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Summary

AIMS OF THE STUDY: To investigate and compare the

centre-specific short-term outcome indicators seizures, ar-

terial hypotension, infection and mortality during therapeu-

tic hypothermia until discharge from the neonatal/paedi-

atric intensive care unit in term and near-term neonates

with hypoxic-ischaemic encephalopathy (HIE) registered

in the Swiss National Asphyxia and Cooling Register be-

tween 2011 and 2018.

METHODS: Retrospective analysis of prospectively col-

lected national register data between 1 January 2011 and

31 December 2018. Pregnancy, maternal, delivery and

neonatal characteristics were compared between the cen-

tres. Four short-term outcomes were defined: seizures, ar-

terial hypotension, infection and mortality. The outcome

indicators were defined as stated in the protocol of the

Swiss National Asphyxia and Cooling Register. Descrip-

tive analyses of the de-identified centre to centre analysis

were performed, and standardised observed-to-expected

values (risk adjusted for male sex, small for gestational

age, Sarnat score on admission, pregnancy/delivery com-

plications) of each centre were compared using with the

entire network indirectly standardised mortality/morbidity

ratio charts.

RESULTS: 570 cooled neonates with HIE receiving thera-

peutic hypothermia in 10 different centres were included.

Clinical or subclinical seizures were reported in a median

of 32% (range 17–49%). Arterial hypotension occurred in

a median of 62% (range 30–90%). Median infection rate

was 10% (range 0–31%). Median mortality rate until dis-

charge was 14% (range 0–25%).

CONCLUSIONS: Short-term outcome indicators of

seizures, arterial hypotension, infection and mortality

showed significant differences in incidence between the

centres. These data will help to establish benchmarks for

the assessed outcome measures. Benchmarking is a con-

tinuous need with the ultimate goal of improving modifiable

short-term outcomes in neonates with HIE.

Introduction

In Switzerland, neonates with hypoxic-ischaemic en-

cephalopathy (HIE) have been treated according to the na-

tional cooling protocol and are registered in the Swiss Na-

tional Asphyxia and Cooling Register since 2011 [1, 2].

Each year, data from approximately 70–80 cases of HIE

treated in 10 centres across Switzerland are entered into the

register.

A previous study reported streamlined processes and im-

proved management of neonatal care in HIE after the im-

plementation of the Swiss National Asphyxia and Cooling

Register [2]. However, additional complications, which

might require specific medical treatment, may occur be-

cause of perinatal asphyxia or secondary effects of the in-

tensive care treatment, and such as seizures, arterial hy-

potension and infections [3]. These short-term outcomes

are known in neonatal care to increase overall morbidity

and mortality and worsen the neurodevelopmental out-

come, with specific evidence in neonates with HIE [4–6].

Therapeutic hypothermia for moderate to severe HIE has

become standard of care in industrialised countries across

the world [7]. However, short-term outcomes and compli-

cations during therapeutic hypothermia have mainly been

reported in the context of the initial randomised controlled

trials evaluating its safety and efficacy [7–9]. The cooling
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process itself and short-term outcomes may differ between

countries and even between centres [10, 11].

Investigating outcome quality and benchmarking is essen-

tial to assess quality of care and identify centre-specific ar-

eas for quality improvement [3, 10–12]. This study inves-

tigated centre-specific differences in short-term outcome

indicators in neonates with HIE receiving therapeutic hy-

pothermia registered in the Swiss National Asphyxia and

Cooling Register between 2011 and 2018.

Materials and methods

Data collection, evaluation and publication for this study

were approved by the Swiss Association of Research

Ethics Committees and the Swiss Federal Commission for

Privacy Protection in Medical Research (KEK-ZH-

Nr2014-0551 and KEK-ZH-Nr2014-0552).

Study population

In 2011, the centres participating in SwissNeoNet agreed

on a protocol for standardised treatment of HIE and subse-

quently neonates with HIE are registered in the Swiss Na-

tional Asphyxia and Cooling Register (appendix 2). This

is a population-based retrospective cohort study including

Swiss term and near-term neonates (≥35 weeks gestational

age) with HIE, born between 1 January 2011 and 31 De-

cember 2018 and receiving therapeutic hypothermia in 11

centres (9 neonatal intensive care units [NICUs] and 2 pae-

diatric intensive care units [PICUs] for internal logistic

reasons). Neonates receiving off-protocol cooling on the

basis of the clinical judgement of the attending neonatol-

ogist were included in the analysis. Exclusion criteria for

therapeutic hypothermia are depicted in the national cool-

ing protocol (appendix 2).

Perinatal characteristics and neurological assessment

Demographical maternal, pregnancy, delivery and neonatal

data were extracted from the national register. In order to

compare severity of encephalopathy on admission between

centres, Thompson scores [13] (used by one centre) were

converted to Sarnat scores [14] (used by all other cen-

tres) according to Thompson et al. (Thompson score 1–6

= Sarnat score 1; Thompson score 7–12 = Sarnat score 2;

Thompson score 13–22 = Sarnat score 3) [15].

Short-term outcomes

The members of the quality improvement committee of the

Swiss National Asphyxia and Cooling Register developed

short-term outcomes as per Donabedian [16] and following

the guidelines of the Swiss Academy of Medical Sciences.

The short-term outcomes investigated were: seizures, ar-

terial hypotension, infections and mortality. Outcome de-

finitions from the cooling protocol forms/definitions (see

appendix 1) were applied. Seizures were defined as “clin-

ical or subclinical seizures identified on (amplitude-inte-

grated) electroencephalogram (aEEG/EEG)” during thera-

peutic hypothermia and rewarming. Arterial hypotension

was defined as “hypotension requiring treatment as defined

by unit policies” during days 1–4. Infections requiring an-

tibiotic therapy consisted of pneumonia (consistent chest

X-ray findings), culture-proven sepsis (early onset and late

onset) and necrotising enterocolitis (Bell stage 2–3 [17]).

Death included all mortality until discharge from NICU/

PICU.

Statistical methods

Dichotomous short-term outcomes were defined to gener-

ate standardised comparisons. For each outcome, the pre-

defined standard included data completeness of 90% of

valid patient responses per centre. Missing data (based on

plausibility) was imputed as follows: 16 neonates with un-

known survival status were determined to be survivors by

analysis of discharge data; 1 neonate with unknown birth

location was determined to be outborn based on place of

birth.

Descriptive analyses of the de-identified centre to centre

analysis were provided. A chi-square test was used to test

for outcome differences between centres and standardised

observed-to-expected values for each centre compared

with the entire network using indirectly standardised mor-

tality/morbidity ratio charts were calculated. The area un-

der the curve was calculated for each short-term outcome.

Risk adjustment was performed for all outcomes based on:

male sex, small for gestational age, Sarnat score on ad-

mission, composite pregnancy complication (maternal dia-

betes, maternal fever or pre-eclampsia), and composite de-

livery sentinel events (placental abruption, ruptured uterus,

shoulder dystocia, cord mishaps, or head entrapment). All

analyses were performed in R version 3.6.1 [18].

Results

Study population

A total of 680,664 live births were registered in Switzer-

land between 1 January 2011 and 31 December 2018 and

578 neonates with HIE receiving therapeutic hypothermia

were registered in the Swiss National Asphyxia and Cool-

ing Register during the study period. Therefore, the esti-

mated incidence of HIE requiring therapeutic hypothermia

was 0.85 per 1000 livebirths in Switzerland.

For the following evaluations, the datasets from one centre

were removed as data did not fulfil the criteria for eval-

uation (n = 8; 8/578; 1.4%). Therefore, 10 (out of 11)

centres performing therapeutic hypothermia participated in

this study and 570 cooled neonates were included in the

analysis (570/578; 98.6%).

Perinatal characteristics and neurological assessment

Centre-specific baseline pregnancy, maternal, delivery and

neonatal characteristics are presented in table 1. The rates

of outborns varied between 50% and 100% (no labour and

delivery ward in this centre). A total of 490 (490/570;

86%) cooled neonates were discharged alive from NICU/

PICU.

Short-term outcomes

Centre-specific data on short-term outcomes are depicted

in table 2. Clinical or subclinical seizures were reported in

a median of 32% (range 17–49%). Arterial hypotension oc-

curred in a median of 62% (range 30–90%). Median infec-

tion rate was 10% (range 0–31%; medians for type of in-

fection were: culture positive sepsis 5%, pneumonia 3%,

necrotising enterocolitis 2%). Median mortality rate un-

Original article Swiss Med Wkly. 2021;151:w20489
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til discharge across all included Swiss centres was 14%

(range 0–25%). The differences between centres for all

four short-term outcomes were statistically significant,

with p-values ranging between <0.001 and 0.01.

Standardised mortality/morbidity rates are given for each

short-term outcome per centre, consisting of crude and risk

adjusted ratios with 95% confidence intervals (CIs) (figs

1–4). Persistent seizures at hospital discharge were record-

ed in a median of 13% (74/570; data not shown). The inci-

dence of seizures, arterial hypotension, and infections did

not differ significantly between the whole cohort of cooled

neonates (figs 1–4) and survivors (data not shown).

Discussion

This study assessed centre-specific short-term outcomes of

neonates with HIE receiving therapeutic hypothermia be-

tween 2011 and 2018 in Switzerland. Short-term outcomes

such as seizures, arterial hypotension, infections and mor-

tality showed significant differences between the different

centres after adjustment for clinical confounders.

The reported short-term outcomes of seizures, arterial hy-

potension and infection have not been associated with the

therapeutic hypothermia treatment itself [7]. In contrast,

thrombocytopenia and sinus bradycardia are aggravated

by therapeutic hypothermia [7]. They thus can be consid-

ered as adverse events rather than short-term outcomes

and were not interpreted as centre-specific short-term out-

comes.

Figure 1: Standardised mortality/morbidity ratio (SMR) chart:

seizures (AUC = 0.631).

Table 1: Baseline descriptive statistics.

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Total

N 107 53 72 30 128 14 50 29 41 46 570

Gestational age,

median (IQR)

39.7

(38.1–40.6)

39.1

(38.0–40.4)

40.0

(39.1–41.0)

38.9

(37.6–40.2)

39.8

(38.7–40.7)

40.1

(38.9–40.9)

39.9

(37.9–40.6)

39.4

(37.9–41.4)

39.9

(38.0–41.0)

39.9

(39.0–41.0)

39.8

(38.3–40.7)

Birthweight <P10, n

(%)

27 (25.2%) 5 (9.4%) 14 (19.4%) 1 (3.3%) 23 (18.0%) 5 (35.7%) 7 (14.0%) 5 (17.2%) 4 (9.8%) 8 (17.4%) 99 (17.4%)

Male sex, n (%) 69 (64.5%) 29 (54.7%) 38 (52.8%) 16 (53.3%) 72 (56.2%) 10 (71.4%) 22 (44.0%) 16 (55.2%) 25 (61.0%) 24 (52.2%) 321 (56.3%)

Sarnat Score on ad-

mission, median

(IQR)

2 (1–2) 2 (2–3) 2 (2–3) 2 (2–3) 2 (2–3) 2 (1–2) 2 (2–2) 2 (2–3) 2 (2–2) 2 (2–2) 2 (2–2)

Composite pregnan-

cy complication*, n

(%)

12 (11.2%) 4 (7.5%) 11 (15.3%) 3 (10.0%) 15 (11.7%) 3 (21.4%) 9 (18.0%) 3 (10.3%) 3 (7.3%) 4 (8.7%) 67 (11.8%)

Composite delivery

sentinel events†, n

(%)

29 (27.1%) 20 (37.7%) 21 (29.2%) 13 (43.3%) 49 (38.3%) 8 (57.1%) 18 (36.0%) 10 (34.5%) 21 (51.2%) 16 (34.8%) 205 (36.0%)

Pathological CTG, n

(%)

71 (66.4%) 26 (49.1%) 26 (36.1%) 12 (40.0%) 46 (35.9%) 5 (35.7%) 20 (40.0%) 10 (34.5%) 18 (43.9%) 28 (60.9%) 262 (46.0%)

Emergency C-sec-

tion, n (%)

57 (53.3%) 29 (54.7%) 24 (33.3%) 12 (40.0%) 44 (34.4%) 5 (35.7%) 23 (46.9%) 12 (41.4%) 19 (46.3%) 5 (10.9%) 230 (40.4%)

APGAR 1, median

(IQR)

1 (0–2) 1 (0–2) 2 (1–4) 1 (0–2) 1 (0–2) 2 (1–3) 1 (0–2) 1 (1–3) 2 (0–3) 1 (0–3) 1 (0–2)

APGAR 5 min, me-

dian (IQR)

3 (2–5) 2 (1–4) 4 (2–5) 3 (1–4) 3 (2–5) 3 (2–4) 3 (2–4) 3 (3–5) 4 (2–5) 3 (1–5) 3 (2–5)

APGAR 10 min, me-

dian (IQR)

5 (3–7) 4 (2–6) 4 (2–6) 3 (2–5) 5 (3–7) 5 (4–6) 5 (4–6) 5 (4–7) 4 (3–6) 4 (2–6) 4 (3–6)

Resuscitation >10

min, n (%)

63 (58.9%) 39 (73.6%) 44 (61.1%) 25 (83.3%) 54 (42.2%) 8 (57.1%) 25 (50.0%) 16 (55.2%) 23 (56.1%) 24 (52.2%) 321 (56.3%)

Umbilical artery pH

≤7.0, n (%)

64 (68.8%) 28 (68.3%) 29 (50.0%) 17 (63.0%) 65 (60.2%) 7 (58.3%) 33 (71.7%) 14 (50.0%) 16 (44.4%) 17 (38.6%) 290 (58.85)

Base deficit ≥16

mmol/l, n (%)

37 (46.8%) 16 (34.8%) 44 (71.0%) 7 (29.2%) 5 (4.5%) 4 (28.6%) 1 (2.6%) 2 (8.3%) 15 (41.7%) 6 (15.8%) 137 (29.0%)

H = hospital; IQR = interquartile range; P10 = 10th percentile * Composite pregnancy complication includes: maternal diabetes, maternal fever or pre-eclampsia; † composite

delivery sentinel events includes: placental abruption, ruptured uterus, shoulder dystocia, cord mishaps or head entrapment.

Table 2: Centre specific short-term outcomes.

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Median[N; %] p-value

N (total = 570) 107 53 72 30 128 14 50 29 41 46

Seizures, n (%) 36 (33.6%) 23 (43.4%) 16 (22.2%) 12 (40.0%) 40 (31.2%) 4 (28.6%) 9 (18.0%) 5 (17.2%) 20 (48.8%) 19 (41.3%) 184 (32.3%) 0.009

Arterial hypoten-

sion, n (%)

50 (46.7%) 28 (52.8%) 65 (90.3%) 18 (60.0%) 96 (75.0%) 5 (35.7%) 28 (56.0%) 15 (51.7%) 35 (85.4%) 14 (30.4%) 354 (62.1%) <0.001

Infection, n (%) 6 (5.6%) 3 (5.7%) 2 (2.8%) 5 (16.7%) 18 (14.1%) 0 3 (6.0%) 9 (31.0%) 3 (7.3%) 5 (10.9%) 54 (9.5%) <0.001

Mortality, n (%) 12 (11.2%) 12 (22.6%) 18 (25.0%) 7 (23.3%) 14 (10.9%) 0 3 (6.0%) 4 (13.8%) 6 (14.6%) 4 (8.7%) 80 (14.0%) 0.010

H = hospital; H3 and H5 paediatric intensive care units, all other hospitals neonatal intensive care units.

Original article Swiss Med Wkly. 2021;151:w20489
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Seizures can serve as a surrogate marker for expected neu-

rodevelopmental outcome [19]. Documented clinical or

subclinical seizure activity during therapeutic hypothermia

and rewarming varied between the centres from 17% to

49%; seizures persisted at hospital discharge in a median of

13%. Occurrence of seizures was not adjusted for sedation

and analgesia management, but was adjusted for severi-

ty of encephalopathy amongst other confounders. Hence

severity of encephalopathy cannot be an explanation of the

variability in the frequency of seizures between centres.

Some of the centres routinely use continuous infusions

of midazolam for sedation, which is known to have an

antiepileptic effect, and might therefore have fewer

seizures in their population. Another reason for the centre-

specific difference in seizure frequency could be the de-

tection of seizures. With the implementation of therapeutic

hypothermia and introduction of the Swiss National As-

phyxia and Cooling Register in 2011, aEEG monitoring

has become standard of care in therapeutic hypothermia in

all Swiss centres and is continued throughout rewarming

[2]. Detection of seizures on aEEG is strongly dependent

on the training and education of the bedside medical team

Figure 2: Standardised mortality/morbidity ratio (SMR) chart: arte-

rial hypotension (AUC = 0.658).

Figure 3: Standardised mortality/morbidity ratio (SMR) chart: in-

fections (AUC = 0.569).

Figure 4: Standardised mortality/morbidity ratio (SMR) chart: mor-

tality (AUC = 0.784).

members [20]. Furthermore, seizure detection is not

straightforward and requires specific expertise in neonates

with HIE receiving therapeutic hypothermia [21]. Over-

and underdetection of neonatal seizures has been reported

to be a common problem in neonates with HIE [22]. For

this reason, neonatal neuro-critical care teams have been

established in high volume centres for HIE [21, 22], pro-

viding advice on tailored seizure management. To improve

seizure management, it is mandatory to foster education in

aEEG seizure recognition by bedside staff and clarify re-

sponsibilities regarding aEEG interpretation. Furthermore,

there is a need for comparison of local sedation/analgesia

protocols, which obviously impact the incidence of

seizures.

Some differences in the reported incidence of arterial hy-

potension might be explained by differing unit policies be-

cause of vague outcome definitions provided by the Swiss

National Asphyxia and Cooling Register. Arterial hypoten-

sion is defined as “hypotension requiring treatment defined

by unit policies”. Arterial hypotension can be attributed to

myocardial hypoxia, bradycardia with reduced cardiac out-

put and sedation. Attention to arterial hypotension is clin-

ically relevant as arterial hypotension in neonates with-

out intact autoregulation induces reduced cerebral blood

flow, thereby might further aggravate neuronal damage,

and needs to be avoided whenever possible [4]. In the cen-

tres, blood pressure measurement is not unified. Some cen-

tres use continuous invasive blood pressure monitoring and

others use intermittent cuff blood pressure measurements.

Furthermore, the definition of arterial hypotension varied

between the centres, as did thresholds for treating arterial

hypotension. Interestingly, arterial hypotension requiring

treatment occurred more frequently on PICUs than NICUs.

This might imply that paediatric intensive care specialists

may use more sedative medications leading to arterial hy-

potension, or one might speculate that paediatric intensive

care specialists may treat arterial hypotension more aggres-

sively than neonatal intensive care specialists. According

to the local representatives, the majority reported arteri-

al hypotension as long as specific treatment was needed

to maintain the mean arterial blood pressure in the range

of the respective gestational age. Some units, however, no

longer consider a cooled neonate hypotensive if age-appro-

priate blood pressures were maintained with fluid boluses

or inotropic support, which might explain the rates of arte-

rial hypotension ranging between the centres from 30% to

90%. One conclusion from these data is the need to clari-

fy the definition of arterial hypotension in the register and

analyse the use of inotropes and sedation in this popula-

tion.

Increased risk for infections during therapeutic hypother-

mia has been described previously [6]. In the literature,

the association of (maternal/placental/neonatal) infection/

inflammation in neonates with HIE and unfavourable out-

come has been emphasised [6, 23, 24]. The short-term

outcome of infection (defined as culture proven sepsis,

pneumonia, necrotising enterocolitis Bell stage 2–3) varied

between centres. One reason could be that some units treat

neonates with HIE receiving therapeutic hypothermia with

antibiotics empirically because of limited clinical assess-

ment during therapeutic hypothermia. The next step is to

investigate the site protocols for diagnosing infection (lab-
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oratory tests, e.g., C-reactive protein vs interleukin-6) and

treatment thresholds for antibiotic therapy. In addition,

there is a need to compare the local feeding protocols

during therapeutic hypothermia regarding the incidence of

necrotising enterocolitis (e.g., parenteral nutrition, proto-

cols for increasing enteral feeds).

Higher rates of mortality of up to 25% were seen in centres

treating neonates with more severe encephalopathy, re-

flected in a higher Sarnat score on admission to the NICU/

PICU. Mortality during NICU/PICU stay of neonates with

HIE is often related to withdrawal of care in cases with fu-

tile neurodevelopmental prognosis and with parental con-

sent. Counselling parents to redirect care might also differ

between the NICUs/PICUs. Reasons for mortality are cur-

rently not registered, amending the data entry is being con-

sidered (mortality due to redirection of care versus death

despite full intensive care).

One centre reported no deaths, which was most likely an

effect of the low case number.

The aetiology of HIE is important since the timing of hy-

poxic-ischaemic injury is crucial regarding the neuropro-

tective effect of therapeutic hypothermia. Routine investi-

gation of placenta pathology might help to determine the

onset of hypoxia/ischemia and explain the aetiology of

HIE. One hypothesis is that the worse outcomes in centres

H2 and H3 in absence of perinatal sentinel events might be

due to prolonged intrauterine hypoxia.

We compared the short-term outcomes in our study with

other national cohorts, namely the UK TOBY Cooling

Register cohort and a Dutch cohort [10, 11]. Inclusion cri-

teria for therapeutic hypothermia and baseline demograph-

ics (including severity of encephalopathy on admission)

were similar to the data of the Swiss cohort. Data from

the UK TOBY Register [10] included 1384 returned da-

ta forms on cooled neonates with HIE registered between

2006 and 2011. The Dutch study [11] is a retrospective sin-

gle centre study including 168 neonates receiving thera-

peutic hypothermia for HIE between 2008 and 2016.

The incidence of seizures was not reported in the Dutch

study and was 44% in the UK TOBY cohort in 2011, sim-

ilar to Swiss data with an incidence of 32%. Arterial hy-

potension, defined as a (persistent) mean arterial blood

pressure of less than 40 mm Hg, occurred in 81% of the

Dutch neonates with HIE, 79% of these requiring inotropic

support, and in 40% of the cases in the UK TOBY Cooling

Register. The mean incidence in the Swiss cohort was

62%. The differences in incidence of arterial hypotension

strongly relate to the definition of hypotension itself and

to sedation management. Moreover, it was not reported

throughout whether neonates were mechanically ventilated

during therapeutic hypothermia and thus required some se-

dation.

The Dutch cohort reported an incidence of 17% for sepsis

(culture positive sepsis and culture negative sepsis) and of

2% for necrotising enterocolitis. Similarly, culture proven

sepsis was noted in 19%, pneumonia in 1% and necrotising

enterocolitis in 0.7% in the UK TOBY cohort. When sim-

ilar definitions for infection were applied, our cohort had

a comparatively low infection rate of 10.2% (culture posi-

tive sepsis 5.3%, pneumonia 2.6%, necrotising enterocoli-

tis 2.3%).

Mortality was 32% in the Dutch study and 20% in the

UK TOBY cohort. The Swiss mortality rate was 14%. The

mortality rate decreased from 22% in 2007 to 15% in 2011

in the UK TOBY cohort [10] and the Swiss cohort in-

cluded cooled neonates with HIE born more recently than

neonates in the UK TOBY cohort.

Strengths and limitations of the study

One strength is the harmonised national inclusion criteria

for therapeutic hypothermia and the standardised cooling

protocol. Despite some local differences, this led to a com-

paratively large cohort of neonates with HIE receiving

therapeutic hypothermia according to the same cooling

protocol. Datasets were characterised by completeness of

data. Data monitoring was performed.

This study has several limitations due to the retrospective

design. The data were collected prospectively with single

data entry. Placenta pathology was not routinely reported.

Definitions of the short-term outcomes were applied ac-

cording to the Swiss National Asphyxia and Cooling Reg-

ister, but some definitions were vague, leaving room for in-

terpretation when coding outcomes and entering data into

the register. Individual care protocols for seizures, arterial

hypotension and infection differed between the centres and

warrant further investigation. Except for mortality, risk ad-

justment was of low predictive validity.

Investigating outcome quality using routinely collected

clinical data is well established [12, 25]. Outcome quality

is closely linked to (infra)structural quality and process

quality [26]. Short-term outcomes serve as hints about the

quality in the specific centre, provided that centres with

a similar level of care and similar local infrastructure are

compared [27]. Benchmarking and peer review leads to

quality improvement and transparency in health care [12].

Benchmarking between different NICUs/PICUs is need-

ed to continuously improve easily modifiable short-term

outcomes in neonates. Centres with low outcome qual-

ity will be supported in quality improvement strategies

and centres with high outcome quality will be affirmed

in their high quality work. The iterative process of dis-

cussing differences during peer review will lead to contin-

uous learning and to ultimately establishing best practice.

Comparing outcomes automatically triggers evaluation of

underlying processes, which will be published separately.

Similarly, longitudinal evolution of the Swiss National As-

phyxia and Cooling Register will be assessed separately.

This paper focuses on short-term outcomes until discharge

from NICU/PICU and does not delineate changes in short-

term outcomes over time since implementation of the reg-

ister. Further research will investigate centre-specific dif-

ferences in neurodevelopmental outcomes at 2 years and 5

years of age, which is a surrogate marker for the impact of

short-term outcomes.
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Appendix 1

Definitions used in the Swiss National Asphyxia and Cool-

ing Register

Arrhythmia

Arrhythmias identified on ECG, except Sinusbradycardia

CFM findings (classification of Linda de Vries)

1. Continuous normal voltage pattern (CNV): continuous

activity with lower (minimum) amplitude around (5) to 7

to 10uV and maximum amplitude around 10 to 25 (to 50)

uV

2. Discontinuous normal voltage pattern (DNV): discontin-

uous background, with variable minimum amplitude, but

less than 5uV and maximum amplitude greater than 10uV

3. Burst suppression (BS): discontinuous background with

minimum amplitude without variability at 0 to 1 (2) uV

and bursts with amplitude greater than 25uV

4. Continuous low voltage (CLV): continuous background

pattern of extremely low voltage (around or less than 5uV)

5. Inactive flat trace (FT): mainly inactive (isoelectric trac-

ing) background less than 5uV

Coagulopathy

Any disorder requiring treatment in order to maintain or re-

cover normal haemostasis according to unit's policy

Delivery complications

This can include prolapsed cord, abruption, shoulder dys-

tocia, ruptured uterus, head entrapment etc

Diabetes

Existing diagnosis of diabetes or gestational diabetes re-

quiring treatment

Head entrapment

Severely delayed second stage during breech delivery,

vaginally or at caesarean section

Hypoglycaemia (infant)

Blood glucose< 2.5mmol/L

Hyperglycaemia

Blood glucose > 10mmol/L

Hypotension

Hypotension requiring treatment which defined by unit

policies

Illicit drug use

Recorded drug or alcohol use that may lead to social, oc-

cupational, psychological, or physical problems

Late onset sepsis (>72h after birth) confirmed by blood or

CSF culture

Any evidence of infection requiring antibiotic therapy

which is confirmed on culture

Major cerebral anomaly

Including evidence of parenchymal haemorrhage as de-

termined by ultrasound, ventricular dilatation (defined as

>97th centile for gestational age) or the presence of poren-

cephalic cysts or cystic leukomalacia

Maternal seizure

Convulsions due to eclampsia or other causes, e.g. epilepsy

Meconium aspiration syndrome

The presence of meconium stained amniotic fluid at birth

and severe respiratory distress within 1 hour of birth and

compatible x-ray changes

Necrotising enterocolitis

Infants with abdominal distension, blood in stools together

with abdominal x-ray showing bowel oedema, pneumato-

sis or pneumoperitoneum, Bell stag 2 or 3

Placental abruption

Separation of a normally situated placenta after 28th week

of pregnancy

Placenta praevia

Placenta partially or wholly covering the internal cervical

os

Pre-eclampsia

Hypertension greater than 140/90mmHg during pregnancy

Pregnancy complications

This can include: pre-eclampsia, maternal seizure, thyroid

disorder, diabetes, placenta praevia, known illicit drug use

Prolapsed cord

Cord presentation following rupture of membranes

Pulmonary airleak

Any radiologically confirmed airleak serious enough to

affect management (including pneumothorax, pulmonary

interstitial emphysema, pneumopericardium, pneumoperi-

toneum, pneumomediastinum)

Pulmonary haemorrhage

Copious bloody secretions with clinical deterioration re-

quiring changes in ventilatory management

Pulmonary hypertension

Severe hypoxaemia disproportionate to the severity of lung

disease, evidence of a right to left shunt and other findings

suggesting PHT in echocardiography and the need for

medication

Renal failure

Renal failure requiring dialysis

Ruptured uterus

Spontaneous full-thickness tear in the uterine wall due to

existing scar, obstructed labour

Seizures

Clinical or subclinical identified on aEEG/EEG

Sepsis

Any evidence of infection requiring antibiotic therapy

which is confirmed on culture

Shoulder dystocia

Failure of the shoulders to rotate into the anteroposterior

diameter of the pelvis following delivery of the head, re-

sulting in a substantial delay in delivery

Maternal thyroid disorder

Thyroid dysfunction requiring treatment during pregnancy
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Appendix 2

Figure S1: Eligibility of neonates with HIE for therapeutic hypothermia.
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