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Abstract
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Preventing birth asphyxia is a major challenge in delivery care. The aims of this thesis were
to evaluate fetal scalp blood sampling (FBS) and explore risk factors for moderate to severe
neonatal hypoxic ischemic encephalopathy (HIE).

In a study of 241 deliveries monitored by FBS, a discrepancy between pH and lactate (one
abnormal and one normal value) was common (55%) in combined FBS. We found that the
frequency of operative deliveries for fetal distress (ODFD) was lower when both pH and lactate
were analysed in FBS compared with analysis of only pH or lactate, without affecting neonatal
outcome. (Study I)

In a questionnaire study, women (n = 51) monitored by FBS generally tolerated the test well.
Women without epidural, with higher body mass index (BMI), and with less cervical dilatation
had higher pain ratings compared with their counterparts. The obstetricians that performed the
test generally experienced the test as easy to perform, but more complicated with high maternal
BMI, less cervical dilatation, and higher station of the fetal head. (Study II)

In a national cohort of 692 428 live births ≥ 36 weeks, risk factors for moderate to severe HIE
were identified. We found a linear association between increasing maternal BMI and decreasing
maternal height and risk of HIE. Compared with non-short (≥156 cm) and normal weight
(BMI<25 kg/m2) women, short and overweight women had a threefold risk of HIE. (Study III)

Obstetric emergencies occurred in 29% of HIE cases, more commonly in parous (37%)
than in nulliparous (21%) women. Among nulliparous women, shoulder dystocia was most
common, with the strongest association to HIE. In parous women without previous caesarean,
shoulder dystocia was most common, but placental abruption had the strongest association to
HIE. Among parous women with previous caesarean, uterine rupture was the most prevalent,
with the strongest association to HIE. (Study IV)

Conclusions: Combined FBS might decrease the frequency of ODFD. FBS is well tolerated in
women and generally uncomplicated for the obstetrician to perform. Women with short stature
and overweight have increased risk of having an infant with HIE. Obstetric emergencies are
common underlying causes of HIE, especially in parous women.
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Preface 

For midwives and obstetricians working in delivery wards, fetal surveillance 
is a substantial part of the daily workload. Every obstetrician knows what it 
means to follow and to have the responsibility for an abnormal cardiotocogra-
phy, and when non-reassuring fetal scalp blood sampling is performed to en-
sure fetal well-being. Our task is to continuously perform timely interventions 
for those fetuses and women in need, with the knowledge that an intervention 
performed too late or not at all may endanger the infant’s life and health. At 
the same time, an overly liberal attitude to interventions can lead to iatrogenic 
morbidity of mother and child. When an obstetric emergency occurs, my col-
leges and I work in teams with good timing, clear communication, profes-
sional behaviour, and, in most instances, our effort results in positive out-
comes for mother and child. 

Many of us have experienced the unpleasant feeling of delivering a baby 
who is flaccid and blue, but who, after some time, suddenly starts screaming 
and regains its colours. Many thoughts pass through our minds at such a mo-
ment, and we are grateful that everything went well. Some of us may experi-
ence an even worse scenario, when the baby doesn’t regain a vigorous state, 
and in those cases we will not know the outcome. In these situations, we wish 
we could go back in time, and we wonder if we could have done something to 
prevent the adverse outcome. Knowledge of clinical recommendations and 
risk factors is important to enable preventive strategies to decrease neonatal 
risk and to avoid adverse outcomes. 
 
Uppsala, February, 2018 
 
Lena Liljeström 
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Introduction 

In Sweden, the birth rate has increased steadily during the 2000s, with approx-
imately 120 000 births per year in 2016.1 Physicians and midwives in labour 
units in Sweden are well educated, and hospitals are modern and well equipped. 
Neonatal deaths during the first 28 days of life have decreased in Sweden from 
7.9 per 1000 in 1973 to 1.5 per 1000 births in 2016.1 Nevertheless, a number of 
infants are still born with severe asphyxia in Sweden every year.2 Population-
based studies from Sweden report that intrapartal asphyxia is likely the cause of 
cerebral palsy (CP) in 28-45% of term infants,3,4 and neonatal deaths due to 
intrapartal asphyxia are estimated at 0.3–0.5 per 1000 births.5,6 Severe asphyxia 
may cause lifelong impairment or death, and therefore birth asphyxia needs to 
be prevented.5,7-9  

Cardiotocography (CTG) was introduced in the 1960s with the aim of im-
proving intrapartum fetal surveillance and thereby neonatal outcomes.10 The 
CTG is the main method for intrapartum monitoring and has high sensitivity, 
but poor specificity, for adverse outcome.10,11 This means that a normal CTG 
usually indicates reassuring fetal status, while a non-reassuring CTG does not 
necessarily equate with fetal distress. 

As a complement to CTG, to identify fetuses that are truly compromised in 
labour, fetal scalp blood sampling (FBS) for pH estimation was introduced 
shortly after the introduction of CTG in the 1960s.12 Methods for measurement 
of fetal scalp lactate were introduced in the 1970s, aiming to provide further 
information on fetal acid-base status during labour.13,14 

The Apgar score and umbilical arterial (UA) blood gas analysis are two im-
portant tools used to evaluate the condition of the neonate immediately after 
birth.15,16 

Hypoxic ischemic encephalopathy (HIE) describes the clinical manifestation 
of disordered brain function that is caused by severe peripartum asphyxia.9,17 
Knowledge of risk factors for HIE is of great importance in preventive strate-
gies, and thereby in decreasing neonatal mortality and life-long morbidity. 
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Management of pregnancy and labour in Sweden 
In Sweden, prenatal care and delivery care are free of charge, and pregnant 
women’s participation in the standardised prenatal care programme starting in 
early pregnancy is almost 100%. Ninety-seven percent of all pregnant women 
have a routine ultrasound examination at 16 to 18 postmenstrual weeks to de-
termine gestational age.18 

Normal deliveries are independently managed by midwives; when a delivery 
is defined as abnormal or complicated, responsibility for the patient is trans-
ferred to the obstetrician. Obstetricians, or residents in obstetrics and gynaecol-
ogy, are available day and night in delivery units, although the availability of 
neonatologists and/or paediatricians varies across units and regions of Swe-
den.19 

According to Swedish standards, an admission test with CTG for at least 20 
minutes is routinely performed when the woman enters the delivery ward. 
Thereafter, low-risk pregnancies in labour are monitored with intermittent CTG 
repeated every 2–3 hours, with auscultation of fetal heart rate in between. If 
complications arises during labour, such as abnormal CTG, maternal fever, or 
need for oxytocin use, a transition to continuous CTG is routine.19 High-risk 
pregnancies (e.g., preeclampsia, hypertension, suspicion of fetal growth re-
striction) are continuously monitored with CTG during labour. All labour units 
employing CTG monitoring have access to FBS facilities.20 

Today, epidural analgesia (EDA) and inhalation of nitrous oxide are the most 
commonly used methods for pain relief during delivery in Sweden. During vag-
inal deliveries, inhalation of nitrous oxide was used in 81% of all deliveries, and 
EDA was used in in 53% of nulliparous and 22% of parous women in 2016.1 
During the 2000s, the use of transvaginal pudendal nerve block remained rela-
tively constant, at a level of 3–4%. Paracervical anaesthesia has lost its popu-
larity and was used in less than 1% of all deliveries during the last decade.1 

There has been a rise in the caesarean section rate during the last three dec-
ades, from 5% of all deliveries in the 1970s to a basically unchanged proportion 
of 17% in the last few years, whereof, in 2016, 8.7% were elective and 7.6% 
were emergency caesarean sections.1 The proportion of vaginal instrumental 
deliveries has decreased, with approximately 7% women delivered by vacuum 
extraction or forceps in 2016.1 

After delivery, routine UA blood gas sampling is recommended in all deliv-
eries, although some units perform only selective sampling among nonvigorous 
infants.19,21 The argument for routine sampling is to give an opportunity to ob-
jectively measure the degree of hypoxia and to evaluate quality of intrapartum 
care.22 
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Intrapartum fetal surveillance  
The aim of fetal surveillance during labour is to prevent and diagnose hypoxia 
to timely deliver the fetus before the onset of severe hypoxia, which could lead 
to neonatal and long-term impairment, such as HIE, CP, or fetal death. Until the 
1960s, auscultation of the fetal heart rate with Pinard’s stethoscope and inspec-
tion of amniotic fluid were the only ways to assess fetal well-being during la-
bour. Since then, improved antenatal and intrapartum fetal surveillance have 
contributed to the decreased rate of fetal deaths in labour and of hypoxia-related 
intrapartum fetal deaths.23  

Cardiotocography (CTG), FBS for pH and/or lactate, fetal pulse oximetry, 
and fetal electrocardiography have been proposed as monitoring tools in labour. 
In clinical practice, CTG is generally used, although access to this technology 
varies across the world. FBS and fetal electrocardiography are used to a lesser 
extent, and fetal pulse oximetry not at all.10,20,24-26  

Cardiotocography 
Modern intrapartum fetal surveillance is often based on fetal heart rate moni-
toring by CTG. Cardiotocography records the changes in the fetal heart rate and 
their temporal relationship to uterine contractions. External monitoring of the 
fetal heart is achieved with a fetal stethoscope or by an ultrasound transducer 
placed on the mother’s abdomen over the region of the fetal heart. Once the 
amniotic membranes have ruptured, it is also possible to monitor the fetal heart 
rate with an electrode attached to the fetal scalp. The CTG can be classified as 
normal/reassuring, abnormal/non-reassuring, or pathological. The classification 
is based on the fetal heart rate, its variability, and presence of accelerations or 
decelerations and uterine contractions.10,27 

A normal CTG pattern is a reassurance of a well oxygenated fetus and de-
mands no specific action. However, a non-reassuring/abnormal CTG pattern 
occurs in up to 50% of all recordings in labour, and requires clinical actions, 
such as change in maternal position, improved maternal hydration, decrease or 
stop of oxytocin infusion, evaluation with FBS, or delivery interventions, alt-
hough only a small proportion of these fetuses are at risk of hypoxia.11,24,27  

One benefit of CTG is the high sensitivity for detecting fetal hypoxia during 
labour.10 The method also gives insight into the mechanism causing hypoxia, 
allowing more specific action. The simultaneous monitoring of uterine contrac-
tions provides information about the strain the fetus is exposed to.28  

Shortcomings with the CTG is its low specificity for the outcomes used as 
markers of exposure to hypoxia during labour: metabolic acidosis (UA pH < 
7.00 and base deficit [BD] >12 mmol/L), HIE, and neurological impairment.10 
Further, there is marked inter- and intra-observer variation in CTG interpreta-
tions by midwifes and obstetricians.29,30 The high rate of false positive record-
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ings may result in inappropriately increased and potentially unnecessary opera-
tive interventions due to suspicion of non-reassuring fetal status.10,31 In a sys-
tematic review of randomized trials published in 2017, intrapartum surveillance 
with continuous CTG decreased the rates of neonatal seizures, but not of CP, in 
comparison with intermittent auscultation. In the same study, continuous CTG 
surveillance was shown to increase the rates of caesarean and instrumental de-
liveries.10 The high rate of false positive CTG recordings means that adjuvant 
tests are needed to identify babies that are truly compromised and need to be 
delivered.10,24 In clinical practice, FBS with assessment of pH or lactate is such 
a test.20 

Fetal response to hypoxia—acid-base physiology 
The fetus depends on the mother for placental exchange of oxygen (O2) and 
carbon dioxide (CO2). This exchange, in turn, relies on adequate maternal blood 
gas concentrations, uterine blood supply, placental transfer, and fetal gas 
transport. 

During contractions, placental blood flow and gas exchange decrease tem-
porarily. Any factor that affects placental blood flow and gas exchange impacts 
fetal blood gases, resulting in an accumulation of CO2 (hypercapnia) and short-
age of O2 (hypoxemia). The former state causes a respiratory acidosis, and the 
latter a metabolic acidosis.32 If the oxygen supply is restricted, the normal fetus 
has several compensatory mechanisms to maintain its intracellular energy pro-
duction. The fetal circulatory system can respond with increased heart rate to 
increase cardiac output,33 and the blood flow can be redirected to vital organs 
such as the heart, brain, and adrenals.34 

The healthy fetus is able to adjust to short episodes of hypoxemia and to 
maintain an aerobic metabolism in which glucose (or glycogen) is metabolized 
to pyruvate and oxidized to water and CO2.32 In a sustained severe hypoxic sit-
uation, despite the compensatory mechanisms, adequate oxygen supply to the 
tissues is not maintained, and much less efficient anaerobic metabolism ensues. 
In anaerobic metabolism, glucose and glycogen are metabolized to pyruvate and 
lactate. The accumulation of pyruvate and lactate results in an increase in hy-
drogen ions [H+]. A stable concentration of free [H+] in tissues is of utmost im-
portance for cellular function, and all organisms have buffering systems to 
maintain concentration within physiologic ranges. Free [H+] ions are buffered 
with haemoglobin in the blood, as well as protein and bicarbonate in the tissues. 
When these buffers are saturated, free [H+] ions increase, and there is a decrease 
in pH with metabolic acidosis.32 Generally, situations that create a metabolic 
acidosis also cause a respiratory acidosis (mixed acidosis).32,35 

The degree of metabolic acidosis is given as an estimate of the base deficit 
(BD) in the extracellular space, base excess (BE), or increase of lactate. When 
BE is negative, that is, there is a lack of buffer base due to metabolic acidosis, 
it is more convenient to use the term base deficit (BD).32  
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Animal studies have shown that lactate increases quickly during hypoxia but 
falls relatively slowly.36 The pH value decreases more slowly in the same situ-
ation but recovers quicker than lactate due to the buffering capacity of [H+] in 
tissue and blood.37 If anaerobe metabolism continues too long, the pH will de-
crease to levels that result in in cellular death, tissue damage, organ system fail-
ure, and, ultimately, fetal death.32 

Fetal scalp blood sampling 
In 1962, Bretscher and Saling introduced a technique for blood sampling of the 
fetal scalp.38,39 Collection in glass capillary tubes of a small blood sample from 
the scalp for determination of pH values has since been regarded the gold stand-
ard adjuvant test to identify hypoxia during labour.38 Lactate has been studied 
in fetal blood samples since the 1970s, and the sampling technique is the same 
as for pH.13,14 

Most guidelines on fetal surveillance during labour recommend that delivery 
units employing CTG monitoring should have access to FBS facilities.24,40,41 
The current recommendation is based on evidence suggesting that the use of 
FBS, as a complement to CTG, reduces the frequency of operative delivery, 
without increasing the proportion of neonates born with acidemia.10,11,31,42-44 

A national survey sent to all delivery units in Sweden in 2008 showed that 
61% of delivery units measured lactate alone, 28% used lactate and pH (com-
bined test), and 11% measured only pH when analysing FBS.20 Of those units 
using only pH or both methods, only 61% (11/18) analysed a full acid-base bal-
ance.20 The current policies at the different delivery units are unknown. 

However, the role of FBS in intrapartum fetal surveillance has been ques-
tioned, and its use and maintenance varies widely internationally. The propor-
tion of obstetric units using FBS was 88% in The Netherlands in 2010 and 36% 
in Ireland in 2004.45-48 In Germany, FBS is performed in 26% of deliveries with 
abnormal CTG traces, and its use was less than 2% of corresponding deliveries 
in the USA.42,45,49 In countries where the method is uniformly implemented, 
FBS is performed in 7–25% of deliveries.20,25,26,50-54 

There are several possible reasons why FBS is not more widely used. The 
analysis of FBS requires trained personnel, appropriate equipment, and labora-
tory resources. Opponents of FBS question whether the scalp capillary bed is 
representative of the fetal circulation, because the self-regulated redistribution 
of oxygenated blood from peripheral to central organs which causes peripheral 
ischemia. By its nature, FBS can only give intermittent information about fetal 
acid-base status, and with a persistently abnormal CTG, it must be repeated. A 
study evaluating repeated FBS during labour reported that infants born after ≥ 
3 FBS tests during delivery had no increase in neonatal complications compared 
with infants born after 1–2 FBS during labour. However, the frequency of cae-
sarean section was doubled when the CTG abnormalities lead to ≥ 3 compared 
with 1–2 FBS tests. Furthermore, it was also pointed out that, in the group with 
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repetitive FBS tests during labour, the majority delivered vaginally (58%), and 
a third of those spontaneously.55 

In the literature, FBS is often claimed to be uncomfortable, painful, and even 
intrusive for the woman in labour,56,57 difficult to perform, and time-consuming 
for the obstetrician.50-52,58 Despite the reported discomfort and difficulties, there 
are no studies that have evaluated how the women and obstetricians involved 
subjectively experience the FBS procedure. 

In descriptive studies dealing with attitudes to fetal heart rate monitoring, 
most women have a positive view of fetal surveillance during labour and feel 
reassurance.59-61 Women expect that intrapartum fetal monitoring is a part of 
hospital routine, and they are confident that the monitoring is there to help and 
is an important source of information.59,62 Most women do not experience the 
monitoring procedure as uncomfortable.63 However, women do not consider fe-
tal monitoring to be more important than the support and reassurance received 
from midwives.61 

pH 
Saling et al. conducted the first studies investigating the normal range of pH in 
fetal blood. Through FBS during labour of 306 fetuses who were “very vigorous 
at birth”, they set a mean value for fetal scalp pH during the first stage of labour 
between 7.333 and 7.338. They noticed that pH values were quite stable during 
the first stage of labour, but pH decreased during late second stage. The lower 
limit of the normal range during labour was set as the mean minus 2 standard 
deviations (SDs), with the result between 7.227 and 7.196. Based on these em-
pirical data, Saling suggested a pH value > 7.25 to be normal, 7.20-7.25 pre-
acidotic, and < 7.20 acidotic. Repeated FBS within 20–30 minutes was recom-
mended with preacidosis, and a pH value < 7.20 was suggested as a cut-off for 
intervention (i.e., delivery).38 These cut-offs are still used in clinical practice.24 
The means and normal ranges for fetal scalp pH have been confirmed in other 
studies.64 

One of the limitations of pH sampling is the sampling failure rate of 11–20% 
due to the relatively large amount of blood (30–50 µL) required for the anal-
yses.50,52,65 Unless a full blood gas is achieved, analyses of pH do not discrimi-
nate between respiratory and metabolic acidemia, the latter being associated 
with neonatal morbidity and brain damage.66-68  

Temporary changes in maternal or fetal pCO2 may lead to scalp pH values 
that are falsely normal (i.e., maternal hyperventilation) or falsely abnormal (i.e., 
umbilical cord compression).69 Further, elevation of the pH value by contami-
nation of alkaline amniotic fluid or air may mask a hypoxic fetus.70,71 In addi-
tion, sampling at the site of caput succedaneum or contamination of meconium 
that contains bile acids may reduce the pH value.72,73 
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Lactate 
Kruger et al. retrospectively examined the predictive values of 326 simultane-
ous FBS estimations of lactate and pH for Apgar scores, UA pH, and BD, as 
well as neonatal encephalopathy. Cut-off values for intervention were 4.8 
mmol/L for lactate, corresponding to the 75th percentile, and 7.20 mmol/L for 
pH, corresponding to the 25th percentile.52 These results have been confirmed 
by Allen et al., who reported that fetal scalp lactate levels ≥ 4.2 mmol/L offered 
the best sensitivity and specificity for predicting adverse neonatal outcomes.51 
Mancho et al. reported an optimal cut-off value for lactate of 4.8 mmol/L for 
intrapartum acidosis; this value has 100% sensitivity and 63% specificity for 
detection of UA pH ≤ 7.0 and BD ≥ 12 mmol/L, and it has 100% sensitivity and 
64% specificity for UA pH ≤ 7.10 and BD ≥ 12 mmol/L.74 

In the 1990s, a new electrochemical test strip device, originally developed 
for athletes was introduced into clinical practice for measuring lactate in fetal 
scalp blood (Lactate Pro™ Arkray, Kyoto, Japan). This device required only 5 
µL of blood for analysis in 60 seconds, which led to a high success rate in ob-
taining adequate samples for analysis.50,75 The Lactate Pro™ was the lactate 
meter used for intrapartum FBS during the study period. The suggested cut-offs 
were used: lactate value < 4.2 mmol/L was considered normal, 4.2–4.8 mmol/L 
as preacidosis, and > 4.8 mmol/L as acidosis.52 Normal lactate values in fetal 
scalp blood allowed labour to continue. In cases with preacidosis, a repeated 
FBS test was recommended within 20–30 minute intervals if abnormal CTG 
patterns persisted, and clinical action needed to be considered. An acidotic re-
sult required intervention.52,70  

An updated version, Lactate Pro 2TM, has now been launched, which needs 
only 0.5 µL of blood for analysis and obtains a result in 15 seconds. Comparison 
of different lactate meters shows good correlation between lactate values, but 
differences in absolute values. Therefore, the lactate cut-off values for interven-
tion must be adapted for the lactate meter in use, and for the Lactate Pro 2TM 
other cut-off values for clinical management have been recommended.76 

There is a risk for false positive test results with fetal scalp lactate values, 
owing to contamination with amniotic fluid if containing high levels of lactic or 
bile acids during sampling,71 maternal catecholamine secretion, administration 
of beta-mimetics (such as terbutaline or salbutamol), and maternal hyperglycae-
mia caused by increased pyruvate production.69,70 In the active second stage of 
labour, Nordstrom et al. showed that lactate concentrations increase by about 1 
mmol/L in fetuses and 2 mmol/L in mothers every 30 minutes.77 In a study by 
Wiberg et al. assessing lactate values during the second stage of labour in cases 
with reassuring CTG and 5-minute Apgar score ≥ 9, the reference interval for 
fetal scalp lactate during the second stage was 1.1–5.2 mmol/L (using Lactate 
Pro™). Further, nulliparity, use of epidural or oxytocin, and the duration of 
pushing time were associated with increased lactate concentration. The same 
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study found no correlation between advancing gestational age or birthweight 
and fetal scalp lactate values.78 

In previous studies that aimed to establish the lactate cut-off level for inter-
vention during labour, the first stage of labour has been referred to.51,79 
Nordström et al. suggested that FBS for lactate measurement should only be 
used in the first stage of labour, because of the physiological increase in fetal 
lactate during the second stage.77 A long second stage and a longer pushing 
phase increase lactate values at birth, which might imply a different recom-
mended cut-off value for intervention in the second stage.77,78 Yet, in clinical 
practice, cut-off values recommended for further evaluation or intervention in 
the first stage are often extrapolated to the second stage. 

Theoretically, it has been speculated if the growth restricted fetus could in-
crease their lactate concentrations due to reduced glycogen deposits. Holzmann 
et al. demonstrated that growth-restricted fetuses could respond to hypoxia ad-
equately and to the same extent as appropriately grown fetuses in terms of lac-
tate production, and that FBS with lactate analysis was therefore a reliable sur-
veillance method for growth-restricted fetuses in labour.80 No studies evaluating 
lactate values obtained at the site of caput succedaneum have been published. 

Lactate, pH or both?  
In randomized controlled trials, where pH has been compared with lactate in 
FBS, no differences in short-term neonatal outcome (metabolic acidosis, neo-
natal encephalopathy, low Apgar scores, admission to the neonatal care unit) or 
mode of delivery have been reported.11,50,81 However, in the Cochrane review 
by East et al., it was pointed out that these studies are underpowered to asses 
differences in these outcomes with low prevalences.11 

Holzmann et al. performed a secondary analysis of the data from the ran-
domized trial by Itzel et al., and significant, although weak, correlations were 
reported between both fetal scalp lactate and fetal scalp pH versus UA pH 
(r = - 0.21 and r = 0.40, respectively, p < 0.05). Further, among 85 fetal scalp 
lactate measurements > 6.6 mmol/L, only 14 (16.5%) had cord pH levels < 7.10. 
Holzmann et al. found no differences in outcomes between the two groups, ex-
cept for a more rapid delivery in the pH group.82  

In the retrospective observational study by Heinis et al., scalp pH ≤ 7.20 had 
a sensitivity of 41% and a specificity of 86% for metabolic acidosis (pH < 7.05 
and BD ≥ 12 mmol/L), and lactate values of ≥ 6.6 mmol/L indicated metabolic 
acidosis with a sensitivity of 71% and a specificity of 87%, and suggested that 
scalp lactate provides more accurate information on fetal acid-base status at 
birth than does pH and/or BD. Nonetheless, 29% of children who were acidotic 
at birth (pH < 7.05 and BD < -12) were not identified using a lactate limit of 6.6 
mmol/L in the fetal scalp blood sample.54  

In the retrospective study by Kruger et al. where both fetal scalp blood lactate 
and pH were analysed, fetal scalp blood lactate was superior to pH in predicting 
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moderate to severe HIE, with a sensitivity of 67% and a specificity of 93% for 
lactate, versus 49% and 77%, respectively, for pH.52  

In a prospective cohort study by Ramanah et al., a scalp lactate cut-off value 
of 5 mmol/L had the same predictive value as scalp pH < 7.20 to predict neona-
tal acidosis.83  

Lactate is a final product of anaerobic metabolism and reflects hypoxia and 
metabolic acidosis in the tissues, and it is therefore thought to be an earlier 
marker than pH in identifying fetuses at risk.36,37,84 Because lactate analysis is 
faster and more likely to be successful due to the smaller amount of blood re-
quired, lactate is considered an attractive alternative to pH analysis.11,65,81  

In the randomized controlled trial by Itzel et al., the lactate group, compared 
with the pH group, had a significantly higher proportion of operative delivery 
for fetal distress (ODFD) when the test had an abnormal (preacidosis or acido-
sis) value taken within 60 minutes before delivery, but there was no difference 
in neonatal outcome.81 

In a prospective study of 677 deliveries with non-reassuring CTG, both pH 
and lactate were measured in the same fetal scalp blood sample, either during 
the first or the second stage of labour. Results showed that the sensitivity and 
specificity with which a high scalp lactate value (≥ 4.8) predicted a low scalp 
pH value (< 7.20) was low (0.63 and 0.85, respectively). Additionally, in the 
same study, clinical decisions were based on pH, and monitoring non-reassuring 
deliveries with scalp lactate instead of pH would have resulted in more (155 
instead of 56) instrumental deliveries, without a decrease in the number of in-
fants with severe metabolic acidosis (UA pH < 7.0 and BE < -12).53 

Some studies suggest that combined measurement of FBS pH and lactate 
should not be recommended because it is no better in predicting abnormal neo-
natal outcome than either method alone.52,85 Concern has also been raised about 
the possibility of an increased rate of abnormal tests with combined compared 
with single testing, resulting in an increased rate of operative interventions.20,81 
However, several factors other than hypoxia might have an effect on both FBS 
lactate and pH values, potentially misleading the obstetrician to perform an un-
necessary intervention. Operative delivery (i.e., caesarean section or vacuum 
extraction) based on results from tests such as FBS is an important outcome to 
evaluate, because such interventions have immediate and considerable long-
term effects on mothers and neonates, as well as resource implications.86 

It is not yet known whether lactate analysis could be carried out as a serial 
monitoring procedure in conjunction with other acid-base parameters to provide 
more information regarding trends during labour. In response to hypoxia, lactate 
has been seen to increase earlier than the drop in pH, owing to the buffer capac-
ity in blood and tissue, and is regarded as an earlier marker of hypoxia.37 Lactate 
is slowly cleared from fetal circulation; a high lactate concentration can there-
fore be measured some time after transient fetal hypoxia, whereas the pH value 
will probably be normalized more quickly.36 Importantly, if lactate values con-
tinue to rise upon repeated sampling, the ability of the fetus to compensate for 
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acidosis could gradually become depleted, with the impending risk of an acido-
sis that develops quickly.70 

Perinatal asphyxia 
Perinatal asphyxia is caused by impaired gas exchange during the perinatal pe-
riod and may occur before, during, or after delivery. Its pathophysiology is ex-
tremely complex, and it can be a result of factors related to the mother, the pla-
centa, and/or the fetus and neonate.15 

 
Figure 1. Potentially influential factors in the aetiology of perinatal asphyxia. 

Animal studies and studies on acid-base status in the human fetus have shown 
that the fetus can compensate for an asphyxial event up to a certain threshold, 
protecting the brain from damage.87 If the event exceeds that threshold, it is 
likely to cause multi-organ damage, including damage to the brain, which will 
account for motor and cognitive deficits. When the threshold for compensation 
has been passed, a progressive metabolic acidosis will result in a fall in arterial 
blood pressure due to decreased cardiac output or reduced peripheral resistance. 
Thus, the explanation for neuronal damage and necrosis has several layers: the 
hypoxemia, the cerebral ischemia due to hypotension, and the metabolic 
acidemia itself.15 Some neurons die during the asphyxial event (primary neu-
ronal necrosis), but many neurons die as a result of processes that take place 
after the event (secondary neuronal necrosis).88 
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The term birth asphyxia is defined as metabolic acidosis measured at birth, with 
UA pH < 7.00 and BD ≥ 12 mmol/L, which is associated with neonatal morbid-
ity.15,67,89 However, the definition of metabolic acidosis varies among studies, 
and studies evaluating the quality of obstetric management often use a definition 
of pH < 7.05 and/or BD ≥ 12.89,90 Thus, a diagnosis of birth asphyxia requires a 
blood gas for acid-base assessment.15 With the criteria UA pH < 7.00 and BD ≥ 
12 mmol/L, birth asphyxia occurs in 3–4 per 1000 deliveries.67,89,91 In Sweden, 
the incidence of birth asphyxia is estimated to be 1.8–5.4 per 1000 live born 
infants, and neonatal deaths due to intrapartal asphyxia are estimated at 0.3–0.5 
per 1000 term births, or approximately 1 in 2000 deliveries.5,6  

Neonates born with severe asphyxia are at risk of suffering from HIE, a syn-
drome of central nervous system symptomatology presenting in term and near-
term infants.8,9 Neonatal deaths and infants with CP due to intrapartum asphyxia 
are recruited from the group of neonates born with metabolic acidosis, which 
also suffers from moderate to severe HIE.92 

Although neonatal seizures, other neurologic morbidities, and death are sig-
nificantly more common in neonates born with metabolic acidosis, the majority 
(77%) have an Apgar score ≥ 7 at 5 minutes, and blood gases are corrected 
quickly after delivery.90,93 Further, nearly two-thirds of neonates born with met-
abolic acidosis do not need resuscitative efforts or admission to a neonatal in-
tensive care unit (NICU), and they have no apparent neurologic sequele.89,90,93  

Neonatal outcome measures 
In Sweden, the neonatal mortality rate is 1.5 per 1000 live births, the frequency 
of CP is approximately 1–2 per 1000 live births, and the estimated incidence of 
neonatal encephalopathy (all grades) is 1.8. per 1000 live births.1,5,94  

Since neonatal encephalopathy, CP, and perinatal death are rare outcomes, 
intermediate measures that occur more often are commonly used, although these 
measures have lower sensitivity, specificity, and predictive value for serious 
adverse outcomes.11,17,89 Examples of such measures are different degrees of 
UA acidemia or metabolic acidosis, low Apgar scores (< 7 or 4 at 5 minutes), 
NICU admissions, and neonatal seizures. 

Low Apgar scores do not indicate the cause of the poor condition and may 
be associated with many different factors, of which intrapartum hypoxia is 
one.16,17,95 In a Swedish study of 183 term infants, the majority of Apgar scores 
< 4 at 5 minutes, and at least half of scores < 7 at 5 minutes could be attributed 
to birth asphyxia in the absence of malformations.16  

Neonatal seizures frequently signal an underlying brain disorder such as in-
tracranial haemorrhage, infarction, infection, hypoglycaemia, cerebral malfor-
mations, or metabolic disturbances, of which hypoxic-ischemic injury is the 
most common cause.96  

However, Apgar scores, NICU admission, and presence of seizures are per 
se poor predictors of subsequent neurological morbidity or death.97 
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Hypoxic ischemic encephalopathy 
Neonatal encephalopathy (NE) is a broadly clinically defined syndrome of dis-
turbed neurologic function presenting in term and near-term infants.9,98 The ae-
tiology of NE is varied and covers ante-, intra-, and postpartum events, such as 
infection, inflammation, fetal genetic or metabolic conditions, and birth as-
phyxia.9,99-101 In cases with NE, seizures occur in 40–60%, and NE is the single 
most common underlying cause of CP.102 

Hypoxic ischemic encephalopathy is a subgroup of NE and refers to neonatal 
encephalopathy caused by severe peripartum asphyxia.8,9,17 The incidence of 
HIE varies across countries and studies depending on the definition of HIE and 
on study populations.9,89 In population-based studies, the incidence ranges from 
1.3 to 1.7 per 1000 live births.9,103  

Based on severity of clinical findings, HIE is classified as mild, moderate, or 
severe, according to classification of Levene, Sarnat and Sarnat (Table 1).104,105 

Table 1. Hypoxic ischemic encephalopathy (HIE). Classification modified from 
Sarnat and Sarnat (1976). 

Symptoms Mild HIE Moderate HIE Severe HIE 
Level of consciousness Hyperalert Lethargic Stuporous 
Muscle tone Normal Mild hypotonia Flaccid 
Complex reflexes    
         Suck Normal/weak Weak/absent Absent 
         Moro Strong Weak/incomplete Absent 
Seizures Absent Common Frequent/difficult 

to control 

This classification of HIE has been found to be valuable in long-term prognosis, 
far better than many other variables (e.g., Apgar and acid-base values). The out-
come for infants with mild HIE is consistently positive, whereas moderate and 
severe HIE are associated with serious consequences, including death, cerebral 
palsy, epilepsy, and cognitive disability. The most severe cases usually die or 
survive with major handicap.7,17,106 Among cases with HIE in the Swedish pop-
ulation, approximately 50% are classified as mild, and 50% as moderate or se-
vere.103  

HIE is a minor contributor to CP, whereas antenatal causes are more com-
mon.3,89 Nevertheless, population-based studies from Sweden report that birth 
asphyxia is likely the cause of CP in 28–45% of term infants.3,4 

Risk factors for HIE 
Because pathophysiology and aetiology differ between NE and HIE, it is essen-
tial that these conditions are studied separately, since prevention strategies may 
be completely different. There are several known risk factors for NE, 9,17,99-101 
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whereas risk factors for the HIE subgroup are poorly studied. Since HIE is con-
sidered more preventable, knowledge of risk factors for this subgroup could re-
duce neonatal mortality and life-long morbidity.107 

Despite differences in diagnostic criteria and study populations, antepartum 
and intrapartum risk factors for HIE have been described in previous studies.9,99-

101,103,108-110 Previous population-based studies suggest that antepartum events 
are the main factors contributing to HIE.9,100 However, these studies have used 
a broad definition of encephalopathy; and have included infants with genetic, 
congenital, and developmental abnormalities; and have provided no infor-
mation on acid-base status. With no objective evidence on birth asphyxia, as 
described above, a diagnosis of HIE may not be justified.100,101 Recent hospital-
based and case-control studies that used stricter definitions of HIE have stated 
that intrapartum events are the main contributing factors in the causal pathway 
of HIE.107-110  

A number of antepartum risk factors for NE/HIE have been demonstrated, 
such as maternal age, maternal obesity, unemployment, lack of private health 
insurance, a family history of seizures, thyroid disease, infertility treatment, par-
ity, history of a previous caesarean, diabetes mellitus, preeclampsia, and intra-
uterine growth retardation.99,100,103,108-110 

Maternal overweight and obesity is a risk factor for adverse pregnancy and 
neonatal outcomes. Hypertensive disorders, including preeclampsia, gesta-
tional diabetes, preterm delivery, malformations, macrosomia, and stillbirth are 
all outcomes associated with overweight or obesity.111-119 Labour complications 
associated with high maternal body mass index (BMI) include post-term deliv-
eries, prolonged labour, and shoulder dystocia.118,120,121  

An increased risk of birth asphyxia–related complications is reported in in-
fants born to women who are overweight compared with those who have normal 
weight.122-125 A BMI ≥ 40 was associated with an increased risk of HIE in a 
recent study by Nelson et al.108  

Short mothers have higher incidence of cephalopelvic disproportion, labour 
dystocia, caesarean sections, and adverse neonatal outcomes, including low Ap-
gar scores and asphyxia.125-130 In a case control study from Scandinavia, short 
stature (< 156 cm) was associated with intrauterine asphyxia and Apgar score < 
8 at 5 minutes, particularly in vaginally born infants.127 In a population-based 
study of 159 210 births, maternal height < 155 cm was associated with Apgar < 
7 at 1, but not at 5, minutes.131 In a Swedish study, the risk of severe asphyxia 
was more than doubled among infants born to short mothers (≤ 159 cm) com-
pared with infants born to tall mothers (≥ 170 cm).126 Data are conflicting in the 
few studies on encephalopathy that have addressed the impact of maternal 
height.99,100 

Intrapartum factors associated with HIE include premature rupture of mem-
branes, meconium-stained amniotic fluid, oligohydramnios, maternal pyrexia, 
chorioamnionitis, induced labour, length of labour, a non-cephalic fetal presen-
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tation, multiple birth, mode of delivery, gestational age, large head circumfer-
ence, and birthweight.101,103,108-110,132 However, obstetric emergencies, including 
placental abruption, eclampsia, umbilical cord prolapse, uterine rupture, and 
shoulder dystocia, are the most prominent intrapartum risk factors for 
HIE.103,108,109  

The aetiology of these feared events is considered multifactorial. Several risk 
markers for placental abruption have been reported, with smoking, hypertensive 
disorders, and history of previous abruption being the strongest factors.133 Mul-
tiple risk factors have been documented for eclampsia, including family history, 
nulliparity, egg donation, diabetes, and obesity.134 Additionally, risk factors for 
cord prolapse include multiparty, nonvertex presentation, multiple birth, prem-
aturity, and polyhydramnios.135 Uterine rupture is associated with maternal age 
≥ 35 years, height ≤ 160 cm, a previous caesarean, induction of labour, mal-
presentation, second-stage dystocia, use of epidural analgesia, and macro-
somia.136-138 Factors predisposing for shoulder dystocia include macrosomia, 
maternal diabetes mellitus, post-term pregnancy, maternal obesity, labour ar-
rest, and assisted operative delivery.139-141  

Despite reports of predisposing factors for these obstetric emergencies, they 
are unpredictable, and they are associated with significantly increased risk of 
low Apgar score at 1 and 5 minutes, severe birth asphyxia, HIE, CP, and peri-
natal mortality.93,103,108,109,136,142,143 

Therapeutic hypothermia 
In Sweden, induced hypothermia treatment has been available for infants diag-
nosed with moderate to severe HIE in the last decade.8 This therapy is proven 
to be neuroprotective and to reduce infant morbidity and mortality in HIE 
cases.8 Treatment is given by induced reduction of body temperature to 33.5–
34.5 °C for 72 hours, and treatment should be started within 6 hours after birth. 

Strict criteria are used to exclude other causes of neonatal encephalopathy, 
apart from birth asphyxia, that not will benefit from hypothermia treatment. The 
indication for therapeutic hypothermia is based on standardized clinical diag-
nostic criteria; thus, it serves well as a surrogate variable for moderate to severe 
HIE.  
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Infants with gestational age at or beyond 36 weeks fulfilling at least one of the 
A criteria and one of the B criteria are qualified for therapeutic hypothermia.144 

At least one of following A-criteria; asphyxia based on: 
 Apgar score ≤ 5 at 10 minutes,  
 assisted ventilation initiated at birth and continued for at least 10 

minutes,  
 pH ≤ 7.0 in umbilical artery blood or any postnatal blood sample 

within 1 hour of age or  
 base exess ≥ 16 in umbilical artery blood or any postnatal blood sam-

ple within 1 hour of age. 

And B-criteria; seizures or signs of moderate to severe neonatal encephalopathy 
based on:  

 affected level of consciousness (lethargy, stupor, or coma), 
 affected tone (hypotonic, flaccid), or 
 affected primitive reflexes (weak to absent suck or moro). 

During the years 2011 to 2015, 0.68 per 1000 live born infants received thera-
peutic hypothermia in Sweden.145 
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Aims 

The general aim of this thesis was to study birth asphyxia, with an emphasis on 
evaluating combined FBS pH and lactate analysis and the experience of the pro-
cedure, and on identifying risk factors for moderate to severe neonatal HIE. 

The specific aims of the separate studies were: 
 

I The primary aim was to evaluate the rate of discrepancy between pH 

and lactate values in combined tests of fetal scalp blood sampling. The 

secondary aim was to evaluate differences in obstetric management in 

response to combined tests (pH and lactate) and single tests (pH or lac-

tate). 

II To assess women’s experience of pain during the FBS procedure and 

the obstetricians’ experience of how difficult the test was to perform. 

III To identify antepartum risk factors for neonatal HIE, with a focus on 

maternal BMI and height.	

IV To investigate the risk of neonatal HIE by obstetric emergencies, and to 

explore the distribution of obstetric emergencies by parity in cases of 

HIE.  
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Materials and Methods 

Table 2. Overview of the studies. 
Study Design Subjects Exposure Outcome 
I Descriptive 

study 
241 labours monitored by 
FBS, 2009–2010 

Abnormal FBS; pH: 
≤ 7.24, lactate: ≥ 4.2 

Discrepancy between 
pH and lactate values 
in combined FBS 
tests: one abnormal 
and one normal value, 
and differences in ob-
stetric management 
 

II Descriptive 
study 

51 women whose labours 
were monitored by FBS, 
and the obstetricians who 
performed the tests, 2010–
2011 
 

FBS Experiences of FBS  

III  Population-
based  
cohort* 

692 428 live births ≥ 36 
weeks in Sweden, 2009–
2015  

Antepartum charac-
teristics. Short stature 
≤ 155 cm, overweight 
(BMI ≥ 25 kg/m2), or 
both  
 

Moderate to severe 
neonatal HIE 

IV Population-
based  
cohort* 

692 428 live births ≥ 36 
weeks in Sweden, 2009–
2015 

Obstetric emergen-
cies: placental abrup-
tion, eclampsia, cord 
prolapse, uterine rup-
ture, and/or shoulder 
dystocia 

Moderate to severe 
neonatal HIE 

* Paper III and IV are derived from the same cohort study population  

Study populations and designs 
Studies I and II 
The studies were conducted at the Department of Obstetrics and Gynaecology, 
Uppsala University Hospital, Uppsala, Sweden. The Department is a referral 
centre with an annual birth rate of approximately 4000. 

During the study periods, the delivery ward maintained a computerized da-
tabase containing prospectively collected data entered by midwifery personnel 
from the medical charts, delivery records and neonatal records. All participants 
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were women who underwent FBS during labour. Information about pregnancy, 
labour, delivery, and the neonate were collected from medical records. 

Study I 
This study included all live-born, singleton pregnancies ≥ 34 weeks of gesta-
tional age, monitored by FBS during labour from May, 2009, to April, 2010 
(n = 241). During the study period, the assistant nurses registered all FBS to 
ensure that no samples were missed. 

Study II 
Between May, 2010, and March, 2011, women whose labour was monitored by 
FBS and the obstetricians who performed the FBS tests were asked to partici-
pate in the study (n = 51). The women included were Swedish speaking, had 
singleton pregnancies, a gestational length of 34 weeks or more, and were ex-
posed to FBS during labour.  

Studies III and IV 
A population-based cohort of 692 428 live-born infants at gestational weeks 36 
or beyond in Sweden between January, 2009, and December, 2015. By using 
the individual’s national identification number, allocated to every individual at 
birth, we linked data from the Swedish Medical Birth Register (MBR) and the 
Swedish Neonatal Quality Register (SNQ).146  

Because the southern health care region did not start to register data in the 
SNQ until 1 January, 2011, all births in this region (n = 34 302) were excluded 
for the years 2009–2010. Infants with congenital malformations, chromosome 
abnormalities, and births before 36 weeks of gestation were excluded.  

Methods 
Study I  
Fetal scalp blood samples from 241 labours were analysed. According to the 
departmental guidelines, the following pH and lactate values indicated abnor-
mality: 
 pH: < 7.20 acidosis; 7.20–7.24 preacidosis; and > 7.24 normal. 
 Lactate (mmol/L): > 4.8 acidosis; 4.2–4.8 preacidosis; and < 4.2 normal.  

Lactate was analysed with an electrochemical single-use strip method (Lactate 
Pro™, Arkray, Kyoto, Japan). The equipment consists of a small battery-
charged meter and disposable strips. This method requires 5 µL of whole blood, 
and the results can be read on a display after 60 seconds. The pH and acid bal-
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ance were analysed with an acid-base meter (ABL 800 Flex Radiometer, Co-
penhagen, Denmark). This method requires 35 µL of blood for a capillary pH 
determination, and the device is readily available at the delivery ward. Quality 
controls are performed daily, and the meters are regularly checked in accord-
ance with the manufacturer’s recommendations. 

In cases of discrepancy, the clinical situation was evaluated and required 
continuous surveillance and re-evaluation with repeated FBS.  

During the study period, the success rate of UA blood samples was 88%. 
Metabolic acidosis was defined as UA pH < 7.05 and BD ≥ 12 mmol/L. 
 

Exposures 

The FBS results were stratified according to whether the test was normal or 
abnormal (pre-acidosis or acidosis) and according to whether a combined (pH 
and lactate) or single analysis (pH or lactate) was performed. If several FBS 
tests were performed on the same fetus, only the last was used in the statistical 
analysis.  
 

Outcomes 

The main outcome variable was the rate of discrepancy between pH and lactate 
values in the combined tests. Discrepancy in the combined tests (pH and lactate) 
was defined as one test having a normal value whereas the other was abnormal 
(preacidosis or acidosis). 

Differences in the frequency of operative delivery for fetal distress (ODFD) 
and the time intervals from FBS to delivery were calculated when combined or 
single tests were compared. The mean UA pH upon delivery and the frequency 
of UA pH < 7.15 was compared between the FBS test groups. 

Study II 
Women who underwent FBS testing and the obstetricians performing the test 
were asked to complete questionnaires regarding their experiences of FBS. 

The women answered the questionnaire within 48 hours after delivery, for 
their experience of the first FBS, regardless of the number of tests performed. 
Obstetricians answered the questionnaire anonymously immediately after sam-
pling. If more than one test was performed on the same woman, obstetricians 
completed just one questionnaire, after the first test. 

The questionnaires consisted of questions to be answered on a 10-point scale 
(1 = do not agree at all, 10 = totally agree). 

To assess whether the study sample was representative of the total population 
exposed to FBS during the study period, obstetric variables from a local data-
base containing prospectively collected data on all deliveries were retrieved for 
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comparison. These variables were parity, gestational length, and use of epidural 
anaesthesia. 

 

Exposures 
The women were asked to complete a questionnaire regarding their experiences 
of: 

1. pain during the sampling procedure, 

2. information received about the test, 

3. understanding of why the test was performed, 

4. anxiety due to the sampling procedure, 

5. reassurance due to the test being performed, 

6. duration of the test procedure, and 

7. overall satisfaction that the test was performed. 

The obstetricians performing the FBS tests were asked to complete a question-
naire regarding their experiences of: 

1. difficulty in performing the test, 

2. duration of the test procedure, and 

3. patient cooperation during the testing procedure. 

 
Obstetricians who completed the questionnaire were asked to state cervical di-
latation and station of the fetal head in relation to the spine (above or below) at 
the time of sampling. The actual duration of the test procedure was not meas-
ured, and the recorded variables reflected the women’s and obstetricians’ sub-
jective experience of the time spent. Maternal BMI was categorized according 
to the World Health Organization’s (WHO’s) definition of normal (< 25 kg/m2) 
or overweight (≥ 25 kg/m2).113 Gestational length and cervical dilatation were 
dichotomized into less than, equal to, or above the mean for the study popula-
tion. 

Outcomes 
The main outcome variables were the women’s and obstetricians’ experiences 
of the FBS, as assessed by the questionnaires. 
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Studies III and IV 
Data sources 
The Swedish MBR was founded in 1973 and provides information about ma-
ternal demographics, reproductive history, and complications during preg-
nancy, delivery, and the neonatal period. The register, maintained by the Centre 
for Epidemiology (EpC) at the Swedish National Board of Health and Welfare, 
is well validated and covers more than 98% of all births in Sweden.147,148 It is 
compulsory for every health care provider to report to the register, and the in-
formation available is collected from medical records from prenatal care, deliv-
ery, and neonatal care. The quality of data is considered to be high.147 

Information on maternal characteristics, such as weight, height, and smoking 
habits, medical history, and obstetric history is collected with an interview dur-
ing the first antenatal visit, which usually takes place at the end of the first tri-
mester. Information on the mother, as wells as on the pregnancy, delivery, and 
neonatal period, is prospectively recorded on standardized forms that are for-
warded to the registry after the mother and infant are discharged from the hos-
pital.148 After delivery, the responsible doctor records each woman’s diseases 
and complications during pregnancy and delivery, according to the Swedish 
version of the International Classification of Diseases (ICD), and the diagnostic 
codes (ICD codes) are forwarded to the MBR.  

The SNQ started in 2001, has gradually grown, and all 37 Swedish neonatal 
units have been included since 1 January, 2011. The register holds prospectively 
collected perinatal data, including therapeutic hypothermia on all new-born in-
fants admitted to one of the neonatal units in Sweden.145  

Exposures for studies III and IV 
All exposure variables were obtained from the MBR. Information on maternal, 
pregnancy, labour, and neonatal data were retrieved from standardised check-
boxes and diagnosis according to ICD-10 codes.  

Onset of delivery was defined as prelabour caesarean, spontaneous labour, or 
induced labour. Mode of delivery was defined as prelabour caesarean, emer-
gency caesarean, operative vaginal, or spontaneous vaginal.  
Hypertensive disorders included women with chronic (O10, I10-15) and gesta-
tional (O13, O16) hypertension, preeclampsia (O11, O14), and/or eclampsia 
(O15). Diabetes mellitus encompassed women with pre- (O240-O243) or ges-
tational (O244) diabetes mellitus. 

Specific exposures for Study III: Maternal height was categorized into 155 cm 
or less, 156–160 cm, 161–172 cm, or 172 cm or more. Short maternal stature 
was defined as 155 cm or less, and non-short was defined as 156 cm or more.  

Maternal weight measured in early pregnancy, and self-reported height was 
used to calculate BMI (kg/m2), which was then categorized according to the 
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WHO’s classification: underweight (BMI < 18.5); normal weight (BMI 18.5–
24.9), overweight (BMI 25.0–29.9), or obese (obesity class I: BMI 30–34.9, 
class II: BMI 35.0–39.9, and class III: BMI ≥ 40, respectively). Normal weight 
was defined as BMI less than 25 kg/m2 and overweight as BMI 25 kg/m2 or 
more.  

Further, women were categorized as only short, only overweight, or both 
short and overweight, using non-short and normal weight as references.  

Specific exposures for Study IV: The main exposures were obstetric emergen-
cies and included women with placental abruption (O45), eclampsia (O15), um-
bilical cord prolapse (O690), uterine rupture (O710, O711), and/or shoulder 
dystocia (O660), identified by diagnostic ICD-10 codes. 

Outcome 
The outcome in studies III and IV was moderate to severe neonatal HIE, 
whereof therapeutic hypothermia served as a surrogate variable.144  

The SNQ register provided information on all infants who received hypother-
mia treatment during the study period, retrieved from checkboxes in NICU rec-
ords. 

Statistics 
For statistical analysis of data, the IBM Statistical Package for Social Sciences 
for Windows versions 20.0–24.0 was used (SPSS, Inc., Chicago, IL, USA). A 
p value < 0.05 was considered to indicate a statistically significant difference. 

Study I  
Data are presented as number of observations (n) and means with standard de-
viation (SD). The chi squared test was used to compare group distributions (di-
chotomous variables). The t test (compare means between groups) or the Mann-
Whitney U test (nonparametric comparisons of categorical and continuous var-
iables) was used to compare continuous variables. One-way analysis of variance 
(ANOVA) with Fisher’s least significant difference (LSD) post-hoc test was 
used to compare multiple means. 

Study II  
Data are presented as means with SD or medians with interquartile range (IQR). 
The Mann-Whitney U test was used to compare continuous variables. Spear-
man’s correlation (r) was used to analyse correlations between continuous var-
iables. 
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Studies III and IV 
Data are presented as numbers of observations (n), frequencies (%), means with 
SD, and rates per 1000 live births. Logistic regression was used to assess the 
associations between ante- and intrapartum covariates and moderate to severe 
neonatal HIE, presented as crude and adjusted odds ratios (ORs and AORs) with 
95% confidence intervals (CIs). We did not adjust for mode of delivery, reason-
ing that operative deliveries could represent actions due to suspicion of fetal 
distress, leading to confounding by indication. No imputation for missing data 
was performed. 

Study III 
The risk of HIE by maternal, pregnancy, and infant characteristics was esti-
mated with crude OR. Thereafter, the OR was adjusted for covariates potentially 
associated with the outcome HIE in the present and/or previous reports;99-

101,103,108,110,126 these included maternal characteristics (parity, maternal age, 
height, BMI, cohabitation, country of birth, smoking in early pregnancy, thyroid 
disease, infertility treatment, hypertensive disorders, diabetes mellitus during 
pregnancy) and labour and infant characteristics (onset of delivery, gestational 
age, fetal presentation, infant birthweight, sex, year, and region of birth). 

We also calculated the effect on odds for HIE per cm decrease in height and 
per unit increase in BMI, using BMI and height as continuous variables in the 
model and adjusting for the other categorical variables.  

The risk of HIE by maternal habitus (categorized into only short, only over-
weight, and both short and overweight, with non-short and normal weight as 
reference) was adjusted for the same covariates (except for BMI and height), in 
two successive models: maternal characteristics (Model 1) and labour and infant 
characteristics (Model 2). 

The risk of HIE by maternal habitus was thereafter stratified by mode of de-
livery and adjusted for all variables in Models 1 and 2. 

We also stratified by parity, using the same covariates for adjustments. Parity 
was categorized into nulliparous and parous. Parous women were further sub-
grouped into those with or without a previous caesarean delivery. 

Study IV  
The risk of HIE by any obstetric emergency was presented as ORs, with deliv-
eries without any obstetric emergency used as reference.  

The risk of HIE by each obstetric emergency was presented as ORs and 
AORs, and deliveries without the corresponding obstetric emergency were used 
as reference. Covariates for adjustments were calculated with the use of Di-
rected Acyclic Graphs (DAG) for each obstetric emergency (accessible on the 
DAGitty website by the URL presented in the list below), and the confounders 
included for adjustments for each emergency are presented as follows: 
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 Placental abruption: parity, maternal age, cohabitation, country of birth, 
smoking in early pregnancy, hypertensive disorders, and multiple birth 
(dagitty.net/mYx3xR_). 

 Eclampsia: parity, maternal age, height, early pregnancy BMI, cohabita-
tion, country of birth, smoking in early pregnancy, chronic hypertension, 
diabetes mellitus, gestational age, infant birthweight, and multiple birth 
(dagitty.net/mNO7JKW). 

 Cord prolapse: parity, induction of labour, gestational age, fetal presenta-
tion, premature rupture of membranes, and multiple birth 
(dagitty.net/mnTf2h4). 

 Uterine rupture: parity, previous caesarean section, maternal age, height, 
early pregnancy BMI, induction of labour, gestational age, labour dystocia, 
fetal presentation, and infant birthweight (dagitty.net/mjVZWS_). 

 Shoulder dystocia: parity, maternal height, early pregnancy BMI, diabetes 
mellitus, gestational age, labour dystocia, fetal presentation, and infant 
birthweight (dagitty.net/mzOaKkY). 

The analyses regarding the risk of HIE by cord prolapse and uterine rupture 
were restricted to labours with a vaginal onset, whereas the risk of HIE by shoul-
der dystocia was restricted to vaginal deliveries. 

Risks were estimated separately in nulliparous, and parous women with or with-
out a previous caesarean.  

Ethical considerations 
All studies were conducted following approved ethical guidelines in compliance 
with the Helsinki Declaration. In studies I and II, oral and written information 
was given, and informed written consent was obtained from all included partic-
ipants. All clinical data were anonymously saved and coded prior to analysis. 
In studies III and IV, applications for register linkages were sent to the relevant 
Swedish authorities, and researchers did not at any time have direct access to 
personal identity numbers. Therefore, informed consent by each person in-
volved was not needed. Each study was approved by the Regional Ethics com-
mittee at the Medical Faculty, Uppsala University, Sweden (2010/003, 
2011/236, 2015/156). 
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Results 

Study I  
During the 12-month study period, there were 4215 infants born at the depart-
ment. The caesarean section rate was 18%, and the vacuum extraction rate 7%. 
In all births, the mean UA pH was 7.26 ± 0.07, the frequency of UA pH < 7.15 
was 6%, and 0.1% had metabolic acidosis. Of the attempted vaginal deliveries, 
241 of 3685 (7%) were monitored by FBS, forming the study population. 

Table 3. Obstetric outcome variables of the study population. 

 n = 241 % 
Gestational age (weeks ± days) a 40 ± 2 - 
Induction of labour 66  27 
Oxytocin use 201 83 
Post-term pregnancy (≥ 42 weeks) 35  15 
Labour dystocia 148 64 
Meconium stained amniotic fluid 98  41 
Scalp sampling, 1st stage 147  61 
Scalp sampling, 2nd stage 94  39 
Combined sample (pH and lactate) 153 63 
Single sample, pH 12 5 
Single sample, lactate 76 32 
Operative delivery b  151  63 
ODFD c 88  37 
Umbilical artery pH a 7.21 ± 0.08 - 

a Values are given as n (%) or Mean ± SD 
b Caesarean section or vacuum extraction 
c Operative delivery for fetal distress 

There were 177 (73%) nulliparous women in the study population, and UA sam-
pling was documented in 186 of 241 (77%). The type of test performed (com-
bined or single) did not differ between the different stages of labour. 

Among the entire study group with abnormal tests, lactate was more fre-
quently abnormal than were pH values. The lactate value accounted for 63% of 
the abnormal tests in the first stage of labour, and pH for 37%. In the second 
stage, lactate accounted for 79% of the abnormalities and pH for 21%.  

In the combined tests, the lactate values were more often abnormal than were 
the pH values: 51 of 153 (33%) versus 39 of 153 (25%), respectively, 
(p < 0.001).  



 36 

The proportion of ODFD did not differ between the combined and single 
tests, 54 of 153 (35%) versus 34 of 88 (39%), when the entire study group was 
considered. 

Figure 2 displays the distribution of test results. Within the combined tests with 
any abnormality, the rate of discrepancy (i.e., pH was normal when lactate was 
abnormal or vice versa) was 55%. 

Among the combined tests with abnormality, the lactate value was more of-
ten abnormal (86%) than was the pH value (64%), p < 0.05. Among the com-
bined tests, 62 of 153 (40%) had at least one abnormal value, and 20 of 88 (23%) 
of the single tests were abnormal (p = 0.005). 

The frequency of ODFD was significantly lower after a combined test than 
after a single test: 41 of 62 (66%) versus 19 of 20 (95%), respectively (p < 0.05).  

ODFD was performed in 23 of 28 cases (82%) where both pH and lactate 
were abnormal and in 18 of 34 cases (53%) where there was one abnormal value 
(p = 0.03). There was a difference in the frequency of ODFD between the com-
bined tests with one abnormality and a single abnormal test: 18 of 34 (53%) 
versus 19 of 20 (95%), respectively (p = 0.002). 

 

 
Figure 2. The distribution of test results in the study group. Rates of operative deliver-
ies for fetal distress (ODFD) in relation to sample type in patients with abnormal tests 

and rate of discrepancy within combined tests. 
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Table 4 shows the mean scalp pH and lactate values, and the UA results. In the 
combined tests, the mean scalp pH values were significantly lower when there 
were two abnormal results compared with one abnormal result, whereas the 
mean scalp lactate values showed significant differences between all groups; 
single or combined test (p <0.05). There was no difference in mean UA pH or 
pH < 7.15 between the groups with abnormal test results. 

Table 4. Mean scalp pH and lactate values and umbilical artery pH results in relation 
to sample type. 

Values are given as mean ± SD or n (%). pH > 7.24 normal; pH < 7.24 abnormal; lactate < 4.2 
normal; lactate > 4.2 abnormal. 
a p < 0.05 compared with normal samples; b p < 0.05 compared with both pH and lactate abnormal; 
c p < 0.05 compared with one of pH or lactate abnormal; d p < 0.05 compared with single sample 
abnormal 

In Table 5, the frequency of ODFD and the time intervals from the last FBS to 
delivery are displayed. When restricted to the samples showing an abnormality, 
the time interval was longer after combined tests with one abnormal result com-
pared with combined tests with two abnormal results: 75 versus 37 minutes 
(p = 0.045), with a tendency for a longer time interval to delivery with an ab-
normal lactate value compared with an abnormal pH value: 70 versus 47 
minutes (p = 0.06; not shown in table). Furthermore, there was a tendency to-
ward a longer time interval after a combined test with one abnormal test com-
pared with after an abnormal single test result: 75 versus 36 minutes (p = 0.051). 
 

Fetal Blood Sample n = 241 
Last 

scalp pH 
Last 

scalp lactate 
UA pH 

UA pH 
< 7.15 

Normal test 159 7.32 ± 0.04b, c, d 2.56 ± 0.74b, c, d 7.23 ± 0.07 b, d 19 (12) 

Combined test: pH and 
lactate abnormal 

28 7.18 ± 0.06a, c 6.57 ± 1.95a, c, d 7.18 ± 0.09a 9 (32)a 

Combined test: one of 
pH or lactate abnormal 

34 7.27 ± 0.07a, b, d 4.87 ± 1.78a, b, d 7.21 ± 0.08  5 (15)  

Single test: abnormal 20 7.16 ± 0.04a, c 5.71 ± 1.57a, b, c 7.18 ± 0.08a 7 (35 a 
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Table 5. Operative deliveries for fetal distress (ODFD) and time intervals from fetal 
blood sampling (FBS) to ODFD in relation to sample type. 

Fetal Blood Sample n 
ODFD 

n (%) Minutes from 
FBS to ODFD 

Normal test 159 28 (18) 114 ± 89 b, c, d 
Combined test:  
pH and lactate abnormal 

28 23 (82) 37 ± 25 a, c 

Combined test: 
one of pH or lactate abnormal 

34 18 (53) b 75 ± 57 a, b 

Single test: abnormal 20 19 (95) c 36 ± 21 a 
Values are given as mean ± SD or n (%). pH > 7.24 normal; pH < 7.24 abnormal; lactate < 4.2 
normal; lactate > 4.2 abnormal. 
a p < 0.05 compared with normal samples; b  p < 0.05 compared with both pH and lactate abnormal; 
c p < 0.05 compared with one of pH or lactate abnormal; d p < 0.05 compared with single sample 
abnormal. 

In our study population, no infants were born with metabolic acidosis. The fre-
quencies of UA pH < 7.15 and Apgar score < 7 at 5 minutes were 40 of 241 
(17%) and 8 of 241 (3%), respectively. 

Study II  
During the study period, 3393 infants were born after attempted vaginal deliv-
ery, and 266 (8%) were monitored with FBS during labour. 

Table 6. Maternal and obstetric characteristics of the study population.  

Values are given as n (%) or mean ± SD 
a In early pregnancy. 
b Information retrieved from the partogram; duration of labour was calculated from a dilation of 
3 cm until delivery. 
c Caesarean section or vacuum extraction. 

 Study population (n = 51) 

Maternal characteristics  
Maternal age (years) 30 ± 5 
Body mass index (kg/m²) a 26 ± 5 
Nulliparous 39 (77) 

Obstetric characteristics  
Gestational length (weeks ± days)  40 ± 2 
Induction of labour 18 (35) 
Epidural anaesthesia at sampling 38 (75) 
Cervical dilation at sampling (cm) 7 ± 2 
Station of fetal head at sampling  

Above the spine 37 (73) 
Below the spine 13 (26) 
Missing 1 (2) 

Total duration of labour (hours) b 9 ± 3 
Operative delivery c 29 (57) 
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There were no complete FBS failures. Sampling was mostly performed by the 
resident obstetrician (71%), otherwise by a specialist (27%). In one question-
naire, there is no information about whether the obstetrician was a resident or a 
specialist in obstetrics and gynaecology. There were no differences between the 
study population and the total population exposed to FBS with regard to parity, 
gestational length, or use of epidural analgesia. No woman or obstetrician de-
clined to participate in the study. 

In Figure 3, the women’s questionnaire results are presented as medians with 
interquartile ranges. The women’s experience of pain during the sampling pro-
cedure had a median of 3.5. The experience of information received about the 
test and understanding why the test was performed had a median of 10.0. The 
experience of time taken to perform the test had a median of 3.0, and overall 
satisfaction that the test had been performed a median of 10.0.  

1 2 3 4 5 6 7 8 9 10

Information

Understanding

Pain

Anxiety

Reassurance

Duration of the
test procedure

Overall satisfaction

 

Figure 3. Women’s experiences of FBS. 

In Figure 4, the obstetrician’s questionnaire results are presented as medians 
with interquartile ranges. The obstetrician’s experience of difficulty in perform-
ing the test, time taken for the testing procedure, and patient cooperation during 
the testing procedure had medians of 3.0, 2.0, and 10.0, respectively. 

 
Figure 4. Obstetrician’s experiences of FBS. 



 40 

Table 7 illustrates the correlations between the women’s and the obstetricians’ 
experiences of FBS. The women’s experience of pain during the sampling pro-
cedure correlated with their experience of longer duration of the test procedure 
(p < 0.001). The obstetricians’ experience of difficulty in performing the test 
correlated with the women’s experience of pain (p < 0.05) and with the obste-
tricians’ experience of longer duration of the test procedure (p < 0.001). 

Table 7. Correlations between women’s and obstetricians’ experiences of fetal scalp 
blood sampling. 

 Women’s  
experience of  

pain 

Obstetricians’  
experience of  

difficulty 

 Spearman rank correlation coefficients 

Women’s experience of   
   Pain during the sampling procedure - 0.31* 
   Information received about the test -0.24 -0.02 
   Understanding why the test was performed -0.10 0.05 
   Anxiety due to the sampling procedure 0.04 0.02 
   Reassurance due to the fact that the test was performed -0.04 0.03 
   Duration of the test procedure       0.50*** 0.20 
   Overall satisfaction that the test was performed -0.18 0.10 
Obstetricians’ experience of 
   Difficulty in performing the test 

 
  0.31* 

 
- 

   Duration of the test procedure  0.32*      0.62*** 
   Patient cooperation during the testing procedure –0.32* –0.13 

*p < 0.05, **p < 0.01, ***p < 0.001 

Table 8 displays women’s experience of pain during the sampling procedure 
and the obstetricians’ experience of difficulty in performing the test in relation 
to maternal and obstetric characteristics. Women with a high BMI experienced 
more pain compared with those with a low BMI (7.0 vs. 2.0; p = 0.001). Women 
without epidural analgesia experienced the testing procedure as more painful 
compared with women with epidural analgesia (7.0 vs. 3.0; p = 0.02). Sampling 
at a cervical dilation < 7 cm was associated with higher ratings of pain compared 
with sampling at cervical dilation ≥ 7 cm (7.0 vs. 3.0; p = 0.03). Obstetricians 
experienced the testing procedure as more difficult when the cervical dilation 
was < 7 cm compared with ≥ 7 cm (5.0 vs. 1.0; p = 0.002), as well as when the 
station of the fetal head was above compared to below the ischial spine (3.0 vs. 
1.0; p = 0.02). 
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Table 8. Women’s experience of pain and obstetricians’ experience of difficulty in re-
lation to maternal and obstetric characteristics. 

 Women’s experience  
of pain 

 Obstetricians’ experience 
 of difficulty 

 
Median (IQR)  p value  Median (IQR)  p value  

Maternal characteristics      
Body mass index (kg/m²) a      
     < 25 2.0 (1.0–5.0) 

0.001 
 2.0 (1.0–4.0) 

0.21 
     ≥ 25 7.0 (3.0–8.0)  4.0 (1.0–5.0) 
Nulliparity      
     Yes 3.0 (1.0–6.0) 

0.02 
 2.0 (1.0–5.0) 

0.80 
     No 7.0 (3.8–8.8)  2.0 (1.0–7.3) 
Obstetric characteristics      
Gestational length       
     ≤ 40 weeks 3.0 (1.0–7.0) 

0.40 
 2.5 (1.0–5.0) 

0.74 
     > 40 weeks 5.0 (3.0–7.0)  3.0 (1.0–5.0) 
Epidural anaesthesia at sampling      
     Yes 3.0 (1.0–6.0) 

0.02 
 2.0 (1.0–5.0) 

0.28 
     No 7.0 (5.0–7.0)  4.0 (1.0–7.5) 
Cervix dilatation at sampling (cm)      
     < 7 7.0 (2.3–8.8) 

0.03 
 5.0 (2.3–6.5) 

0.002 
     ≥ 7 3.0 (1.0–6.0)  1.0 (1.0–3.0) 
Station of fetal head at sampling      
     Above the spine 4.0 (1.0–7.3) 

0.38 
 3.0 (1.0–5.0) 

0.02 
     Below the spine 3.0 (1.3–4.8)  1.0 (1.0–1.0) 

Values are presented as medians with interquartile range (IQR) 
The significances of the differences were determined using Mann Whitney U test 
a In early pregnancy 

Studies III and IV 
The cohort included 692 428 live-born infants at gestational week 36 or be-
yond. Of these, 464 infants were diagnosed with moderate to severe HIE and 
received hypothermia treatment. Thus, the incidence of moderate to severe 
HIE was 0.67 per 1000 live births. Of these, 58 (13%) infants died within 27 
days after birth, of which 45 died within 6 days. 

Maternal characteristics, pregnancy complications, labour characteristics, and 
infant characteristics associated with moderate to severe HIE are displayed in 
Tables 9 and 10.  
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 Table 9. Maternal characteristics and pregnancy complications associated with mod-
erate to severe hypoxic ischemic encephalopathy (HIE). 

a Adjusted for parity, maternal age, height, early pregnancy BMI, cohabitation, country of birth, 
smoking in early pregnancy, thyroid disease, infertility treatment, hypertensive disorders, diabe-
tes during pregnancy, onset of delivery, gestational age, fetal presentation, infant birthweight, 
sex, year and region of birth. 
b At least one previous caesarean section, restricted to parous women.  
c Chronic hypertension, gestational hypertension, preeclampsia, or eclampsia.  
d Pregestational or gestational diabetes. 

 

n (%) 

Moderate to severe HIE  

n (%) 
Rate 
/1000 

Odds ratio  
(95% confidence interval) 

Crude  Adjusted a  
Total population 692 428 464 0.67   
Parity      
 0 298 345 (43.08) 249 (53.66) 0.83 1.53 (1.28–1.84) 1.87 (1.47–2.39) 
 ≥ 1 394 083 (56.91) 215 (46.34) 0.55 reference reference 
Previous caesarean b 70 724 (17.95) 81 (37.67) 1.15 2.77 (2.10–3.65) 2.46 (1.68–3.60) 

Maternal age (years)     
 ≤ 20 17 636 (2.55) 8 (1.72) 0.45 0.70 (0.35–1.41) 0.59 (0.24–1.45) 
 21–34 521 565 (75.32) 338 (72.84) 0.65 reference reference 
 ≥ 35 153 224 (22.13) 118 (25.43) 0.77 1.19 (0.96–1.47) 1.30 (0.99–1.71) 
 Missing 3 (0.00) 0 (0)    
Maternal height (cm)      

 ≤ 155 32 886 (4.75) 37 (7.97) 1.13 1.76 (1.25–2.48) 1.62 (1.05–2.52) 
 156–160 100 432 (14.5) 100 (21.55) 1.00 1.55 (1.24–1.96) 1.44 (1.08–1.93) 
 161–172 421 365 (60.85) 270 (58.19) 0.64 reference reference 
 > 172 112 540 (16.25) 44 (9.48) 0.39 0.61 (0.44–0.84) 0.56 (0.38–0.83) 
 Missing 25 205 (3.64) 13 (2.80) 0.52   
Early pregnancy BMI (kg/m²)     

 < 18.5 16 354 (2.36) 5 (1.08) 0.31 0.64 (0.26–1.56) 0.77 (0.28–2.08) 
 18.5–24.9 382 459 (55.23) 182 (39.22) 0.48 reference reference 
 25–29.9 169 846 (24.53) 149 (32.11) 0.88 1.84 (1.49–2.29) 1.68 (1.30–2.19) 
 30–34.9 58 576 (8.46) 69 (14.87) 1.18 2.48 (1.88–3.27) 2.08 (1.47–2.92) 
 35–39.9 18 353 (2.65) 27 (5.82) 1.47 3.10 (2.07–4.64) 1.74 (0.97–3.11) 
 > 40 6 451 (0.93) 14 (3.02) 2.17 4.57 (2.65–7.87) 2.56 (1.18–5.55) 
 Missing 40 389 (5.83) 18 (3.88) 0.45   
Hypertensive 
disorders c 

29 530 (4.26) 43 (9.27) 1.46 2.30 (1.68–3.14) 1.44 (0.94–2.21) 

Diabetes d 11 190 (1.62) 13 (2.80) 1.16 1.76 (1.01–3.05) 1.27 (0.64–2.51) 

Onset of delivery      

 Spontaneous 529 314 (76.44) 304 (65.52) 0.57 reference reference 
 Induction 103 059 (14.88) 113 (24.35) 1.10 1.91 (1.54–2.37) 1.31 (0.98–1.77) 

 Prelabour
 caesarean  

57 843 (8.35) 45 (9.70) 0.78 1.36 (1.00–1.85) 1.03 (0.65–1.63) 

 Missing 2 207 (0.32) 2 (0.43) 0.91   



 43

Table 10. Labour and infant characteristics associated with moderate to severe HIE. 

a Adjusted for parity, maternal age, height, early pregnancy BMI, cohabitation, country of birth, 
smoking in early pregnancy, thyroid disease, infertility treatment, hypertensive disorders, diabe-
tes during pregnancy, onset of delivery, gestational age, fetal presentation, infant birthweight, 
sex, year and region of birth. 
b Fetal-pelvic disproportion. 
c All other presentations. 

Nulliparity, previous caesarean, short stature, high BMI, fetal-pelvic dispropor-
tion, multiple birth, gestational age of 36 weeks, late and post-term delivery, 
occiput posterior position, and birthweight > 4000 grams were all associated 
with moderate to severe HIE.  
  

 

n (%) 

Moderate to severe HIE  

n (%) 
Rate 

/1000 

Odds ratio 
 (95% confidence interval) 

Crude  Adjusted a  
Labour dystocia 80 007 (11.55) 99 (21.34) 1.24 2.08 (1.66-2.59) 1.32 (0.98-1.78) 
Disproportion b 51 129 (7.38) 110 (23.71) 2.15  3.90 (3.15-4.84) 4.23 (3.13-5.71) 
Multiple birth 14 077 (2.03) 16 (3.45) 1.14 1.72 (1.05-2.84) 2.09 (1.11-3.94) 
Gestational age      
 36 15 410 (2.23) 22 (4.74) 1.43 2.75 (1.78-4.25) 2.67 (1.56–4.58) 
 37–40 500 526 (72.29) 260 (56.03) 0.52 reference reference 
 41 (late term) 128 433 (18.55) 118 (25.43) 0.92 1.77 (1.42-2.20) 1.68 (1.26–2.23) 
 ≥42 (post term) 48 059 (6.94) 64 (13.79) 1.33 2.57 (1.95-3.37) 2.01 (1.38–2.93) 
Fetal presentation      
 Occiput anterior 612 360 (88.44) 318 (68.53) 0.52 reference reference 
 Occiput posterior 30 814 (4.45) 33 (7.11) 1.07 2.06 (1.44-2.95) 1.80 (1.19-2.73) 
 Breech 20 118 (2.91) 12 (2.59) 0.60 1.15 (0.64-2.04) 1.28 (0.64-2.56) 
 Other c 13 049 (1.88) 31 (6.68) 2.38 4.58 (3.17-6.63) 4.28 (2.79-5.56) 
 Missing 16 017 (2.31) 70 (15.09) 4.37   
Birthweight (grams)      
 <3000 83 988 (12.13) 66 (14.22) 0.79 1.61 (1.23-2.12) 1.29 (0.90-1.85) 
 3000–4000 478 192 (69.06) 233 (50.22) 0.49 reference reference 
 >4000 129 508 (18.70) 118 (25.43) 0.91 1.87 (1.50-2.34) 1.77 (1.35-2.32) 
 Missing 740 (0.11) 47 (10.13) 63.5   
Sex      
 Male 353 529 (51.06) 249 (53.66) 0.70 reference reference 
 Female 338 898 (48.94) 215 (46.34) 0.63 0.90 (0.75-1.08) 0.93 (0.74–1.17) 
 Missing  1 (0.0) 0 (0)    
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Study III 
In the population, 32 886 (5%) women were categorized as short (≤ 155 cm) 
and 253 226 (37%) as overweight or obese (BMI ≥ 25).  

We found a dose-response association between HIE and decreasing maternal 
height, as well as increasing BMI. The risk of moderate to severe HIE decreased 
by 4.7% (95% CI 3.0–6.5) per cm of increased maternal height and increased 
5.2% (95% CI 3.1–7.4%) per BMI unit (not shown in table).  

Compared to the reference, women with short stature (≤ 155 cm) had a 62% 
increased risk of having an infant with HIE, and women with obesity (BMI ≥ 
30) had a twofold risk increase (Table 9). 

The odds ratios for HIE by maternal habitus are displayed in Figure 5. Com-
pared with non-short women with normal weight, overweight women had an 
increased risk of HIE (AOR 1.88; 95% CI 1.48–2.40), and that risk was even 
more pronounced in women who were both short and overweight (AOR 2.83; 
CI 1.62–4.92). Further, the rate of HIE was highest in short and overweight 
women (not shown in figure).  

 
Non-short is defined as 156 cm or more, and short as 155 cm or less. Normal weight is defined 
as a BMI less than 25 kg/m2 and overweight as a BMI 25 kg/m2 or more. Non-short and normal 
weight were used as references. 
Model 1 is adjusted for parity, maternal age, cohabitation, country of birth, smoking in early 
pregnancy, thyroid disease, infertility treatment, hypertensive disorders, and diabetes during preg-
nancy. Model 2 is adjusted by the same variables as model 1, and additionally for onset of deliv-
ery, gestational age, fetal presentation, infant birthweight, sex, year and region of birth. 

Figure 5. Odds ratio for moderate to severe hypoxic ischemic encephalopathy (HIE) 
by maternal height and BMI. 
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Figure 6 displays the risk of HIE in the different groups of maternal habitus, 
stratified by mode of delivery. The rates of HIE were highest in operative de-
liveries, especially in short and overweight women (7.58‰). The association 
between being short and overweight status, and the risk of HIE, remained in 
vaginal deliveries, with a threefold increased risk in operative vaginal (AOR 
3.15; 95% CI 1.20–8.26), and sixfold increased risk in in spontaneous (AOR 
5.91; 95% CI 2.21–15.83) deliveries. There was no association between short 
and overweight women delivered by prelabour or emergency caesarean section 
and HIE (not shown in figure). 

 

 
Non-short is defined as 156 cm or more, and short as 155 cm or less. Normal weight is defined 
as a BMI < 25 kg/m2 and overweight as a BMI 25 kg/m2 or more. Non-short and normal weight 
was used as reference. Adjusted for all covariates in model 2. 
Included in analysis spontaneous vaginal (n = 455 144) and operative vaginal (n = 41 082) deliv-
eries. 
a Vacuum extraction or forceps.  
 

Figure 6. Adjusted odds ratio (95% confidence interval) for moderate to severe hy-
poxic ischemic encephalopathy (HIE) by maternal height and BMI, stratified by mode 

of delivery. 
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Figure 7 displays the risk of HIE in the different groups of maternal habitus, 
stratified by parity. The rate was higher in nulliparous women in all categories 
of maternal habitus (0.64–1.28 ‰), except in short and overweight women, 
where the rate was higher in parous women (1.84‰). We found an association 
to HIE in both nulliparous and parous overweight women. Parous women who 
were both short and overweight had an increased risk of having an infant with 
HIE (AOR 4.49; 95% CI 2.17–9.27). In the subgroup analysis based on his-
tory of previous caesarean, short and overweight parous women without a his-
tory of previous caesarean had the highest risk (AOR 4.99; 95% CI 1.96–
12.69; not shown in figures).  

 

 
Non-short is defined as 156 cm or more, and short as 155 cm or less. Normal weight is defined 
as a BMI < 25 kg/m2, and overweight as a BMI 25 kg/m2 or more. Non-short and normal weight 
were used as references. 
Adjusted for all covariates in model 2. 
 

Figure 7. Adjusted odds ratio (95% confidence interval) for moderate to severe 
hypoxic ischemic encephalopathy (HIE) by maternal height and BMI, stratified by 

parity. 

Diagnoses of dystocia and fetal-pelvic disproportion were more prevalent among 
women with short stature (14.9% and 14.5%, respectively), compared with non-
short women (11.4% and 7.0%, respectively), p < 0.001 for both. Further, fetal-
pelvic disproportion was more frequent among overweight or obese women 
(8.9%) compared with normal weight women (6.5%), p < 0.001.  There was no 
difference in frequency of diagnosis of dystocia in overweight or obese women 
(11.3%) compared with normal weight women (11.7%), p = 0.2.  Not shown in 
table. 
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Study IV  
In our population, the prevalence of obstetric emergencies was 0.7%. Any ob-
stetric emergency occurred in 133 of 464 (29%) among all HIE cases and was 
more common in parous women (80 of 215; 37%) compared with nulliparous 
women (53 of 249; 21%), p < 0.001. In the total population, shoulder dystocia 
was the most common obstetric emergency, occurring in 55 of 464 (12%) cases, 
with the highest risk of HIE (AOR 50.3; 95% CI 33.6–75.4; not shown in table). 

Figure 8 displays the distribution of obstetric emergencies among HIE cases in 
the nulliparous and parous women with and without a previous caesarean de-
livery.  

 
Figure 8. The distribution of obstetric emergencies by parity among HIE cases. 

In Tables 11–13, the risks of HIE by obstetric emergencies stratified by parity 
are outlined.  

Among nulliparous women, shoulder dystocia was the most common obstet-
ric emergency in HIE cases, occurring in 31 of 249 (12%) cases, and had the 
highest risk of HIE (AOR 48.2; 95% CI 28.2–82.6). 

Among parous women, any obstetric emergency was more frequent with 
than without a previous caesarean (39 of 81 [48%] vs. 41 of 134 [31%]). In 
parous women without a previous caesarean, shoulder dystocia was the most 
common obstetric emergency among HIE cases (21 of 134 [16%]), but in the 
adjusted analysis placental abruption had the strongest association to HIE 
(AOR 73.8; 95% CI 40.8–133.5). In parous women with a previous caesarean 
delivery, uterine rupture was the most common obstetric emergency among HIE 
cases (31 of 81 [38%]), with the highest risk of HIE (AOR 45.6; 95% CI 
24.5– 84.6). 
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Table 11. Risk of moderate to severe hypoxic ischemic encephalopathy (HIE) by ob-
stetric emergencies in nulliparous women, n = 298 345. 

  Nulliparous 
 

n 

HIE (n = 249) 

n (%) 
Odds Ratio  

(95% confidence interval) 
Crude Adjusted 

No obstetric emergency 296 716 196 (0.1) reference  

Any obstetric emergency a  1 629 53 (3.3) 50.9 (37.4–69.2)  

Obstetric emergency by diagnosis    

    Placental abruption b     
                 Yes 584 18 (3.1) 41.0 (25.2–66.6) 34.1 (20.3–57.3) 

                  No  297 761 231 (0.1) reference reference 

    Eclampsia c     
                 Yes 233 1 (0.4) 5.2 (0.7–37.1) 5.1 (0.7–36.8) 

                  No  298 112 248 (0.1) reference reference 

    Cord prolapse d, ‡     
                 Yes 168 3 (1.8) 22.7 (7.2–71.7) 20.8 (5.6–76.7) 

                  No  280 280 224 (0.1) reference reference 

    Uterine rupture e, ‡     
                 Yes 20 1 (5.0) 65.3 (8.7–489.5) – 

                  No  280 428 226 (0.1) reference  

    Shoulder dystocia f, †     
                 Yes 611 31 (5.1) 121.2 (80.6–182.1) 48.2 (28.2–82.6) 

                  No  244 953 108 (0.0) reference reference 
a Placental abruption, eclampsia, cord prolapse, uterine rupture, shoulder dystocia. 
‡ Restricted to deliveries with vaginal onset (n = 280 448); † Restricted to vaginal deliveries 
(n = 245 564). 
Adjustments were made for b maternal age, cohabitation, country of birth, smoking, hypertensive 
disorders, and multiple birth; c maternal age, height, BMI, cohabitation, country of birth, smoking, 
chronic hypertension, diabetes, gestational age, birthweight, and multiple birth; d induction of 
labour, gestational age, fetal presentation, premature rupture of membranes, and multiple birth; 
e maternal age, height, BMI, induction of labour, gestational age, dystocia, fetal presentation, and 
birthweight; and f maternal height, BMI, diabetes, gestational age, dystocia, fetal presentation, 
and birthweight. 
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Table 12. Risk of moderate to severe hypoxic ischemic encephalopathy (HIE) by ob-
stetric emergencies in parous women without a previous caesarean, n = 323 359. 

 

Parous without a previous caesarean  

n 

HIE (n = 134) 

n (%) 
Odds Ratio  

(95% confidence interval) 
Crude Adjusted 

No obstetric emergency  321 466 93 (0.0) reference  

Any obstetric emergency a  1 893 41 (2.2) 76.5 (52.8–110.8)  

Obstetric emergency by diagnosis   

    Placental abruption b     

          Yes 446 14 (3.1) 87.2 (49.7–152.9) 73.8 (40.8–133.5) 

          No 322 913 120 (0.0) reference reference 

    Eclampsia c     

          Yes 43 0 (0) – – 

          No 323 316 134 (0.0)   

    Cord prolapse d, ‡     

          Yes 401 3 (0.8) 20.4 (6.4–64.4) 4.7 (1.4–16.6) 

          No 310 991 115 (0.0) reference reference 

    Uterine rupture e, ‡     

          Yes 51 2 (3.9) 109.5 (26.3–445.6) 21.4 (2.6–174.6) 

          No 331 341 116 (0.1) reference reference 

    Shoulder dystocia f, †     

          Yes 930 21 (2.3) 139.8 (83.6–233.6) 69.6 (34.4–140.8) 

          No 302 533 50 (0.0) reference reference 
a Placental abruption, eclampsia, cord prolapse, uterine rupture, shoulder dystocia. 
‡ Restricted to deliveries with vaginal onset (n = 311 392); † Restricted to vaginal deliveries 
(n = 303 463)  
Adjustments were made for b maternal age, cohabitation, country of birth, smoking, hypertensive 
disorders, and multiple birth; c maternal age, height, BMI, cohabitation, country of birth, smoking, 
chronic hypertension, diabetes, gestational age, birthweight, and multiple birth; d induction of 
labour, gestational age, fetal presentation, premature rupture of membranes, and multiple birth; 
e maternal age, height, BMI, induction of labour, gestational age, dystocia, fetal presentation, and 
birthweight; and f maternal height, BMI, diabetes, gestational age, dystocia, fetal presentation, 
and birthweight. 
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Table 13. Risk of moderate to severe hypoxic ischemic encephalopathy (HIE) by ob-
stetric emergencies in parous women with a previous caesarean, n = 70 724. 

 

Parous with a previous caesarean  

n 

HIE (n = 81) 

n (%) 
Odds Ratio 

 (95% confidence interval) 

Crude Adjusted 

No obstetric emergency  69 623 42 (0.1) reference  

Any obstetric emergency a  1 101 39 (3.5) 60.8 (39.2–94.5)  

Obstetric emergency by diagnosis   

    Placental abruption b     

          Yes 331 9 (2.7) 27.3 (13.5–55.1) 26.0 (12.4–54.8) 

          No 70 393 72 (0.1) reference reference 

    Eclampsia c     

          Yes 17 0 (0) – – 

          No 70 707 81 (0.1)   

    Cord prolapse d, ‡     

          Yes 131 0 (0) – – 

          No 42 609 74 (0.2)   

    Uterine rupture e, ‡     

          Yes 471 31 (6.6) 69.2 (43.2–110.8) 45.6 (24.5–84.6) 

          No 42 269 43 (0.1) reference reference 

    Shoulder dystocia f, †     

          Yes 121 3 (2.5) 32.8 (9.8–110.6) 21.4 (5.0–91.5) 

          No 31 033 24 (0.1) reference reference 
a Placental abruption, eclampsia, cord prolapse, uterine rupture, shoulder dystocia. 
‡ Restricted to deliveries with vaginal onset (n = 42 740); † Restricted to vaginal deliveries 
(n = 31 154). 
Adjustments were made for b maternal age, cohabitation, country of birth, smoking, hypertensive 
disorders, and multiple birth; c maternal age, height, BMI, cohabitation, country of birth, smoking, 
chronic hypertension, diabetes, gestational age, birthweight, and multiple birth; d induction of 
labour, gestational age, fetal presentation, premature rupture of membranes, and multiple birth; 
e maternal age, height, BMI, induction of labour, gestational age, dystocia, fetal presentation, and 
birthweight; and f maternal height, BMI, diabetes, gestational age, dystocia, fetal presentation and 
birthweight. 

Parous women with a previous caesarean had the highest rate of HIE (81 of 70 
724 [0.12%]), compared with the nulliparous (249 of 298 345 [0.08%]) and 
parous women without a previous caesarean (134 of 323 359 [0.04%]). The risk 
estimate of HIE by any obstetric emergency was higher in parous women (OR 
79.5; 95% CI 60.2–105.1, not shown), compared with the nulliparous (OR 50.9; 
95% CI 37.4–69.2). 
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In further subanalysis, differences in the maternal and infant characteristics 
among the different obstetric emergencies were found when they were com-
pared with women without the corresponding diagnosis.  

In women with placental abruption, maternal age ≥ 35 years (29%), smoking 
(10%), a previous caesarean (24%), hypertension disorders (9%), gestational 
age of 36 weeks (15%), and infant birthweight < 3000 grams (33%) were more 
frequent compared with women without placental abruption, (p < 0.05 for all).  

Women with eclampsia were more often nulliparous (80%), short (8%), di-
agnosed with diabetes mellitus (4%), induced (44%), delivered at 36 gestational 
weeks (10%), and had infants with birthweight < 3000 grams (32%), p < 0.001 
for all).  

Women with cord prolapse were more often parous (76%), overweight 
(54%), induced (37%), had breech presentation (12%), multiple birth (21%), 
and infant birthweight < 3000 grams, (p < 0.001 for all). 

Of those with a uterine rupture, 87% had a previous caesarean, and the ma-
jority were parous women (96%). Women with a uterus rupture were more often 
≥ 35 years old (38%), short (8%), overweight (49%), induced (28%), had diag-
nosis of dystocia (21%) and fetal-pelvic disproportion (48%), occiput posterior 
presentation (10%), infant birthweight > 4000 grams (26%), and late term de-
livery (37%) compared with women without ruptured uterus, (p < 0.001 for all). 

In labours complicated by shoulder dystocia, women were more often parous 
(63%), short (9%), overweight (50%), induced (22%), more frequently diag-
nosed with diabetes mellitus (7%), dystocia (33%), had late term (39%), and 
vacuum extraction delivery (31%), and infant with birthweight > 4000 grams 
(75%) compared with women without shoulder dystocia, (p < 0.001 for all). Not 
shown in table.  
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Discussion 

Clinical implications  
Study I 
A discrepancy between fetal scalp lactate and pH values was common in the 
combined test and occurred in 55% of tests with any abnormality (preacido-
sis/acidosis). Obstetric management was influenced by the discrepancy, and cli-
nicians seemed to act more readily on an abnormal pH value when combined 
tests had one abnormal test result. Combined sampling resulted in a higher pro-
portion of abnormal tests; however, this study could not confirm the concern 
for an increased rate of operative interventions with the combined test. On the 
contrary, the ODFD rate was significantly lower compared with the single test.  

Consistent with our findings of discrepancy between tests, O’Brian et al., 
who evaluated mean pH in paired FBS, demonstrated inconsistency in results. 
However, they reported a higher intervention rate due to the discrepancy. When 
one test was above the delivery threshold, a repeated sampling resulted in an 
instrumental vaginal delivery instead of an emergency caesarean section, which 
they believed would support the argument for serial measurements.149 

Rorby et al., measuring lactate and pH in the same FBS (where scalp pH was 
used for clinical decisions, whereas the lactate value was blinded to the obste-
trician), demonstrated that more instrumental deliveries would have been per-
formed using scalp lactate instead of pH, and no cases of acidosis would have 
been missed. Additionally, the frequency of operative delivery due to fetal dis-
tress was 82% in cases with both an abnormal scalp pH and lactate measure-
ment, compared with 53% when only one of the parameters was abnormal.53 

Fetal monitoring during labour is complex and requires knowledge of fetal 
physiology. Methods used should have reasonable balance between false posi-
tive and false negative test results to prevent adverse neonatal outcomes while 
at the same time avoiding unnecessary operative deliveries. The outcomes of 
interest are the ability of the test to predict an adverse neonatal outcome, the 
success rate of the test, and interventions resulting from the test. It is important 
to record specific interventions such as vacuum delivery and caesarean section, 
since operative births are associated with immediate and long-term effects for 
both mother and child and have considerable resource implications.  

Fetal scalp sampling should be regarded as a complement to CTG, to dis-
criminate which fetuses with non-reassuring CTGs that are at risk of hypoxia. 



 53

It is important that the clinician consider the full clinical picture, rather than 
acting on a single finding, and the obstetrician should have knowledge of path-
ophysiology, current evidence, and the described pitfalls. Additionally, FBS has 
an educational value for learning about fetal physiology and might aid in the 
interpretation of CTG patterns.31  

FBS with lactate measurement is common in Sweden, and almost two-thirds 
of delivery units use lactate as a single test.20 An important clinical issue is to 
consider whether replacement of pH measurement with lactate measurement 
could result in an increase in positive tests, with a concomitant increase in in-
terventions. The result from our study provides some support for such an unde-
sirable effect. To establish a better understanding of the metabolic state of the 
fetus, we speculate that parallel analyses of both pH and lactate could provide 
more information on which to base the clinical decision. However, larger pro-
spective studies are needed to assess the impact of obstetric management with 
combined FBS. 

Study II 
We found that FBS was generally well tolerated in women who had epidural 
analgesia in labour and that obstetricians did not generally experience FBS as 
difficult to perform. Neither women nor obstetricians experienced FBS as time 
consuming. However, with higher maternal BMI, less cervical dilation, and 
higher station of the fetal head, the sampling procedure was experienced as 
more complicated. Thus, previous assertions and beliefs about the FBS proce-
dure that can be found in the literature may be incorrect and misleading. Fur-
thermore, women expressed satisfaction that the test was performed. 

FBS was well tolerated by most women in our study, which may be explained 
by the fact that the majority had epidural analgesia during labour. The use of 
epidural analgesia in labour has increased over the last two decades in Sweden, 
as well as in other Western countries.1,150 The introduction of a bedside test strip 
device for measuring lactate in fetal scalp blood has added benefits: it requires 
less blood and fewer scalp incisions, it is quicker, and it is more likely to be 
successful.50 Thus, although never previously studied, the assertions of the FBS 
procedure being associated with discomfort and difficulties may not apply in 
modern obstetrics.  

Compared with women with a normal BMI, overweight and obese women 
have higher risks of intrapartum complications, and CTG monitoring during la-
bour is considered more difficult among these women.151 However, studies 
evaluating FBS in women with high BMI are lacking. In this study, women with 
high BMI reported more pain during the FBS procedure than women with nor-
mal BMI. The reason may be that it is more difficult to accomplish a vaginal 
examination and access the fetal head with standard equipment. Obstetricians 
also experienced FBS to be more difficult in women with high BMI, but the 
difference was not significant, which might be influenced by our sample size.  
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Less cervical dilation is associated with greater difficulty in obtaining scalp 
blood.50 This accorded with our findings of associations between less cervical 
dilation, a higher station of the fetal head, and the obstetricians’ experience of 
difficulty in performing the test. These results suggest that sampling is expected 
to be more difficult in the early phase of active labour.  

Women who participated in the present study reported that they had received 
adequate information about the test, and obstetricians perceived that women co-
operated during sampling. It is possible that the high scores of overall satisfac-
tions with the test were a result of adequate information given before sampling. 
An important factor related to childbirth satisfaction is a perception of personal 
control during labour.152-154 Being adequately informed regarding a medical pro-
cedure is very important and gives the woman a feeling of control and the op-
portunity of being involved in decision-making. This might, in turn, help an 
individual to experience less anxiety and facilitate coping with pain.152,155-157 

The time aspect in a situation with suspected intrapartum fetal hypoxia is 
important, and investigations with additional methods should not cause a delay 
in clinical management. In one earlier study, the average time from the decision 
to perform a FBS to the available result was 18 minutes,58 indicating that scalp 
sampling can be a time-consuming procedure.  

Obstetricians are faced almost daily with clinical dilemmas requiring imme-
diate decision-making, as, in the course of minutes, the well-being of mother 
and fetus might be compromised. In such circumstances, it is of paramount im-
portance for clinicians to have as much information as possible about the even-
tual time an extra procedure such as FBS would take, and about factors associ-
ated with a more complicated procedure, like higher BMI, absence of epidural 
anaesthesia, less cervical dilation, or fetal head above the spine. When such 
conditions apply and the obstetrician still decides that there is sufficient time 
for FBS, it would be appropriate to inform the labouring woman that difficulties 
might be faced during the sampling and that the procedure might be painful. 
However, it is important to point out that our study indicated that, even in cases 
where women experienced pain and anxiety due to the FBS procedure, they still 
felt reassured and satisfied that the test was performed. 

Studies III and IV 
We found a lower incidence of HIE in our population (0.67 per 1 000 live born 
infants) compared with prior reports (0.9–1.7 per 1000).9,99,101,103,108,110 The 
higher incidences in previous reports are probably due to differences in the def-
inition of HIE and different study designs and populations.9 In previous reports, 
the definition of HIE was broader, including cases of NE, infants with seizures 
only, or all grades of HIE.9,99,101,103,109,110 The prognosis and risk for permanent 
disabilities differs within grades of HIE.7,106 The incidence of HIE in the present 
study was lower than in a recent study by Nelson et al., the only study that used 
the same surrogate variable (hypothermia treatment) for moderate to severe 
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HIE.108 However, the study by Nelson et al. was a hospital-based study, where 
estimates are generally higher than in population-based studies, possibly due to 
referral bias.9 In accordance with our results, in a previous study from Sweden, 
the incidence of moderate to severe HIE was 0.67 per 1000 live births.107 

In contrast to some previous studies, we found no associations between ma-
ternal thyroid disease, infertility treatment, diabetes mellitus, or history of con-
vulsions and HIE.99,100,108,109 Dissimilarities concerning risk factors for HIE may 
also be attributable to the diagnostic diversity of HIE and/or different study de-
signs.9 It is clearly a challenge to correctly distinguish HIE from other entities 
of neonatal encephalopathy, and from seizures alone. These conditions have of-
ten been used interchangeably in previous studies, limiting their generalizabil-
ity.9,99,101 Additionally, risk factors are likely to vary across populations and over 
time because of dissimilar clinical practice and characteristics of pregnant pop-
ulations. In our population, covering all Swedish woman, prenatal and delivery 
care is free of charge. Pregnant women’s participation in the standardised pre-
natal care programme starting in early pregnancy is almost 100%, and care and 
medical charges are subsidized on equal terms, which may positively impact 
maternal morbidity and neonatal outcomes. 

In line with previous studies, we found associations between HIE and nul-
liparity, previous caesarean, high BMI, short stature, multiple birth, gestational 
age of 36 weeks, late and post-term delivery, and occiput posterior position at 
birth.99,100,103,108,110 Fetal-pelvic disproportion is associated with birth asphyxia 
and perinatal mortality.158 To the best of our knowledge, there are no prior re-
ports that have addressed the impact of disproportion and HIE. We found a more 
than fourfold increased risk for moderate to severe HIE in infants born to moth-
ers with a diagnosis of fetal-pelvic disproportion. 

Low birthweight (less than 3th or 9th percentile) has been associated with an 
increased risk for HIE in previous studies,100,108,109 and was also associated with 
an increased risk for HIE in the unadjusted analysis of our results. However, 
after adjustments for potential confounders, this risk was no longer significant, 
although a birthweight > 4000 g was still significantly associated with HIE. A 
birthweight > 4500 g is associated with increased risk of asphyxia-related peri-
natal mortality and morbidity.159 In a Swedish study of 177 infants, very large 
birthweight for gestational age had almost a fourfold increased risk of suffering 
from encephalopathy caused by asphyxia.126 

Maternal overweight and obesity are associated with a wide spectrum of 
pregnancy and neonatal complications. Known neonatal complications include 
increased risk of low Apgar scores, meconium aspiration, NICU admissions, 
birth asphyxia, CP, and stillbirth.4,113,117-119,122-125 A BMI ≥ 40 was associated 
with an increased risk of HIE in the study by Nelson et al.; maternal height, 
however, was not considered in that study.108 We also found an increased risk 
for moderate to severe HIE in lower BMI classes.  
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The mechanisms involved in the adverse neonatal outcomes associated with 
maternal overweight and obesity are considered multifactorial. Pregnancy com-
plications could result from a cascade of events, starting with having an over-
weight disorder such as hypertension or diabetes mellitus during pregnancy, or 
with being postdate, leading to induction of labour. However, after adjusting for 
these covariates, the associations between maternal overweight and HIE per-
sisted and remained statistically significant in our results. 

Moreover, increased markers of inflammation, difficulty in estimating fetal 
weight, intrapartum complications such as inability to adequately monitor the 
fetus and contractions, and difficult labour with dystocia and fetal-pelvic dis-
proportion due to increased maternal pelvic soft tissue are complications that 
might prevail in overweight women.4,117,121 

Another consequence of high maternal BMI is fetal hyperinsulinemia and 
maternal diabetes mellitus, which in turn are well-known risk factors for mac-
rosomia.117,160 In our study, diabetes mellitus was not associated with HIE after 
adjusting for potentially confounding factors such as BMI and birthweight, pos-
sibly reflecting the limited number of cases. There are linear associations be-
tween maternal BMI and fetal macrosomia and between maternal BMI and 
measures of hyperinsulinemia in cord blood,117,160 independent of maternal glu-
cose values.161 Results from both experimental and clinical studies strongly sug-
gest that fetal hyperinsulinemia is a risk factor for fetal hypoxia.162-164 Thus, it 
is possible that fetal hyperinsulinemia is of pathophysiological importance for 
the increased risk of birth asphyxia in pregnancies with maternal overweight.  

The effects of maternal overweight on severe neonatal asphyxia may partly 
be explained by traumatic labour, which often results from macrosomia.4,109 Fe-
tal macrosomia, often defined as birth weight > 4000 g, is the most prevalent 
complication in pregnancies with maternal overweight.113,117,165 Macrosomia 
was associated with moderate or severe HIE in our population, which contrasts 
with the findings by Nelson et al., who used the same outcome measure.108 This 
difference could possibly be due to fewer cases in that study. 

Short maternal stature is considered an obstetrical risk that is not within the 
reach of prevention. In the study by Ellis et al. maternal height < 145 cm was 
associated with encephalopathy,99 whereas we found an association already at 
160 cm or less for the stricter outcome, moderate to severe HIE, after adjusting 
for covariates. The effect of short stature on infant outcome is considered at-
tributable to relation of short stature to fetal-pelvic disproportion, leading to 
obstructed labour.128-131,166 Obstructed labour is a risk factor for adverse neona-
tal outcomes such as infection, low Apgar scores, birth asphyxia, and meconium 
aspiration.167,168 In our study, a diagnosis of dystocia and fetal-pelvic dispropor-
tion were more prevalent in women with short stature (≤ 155 cm) compared 
with non-short women (≥ 156 cm). In parallel, we found that being tall (> 172 
cm) was associated with a considerably reduced risk (44%) of subsequent HIE. 
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The combination short maternal height and fetal macrosomia may lead to pro-
tracted labour, owing to the higher prevalence of fetal-pelvic disproportion and 
labour dystocia in short women, with greater prevalence of interventions and 
traumatic labour.127-130 
 
We found that the combination of short maternal stature and overweight in-
creased by threefold the risk of having an infant with moderate to severe HIE 
when compared with women with non-short stature and normal weight. The 
odds ratio of the combined maternal habitus for HIE was higher than that of 
either short stature or BMI alone, although overlapping confidence intervals be-
tween groups indicate some uncertainty. The absence of a significant associa-
tion between women with only short stature and having an infant with HIE 
might be influenced by power. When we stratified for parity, being overweight 
was associated to HIE in both nulliparous and parous women, whereas the com-
bination of being short and overweight had an impact only in parous women, 
which also could be explained by power.  

In the obstetric context, parity is an important variable to consider for out-
comes. Regardless of the outcomes studied, nulliparity is usually a risk factor, 
and HIE is not an exception. However, based on our data, we would argue that 
parous women, especially those without a history of previous caesarean, might 
in fact have a risk of giving birth to an infant with HIE. Fetal-pelvic dispropor-
tion and labour dystocia, as well as incautious use of oxytocin due to protracted 
labour, might prevail in such situations. This argument is to some extent sup-
ported by the stratified analysis on mode of delivery, where the risk of HIE was 
pronounced in short and overweight women delivered vaginally. Furthermore, 
infants born to short and overweight women and delivered by caesarean section 
had no risk of HIE. Deliveries by emergency caesarean section had a high ab-
solute risk; however, maternal habitus was not the risk factor.  

Although the number of infants with HIE born to short and overweight moth-
ers is low, the severity of moderate to severe HIE warrants meticulous intrapar-
tum management for these women. An important task for clinicians is to choose 
mode of delivery after appropriate risk assessment, given all information avail-
able. In general, vaginal delivery is considered safer than both prelabour and 
emergency caesareans, from both short and long-term perspectives.169,170 Addi-
tionally, given the high prevalence of overweight in the pregnant population and 
the low absolute risk of HIE, primary caesarean is not warranted. However, our 
results indicate that, in short and overweight women, the level of effort to ac-
complish a vaginal delivery needs to be carefully considered with individual 
risk assessment, in nulliparous as well as in parous women.  

We found dose-response relationships between increasing BMI and decreas-
ing maternal height and the risk of HIE. Early prevention measures for over-
weight in the population could indeed be expected to positively impact neonatal 
outcomes, particularly in short women. 
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The prevalence of obstetric emergencies in our population (0.7%) is consistent 
with the results of previous studies.93,136,140 We report a higher proportion of 
obstetric emergencies in HIE cases (29%) compared with a recent study that 
used the same definition of HIE (13%),108  and compared with studies where 
mild HIE was also included (22%).103,109 Prior studies used different definitions 
of obstetric emergency; some did not include shoulder dystocia as an emer-
gency,93,99 or merged different emergencies into a composite, 99,101,109 owing to 
small numbers of HIE cases and/or emergencies. 

None of the previous studies had the opportunity to evaluate how the associ-
ations between obstetric emergencies and HIE depended on parity or to take the 
history of caesarean into account in parous women. In HIE cases, obstetric 
emergencies were more common in the parous (overall 37%; 48% with and 31% 
without a previous caesarean) than in the nulliparous (21%) women. Among 
nulliparous women, shoulder dystocia was the most common obstetric emer-
gency and had the strongest association to HIE. In parous women without a 
previous caesarean, shoulder dystocia was most common, but placental abrup-
tion had the strongest association to HIE. Among women with a previous cae-
sarean, uterine rupture was the most common obstetric emergency among cases 
of HIE (38%) and was the strongest predictor of HIE by all emergencies, with 
a 45 times greater risk in our study. 

The relationships between maternal habitus, age, parity, previous caesarean, 
birthweight, and intrapartum complications such as obstetric emergencies have 
previously been explored.133,136,138-141 In parallel, several of the expected differ-
ences regarding the maternal and infant characteristic among the different ob-
stetric emergencies were found in our population. 

In our study, women with shoulder dystocia were more often short and over-
weight, had higher prevalence of diabetes mellitus, induced labours, dystocia, 
late term and vacuum extraction delivery, and infant birthweight > 4000 g. The 
strong association between birthweight and shoulder dystocia is confirmed in 
our study, where the risk of HIE was considerably reduced after adjustment for 
birthweight. Regardless of parity, shoulder dystocia was common among HIE 
cases in our study (12%) and was strongly associated to HIE. 

Uterine rupture is considered the strongest risk factor for HIE.93,103,108 In ac-
cordance with previous reports, the great majority of women with uterine rup-
ture were parous women (96%) and had a history of caesarean delivery 
(87%).136,138 Further, women with a uterine rupture were more often older, short 
and overweight, induced, had a diagnosis of dystocia and/or fetal-pelvic dispro-
portion, occiput posterior position, late term delivery, and infant birthweight 
> 4000 g. The reported incidence of uterine rupture in attempted vaginal deliv-
ery after caesarean section is 0.4–1.5%,137,138,171,172 with a high incidence (1.3%) 
reported in a Swedish cohort.137 There is a present policy in Sweden of allowing 
a trial of labour after one caesarean section, which occurs in approximately 60% 
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of mothers with previous caesarean. Of those who use this option, approxi-
mately 16% are induced and 75% have vaginal deliveries.137,138 Although the 
incidence of uterine rupture is low, obstetric communities should reflect on be-
ing in the upper range, and on the finding that uterine rupture was the underlying 
cause in 38% of HIE cases among parous women with a previous caesarean in 
our study. It is probable that a significant number of HIE cases could be pre-
vented by repeat caesarean section performed before labour in selected cases or 
timely during a trial of labour.173 

In cases with placental abruption, maternal age ≥ 35 years, smoking, hyper-
tension disorders, gestational age of 36 weeks, and infant birthweight < 3000 
grams was more prevalent. Further, multiparity (three or more deliveries) is a 
known risk factor for abruption,133 and, accordingly, we report placental abrup-
tion to have the strongest association to HIE in parous women without a previ-
ous caesarean delivery. 

Our results suggest that neonatal HIE is caused by multiple risk factors, where 
antepartum factors may predispose some women to experience adverse intra-
partum events, such as obstetric emergencies or traumatic labours. It is also 
possible that some antepartum factors may increase fetal susceptibility to peri-
natal asphyxia.  

Given the dismal consequences of moderate to severe HIE, it is most relevant 
and important to identify risk factors for HIE in the goal of increasing the un-
derstanding of causal pathways and developing preventive strategies. In our 
population, intrapartum events had the strongest association to HIE, and several 
risk factors for HIE were found, potentially aiding in risk assessment during 
labour to reduce adverse intrapartum events. 

Obstetric emergencies are common underlying causes of moderate to severe 
neonatal HIE. The strong association to shoulder dystocia in nulliparous 
women, and to uterine rupture in women with previous caesarean deliveries, 
implies an opportunity for prevention of HIE. 

However, risk factors for obstetric emergencies are common, while the con-
dition they predict is not. Therefore, sensitivity and specificity for HIE will be 
low or lacking. Still, in the individual woman with cumulative risk factors such 
as clinical fetal macrosomia, protracted labour in the late first stage, and slow 
descent in the second stage, where assisted mid-pelvic delivery is considered, a 
difficult delivery with potentially dangerous complications (shoulder dystocia, 
uterine rupture) may be indicated, and a caesarean delivery would be more pru-
dent, both for nulliparous and parous women.  
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Figure 9. Illustration of contributing risk factors in the development of HIE. 

Methodological considerations 
Studies I and II 
Studies I and II were descriptive and were conducted at a given time at the De-
partment of Obstetrics and Gynaecology, Uppsala University Hospital, in Swe-
den. With an annual birth rate of approximately 4000 deliveries, FBS was per-
formed in 7–8% of attempted vaginal deliveries. Both the success rate and the 
experience of performing FBS is probably affected by the routine and training 
of the staff. At departments where the method is frequently used, such as in the 
study from Hvidovre Hospital, Copenhagen, where 25% of deliveries were 
monitored with FBS, the failure rate was less than 1% of the pH measure-
ments.53 In study I, the failure rate was not recorded, but the majority of FBS 
tests were combined (lactate and pH). In study II, there were no complete (lac-
tate and pH) FBS failures. 

Power calculations were not possible, since no previous data about discrep-
ancy of combined FBS or the experience of FBS among patients and obstetri-
cians existed. 

Study I 
This study provides a good illustration of the discrepancy in combined FBS and 
obstetric management based on test results, and the study design can be consid-
ered appropriate. However, this study design can only test a hypothesis and can-
not prove an association or causation. The major weaknesses of the study are 
the retrospective design and the relatively small number of samples. To confirm 
our results, larger studies are needed. 

Due to the retrospective design, information on important variables such as 
presence of caput succedaneum, sampling failures, or contamination of amni-
otic fluid during FBS is missing.  

Umbilical cord blood gas analysis is considered to be an objective and sen-
sitive indicator of fetal oxygenation and acid-base condition of the infant at 
birth.22 Within our study population, data on UA blood gases were missing in 
23% of deliveries. A population-based study from Sweden, including 155 235 
infants, reported an increased risk of missing samples when using selective sam-
pling with respect to high-risk deliveries, and the risk increased almost sixfold 
in labours where at least two FBS tests were done during delivery.21 However, 
analysis of our missing UA data revealed that the rate of Apgar score < 7 at 5 
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minutes, operative interventions, and admission to neonatal care were similar to 
the rates in the whole study population.  

Our study included pregnancies ≥ 34 weeks of gestational age, although only 
a minority of samples (3%) were obtained between 34 to 36 gestational weeks. 
Since lactate in umbilical blood rises with advancing gestational length, we 
could have limited the study population to those with gestational age of 37 
weeks or more, although the rate of discrepancy would certainly be un-
changed.174  

Obstetricians performing the FBS were not recorded, and type of test was 
therefore not compared among caregivers. The frequency of combined and sin-
gle tests was evenly distributed, irrespective of the stage of labour, which indi-
cates that there was no preference for the test used in relation to the stage of 
labour. 

Study II 
This is the first and only study to date that has evaluated the experience of FBS 
among women and obstetricians performing the test, and the study design 
should be regarded as a pilot study. 

The main limitation of this study was the small number of participants. Nev-
ertheless, the sample was representative of the women undergoing FBS proce-
dures in our unit.  

Initially, we had 118 questionnaires completed by women exposed to sam-
pling and 60 questionnaires completed by the obstetricians who performed the 
tests. Because we wanted to analyse correlations and associations between 
women’s and obstetricians’ experiences of FBS, we decided to analyse ques-
tionnaires that could be paired (i.e., a sampling situation resulting in one ques-
tionnaire filled in by the women and one questionnaire filled in by the obstetri-
cian who performed the test; n = 51). However, the results of all questionnaires 
were analysed, and the experience of difficulty and pain, as well as the other 
variables, had the same medians and almost the same interquartile ranges as 
presented in our study population of 51 FBS situations. 

Another limitation was the use of a questionnaire that has not been validated. 
We have, on the other hand, used a 10-point scale that at least is validated and 
applied in clinical practice for pain assessment.175 Larger prospective studies 
using validated questionnaires would enable multivariate logistic regression 
analyses. 

Recording the actual time spent on the FBS procedure would have been op-
timal. It is likely that the duration of sampling can be influenced by optimizing 
logistics, availability of equipment, and trained personnel. In our study, the ac-
tual time required for sampling and analysis was not measured. However, nei-
ther women nor obstetricians experienced the testing procedure as time con-
suming. At the department where the study was conducted, FBS is performed 
in 8% of deliveries, and the equipment is readily available at the delivery ward. 
Test results are available within 1 to 3 minutes after sampling. We also 
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acknowledge that our findings are based on the population at one academic 
medical centre in Sweden and may therefore not be generalizable. 

Among the strengths of the study were that the obstetricians anonymously 
completed the questionnaires immediately after performing the procedure, and 
that the women completed the questionnaire within 48 hours after delivery, min-
imizing the risk for recall bias. However, the women’s general experience of 
the delivery, and not just the FBS procedure, could have influenced how the 
questions were answered.176 Additionally, the total experience of labour and 
fear of childbirth could have been evaluated. The response frequency was 
100%, minimizing selection bias. 

Studies III and IV 
These studies were designed as register-based cohort studies. Epidemiologic 
studies restrict interpretation of causality and biological actions between expo-
sures and outcomes. A disadvantage with cohort studies is that rare outcomes 
such as HIE are difficult to study, owing to the need of large datasets for anal-
ysis, which can bring unreasonable costs and waiting time between exposure 
and outcome. By using register data, the exposure and outcome are already reg-
istered. 

Further, the findings in cohort studies may be subject to bias, related to the 
information used, and the selection of covariates that are associated with the 
measures of exposures and outcomes (confounders, mediators, and colliders). 
To improve the accuracy of our estimates, covariates potentially associated with 
HIE in our and previous studies were adjusted for.  

Mode of delivery was not used for adjustments in the regression analyses, 
because we reasoned that these interventions (i.e., vacuum extraction and cae-
sarean section) could have been actions taken because of suspected fetal dis-
tress, leading to confounding by indication, and might impact the association 
between exposure and outcome. However, in study III, the risk of HIE by ma-
ternal habitus was stratified by mode of delivery. In Study IV, confounders were 
calculated with DAG for each obstetric emergency, because they each have dif-
ferent associated covariates. 

In all studies, multiple testing increases the risk of type 1 error (false posi-
tive), where some of the associations might be by chance. By using a large sam-
ple size, this error can be minimized. The CI around the estimates reported in 
study III were narrow, indicating high precision. Additionally, we found a dose-
response association between increasing BMI and decreasing maternal height, 
which is generally considered to strengthen the possibility of causal relation-
ships (Hill’s criterion). The CIs were broader in study IV, possibly owing to 
few observations and missing covariates in the analysis.  
 
Strengths include the population-based design with prospectively collected data 
on exposures and outcomes from healthcare registers, minimizing the risk of 



 63

selection and information bias. The MBR is well validated and covers more than 
98% of all births in Sweden during the study period,147,148 providing high inter-
nal validity. 

There are no published systematic validations of the SNQ registry. However, 
the registry has covered all neonatal units in Sweden since 1 January, 2011. All 
infants treated with hypothermia in Sweden are registered prospectively in 
standardized forms, and data input is monitored.145 By using hypothermia treat-
ment as a surrogate variable, the diagnostic accuracy was improved with stricter 
definition for the rare outcome, enabling analyses of moderate to severe HIE 
cases specifically, which we consider the major strength of studies III and IV.  

Further, the large sample size and reliable data for exposure and outcome 
allowed stratification and adjustments for potentially confounding variables, 
despite the rare outcome.  

A limitation of the studies, due to the data collection from registers, is missing 
information on certain interesting covariates, such as labour duration, active 
pushing time, and CTG traces. However, data on dystocia and disproportion 
were retrieved from the ICD-10 codes.  

Further, using register data is always associated with a risk of underreporting 
and errors. For example, ICD codes are occasionally underreported or incor-
rect.147,148 Moreover, there is a possibility that the coding of a diagnosis may be 
more frequent after a complicated delivery or after an adverse neonatal out-
come. A sizeable proportion (5.8%) of women were excluded from the analysis 
due to missing data on BMI. Exclusions due to missing data may lead to selec-
tion bias and impact the risk estimates, and no imputation was made for missing 
data. Additionally, we relied on self-reported height, and overweight women 
might tend to slightly over-report their height, leading to misclassification 
bias.177 However, BMI was calculated from measured weight. Considering that 
we found increased risk for HIE in infants born to overweight women, the true 
risk would most likely be even greater. 

Another weakness is that the external validity might be limited, and the re-
sults can only be generalized to facilities with similar socioeconomic and de-
mographic characteristics, and to healthcare systems of comparable standard. 

A problem resulting from large study populations may be the interpretation 
of statistical significance at group level to clinical significance at the individual 
level. The absolute risks of short maternal height, obstetric emergencies, and 
HIE are low. Although statistically significant, the risk increase in absolute 
terms may not have a strong impact for the individual, however of great im-
portance from a public health perspective, especially when the prevalence of 
overweight is high in the population. 
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Conclusions 

 In the combined test, discrepancies between pH and lactate measurements 
were common and occurred in half of the samples with an abnormality.  
Obstetric management was influenced by the discrepancy between test re-
sults with respect to ODFD rates and the time interval from the last FBS to 
delivery. (Study I) 
 

 FBS was well tolerated in women who had epidural analgesia, but might be 
associated with pain in women without. Higher maternal BMI and less cer-
vical dilatation were associated with higher pain ratings. Obstetricians did 
not generally experience FBS as difficult to perform. The sampling proce-
dure can be more complicated in situations with higher maternal BMI, less 
cervical dilatation, and higher station of the fetal head. (Study II) 
 

 There is a dose-response relationship between increasing BMI and decreas-
ing maternal height and the risk of moderate to severe HIE. The combina-
tion of maternal short stature and overweight increased the risk of HIE, es-
pecially in parous women without a previous caesarean. (Study III)  
 

 An obstetric emergency was a common underlying cause of HIE, more 
commonly in parous than in nulliparous women. Among nulliparous 
women, shoulder dystocia was the most common event with the strongest 
association to HIE. In parous women without a previous caesarean, shoul-
der dystocia was most common, but placental abruption had the strongest 
association to HIE. In parous women with a previous caesarean, uterine 
rupture was the most common event, with the strongest association to HIE. 
(Study IV) 
 

 Although the absolute risk of moderate to severe HIE is small, its severity 
warrants meticulous intrapartum management, with attention to mode of 
delivery, in the risk groups identified. The strong association to uterine rup-
ture and shoulder dystocia implies an opportunity for prevention of HIE. 
(Studies III and IV) 
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Future perspectives 

Future studies could address the possibility of using the combined FBS test in 
preference to, or as a complement to, the single test, to avoid unnecessary oper-
ative interventions, and could consider subgroup analysis of FBS lactate and pH 
values by the stage of labour and sampling within a protracted labour in the first 
and second stages. However, this requires large, randomized studies, and be-
cause the neonatal outcome must be secured, a limit cut-off safe for all fetuses 
must be guaranteed, and different action cut-offs would be difficult to set, mak-
ing the test method less feasible in clinical practice. Further, the results may not 
be of interest in a majority of developed countries, where FBS is not used. 

Additionally, we await the findings from the ongoing randomised controlled 
Flamingo and SCALP trials, which are comparing allocation to CTG alone with 
CTG and FBS for lactate; addressing rates of caesarean section, longer-term 
neonatal outcomes, and maternal satisfaction with intrapartum fetal monitoring; 
and conducting economic analysis.11,178 

Larger studies regarding maternal experience of FBS are needed, with eval-
uation of the total experience of labour where FBS is performed, and differences 
in women with and without fear of childbirth could be assessed using validated 
questionnaires. 

The challenge in countries with high standards of obstetric care, where perinatal 
death rates are low, is to improve neonatal morbidity and mortality further. The 
use of a computer-generated support system to CTG did not improve neonatal 
outcomes nor decrease rates of operative deliveries.179,180 Prediction models that 
provides individual probability of having an adverse neonatal outcome could be 
developed and used for risk assessment during labour. However, continuous 
education and training, as well as high competence in delivery units during all 
hours, are probably just as important. A cohort study from Australia demon-
strated that a review of CTG by a consultant obstetrician, prior to the decision 
to perform FBS, was associated with reductions in FBS performed, UA acido-
sis, and ODFD.181 

The differences in outcome measures restrict interpretation and comparisons 
between studies on HIE. Using therapeutic hypothermia as a surrogate variable 
for moderate to severe neonatal HIE is better than using ICD-codes for HIE and 
could be the first choice of outcome measure in future studies.  
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By combining national quality registers, epidemiologic studies are feasible 
in respect to follow-up, power, and costs.  

A study evaluating the differences in short- and long-term outcomes among 
infants with moderate to severe HIE born to women with or without an obstetric 
emergency during labour is in progress. 

Additional knowledge is of importance regarding the effect on pregnancy 
and labour outcomes among women with maternal overweight and obesity. The 
underlying mechanisms of known complications in women with high BMI 
should be explored by preclinical and clinical studies concerning differences in 
labour outcomes and interventions in these women.  

An even more challenging issue for researches and health care providers is 
to find effective preventive measures to reduce the overall proportion of over-
weight and obesity among women of reproductive age, before pregnancy.  
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Summary in Swedish - Sammanfattning på 
svenska 

Syftet med fosterövervakning under förlossningen är att förebygga uppkomst 
av syrebrist (asfyxi), och därmed minska risken för neonatal sjuklighet, neuro-
logisk skada eller död.  

Cardiotocografi (CTG), som är den grundläggande metoden för fosteröver-
vakning under förlossning, introducerades på 1960-talet med stora förhopp-
ningar om att reducera sjuklighet och dödlighet på grund av asfyxi. Randomi-
serade studier har visat att CTG, jämfört med intermittent övervakning, minskar 
förekomsten av neonatala kramper men inte för cerebral pares eller neonatal 
död till följd av syrebrist. Problem med CTG är den subjektiva tolkningen som 
medför en avsevärd variation mellan olika CTG bedömare, samt metodens låga 
specificitet för asfyxi. Ett normal CTG är ett betryggande tecken och indikerar 
ett väl syresatt foster. Dock gäller inte det motsatta, då många friska foster ofta 
uppvisar avvikande CTG mönster någon gång under förlossningen. CTG har 
således en hög sensitivitet, men låg specificitet med många falskt positiva test, 
vilket kan leda till onödiga interventioner jämfört med auskultation.  

Som komplement vid avvikande CTG används därför ofta blodprovstagning 
från fostrets skalp (skalpprov) för analys av pH och laktat. I randomiserande 
studier, där analys av pH har jämförts med laktat, har inga skillnader i neonatalt 
utfall (metabol acidos, neonatal encephalopati, låga Apgar poäng, vård på neo-
natal avdelning) eller förlossningssätt rapporterats. Huruvida pH eller laktat är 
bättre är fortfarande obesvarat. Laktat anses vara det bästa alternativet då 
mindre blodmängd krävs för laktatanalys vilket bidrar till högre frekvens lyck-
ade provtagningar än pH. Dessutom anses laktat bättre återspegla syrebrist och 
surhetsgraden i vävnaderna och betraktas därför som en tidigare markör för svår 
syrebrist.  

Kombinerad analys med pH och laktat rekommenderas inte, då det inte antas 
kunna förutse neonatala utfall bättre än var metod för sig. Det har även fram-
kommit oro över möjligheten till ökad frekvens av onormala provsvar med ett 
kombinerat test, jämfört med ett enda test, vilket skulle resultera i en ökad fre-
kvens av operativa ingrepp. Dessa antaganden har dock inte studerats. 

Kvinnornas tillfredställelse med olika övervakningsmetoder under förloss-
ningen är viktig då det påverkar upplevelsen av kontroll, och därmed upplevel-
sen av förlossningen. I litteraturen beskrivs ofta skalpprovtagning som en be-
svärlig, svår och tidskrävande undersökning för både den födande kvinna och 



 68 

provtagande läkare. Trots dessa påståenden finns ingen studie som utvärderat 
kvinnornas och provtagande läkares subjektiva upplevelse av skalpprovtagning.  

Hypoxisk ischemisk encefalopati (HIE) är ett syndrom med hjärnfunktions-
påverkan hos nyfödda fullgångna barn orsakat av svår syrebrist under förloss-
ningen, och drabbar 0,9–1,7 av 1000 barn i västvärlden. Baserat på allvarlig-
hetsgraden av kliniska fynd, klassificeras HIE till mild, måttlig eller svår. För 
barn med mild HIE är prognosen konsekvent positiv, medans barn med måttlig 
till svår HIE har stor risk för allvarliga konsekvenser inklusive död, cerebral 
pares, epilepsi och kognitiv funktionsnedsättning. Även om HIE är ovanligt är 
konsekvenserna betydande för de familjer som drabbas, varför det är viktigt att 
identifiera orsakssamband och riskfaktorer för HIE som kan vara vägledande 
för förebyggande åtgärder. 

Stora skillnader i hur asfyxi definierats är ett problem, och studiepopulation-
erna har sett olika ut i tidigare studier. Kylbehandling har under det senaste de-
cenniet funnits tillgänglig för barn med måttlig till svår HIE, och har visat sig 
reducera risken för hjärnskada eller död hos dessa barn. Indikationen för kylbe-
handling baseras på standardiserade kliniska diagnostiska kriterier och kan där-
med användas som surrogat för måttlig till svår HIE. 

Delarbete I 
Syftet med studien var att undersöka om det förelåg diskrepans mellan laktat 
och pH i kombinerade skalpprov, samt att ta reda på om handläggningen påver-
kas av diskrepansen. 
Mellan maj 2009 och april 2010 monitorerades 241 förlossningar med skalp-
prov. Diskrepans vid skalpprovsvar för pH och laktat vid kombinerat test fö-
relåg då ett prov var normalt och ett onormalt (onormalt pH: ≤7.24, lak-
tat:  ≥ 4.2). Handläggningen studerades med avseende andelen operativa för-
lossningar p.g.a. hotande fosterasfyxi samt tidsintervallet från sista skalpprov 
till operativ förlossning pga hotande fosterasfyxi.  

Vi fann att det fanns en diskrepans mellan laktat och pH i över häften av 
provsvaren. Andelen operativa förlossningar på grund av hotande asfyxi var 
mindre vid kombinerat prov jämfört med singel prov. Tiden från sista skalpprov 
till operativ förlossning på grund av hotande asfyxi var längre vid kombinerat 
prov med ett onormalt provsvar, jämfört med två onormala provsvar.  

Delarbete II 
Syftet med studien var att utvärdera de födande kvinnornas och provtagande 
läkares subjektiva upplevelse av skalpprovtagning.  

Mellan maj 2010 och mars 2011, tillfrågades kvinnor som övervakades med 
skalpprov under förlossningen samt läkare som utförde provtagningen om de 
ville svara på ett frågeformulär avseende upplevelsen av skalpprovtagningen 
(n = 51). Frågeformuläret bestod av frågor om som besvarades på en 10-gradig 
skala (1=stämmer inte alls, 10= stämmer helt). Läkarna uppgav även öppnings-
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grad av livmodertappen samt station av fosterhuvudet vid provtagningen. Mo-
derns body mass index (BMI) kategoriserades enligt World Health Organizat-
ions definition av normalvikt (BMI < 25 kg/m2) eller övervikt (BMI ≥ 25 
kg/m2). 

Vi fann att kvinnor tolererade skalpprovtagningen väl, framförallt kvinnor 
som hade ryggbedövning. Upplevelse av smärta var vanligare hos kvinnor med 
högre BMI och vid mindre öppningsgrad av livmodertappen. Läkare tyckte ge-
nerellt inte att provtagning innebar några svårigheter men att den var mer kom-
plicerad hos kvinnor med högre BMI, mindre öppningsgrad och högre belägen 
station av fostret. 

Delarbete III-IV 
Syftet med dessa delarbeten var att studera graviditets- samt förlossningsrelate-
rade riskfaktorer för måttlig till svår neonatal HIE. I delarbete III studerades 
graviditetsrelaterade faktorer, med fokus på moderns längd och BMI. I delar-
bete IV studerades proportionen av obstetriska katastrofer bland fall av HIE, 
och förekomsten av dessa beroende av paritet.  

Genom länkning av det Medicinska födelseregistret (MFR) till Svenskt Ne-
onatalt Kvalitetsregister (SNQ), erhölls en kohort på 692 428 levande födslar ≥ 
36 graviditetsveckor för åren 2009–2015. Kylbehandling användes som surro-
gat för måttlig till svår neonatal HIE (n = 464). Kvinnor kategoriseras som korta 
(≤ 155 cm), övervikta (BMI ≥ 25 kg/m2), eller både korta och överviktig, där ej 
korta och normalviktiga kvinnor användes som referens. Obstetriska katastrofer 
definierades som moderkaksavlosssning, eklampsi, navelsträngsframfall, 
uterusruptur och/eller skulderdystoci. 

Vi fann att förstföderskor, kvinnor med tidigare kejsarsnitt, kortvuxenhet, 
övervikt, graviditetslängd, vidöppen bjudning vid förlossning samt barnvikt 
> 4000 gram var oberoende riskfaktorer för HIE. 

Delarbete III visade att det fanns ett dosberoende samband mellan risken för 
HIE och ökande BMI enhet samt minskade längd per cm hos modern. Kvinnor 
med kombinationen av kortvuxenhet (≤ 155 cm) och övervikt (BMI 
> 25 kg/m2), hade tre gånger ökad risk för att få ett barn med måttlig till svår 
HIE jämfört med ej korta och normalviktiga kvinnor.  

Delarbete IV: visade att obstetriska katastrofer var vanligt förekommande 
(29%) vid måttlig till svår HIE, vanligare hos omföderskor (37%) än hos först-
föderskor (21%). Bland förstföderskor var skulderdystoci den vanligaste hän-
delsen med det starkaste sambandet till HIE. Bland omföderskor utan tidigare 
kejsarsnitt var skulderdystoci den vanligaste obstetriska katastrofen, men mo-
derkaksavlosssning hade starkaste sambandet till HIE. Bland omföderskor med 
tidigare kejsarsnitt var uterusruptur den vanligaste obstetriska katastrofen och 
hade även största risken för HIE. 
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