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Abstract
Background: The so-called Thompson-score (TS) for newborns with hypoxic-ischemic encephalopathy (HIE) was developed before the introduction of controlled hypothermia
as clinical routine. Information on the predictive value of TS
in newborns undergoing therapeutic hypothermia to estimate long-term outcome is limited. Objectives: To determine the predictive value of TS to estimate long-term cognitive and neurological outcome in newborns with perinatal
asphyxia treated with controlled hypothermia. Methods:
Thirty-six term newborns with HIE undergoing controlled
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hypothermia were followed using Wechsler Preschool and
Primary Scale of intelligence III test and standardized neurological examination. The primary outcome was survival without cognitive impairment, defined as an IQ ≥85. Secondary
outcomes were motor outcomes, survival without relevant
neurological impairment, death and epilepsy. Results: Follow-up was done in 33 out of 36 (91.6%) infants at 53 ±
12 months (mean ± SD). For all investigated parameters, a
statistically significant relationship with peak TS was demonstrated. A one-point increase in peak TS indicated an OR
(95% CI) of 1.5 (1.1–2.0, p = 0.006) for death or cognitive impairment, an OR (95% CI) of 2.2 (1.3–3.8, p = 0.004) for death
or relevant neurologic impairment, an OR (95% CI) of 2.1
(1.3–3.5, p = 0.005) for death or epilepsy and an OR (95% CI)
of 1.5 (1.1–2.1, p = 0.02) for death. Although the TS for newborns with adverse outcome (death or cognitive impair-
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ment) compared to normal outcome tended to be higher (13
[4–16] vs. 9 [0–13], d1; 15 [5–19] vs. 9 [1–14], d2; 14 [5–21] vs.
8 [2–15], d3; median [range]), there was a considerable overlap during the first 3 days of life between both groups. Conclusions: The TS seems to be a prognostic tool for predicting
the long-term outcome in asphyxiated term newborns undergoing controlled hypothermia after the third day of life.
A higher score appears to be significantly associated with an
adverse outcome.
© 2018 S. Karger AG, Basel

Introduction

Perinatal asphyxia is associated with a high risk of
death or permanent disability for the newborn infant. If
hypoxic-ischemic encephalopathy (HIE) occurs, prediction of outcome is extremely important for further management and for parental counseling. Furthermore, decisions for the use of neuroprotective therapeutic interventions, such as the controlled hypothermia, and for
neuro-developmental follow-up have to be made to use
resources effectively for those neonates who need these
interventions and for close follow-up. Many clinicians
currently use the so-called Thompson-score (TS) in clinical routine to estimate clinically neuro-developmental
outcome along with other indicators, such as EEG and/or
MRI. The TS published by Thompson et al. [1] in 1997 is
based on the longitudinal clinical assessment of 9 signs.
Each sign is scored from 0 to 3 and the sum score for each
day is calculated (Table 1). However, the TS was validated
initially only with a small sample size of only 35 neonates
who did not receive controlled hypothermia because this
treatment option was not yet available. To our knowledge
there is only one study evaluating the TS in neonates undergoing hypothermia. This study from Thorsen et al. [2]
focused on short-term outcomes. Therefore, the aim of
this study was to assess the predictive value of the TS for
adverse cognitive and neurological outcome, epilepsy,
and death in a cohort of newborns with HIE undergoing
a standardized hypothermia treatment protocol.

sessed with a minimum of one recorded TS after birth. Whole body
hypothermia was used according to the study protocol of Shankaran et al. [3] using a cooling mattress and aiming for a rectal
temperature of 33 to 34 ° C for 72 h, followed by slow rewarming.
Infants with malformations or inborn errors of metabolism
were excluded. After written parental consent was obtained,
1 child psychiatrist and 1 pediatrician performed all follow-up assessments in a standardized examination room to minimize potential bias from different environments. Associations between the
peak value of TS and outcome variables were assessed.
The primary outcome for this study was survival without cognitive impairment defined as a general IQ ≥85. Secondary outcomes were survival without relevant neurological impairment,
death and epilepsy. We defined different grades of adverse neurological outcome: normal or mild, moderate, and severe disability
(see definition in online suppl. material; for all online suppl. material, see www.karger.com/doi/10.1159/000490721), with moderate
and severe disability classified as “relevant.”
A detailed psychometric assessment and a neurologic examination were performed with the children accompanied by at least
one of the parents, unless this seemed undesirable during the testing process. For evaluation of the general cognitive performance, the Wechsler Preschool and Primary Scale of intelligence
III (WPPSI-III) test, standardized for children in Germany (2009)
was used. Results on this test include a general measure of IQ (the
primary outcome) with quotients for verbal and nonverbal performance and processing speed. All results are expressed as an agestandardized score, with a population mean of 100 and a standard
deviation of 15. To detect neurologic dysfunction and signs of cerebral palsy, a structured neurologic examination was performed
by one of 2 investigators. Neuromotor function was assessed using
the Gross Motor Function Classification System with scores on the
assessments ranging from 1 to 5, with higher scores indicating
greater impairment
Statistical Analysis
Descriptive analyses were conducted for all continuous variables using mean ± SD and median (interquartile range). Categorical variables were described using frequencies and percentages.
For all outcomes variables, logistic regression models were applied
to evaluate the prognostic impact of the maximal TS observed for
each patient by means of OR and their 95% CI. Furthermore, standard measures of diagnostic test validity, such as sensitivity and
specificity, were calculated for different cut-off levels of the TS. The
optimal cut-off was selected by maximizing the Youden index [4].
The receiver operating characteristics curve was used for a graphical visualization of the diagnostic analyses. A p < 0.05 was considered statistically significant.

Results
Study Design
The protocol was approved by the ethical review committee of
the University of Ulm (No.300/13). This is a retrospective analysis
of infants of ≥35 weeks’ gestation, born between 04/2007 and
07/2011 with perinatal asphyxia and HIE treated in the perinatal
center, University of Ulm, with controlled hypothermia and as-

342

Neonatology 2018;114:341–347
DOI: 10.1159/000490721

Our study included 36 infants with asphyxia/HIE
treated with controlled hypothermia. Seven infants died
and 3 infants were lost to follow-up. Demographic characteristics of the infants at the time of admission to our
NICU are presented in Table 2. Primary outcome data
were available for 33/36 (91.6%). The mean age at followMendler/Mendler/Hassan/Mayer/Bode/
Hummler
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Methods

Table 1. Thompson-score

Tone
Level of consciousness
Fits
Posture
Moro-reflex
Grasp-reflex
Suck-reflex
Respiratory pattern
Fontanelle

Score
0

1

2

3

Normal
Normal
None
Normal
Normal
Normal
Normal
Normal
Normal

Hyper
Hyper alert, stare
Infrequent <3/day
Fisting, cycling
Partial
Poor
Poor
Hyperventilation
Full, not tense

Hypo
Lethargic
Frequent >2/day
Strong, distal flexion
Absent
Absent
Absent
Brief apnoea
Tense

Flaccid
Comatose
Decerebrate

IPPV (apnoea)

up was 53 ± 12 months. Approximately two-thirds of the
infants were male, 23 out of 33 (70%) were out born, and
20 out of 36 (61%) had a 10-min APGAR score ≤5.
Twenty-two infants could be assessed using the WPPSI-III test for the primary outcome (survival without cognitive impairment). For 1 infant, the test was incomplete
because of poor cooperation. Four infants were unable to
perform the test because of severe mental retardation or
physical handicap. In those infants, the IQ-level was specified using criteria of ICD 10 classification and estimated
to be less than 85 in the final analysis. Overall, there were
18 (55%) infants with an IQ ≥85. The mean IQ among
surviving infants undergoing the WPPSI-III was 98.
Almost all surviving infants with a maximal TS ≤10 had
a normal IQ and almost all infants who showed an impaired IQ (<85) had a TS ≥11; there was only 1 infant with
an IQ of 81 and a TS <10. In contrast, there were 7 infants
with a normal IQ with a TS between 11 and 15. Logistic
regression analysis revealed an OR (95% CI) of 1.5 (1.1–
2.0, p = 0.006), that is, a 1-unit increase in maximal TS was
associated with a 1.5-fold increased probability of an adverse outcome. Regarding secondary outcomes, we observed 20 infants surviving without relevant neurological
impairment with a maximal TS of ≤15. Six infants with TS
between 11 and 21 had an adverse neurological outcome.
The OR (95% CI) for an adverse neurological outcome associated with maximal TS was 2.2 (1.3–3.8, p = 0.004).
Three survivors had epilepsy. They had a maximal TS of at
least 13. Modeling the probability of death or being affected by epilepsy related to maximal TS was estimated as an
OR (95% CI) of 2.1 (1.3–3.5, p = 0.005).
Seven infants had died, and all had a maximal TS of at
least 15. The corresponding OR (95% CI) of maximal TS
was 1.5 (1.1–2.1, p = 0.02). The receiver operating char-

acteristic analysis for all outcome variables demonstrated
a high prognostic accuracy of the maximal TS (Fig. 1).
The optimal cut-off values of maximal TS for the 4 investigated outcomes ranged from 11 to 15, and a value of
15 seems to be a useful predictor. The corresponding sensitivities and specificities ranged from 60 to 94%. For cognitive outcome, 2 optimal cut-off values were identified
(maximal TS equal to 11 and 15), where the lower one was
associated with higher sensitivity and the higher one with
higher specificity. Although the TS for infants with adverse outcome (death or adverse cognitive outcome as
compared to normal survivors) tended to be higher (13
[4–16] vs. 9 [0–13], d1; 15 [5–19] vs. 9 [1–14], d2; 14 [5–
21] vs. 8 [2–15], d3; median [range]), there was a considerable overlap during the first 3 days of life between both
groups (Fig. 2). Furthermore, the TS for infants with ad-
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Table 2. Patient demographics

Total (n = 33)

Mean ± SD/n

Gestational age, weeks
Birth weight, g
Male gender, n (%)
Apgar Score ≤5 at 10 min, n (%)
Missing data, n
First rectal temperature in the NICU, °C
pH (birth, or within 1 h)
Worst base excess within 1 h, mmol/L
Missing data
Sarnat-Score/HIE, n/total, n (%)
Mild, n
Moderate
Severe
Inborn, n (%)

39.4±1.7
3,343±594
20/33 (61)
20/32 (61)
1
35.0±1.8
6.89±0.2
–20.5±4.2
13
0
18/33 (55)
15/33 (45)
10/33 (30)

343
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Sign

1.0

0.8

0.8

0.6

0.6

0.4
AUC: 0.841 (0.700–0.982)
Cutoff:
11
15
Sensitivity: 0.93 0.60
Specificity: 0.61 0.94

0.2

0

0.2

0.4
0.6
1 – Specificity

0.8

1.0

1.0

0.8

0.8

0.6

0.6

0.4

c

0

b

1.0

AUC: 0.93 (0.845–1.000)
Cutoff: 15
Sensitivity: 0.80
Specificity: 0.91

0.2
0

0.2

0.4
0.6
1 – Specificity

0.8

1.0

AUC: 0.938 (0.865–1.000)
Cutoff: 13
Sensitivity: 0.85
Specificity: 0.85

0.2

Sensivity

Sensivity

a

0.4

0.2

0.8

1.0

0.4
AUC: 0.876 (0.753–1.000)
Cutoff: 15
Sensitivity: 0.86
Specificity: 0.85

0.2
0

d

0.4
0.6
1 – Specificity

0

0.2

0.4
0.6
1 – Specificity

0.8

1.0

Fig. 1. ROC analysis for diagnostic accuracy of maximal Thompson-score for (a) surviving without cognitive impairment (alive
and IQ ≥85), (b) surviving without relevant neurological impairment, (c) surviving without development of epilepsy, (d) surviving

(outcome “death”); area under the ROC curve = AUC and corresponding 95% CI, cut-off: optimal cut-off for maximal Thompsonscore relying on Youden index. AUC, area under curve.

verse outcome (death or relevant neurological impairment as compared to normal survivors) tended to be
higher (13 [8–16] vs. 9 [0–13], d1; 15 [5–19] vs. 9 [1–14],
d2; 15 [5–21] vs. 8 [2–15], d3; median [range]; Fig. 3).

personnel, and no specific equipment. Further studies report a high sensitivity and specificity to predict outcome
[5]. Meanwhile, therapeutic hypothermia became an established standard treatment of neonatal HIE. Since hypothermia itself and/or associated pharmacologic interventions such as sedation may influence the TS, its value
during hypothermia treatment was unclear. However, we
need to point out on the fact that besides hypothermia,
which may influence TS values by itself, all our newborns,
except for one, received morphine during hypothermia,
usually using a continuous infusion, which may increase
the TS. Furthermore, in two thirds of the newborns phenobarbital was used as well for sedation. Only one newborn was completely paralyzed during the hypothermia
phase, but the maximal TS was 15 in that case thereafter.

Discussion

In our study, the TS, a widely used instrument in the
clinical routine, showed a strong association between
higher values of the score and adverse long-term outcome.
This scoring system was first described in 1997 by Thompson et al. [1] as a clinical method for prediction of outcome
of newborns with HIE, which requires little time for the
assessment, no comprehensive training for the clinical
344
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Sensivity

Sensivity

1.0

20

n (IQ <85 points/death)
n (IQ ≥85 points)

Thompson-score

15

10

5

0
1

2

3

4

5

6

7

8

9

10

10
11

10
8

8
7

5
3

8
5

Day
n (IQ <85 points/death)
n (IQ ≥85 points)

15
17

12
15

14
14

14
13

14
13

Fig. 2. Thompson-scores for infants with death or IQ <85 (straight line) and for surviving infants with an IQ ≥85
(dotted line). Values are presented as median and range.
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Moderate/severe/death
Normal/mild

Thompson-score
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5
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1
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3

4

5
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8
13

8
10

5
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4
4

7
6

Day
n (moderate/severe/death)
n (normal/mild)

13
19

11
16

12
16

13
14

12
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To our knowledge, there is only 1 study evaluating the
TS in neonates treated with hypothermia. Beyond shortterm outcomes, this study from Thorsen et al. [2] provided death before discharge and development of severe
epilepsy as the primary outcome. The authors showed
that a score >12 as compared to a lower score is strongly
associated with adverse outcome. Our study is the first

study to investigate the correlation of TS with potential
adverse long-term effects in neonates treated with hypothermia and thus provides new information.
There are many potential ways to look at longitudinally obtained TS values. We used the peak-TS because it
was demonstrated by Thompson et al. [1] that this approach provides the best correlation with outcome. We
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Fig. 3. Thompson-scores for infants with death or moderate to severe neurological outcome (straight line) and for
surviving infants with mild or normal neurological outcome (dotted line). Values are presented as median and range.
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a day 1 score was used, in comparison to the peak score,
for which Thompson et al. [1] themselves reported the
best correlation. The range of scores for infants with good
versus adverse outcome seems to separate during the first
days of life in the original paper, whereas they show considerable overlap during the first 3 days for cognitive outcome. Since our study infants received hypothermia
treatment, almost all infants received opioids and sedatives during the initial 3 days of life, which may result in
inappropriately high values of TS. Therefore, we decided
to look also at the peak TS, which occurred uniformly after the hypothermia treatment phase.
There are several other limitations in our study. First,
the study has a retrospective design. Second, evaluation
of the infants using TS was done by different physicians
in a typical NICU setting, and sometimes was not done
every day. However, this corresponds to the clinical practice, and the score was developed exactly for this setting.
Furthermore, the timing of the first evaluation of the TS
was not standardized, and often done later in outborn infants, which may have influenced the values, as suggested
by Biselele et al. [8] but also represents the typical clinical
practice. In addition, follow-up was not done with the
same age in our study participants. Therefore, the WPPSI-III test was used which allows cognitive assessments
between 3 and 7:2 years of age.
Conclusions

In summary, using the Thomson Score as a prognostic
tool for predicting the long-term outcome in asphyxiated
term newborns with HIE may be useful also when applied
in newborns undergoing a controlled hypothermia treatment protocol. This information is novel and may be important for counseling parents. A higher score appears to
be significantly associated with an adverse outcome. The
cut-off limits studied suggest that a peak value of >15 is
associated with a substantially higher risk for adverse outcome. During the first 3 days of life, there is considerable
overlap in TS values comparing infants with good versus
adverse outcomes. Further studies are needed to validate
our results in a larger number of infants with HIE undergoing hypothermia treatment.

Disclosure Statement
This study was supported by our parental support group
“Förderkreis für intensivpflegebedürftige Kinder Ulm e.V.”
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identified a statistically significant correlation between
the peak TS and our primary outcome and identified 2
cut-off points of 11 and 15, depending on whether a high
sensitivity or specificity is required by the user. Investigators use different definitions for “normal outcome.”
Thompson et al. [1] defined no clinical evidence of cerebral palsy and a Griffith’s GQ ≥70 as “normal.” Our primary outcome included survival without cognitive impairment and we differentiated between cognitive and
neurologic impairment. Nevertheless, Thompson et al.
[1] also reported that all infants with a score < 11 were
normal with a sensitivity of 100%. With a score >15, all
infants were abnormal with a specificity of 96%. These
results correspond almost with our values (93 and 94%)
and our cutoff value of 13 for survival without relevant
neurologic impairment fits quite well to the original dataset and to another report on cognitive and neurologic
data from Mwakyusa et al. [6] although other definitions
(only developmental delay, only cerebral palsy) and no
hypothermia were used in their study.
The only study providing data on the TS in relation to
the development of severe seizures/epilepsy is available from Thorsen et al. [2] who described a significant
increased risk for this outcome for individuals with a TS
>12. In our study, we found a statistically significant correlation with a cutoff point of 15 in the TS. Mwakyusa et
al. [6] also report a higher incidence of neonatal seizures
with higher TS values, although they examined their infants at a different age and assessed only infants without
hypothermia treatment.
A relationship between a higher TS and death as the
single outcome variable was described in earlier studies
without hypothermia. Mwakyusa et al. [6] described a
statistically significant correlation of TS with mortality
and reported for a value ≥15 a sensitivity of 88% and a
specificity of 99%. Biselele et al. [7] reported a good correlation between TS and mortality. Thorsen et al. [2]
showed a nonlinear relationship between TS and death in
their infants undergoing hypothermia treatment. This is
comparable with our study findings describing a statistically significant correlation with TS and survival with a
TS cutoff of 15.
In general, we were able to establish a statistically significant relationship with the TS as a continuous predictor in all investigated parameters. It is also interesting that
our cutoff values are in the same range as already described by Thompson et al. [1] who suggested limits of
>10 and > 15 on different postnatal ages. Comparisons
with previously published data is difficult because different ways to analyze the data were used and almost always
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