05, p=009; motor R2=0.08, p=0.001; and 
cognitive R2=0.07, p=0.001) (figure 1D). After adjustment 
for presence of seizures at the time of neurological assessment, 
the Bayley Composite Cognitive, Motor and Language Scores 
still significantly correlated with the TSS (language adjusted 
R2=0.11, p=0.01; motor adjusted R2=0.15, p=0.02; and 
cognitive adjusted R2=0.18, p=0.01).

TSS achieved the best accuracy for prediction of adverse NDO 
at the cut- off of >12 with a 39% sensitivity (95% CI 25% to 
55%), 84% specificity (95% 75% to 90%) and 0.71 accuracy 

Figure 1 Boxplots exhibiting the spread of TSS across the median and IQR for infants with mild, moderate and severe encephalopathies on 
admission to the NICU (A) and across BGT, Cortical and White Matter MRI Injury Scores (B). Medians are represented by horizontal lines; the boxes 
represent the upper and lower quartiles; and the whiskers indicate 1.5×IQR from upper and lower quartiles. Blue dots indicate normal NDO (all 
Bayley III Composite Scores of >85, no disability (hearing or blindness) or persistent seizure disorder at 2 years of age), and red dots are patients with 
adverse outcomes. Scatterplots exhibiting the association between thalamic NAA (C). Each black dot is a patient and the blue dotted line represents 
the regression line. Scatterplots demonstrating the association of TSS with cognitive, language and motor scores at all surviving infants at 2 years of 
age (D). The blue dotted line represents the regression line. BGT, basal ganglia/thalami; NAA, N- acetyl aspartate; NDO, neurodevelopmental outcome; 
NICU, neonatal intensive care unit; TSS, Total Sarnat Score.
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(95% CI 0.57 to 0.93). The sensitivity, specificity and AUC of 
Modified Sarnat Score of >2 for predicting NDO was 42% 
(95% CI 25% to 61%), 94% (89% to 97%) and 0.72 (0.65 to 
0.78), respectively (online supplemental figure 1). A TSS of <4 
indicated intact survival with all Bayley III Composite Scores of 
>85 (figure 2).

DISCUSSION
In this large prospective multicountry cohort of babies with 
NE treated with TH, TSS calculated within 6 hours after birth 
significantly correlated with the brain injury on conventional 
MRI, thalamic MR spectroscopy biomarkers and NDO scores at 
2 years of age after adjustment for the presence of seizures at the 
time of the neurological examination. However, the correlation 
was weak and R2 values demonstrated extensive spread between 
outcome measures and the TSS. Overall prognostic accuracy of 
the score was only modest and similar to the modified Sarnat 
staging. Nevertheless, extreme values of the TSS are particularly 
useful in prognostication, with low scores of <4 being reassuring 
and associated with normal outcome and higher scores of >12 
being associated with more adverse outcomes.

Continuous scores are appealing to clinicians, and hence, 
Thompson score7 is often used in the UK, although it has never 
been rigorously validated against NDO assessment in large 
cohorts. The Thompson score has several major limitations, 
including classification of infants with infrequent seizures as 
normal or mild, multiple counting of autonomic signs and reli-
ance of examination of anterior fontanelle.

We found that the median TSS of infants with mild and 
moderate NEs was lower than that of infants with severe NE. 
However, when neonates with mild and moderate encephalop-
athy were compared, there was a fair amount of overlap of TSS 
(figure 1A). This highlights that despite careful clinical assess-
ment using TSS, the differentiation of mild from moderate NE 
in the first 6 hours still remains challenging.

In the secondary analysis of the Prospective Research on 
Infants with Mild Encephalopathy (PRIME) study, Chalak et 
al reported that a TSS of ≥5 had an AUC of 0.83, a sensi-
tivity of 100% and a specificity of 67% in untreated mild NE.8 
However, our data suggest a much lower prognostic accuracy 
with a sensitivity of 39% and a specificity of 82%, possibly 
reflecting the population differences. Chalak et al recruited 

only untreated infants with mild NE, while we included all 
infants (mild, moderate and severe) who had TH. Neverthe-
less, we found that a TSS of >12 within 6 hours after birth 
indicates a higher risk of adverse NDO, whereas a TSS of <4 
is indicative of intact survival. The lower prognostic accuracy 
in infants with TSS between 4 and 12 may reflect the evolu-
tion of NE over the first few days, making the predictability of 
early clinical scoring difficult.

This study has strengths and limitations. First, we assessed 
only the TSS at the time of admission; therefore, the prog-
nostic accuracy of this tool during TH or afterwards remains 
unknown. Nevertheless, the neurological examination at the 
time of admission is the most relevant for clinicians who have 
to make a decision about the best treatment option within the 
first 6 hours after birth. Second, our study included only infants 
who underwent TH. Therefore, it is unknown whether these 
data would be applicable to non- cooled infants. However, 
given the widespread use of TH as standard treatment for 
moderate or severe encephalopathy and its therapeutic creep 
in mild NE, these data have direct implications in the clinical 
setting. Third, our sample size was not sufficiently powered 
to analyse the accuracy of TSS in the different severity stages 
of NE. To date, this is the largest multicentre study to analyse 
the prognostic value of the TSS. Strengths of this study include 
training and certification of all the examiners, assessment of 
MRI scans by a single researcher blinded to the admission TSS 
and that all infants had Bayley score assessment at 2 years of 
age performed by certified examiners.

In summary, TSS in the first 6 hours of life had similar prog-
nostication as of modified Sarnat staging and correlated with the 
basal ganglia and thalamic injury. TSS may still be useful for early 
identification of infants who are more likely to have favourable 
outcome at 2 years.
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Figure 2 Proportion of normal (represented in green), mild 
(represented in blue) (cognitive composite score 70–84 or ≥85 and one 
of the following: GMFCS levels 1–2, seizure disorder or hearing loss) 
and moderate/severe (represented in red) (Bayley III Composite Score 
of <84 and one or more of the following: GMFCS levels 2–5, hearing 
impairment, blindness or persistent seizure disorder) NDOs at 2 years 
for each TSS. GMFCS, Gross Motor Function Classification System; NDO, 
neurodevelopmental outcome; TSS, Total Sarnat Score.
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Supplementary table 1. Definitions of the scoring from 0-3 for each of the domains of the 

modified Sarnat score. 

NEUROLOGICAL EXAMINATION  

CATEGORIES  
(TOTAL 6) 

SIGNS OF NEONATAL ENCEPHALOPATHY (NE) IN EACH CATEGORY 
 

NORMAL MILD NE 
MODERATE 

NE 
SEVERE NE 

1. LEVEL OF 
CONSCIOUSNESS  

0 

ALERT, 
RESPOSIVE TO 

EXTERNAL 
STIMULI 
(STATE 

DEPENDENT 
e.g., 

POST FEEDS) 

1 

HYPER-ALERT, 
HAS A STARE, 
JITTERINESS, 
HIGH-PITCHED 

CRY, 
EXAGGERATED 
RESPONSE TO 

MINIMAL STIMULI, 
INCONSOLABLE 

2 

LETHARGIC 
3 

STUPOR / COMA 
 

2. SPONTANEOUS 
ACTIVITY  

0 

CHANGES 
POSITION 

WHEN AWAKE 

1 

NORMAL OR 
DECREASED 

2 

DECREASED 
ACTIVITY 

3 

NO ACTIVITY 

3. POSTURE  

0 

PREDOMINANT
LY FLEXED 

WHEN QUIET 
 

1 

MILD FLEXION OF 
DISTAL JOINTS 

(FINGERS, WRIST 
USUALLY) 

2 

MODERATE 
FLEXION OF 

DISTAL 
JOINT, 

COMPLETE 
EXTENSION 

 

3 

DECEREBRATE 
 

4. TONE 

0 

STRONG 
FLEXOR TONE 

IN ALL 
EXTREMITIES 
AND STRONG 
FLEXOR HIP 

TONE 

1 

NORMAL OR 
SLIGHTLY 

INCREASED 
PERIPHERAL 

TONE 

2a 

HYPOTONIA 
(FOCAL OR 
GENERAL) 

2b 

HYPERTONI
A 

3a 

FLACCID 
 

3b 

RIGID 

5. 
PRIMITIVE 
REFLEXES 

SUCK 

0 

STRONG, 
EASILY 

ELICITABLE 
 

1 

WEAK, POOR 
2 

WEAK OR 
HAS BITE 

3 

ABSENT 

MORO 

0 

COMPLETE 
1 

PARTIAL 
RESPONSE, LOW 
THRESHOLD TO 

ELICIT 

2 

INCOMPLET
E 

3 

ABSENT 

 6. 
AUTONOM
IC 
SYSTEM  

PUPILS 

0 

IN DARK: 2.5-
4.5 mm. 

IN LIGHT: 1.5-
2.5 mm. 

1 

MYDRIASIS 
2 

CONSTRICT
ED 

3 

DEVIATION/DILAT
ED/ NON-

REACTIVE TO 
LIGHT 

HEART 
RATE 

0 

100-160 bpm 
1 

TACHYCARDIA  
(HR > 160) 

2 

BRADYCARD
IA  

(HR < 100) 

3 

VARIABLE HEART 
RATE 

    
RESPIRATI
ON 

0 

REGULAR 
RESPIRATION 

1 

HYPERVENTILATI
ON  

(RR > 60/min) 

2 

PERIODIC 
BREATHING 

3 

APNOEA OR 
REQUIRES 

VENTILATOR 

TOTAL SCORE     
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Variables

True

positive:

false

positive

True

negative:

false

negative

Sensitivity 

(95% CIs)

Specificity 

(95% CIs)

Positive

likelihood

ratio

Negative

likelihood

ratio

Sensorium [>2] 7 : 7 116 : 15 32% (14-

55)

94% (89-

98)

5.59 (2.17-

14.37)

0.72 

(0.54-

0.96)

Spontaneous Activity [>1] 16 : 68 55 : 5 76% (53-

92)

45% (36-

54)

1.38 (1.03-

1.84)

0.53 

(0.24-

1.17)

Posture [>1] 16 : 64 59 : 5 76% (53-

92)

48% (39-

57)

1.46 (1.09-

1.96)

0.5 (0.23-

1.09)

Tone [>1] 13 : 47 76 : 8 62% (39-

82)

62% (53-

70)

1.62 (1.08-

2.43)

0.62 

(0.35-

1.08)

Reflexes [>2] 12 : 21 102 :10 55% (32-

76)

83% (75-

89)

3.19 (1.85-

5.51)

0.55 

(0.34-

0.87)

Autonomic System [>2] 18 : 69 54 : 4 82% (60-

95)

44% (35-
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