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Summary 

Partographs and guidelines are used to assess and monitor labour progression, and they aim to 

identify slow progress of labour and determine the appropriate management of labour. There 

is no standardised definition of labour duration or onset of labour, nor is there a consensus to 

which guideline is best suited for clinical use for assessing labour progression.  

Escalation in the global rates of labour interventions, particular caesarean sections and 

oxytocin augmentation, has strengthen the interests in understanding the labour progression.  

Research suggests that some interventions, such as intrapartum caesarean sections (ICS) and 

oxytocin augmentation, might be performed too soon, according to the prevailing definitions 

of normal labour progress and labour dystocia. This means that labours in women with slow 

progress might be misclassified as abnormal and thus increase the chance of unnecessary 

interventions.  

The overall aim was to investigate in what way two different guidelines for assessing labour 

progress, the WHO partograph and Zhang’s guideline, affect maternal and neonatal outcomes 

related to delivery among nulliparous women with a singleton vertex infant and spontaneous 

onset of labour at term.  

Aims 

(I) To investigate the use of intrapartum caesarean sections.  

(II) To investigate the use of oxytocin augmentation  

(III) To investigate labour duration in different labour phases and stages. 

 

We planned, initiated, and implemented the Labour Progression Study (LaPS) according to 

the signed protocol. The LaPS was a cluster randomised trial collecting data between 

December 2014 and January 2017. The LaPs data is the basis of all analyses presented in the 

three papers included in this thesis. A total of 14 clusters were enrolled in the trial. The 

obstetric units, acting as clusters, were randomly assigned (1:1) to the control group or to the 

intervention group. The randomisation was computer generated, stratified by the proportions 

of previous ICSs and the number of deliveries. Women randomised to the control group, 

adhered to the WHO partograph and women randomised to the intervention group adhered to 

the Zhang’s guideline.  



 
 

A total of 11 615 women were considered eligible to participate in the trial, and 7,277 (62.7 

%) women with signed consent were included in the analyses. The number of ICS were 271 

(6.8 %) in the Zhang group and 196 (5.9 %) in the WHO group, and did not differ between 

the groups. However, the ICS rates were reduced in both the Zhang and WHO group by 26.5 

% and 37.8 %, respectively.  Oxytocin augmentation was used in 1658 (41.7 %) women in the 

Zhang group compared with 1561 (47.2 %) women in the WHO group, with no statistical 

significant difference between the groups.  In the Zhang group  24.1 % of the participants 

were augmented with oxytocin prior to 6 centimetres of cervical dilatation compared with  

28.4 % in the WHO group and 18.5 % of the women in the Zhang group were augmented 

with oxytocin without being diagnosed with labor dystocia compared with 23.2 % in the 

WHO group. The adjusted median duration of labour was 7.0 hours in the Zhang group, 

compared with 6.2 hours in the WHO group; the median difference was 0.84 hours with 95 % 

confidence interval [CI] (0.2–1.5). The adjusted median duration of the first stage was 5.6 

hours in the Zhang group compared with 4.9 hours in the WHO group; the median difference 

was 0.66 hours with 95 % CI (0.1–1.2). The corresponding adjusted median duration of the 

second stage was 88 and 77 minutes; the median difference was 0.18 hours with 95 % CI 

(0.1–0.3). There were no maternal or neonatal deaths identified during the study period. 

In conclusion, the results did not demonstrate significant differences in ICS rates or 

proportion of oxytocin administration between women in the Zhang group compared with 

women in the WHO group. However, women in the Zhang group were less likely to be 

augmented with oxytocin prior to six centimetres of cervical dilatation. Furthermore, we 

found a longer overall duration of labour and duration of first and second stages for women 

adhering to Zhang’s guideline compared with the WHO partograph. 

The findings from the LaPS represent important obstetric knowledge when adhering to two 

different guidelines for assessing labour progression and the results may influence clinical 

practice of today. The thesis highlights the challenge if standard guidelines in maternity care 

should be normative and generates thoughts on whether individual variations should be taken 

into account when assessing labour progression. The thesis contributes with robust 

information to the worldwide discussion on how to reduce unnecessary interventions.  

 

 



 
 

Oppsummering (Summary in Norwegian) 

Partogram og retningslinjer brukes til å vurdere og overvåke fremgang i fødsel, med hensikt 

om å identifisere langsom fremgang og også bestemme hensiktsmessig behandling. Det er 

ingen konsensus om en normal fødsels varighet eller start av fødsel og derfor heller ingen 

konsensus om hvilke retningslinjer som best egner seg til klinisk bruk for å vurdere fremgang 

av fødsel.   

Andelen intervensjoner under fødsel, spesielt akutte keisersnitt og stimulering av rier med 

oksytocininfusjon er stigende både nasjonalt og internasjonalt og interessen for å forstå 

fødselsprogresjon har økt markant. 

Forskning antyder at noen intervensjoner, som for eksempel akutte keisersnitt og stimulering 

med oksytocin i fødsel utføres for tidlig i henhold til de retningslinjer som er rådende på 

fødselsinstitusjonene vedrørende vurdering av progresjon av fødsel. Dette betyr at fødsler som 

har langsom fremgang potensielt kan bli feilklassifisert som unormal progresjon og dermed 

øker sjansen at kvinnene blir utsatt for et unødvendig inngrep. 

Den overgripende hensikten med studien var å undersøke hvordan to ulike retningslinjer for 

vurdering av fremgang i fødsel, WHO partogrammet og Zhangs retningslinjer, påvirker 

maternelle og neonatale kliniske utkomme hos førstegangsfødende kvinner med et barn i 

hodeleie og spontan start av fødselen ved termin. 

Mål  

(I) Å undersøke frekvensen av keisersnitt gjort i aktiv fødsel. 

(II) Å undersøke frekvensen av ri stimulering med oksytocin. 

(III) Å undersøke fødselens varighet i de forskjellig fødselsfasene. 

Vi planla, initierte og gjennomførte Fødselsprogresjonsstudien (LaPS) i henhold til signert 

protokoll. LaPS er en multisenter kluster randomisert studie og datainnsamlingen blev utført 

fra desember 2014 til januar 2017.  Alle dataene som er presentert i de tre artiklene og som 

utgjør avhandlingen, er basert fra LaPS. Totalt er 14 sykehus inkludert i studien og disse 

sykehusene danner klusterne og ble randomisert (1: 1) til kontrollgruppe eller til 

intervensjonsgruppe. Randomiseringen var computer generert og stratifisert av tidligere 

proporsjonene av keisersnitt og antall fødsler på fødestedene. Kvinnene i kontrollgruppen 



 
 

forholdt seg til WHO partogrammet og kvinnene i intervensjonsgruppen forholdt seg til 

Zhangs retningslinjer.  

Det var totalt 11 615 mulige deltager, og 7.277 (62.7 %) kvinner hadde et signert samtykke og 

blev dermed inkludert i analysene. Antall akutte keisersnitt var 271 (6,8 %) i Zhang gruppen 

og 196 (5,9 %) i WHO gruppen, og det var ingen forskjell mellom de to gruppene. Imidlertid 

blev det observert en markant reduksjon av akutte keisersnitt i både Zhang og WHO-gruppene 

med henholdsvis 26,5 % og 37,8 %. Stimulering med oksytocin blev brukt hos 1658 (41.7 %) 

kvinner i Zhang-gruppen sammenlignet med 1561 (47.2 %) kvinner i WHO-gruppen, uten at 

det var noen statistisk signifikant forskjell mellom gruppene.  I Zhang-gruppen blev 24.1 % 

av kvinnene stimulert med oksytocin før cervix var dilatert 6 centimeter jamført med 28.4 % i 

WHO-gruppen og videre blev 18.5 % av kvinnene i Zhang-gruppen og 23.2 % i WHO-

gruppen stimulert med oksytocin uten at langsom fremgang var identifisert. Fødselsvarighet i 

de ulike fasene oppgis i justerte median tider. Tiden i fødsel var 7,0 timer i Zhang-gruppen, 

sammenlignet med 6,2 timer i WHO-gruppen; medianforskjellen var 0,84 timer med 95 % 

konfidensintervall [CI] (0,2–1,5). Tiden i første stadium var 5,6 timer i Zhang-gruppen 

sammenlignet med 4,9 timer i WHO-gruppen; medianforskjellen var 0,66 timer med 95 % CI 

(0,1–1,2). Den tilsvarende tiden i andre stadium var 88 og 77 minutter; medianforskjellen var 

0,18 timer med 95 % CI (0,1–0,3). Det var ikke identifisert noen dødsfall hos mødre eller 

nyfødte i løpet av studieperioden. 

Oppsummert, viste resultatene ingen signifikante forskjeller i andelen av akutte keisersnitt 

eller stimulering med oksytocin mellom de to studiegruppene. Imidlertid var det mindre 

sannsynlig at kvinner i Zhang-gruppen ble stimulert med oksytocin før seks centimeter 

dilatasjon av cervix. Videre blev det også observert en total lengre tid i fødsel, i første og i 

andre stadium av fødselen hos de kvinnene i Zhang gruppen sammenlignet med WHO 

gruppens kvinner.  

Funnene fra LaPS bidrar med viktig obstetrisk kunnskap vedrørende å forholde seg til to ulike 

retningslinjer for vurdering av fremgang i fødsel og resultatene kan påvirke dagens kliniske 

praksis. Avhandlingen fremhever utfordringen om standard retningslinjer for vurdering av 

fødselsprogresjon skal være normative og videre genererer det tanker om hvorvidt det bør tas 

hensyn til individuelle variasjoner ved vurdering av fremgang i fødsel. Avhandlingen bidrar 

med robust informasjon til den nasjonale og internasjonale diskusjonen om hvordan man kan 

redusere unødvendige intervensjoner. 
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Introduction 

Traditionally, the progress of labour is measured by cervical dilatation. However, the 

expected progression varies between countries and sets of guidelines. There is no standardised 

definition of labour duration or the onset of labour, nor is there a consensus regarding which 

guideline is best suited for clinical use (1-3). Escalation in the global rate of labour 

interventions, particularly caesarean section (CS) and oxytocin augmentation, has increased 

interest in understanding labour progression. Research suggests that some interventions, such 

as intrapartum caesarean section (ICS), could be performed too soon according to the 

prevailing definitions of normal and slow labour progress. This means that women who have 

slow but normal progression of labour may be misclassified as abnormal, increasing the 

chance that they will be subjected to unnecessary interventions. 

 

Caesarean section 

CSs save lives and improve health outcomes for women and their babies. Ensuring access to 

CS is an essential part of strategy for meeting the Millennium Development Goals and the 

forthcoming Sustainable Development Goals by reducing child and maternal mortality (4). 

However, this surgical procedure is associated with complications for both the mother and 

neonate, and hence unnecessary CS should be avoided (5). Additionally, the procedure is a 

global public health concern; it is associated with lower rates of breastfeeding, an increased 

risk of postpartum depression (6), anaemia, hysterectomy and other complications such as 

infections and thromboembolism (7). CS also contributes to increased risk of stillbirth, uterine 

rupture, placental abruption, placenta praevia and abnormally invasive placenta in subsequent 

pregnancies and deliveries (8). Furthermore, neonates delivered via CS have an increased risk 

of postpartum respiratory distress (9) and infant asthma and allergies (10). 

Worldwide, the incidence of CS has increased dramatically over the past decades, particularly 

in middle- and high-income countries, for multifaceted reasons (5, 11, 12). Changes in 

maternal characteristics and professional practice; the increasing pressure of malpractice 

lawsuits; and economic, organisational, social and cultural factors have affected this trend (11, 

13, 14). In many countries, the obstetric population is older and features an increased 

prevalence of obesity (13, 15). Furthermore, great emphasis has been placed on individual 
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patients’ autonomy. Women are encouraged to decide for themselves which type of care they 

wish to receive, the providers of this care, the location of delivery and the degree of 

intervention they wish to receive, and for many, CS is convenient. CS is also a convenient 

option for obstetricians (11, 13, 15), especially those in countries with private health care 

systems. Private health insurance companies often require an obstetrician, rather than a 

midwife, to act as the primary care provider (14). Conflicting demands between work 

schedules and the need to provide personalised care to private patients may arise, and such 

conflicts are often resolved through liberal use of CS to efficiently maximise obstetricians 

time. Additionally, within some health care systems, fears of medical litigation and reduced 

tolerance for birth complications have led to an increase in the rate of unnecessary CS (13, 

14). Research may also have a major impact on obstetric practice. For example, in 2000, 

Hannah et al. (16) concluded that elective CS resulted in significantly lower perinatal 

morbidity and mortality than planned vaginal birth in women with term breech presentation. 

As a result, the American College of Obstetricians and Gynecologists (ACOG) changed their 

guidelines to recommend CS for these women, and in Scandinavia, the rate of CS for women 

with breech presentation increased, although at a lower rate in Norway. Cultural factors are 

more country-specific. For example, in China, the date of a baby’s delivery is believed to 

affect its future, so many parents choose CS (17). 

In 1985, the World Health Organization (WHO) expert panel stated, ‘There is no justification 

for any region to have CS rates higher than 10–15 percent’ (18). For the past three decades, 

this percentage was considered the optimal rate of CS (19-24), despite the lack of concrete 

evidence (15). Recently, however, health care professionals, scientists, epidemiologists and 

policy-makers have increasingly expressed that there is a need to revisit the 1985 

recommendation (25, 26). In 2015, Molina et al. (5) published a large cross-sectional 

ecological study that estimated the annual CS rates in the 194 WHO member states. The 

results of this study suggest that national CS rates of up to approximately 19% were 

associated with lower maternal or neonatal mortality. In 2014, the WHO conducted two 

studies: a systematic review (27) of available studies that aimed to determine the ideal CS rate 

within certain countries and an ecological analysis (12) using the latest available data. The 

two studies concluded that, at the population level, CS rates higher than 10 % were not 

associated with reductions in maternal and new-born mortality rates (12, 27). Based on these 

results, the WHO published a new statement (28). 
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Although many disagree on the appropriate CS rate, the fact that it is increasing indicates that 

this topic requires urgent attention. To date, several attempts to stop the increase have been 

made (29, 30).  

According to a review published in 2016 by Betran et al. (11), 18.6 % of all global births 

occur via CS. Latin America and the Caribbean have the highest CS rates (40.5 %), followed 

by North America (32.3 %), Oceania (31.1 %), Europe (25 %), Asia (19.2 %) and Africa (7.3 

%). The countries with the highest CS rates are Brazil (55.6 %) and the Dominican Republic 

(56.4 %) in Latin America and the Caribbean; Egypt (51.8 %) in Africa; Iran and Turkey in 

Asia (47.9 % and 47.5 %, respectively); Italy (38.1 %) in Europe; the United States (32.8 %) 

in North America; and New Zealand (33.4 %) in Oceania. In the Nordic countries, the highest 

percentages have been reported in Denmark (20.8 %), Iceland (16.2 %) and Sweden (16.2 %), 

and the lowest rate was reported in Finland (14.7 %) (11). In Norway, the rate of CS increased 

from 1.8 % in 1967 to 15.9 % in 2018 (31). 

 

Normal birth 

‘Normal birth’ is a term that has been used for many years to refer to uncomplicated vaginal 

birth, irrespective of the interventions that may have preceded or interfered with the 

physiological process (32-34). However, the terminology that should be used to describe the 

birth process has been debated. Specifically, the word ‘normal’ has been viewed as 

problematic because it is dichotomous, implying that birth is abnormal if it is not ‘normal’ 

(33). Normal birth can be defined as ‘the birth of an infant without obstetric operative 

intervention’. Although a woman may have a vaginal birth without obstetric operative 

intervention, such as forceps, ventouse or CS, she might have received multiple interventions 

throughout the process of labour, such as induction of labour, epidural analgesia, artificial 

rupture of the membranes, augmentation with oxytocin or episiotomy (35).  

The WHO (36) defines normal birth as “spontaneous in onset, low-risk at the start of labour 

and remaining so throughout labour and delivery. The infant is born spontaneously in a 

cephalic presentation between 37 and 42 completed weeks of pregnancy. After birth mother 

and infant are in good condition”. This indicates that the risk status of the pregnancy and the 

course of labour and delivery need to be taken into consideration when defining normal birth. 

Furthermore, the WHO’s 2018 recommendation regarding intrapartum care highlights the 
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importance of a positive childbirth experience, stating that childbirth should not only be safe 

but also focus on the experience and recognise this as a significant endpoint for all women 

undergoing labour. It is based on the premise that most women want physiological labour and 

birth and a sense of personal achievement and control through involvement in decision-

making, even when medical interventions are needed or wanted (2). 

The International Confederation of Midwives (ICM) (37) defines normal childbirth as a 

unique dynamic process in which foetal and maternal physiological and psychosocial factors 

interact. Normal birth occurs when the woman commences, continues and completes labour 

and the infant is born spontaneously with cephalic presentation at term without any surgical, 

medical or pharmaceutical intervention. 

A Delphi study issued a consensus statement developed by three US midwifery organisations 

and childbirth advocacy and consumer groups that defined normal labour from a 

physiological perspective (34). According to the statement, normal physiological labour and 

birth are characterised by the usual and functional processes of an organism that is powered 

by the innate human capacity of the woman and foetus. 

In Norway, the Norwegian Directorate of Health registers quality indicators (i.e. indirect 

targets regarding the quality of the area being measured), including those related to birth. Ten 

indicators concern maternity care and three of them concern interventions (i.e. the rate of CS, 

the rate of oxytocin augmentation and the rate of inducing labour). In addition, the indicator 

‘birth without major intervention and complications’ is registered. In 2017, this indicator 

showed that 68.5 % of first-time mothers completed labour without CS, forceps or ventouse; 

bleeding above 1500 ml or a blood transfusion; grade 3 or 4 perineal tears; or Apgar scores 

below 7 at five minutes (38). However, this indicator includes augmentation with oxytocin 

and should be considered when its definition (birth without major intervention and 

complications) is discussed. 

In sum, defining what constitutes a normal duration of labour after spontaneous onset is 

challenging, as there is no global consensus regarding the definition of onset of the active 

phase, duration of different stages or prolonged labour. 
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The labour process 

Labour is a continuous process that is divided into several phases and, usually, two stages 

based on cervical dilatation (Figure I) (39, 40). 

 

 

Figure I. Phases and stages of the labour process. 

 

First stage of labour 

The first stage of labour is divided into the latent and active phases. The former starts at the 

onset of labour, which is generally described as the period in which the woman perceives 

contractions, followed by cervical effacement and dilatation. The latent phase is characterised 

by irregular and more or less painful contractions as well as slow cervical dilatation. The 

duration of the latent phase may vary and is generally ill-defined (2). The WHO has stated 

that a latent phase lasting more than eight hours is prolonged (41), while the International 

Classification of Diseases, 10th revision (ICD-10) (42) defines a prolonged latent phase as 

lasting more than 18 hours. Currently, there is a knowledge gap regarding the extent to which 

the latent phase is of importance in efforts to improve birth outcomes (2). However, this thesis 

does not study the latent phase in detail, simply viewing the duration of the latent phase as 

ending at the onset of the active phase. 

Defining the time point of transition between the latent phase and the onset of the active phase 

of labour has been described as one of the most important judgements in maternity care, and it 

is essential part of monitoring labour progress, both to determine whether interventions are 

warranted and to avoid unnecessary interventions. According to a review of 62 studies that 

aimed to report how the onset of the active phase was defined, cervical dilatation and regular, 

painful contractions are the most commonly applied indicators of labour onset, regardless of 

Latent phase Active phase

First stage Second stage

Descending
phase

Expulsion
phase

Cervix dilatation in centimetres

0 4 10
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stage or phase (43). However, there is little consensus about the optimal degree of cervical 

dilatation or regularity of contractions (43). Different guidelines for defining the onset of this 

phase have been proposed. Some are presented below: 

 

Norwegian Medical Association, Norwegian Society of Obstetrics and Gynaecology 

(2014 Guidelines)(44). 

• Cervical dilatation of 4 cm  

• Regular contractions 

 

WHO 

• Cervical dilatation of 3 cm (1994 guidelines) (41). 

• Cervical dilatation of 4 cm (2000) guidelines) (40). 

• Cervical dilatation of 5 cm (2018 guidelines) (2). 

 

National Institute for Health and Clinical Excellence (NICE), United Kingdom (2014 

Guidelines) (39). 

• Progressive cervical dilatation from 4 cm 

• Regular painful contractions 

 

ACOG (2014 Guidelines) (45). 

• Cervical dilatation of 6 cm 

 

Most recommendations regarding labour duration and progression have been influenced by 

Emanuel Friedman’s work from the 1950s. He described the active phase of the first stage of 

labour for nulliparous women as lasting from approximately 2.5 cm of cervical dilatation to 

complete dilatation (i.e. 10 cm). According to Friedman, this phase is divided into three sub-

phases: acceleration, maximum slope and deceleration. The acceleration sub-phase involves a 

rapid change in the slope of cervical dilatation that occurs over approximately the amount of 

time needed for the cervix to dilate from 2.5 to 4 cm. The maximum slope sub-phase is 

characterised by rapid cervical dilatation from approximately 4 to 9 cm. The deceleration sub-

phase occurs when the rate of dilatation slows as full dilatation is reached (46-48).  
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Some studies have found that the transition from the latent to active phase takes place later 

than previously reported. According to Zhang et al., rapid changes are not observed before 

cervical dilatation of 6 cm (49). Other studies have also suggested that dilatation of 6 cm is a 

good point at which to define the transition between the latent and active phases (50, 51). 

Although some women may be in active labour before 6 cm of cervical dilatation is observed, 

according to Zhang et al. (51), the standards for active labour progression should not be 

applied before this dilatation is reached. In 2014, in an effort to decrease the rate of CS by 

avoiding diagnosis of labour dystocia before 6 cm, the ACOG and the Society for Maternal-

Fetal Medicine jointly endorsed defining cervical dilatation of 6 cm as the threshold for onset 

of active labour for most women (45). 

 

Second stage of labour 

The second stage of labour lasts from complete cervical dilatation until the birth of the infant. 

Like the first stage, it is divided into latent and active phases. The latent phase, also called the 

descending or passive phase, is the time from full dilatation of the cervix until involuntary 

expulsive contractions. It can also be described as the period in which the foetal head 

descends towards the pelvic floor without active pushing. This is followed by the active 

phase, also known as the expulsion phase, which involves bearing down or pushing the baby 

out (39, 40). The active phase of the second stage of labour begins when the baby is visible, 

when expulsive contractions occur or when a women begins voluntarily actively pushing with 

full dilatation of the cervix (39).  

 

Assessing labour progression 

Methods of assessing labour progression and definitions of slow progress remain unclear, 

mainly due to a lack of consensus regarding the expected progression of labour. This is 

concerning to some as women may undergo unnecessary interventions because slow labour 

progress is poorly defined. Furthermore, applying stages and phases to real situations is 

challenging due to variations in definitions of the onset of labour and transitions between 

phases and stages. Therefore, it is crucial to understand the normal variation in the duration of 

labour (43, 49, 50, 52-55). 
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Emanuel Friedman was the first to describe a comprehensive method of evaluating labour in 

clinical practice (46, 47). In a landmark series of publications, Friedman presented the 

relationship between the duration of labour and cervical dilatation as a sigmoid curve. In 

addition to providing mean estimates of each phase of labour, Friedman included definitions 

of labour protraction and arrest that still guide practice today (48). He also introduced a 

graphical tool for monitoring labour progression, called either a partograph or partogram in 

the literature. This thesis will refer to the tool as a partograph as this is the term accepted by 

the WHO. 

Partographs provide a visual overview of the progression of labour. Midwives and 

obstetricians use the tool to record cervical dilatation, foetal descent and maternal and foetal 

wellbeing during labour and delivery. Originally, the partograph was introduced to prevent 

prolonged labour and improve labour care, especially in developing countries. Use of it during 

labour enables early detection of abnormal advancement, meaning that obstruction of labour 

can be detected in a timely manner and necessary interventions can be provided (3). 

However, evidence regarding the effects of partograph use is inconclusive (3). The WHO 

credited partograph use with decreasing the rate of prolonged labour from 6.4 % to 3.4 %, the 

rate of labours that required augmentation from 20.7 % to 9.1 % and the rate of ICS from 9.9 

% to 8.3 % (56). However, a Cochrane review from 2018 suggested that, overall, use of 

partographs did not significantly affect any primary outcomes, like CS, instrumental vaginal 

delivery or Apgar score less than seven at five minutes (3) .  

Despite this, many birth care units in both high- and low-income settings currently use 

partographs and have reported benefits regarding the quality of care. These benefits are 

derived from the fact that it provides a visual overview of labour progression and enables 

recording of outcomes, auditing of care, training of clinicians, identifying women in need of 

obstetric intervention and transferring of care (57-59). Additionally, in Australia, the 

partograph remains a central element of labour management. However, its form has changed; 

the latent phase and action lines have been omitted. Instead, the emphasis is placed on clinical 

judgement and individual assessment. The partograph provides a comprehensive picture of 

labour, and when used correctly, reduces the need for long tedious documentation, facilitates 

handover and fosters teaching and learning experiences (60). 

Despite a lack of evidence regarding its effectiveness, partographs are still recommended by 

midwifery and obstetrics organisations in high-, middle- and low-income countries (3, 39, 40, 
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56). The Cochrane review of the tool concludes that it seems reasonable to continue using 

partographs until stronger evidence is available due to their widespread use and acceptance 

worldwide (3) . 

 

Partograph designs 

Friedman’s curve 

In 1954, Friedman presented his first publication on labour progression and proposed a 

progression curve based on data from 100 women in labour. For this publication, he 

conducted a series of examinations of nulliparous women who delivered at term at one 

institution during an undefined period. Most women in the sample were admitted while in 

spontaneous labour and delivered vaginally. Friedman assessed changes in cervical dilatation 

through frequent rectal examinations, and vaginal examinations were performed when any 

doubt existed regarding cervical dilatation, particularly when the women had a very soft or 

thin cervix. To minimise the errors associated with inter-observer variability, Friedman 

ensured that almost all examinations were performed and recorded by one individual. The 

examinations were generally performed every one to two hours, depending on the progression 

of labour and the peaks of contractions. To examine the pattern of labour progression in this 

population, Friedman graphed each participant’s labour and cervical dilatation over time on 

square-ruled graph paper, such that the slope of the line was defined as cm/h. Based on this 

assessment, he reported that the curves in all normal cases were S-shaped and varied only in 

slope (46). 

In 1955, Friedman examined data on 500 primiparous women at term (47). He used the same 

approach as in his preliminary analysis, describing the pattern of labour in greater detail and 

noting the average values and limits of what he identified as normal labour. He also 

graphically illustrated the phases and stages of labour (Figure 2). The duration of labour was 

determined retrospectively, starting from the acceleration of cervical dilatation and ending at 

complete dilatation (Figure II). 

The active phase of first stage was defined as the period from 2.5 cm to 10 cm of cervical 

dilatation. For nulliparous women, this phase lasted an average of 4.6–4.9 h, although the 

average time necessary for dilatation from 4 to 10 cm was only 2.6 h and the maximum 
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duration of the active phase of labour was 11.7 h, with a standard deviation (SD) of 2. Based 

on these studies, when dilatation is 4–9 cm, nulliparous women dilate at a mean rate of 3.0 

cm/h, and the slowest acceptable rate is 1.2 cm/h (47, 61). In the study of nulliparous women, 

Friedman determined that the mean duration of the second stage of labour was 57 min (47). 

 
Figure II. Friedman’s labour curve (47). Reprinted with permission of Wolters Kluwer Health, 

Inc. 
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Philpott’s alert and action lines 

In the early 1970s, based on Friedman’s findings, Philpott et al. developed a guideline for 

assessing labour progression and detecting abnormal progression using alert and action lines 

(62, 63). The alert line represents the modified mean rate of cervical dilatation for the slowest 

10 % of nulliparous women in the active phase: 1 cm/h (63). The action line is placed parallel 

to the alert line but begins 2–4 h later. If the action line is crossed, this indicate slow progress 

of labour (62). In 1994, the WHO presented a partograph (56) based on the work of Friedman 

(46, 47) and Philpott (62, 63). The partograph is (Figure III) currently used worldwide as part 

of routine labour care (39, 40). 

 

 

Figure III. WHO partograph (40) developed based on the findings of Philpott et al. Reprinted 

from Managing Complications in Pregnancy and Childbirth: A Guide for Midwives and 

Doctors (2000) with permission from the WHO. 
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The labour scale 

The labour scale (Figure IV) (64) is a modified version of the WHO’s partograph based on 

intrapartum care guidelines published by NICE. Uterine contractions, foetal heart rate, 

membrane status and vital signs are plotted as well as cervical dilatation. This scale allows for 

more comprehensive reporting on the conditions of labour, including cervical dilatation, 

degree of effacement on the cervix, cervical consistency and direction of the cervix (i.e. 

posterior, middle or anterior). 

 

 
Figure IV. The labour scale (64). Reprinted with the permission of John Wiley and Sons. 

 

Zhang’s labour curve 

In a retrospective observational study published in 2002, Zhang et al. presented an alternative 

labour curve based on 1,329 nulliparous women with spontaneous onset of labour and 

spontaneous vaginal birth. The mean duration of the active phase of the first stage of labour 

(i.e. from 4 to 10 cm of cervical dilatation) was 5.5 h (49). There was variation among women 

in this regard; most entered the active phase at dilatations ranging from 3 to 5 cm, but a 

significant number did not reach the active phase until 6 cm of dilatation (49). 
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Zhang et al. (51) replicated these findings in a large multi-centre cohort study conducted in 19 

hospitals across the United States. In this retrospective study, the duration of labour was 

analysed for 62,415 parturients of mixed parity with spontaneous labour onset and 

spontaneous vaginal birth (Figure V). The cohort included 27,170 nulliparous women, each of 

whom vaginally delivered a singleton foetus with cephalic presentation and normal neonatal 

outcomes. Epidural analgesia was performed for 84 % of the women, and oxytocin 

augmentation was performed for 47 % (51).  

 

 

Figure V. Zhang’s labour curve (51). Reprinted with permission of Wolters Kluwer Health, 

Inc.  

 

In Zhang et al.’s cohort, the 95th percentile of active phase dilatation was 0.5–0.7 cm/h for 

nulliparous women. This indicates that cervix dilatation proceeded more slowly than 

historically described. The authors also reported that it may take more than 6 h to progress 

from 4 to 5 cm of dilatation and more than 3 h to progress from 5 to 6 cm (51). Furthermore, 

the maximal slope of the rate of change of cervical dilatation over time (i.e. the active phase) 

did not generally start until at least 6 cm of cervical dilatation was observed (51). The median 

duration of the second stage for nulliparous women without epidural analgesia was 36 min, 

and the 95th percentile was 2 h and 48 min. For nulliparous women with epidural analgesia, 

the median duration was 1 h and 6 min, and the 95th percentile was 3 h and 36 min.  
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Zhang et al. suggested that cervical dilatation was more likely to occur in stepwise, rather than 

linear, manner, which enables assessment of individuals’ labour progression using a more 

flexible approach that they argued would reduce the incidence of CS in cases of dystocia (51).  

 

Neal and Lowe ’s physiologically based partograph 

In 2012,  Neal and Lowe (65) presented a physiologically based partograph for use in 

hospitals to assess the labour progression of low-risk, term, nulliparous women with 

spontaneous labour onset. This partograph (Figure VI) incorporates several evidence-based 

labour principles and is designed to safely limit diagnoses of dystocia (65). 

 

  
Figure VI. Physiologically based partograph developed by Neal and Lowe (65). Reprinted 

with the permission of Elsevier and the Copyright Clearance Center. 

 

Studies such as those of Albers (66, 67), Zhang et al. (49) and Jones et al. (68) have found 

that, normally, the active phase of first stage in nulliparous women lasts longer than 

previously believed. Understanding the physiological pattern of labour is only the first step 

towards optimal labour management. The next, and more difficult, step is to define labour 

abnormality.  

 

Labour dystocia  

The term ‘dystocia’ originates from the Greek word dystokia, a combination of dys 

(‘difficult’) and tokos (‘childbirth’). Therefore, labour dystocia is defined as slow or difficult 
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labour or delivery. Clinicians may also use several related terms, inefficient uterine 

contractions, failure to progress, protracted or arrested labour, prolonged or obstructed labour, 

dysfunctional labour and protracted or arrested descent. 

Labour dystocia is typically diagnosed after a delay in cervical dilatation or foetal descent. It 

is caused by a combination of factors that are traditionally understood to be related to uterine 

contraction, the presentation and position of the foetus and the mother’s bony pelvis (69). 

Inefficient uterine contractions—those that are hypotonic (i.e. contractions are synchronous 

but the pressure during a contraction is insufficiently strong) or hypertonic (i.e. the basal 

tonus is elevated or contractions occur in a way that does not affect the cervix)—are one of 

the main causes of labour dystocia (69). However, labour dystocia can also be caused by 

abnormalities in foetal presentation or position, such as such as foetal head deflection (brow 

or face presentation) or asynclitism. Macrosomia may also be a cause. The maternal pelvis 

can also cause labour dystocia. Before the 20th century, the main reason for CS was rickets. 

Nowadays, a bony pelvis rarely limits vaginal deliveries, even if soft tissue abnormalities in 

the reproductive tract lead to a contracted pelvis (70). Psychological measures obtained during 

pregnancy have shown that the mother’s fear of childbirth and stress are also associated with 

delayed labour (69, 71).  

Labour dystocia can be diagnosed during the active phase of both the first and second stages 

of labour, including the descending and expulsive sub-phases. Based on Friedman’s studies, 

the 95th percentile of nulliparous women in the protracted active phase have a cervical 

dilatation of less than 1.2 cm/h (47). Zhang et al. determined the slowest statistically normal 

duration of labour for the 95th percentile of nulliparous women, measuring the time required 

to dilate 1 integer cm to the next: 6.4 h to dilate from 4 to 5 cm, 3.2 h to dilate from 5 cm to 6 

cm, 2.2 h to dilate from 6 cm to 7cm, 1.6 h to dilate from 7 cm to 8 cm, 1.4 h to dilate from 8 

cm to 9 cm and 1.8 h to dilate from 9 cm to 10 cm. It remains unclear whether the parameters 

for the 95th or 90th percentile best define abnormal labour progression (51). 

Labour dystocia in the second stage of labour can be identified only by the progression of 

descent of the foetal head. The normal upper limit for the duration of the second stage of 

labour in nulliparous women was determined to be 2 h (72), due to a landmark 1952 study, the 

infant mortality rate was reported to increase after 2.5 h, and hence the two-hour rule became 

the standard (73). Later, Cohen et al.’s work caused the upper limit for the duration of the 

second stage to be increased by an additional hour when epidural analgesia was applied (74). 
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Thus, until recently, the normal duration of the second stage of labour for nulliparous women 

was defined as either 2 or 3 h (75). According to Zhang et al. (51), a prolonged second stage 

in nulliparous women was defined as 3.6 h for those with epidural analgesia and 2.8 h for 

those without the intervention (51). 

Studies have reported that about 21–44 % of nulliparous women experience a delay in labour 

(76-81). The exact incidence of dystocia during delivery remains unknown as it is difficult to 

assess due to the different study populations, definitions and clinical practices applied in 

relation to the condition. This has led experts to recognise that labour dystocia might be over-

diagnosed, and many women with normal labour progression may unnecessarily receive 

treatment. Neal et al. stated that inconsistent terminology makes it difficult to communicate 

effectively within and across clinical settings and limit the ability to use research results to 

improve labour care (82). 

 

Oxytocin 

Endogenous oxytocin is a neuropeptide hormone mainly produced in the hypothalamus and 

pulsatile-released into the circulatory system via the pituitary gland. Oxytocin is essential in 

human physiology; its role in parturition and lactation is well established, it has been shown 

to regulate social behaviour (83, 84) and, in the last few decades, researchers have theorised 

that it is involved in the human stress response. However, studying the nature of the 

mammalian oxytocin is complicated, and so most of our knowledge about the physiological 

regulation and secretion of oxytocin during labour is derived from investigations of animals 

(85), and detailed analysis of oxytocin in plasma has demonstrated wide variations in 

secretion and concentration during the pregnancy and labour of mammals. 

There is overwhelming evidence that oxytocin and oxytocin receptors play a role in the 

parturition process, but the nature of its involvement and the extent to which it is necessary in 

pregnancy and labour is still under investigation. Uterine oxytocin receptors are of particular 

interest in research, as these receptors increase at term in all mammals and oxytocin 

production dramatically increases, depending on the site of expression (i.e. the myometrium 

or decidua/uterine epithelium).  

 



21 
 

Augmentation with oxytocin 

In 1954, the American biochemist Vincent du Vigneaud was the first to sequence and 

biochemically synthesise oxytocin, for which he earned the Nobel Prize in Chemistry one 

year later (86). Since synthesised oxytocin, known as Syntocinon®, became accessible to birth 

attendants, it has been increasingly administered during labour to induce the latent phase of 

the first stage or augment the active phase of the first stage or the entire second stage. During 

the active phase of the first stage of labour, augmentation is intended to increase the 

frequency, duration and intensity of contractions in order to shorten labour and prevent 

adverse outcomes, such as instrumental vaginal delivery or ICS. It can also be administered 

for prophylaxis and/or treatment of haemorrhage after the baby is born. 

In a Cochrane systematic review, Bugg et al. reported an association between oxytocin 

administration and reduction in the mean duration of labour by approximately 2 h. However, 

there was no decrease in the rates of CS or improved maternal or foetal birth outcomes (87). 

Indeed, observational studies have reported that oxytocin augmentation is associated with 

adverse outcomes for mothers and neonates. Bernitz et al. reported an increased risk of 

instrumental vaginal delivery and episiotomy for women who received oxytocin during labour 

without labour dystocia (88). Additionally, in a Swedish population-based register study of 

106,755 deliveries, there was a significant association between oxytocin use and operative 

delivery, ICS and anal sphincter ruptures (89). For neonates, oxytocin administration was 

associated with low Apgar scores as well as increases in the transfer rate of new-borns to the 

neonatal intensive care unit (89).  

Oxytocin is a potent medication and is included in the list of high-alert medications published 

by the Institute for Safe Medication Practices in the US (90). High doses of oxytocin can 

cause sustained tetanic uterine tachysystole (89, 91-95) and highly unfavourable results. 

Additionally, Jonsson et al. showed that a hyperactive uterine contraction pattern, usually 

caused by over-stimulation by oxytocin, is strongly associated with foetal distress and 

academia at birth (91, 93). In a Swedish study, incautious use of oxytocin was determined to 

be the cause of severe asphyxia in 71 % of cases (95). Further, a high proportion of obstetric 

malpractice claims in the US (92) and in Norway (96) have been associated with incautious 

oxytocin use.  
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To improve the management of labour and reduce adverse neonatal outcomes, checklists and 

different standardised protocols for oxytocin administration have been recommended (92, 97, 

98), with positive results. However, augmentation with oxytocin infusion is still widely used 

worldwide to treat labour dystocia (31, 99-101). In fact, obstetric interventions during labour 

have increased in recent decades (31, 101). In 2014, the Norwegian Society of Obstetrics and 

Gynaecology updated the  guidelines for augmentation of labour, as shown below(44). 

Oxytocin infusion 

• 1 ml (8.3 microgram/ml = 5 IU/ml) of oxytocin should be administered in 500 ml of 

normal saline. 

• The infusion rate should start at 6 milliunits/minute (30 ml/h) 

• Dosage should be increased in intervals of 3 milliunits/minute (15 ml/h) every 15 

minutes. 

• The maximum dose is 40 milliunits/minute (180 ml/h). 

Regimen 

• Oxytocin augmentation is recommended in women with ineffective contractions. 

• Amniotomy should be performed before oxytocin augmentation is started.  

• The doses described above are recommended until progress in labour or regular 

contractions (3–5 every 10 min) are achieved. 

• Use of 1 IU (0.2 ml) oxytocin intra muscular (or intra venous) during the final stage 

of labour should be avoided because of increased risk of hyperstimulation and 

subsequent foetal distress. In exceptional cases, it might be indicated when the foetal 

head is supposed to be delivered during the next contraction.  

• Oxytocin augmentation should not be used in situations with shoulder dystocia. 
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Aims of the study 

The overall aim of this thesis is to investigate the way in which two different guidelines for 

assessing labour progress (one based on Friedman’s and Philpott’s research, referred to as the 

WHO partograph, and one based on Zhang and co-worker’s research, referred to as Zhang’s 

guideline), affect maternal and neonatal outcomes related to delivery of a singleton infant 

among nulliparous women with cephalic presentation and spontaneous onset of labour at 

term.  

 

Hypothesis and objectives  

We hypothesised that adhering to Zhang’s guideline would decrease the rate of ICS among 

low-risk nulliparous women, compared to adhering to the WHO partograph, without 

jeopardising the outcomes of the mother or neonate. The null hypothesis is that there is no 

difference in the probability of ICS between the two guidelines. 

 

Specific objectives 

• To compare the impacts of adhering to Zhang’s guideline for labour progression and 

the WHO partograph on the rate of ICS in nulliparous women (Paper I). 

• To compare the use of oxytocin augmentation during labour in nulliparous women 

when adhering to Zhang’s guideline and to the WHO partograph (Paper II). 

• To compare the duration of different phases of labour when adhering to Zhang’s 

guideline and the WHO partograph (Paper III). 
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Methods 

To test the hypothesis, a cluster randomised controlled trial (cRCT) was conducted. We 

planned, initiated, obtained and terminated the Labour Progression Study (LaPS) according to 

the signed protocol. All the data presented in the three papers included in this thesis were 

collected from the LaPS. A detailed description of the study design is presented below.  

 

Study design 

A cRCT is one in which intact social units or clusters of individuals, rather than individuals, 

are randomised to different intervention groups (Figure VII). The cluster randomisation 

design has become particularly common for evaluating interventions, including educational 

programmes and innovations in the provision of health care (102). Our choice of randomising 

on a hospital level rather than the individual level was due to the risk of contamination, which 

would be particularly high if the mothers who received the control intervention were treated 

by the same midwife or physician that treated other mothers with the new intervention and 

vice versa (102). 

 

 

Figure VII. Illustration of individual and cluster randomised controlled trial.  

 

 

Individual randomisation Cluster randomisation 
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Study setting 

Maternity care in Norway is organized so that all women in Norway are offered free health 

care during pregnancy and delivery. Specifically, they are entitled to antepartum care from a 

midwife at a maternity and child health care centre (in Norwegian, helsestasjon) or from their 

general practitioner. Approximately 60,000 babies are born annually in Norway. Almost all 

intrapartum care (more than 99 % of cases) is administered in government-owned institutions, 

apart from a few independent midwives who offer home birth for low-risk women. 

Uncomplicated deliveries are supervised by midwives with little involvement from 

obstetricians, and complicated deliveries are managed by midwives together with 

obstetricians. According to parliament report (white paper) number 43 (1999–2000), in 2001, 

the Norwegian Parliament decided to organise national birth care into three levels of 

institutions: (1) specialised obstetric units in larger hospitals that provide all birth care 

services and have a neonatal intensive care unit as well as an obstetrician, paediatrician and 

anaesthesiologist available 24 hours a day; (2) obstetric units in smaller hospitals with an 

obstetrician and anaesthesiologist on call; and (3) midwife-led units, both alongside within 

hospitals and free-standing, that provide care for women with a low risk of complications. In 

case of complications or a change in risk status, women receiving level 3 birth care are 

transferred to a level 1 or 2 hospital. Norway is divided into four geographic health regions 

(North, Middle, West and South-East) containing 45 birth institutions of which 24 birth units, 

has more than 500 deliveries in 2018. All maternity care is free of charge, and doctors and 

midwives are publicly employed and receive a fixed regular salary. 

 

Power calculation 

The ICS rate was used as the basis for calculating power. The sample size (i.e. the number of 

clusters and individuals) was based on the proportion of ICS (9.2 %) relative to the total 

number of deliveries in the 24 eligible hospitals at the time of calculation (i.e. 2012). We 

believed that a 25 % reduction in the ICS rate was possible based on an examination of 100 

partographs of women diagnosed with labour dystocia according to the WHO partograph for 

labour progression who underwent an ICS, although 25 (25 %) would not have been 

diagnosed with labour dystocia according to Zhang’s guideline. To achieve 80 % power to 

detect a 25 % relative reduction in ICS use with Zhang’s guideline, a probability of p < 0.05 
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and a between-cluster variation coefficient of 0.08, we would have to include at least 14 

obstetric units and 6,582 participants. 

 

Participating clusters 

To perform the study within a reasonable period of time, only obstetric units with more than 

500 births annually were included. To ensure representative selection of the obstetric units, all 

geographical health regions in Norway were included. At the time of inclusion, 24 obstetric 

units were assessed for eligibility. All units that could adhere to the protocol were considered 

eligible.  

 

Randomisation, recruitment and inclusion processes 

The obstetric units, acting as clusters, were randomly assigned (1:1) to the control group, 

which adhered to the WHO partograph, or to the intervention group, which adhered to 

Zhang’s guideline. The randomisation was computer-generated, stratified by the proportion of 

previous ICSs and the number of deliveries and was conducted in the Unit of Biostatistics and 

Epidemiology at Oslo University Hospital, Oslo, Norway, in September 2014. 

After random allocation of the obstetric units and before inclusion of the participants, the staff 

in all obstetric units completed a programme on the trial protocols. The programme provided 

information about the trial and thorough instructions regarding the use of the assigned 

guidelines. Written information about the trial and guidelines were printed on posters and 

made constantly available to midwives and obstetricians in the units. In each obstetric unit, 

there was one dedicated person (a local coordinator) who was responsible for the trial, 

including recruiting and including the participants and entering the required data. 

Researchers from the LaPS group revisited the units to ensure consistency and strict 

adherence to the allocated guidelines. Every Monday during the study period, one of the 

members of the LaPS research group contacted the local coordinators for a weekly update on 

the trial and to determine whether they needed assistance or motivation.  



27 
 

Participating individuals 

The inclusion criteria for the participating individuals were as follows: nulliparous women 

delivering a singleton foetus with cephalic presentation and spontaneous onset of active 

labour at week 37 of gestation or later. The participants were thus within group 1 according to 

the Ten Group Classification System (TGCS) proposed by Robson (103). The TGCS, also 

known as the Robson classification, is used as a global standard for assessing, monitoring and 

comparing CS rates. It classifies women into 10 groups based on their obstetric 

characteristics, including parity, previous CS, gestational age, onset of labour, foetal 

presentation and number of foetuses. The categories are totally inclusive and mutually 

exclusive. The classification system does not take into account pre-pregnancy body mass 

index (BMI), chronic diseases or complications during pregnancy.  

The estimated date of delivery was based on a second-trimester ultrasound scan. At this 

examination or at the time of admission to the labour ward, eligible women received written 

information about the trial and a consent form. All TGCS group 1 women adhered to the 

guideline to which their obstetric unit was assigned. Women who understood the Norwegian 

language and provided their informed consent were included in the analysis. 

 

Intervention 

The LaPS trial investigated the active phase of the first stage of labour and the second stage. 

Spontaneous onset of active labour was defined as at least 4 cm of cervical dilatation with 

regular contractions. Seven birth care units were randomised to the intervention group 

adhering to Zhang’s guideline, and seven birth care units were randomised to the control 

group adhering to the WHO partograph.  

For women adhering to Zhang’s guideline, labour dystocia was diagnosed if cervical 

dilatation did not meet the expected progression of dilatation for the 95th percentile. The time 

limits were as follows: 6 h and 30 min to dilate from 4 to 5 cm, 3 h and 15 min to dilate from 

5 to 6 cm, 2 h and 15 min to dilate from 6 to 7 cm, 1 h and 30 min to dilate from 7 to 8 cm, 1 

h and 30 min to dilate from 8 to 9 cm, and 1 h and 45 min to dilate from 9 to 10 cm. Labour 

dystocia in the second stage was diagnosed if the descending phase lasted longer than 1 h and 
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45 min (2 h and 30 min for women with epidural analgesia) or if the expulsion phase lasted 

longer than 1 h. 

 

For women adhering to the WHO partograph for labour progression, labour dystocia was 

diagnosed if cervical dilatation was slower than one centimetre per hour assessed after 4 h, 

which is after the 4 h action line was crossed. Labour dystocia was diagnosed in the second 

stage if the descending phase lasted longer than 1 h (2 h for women with epidural analgesia) 

or if the expulsion phase lasted longer than 1 h. 

 

If labour dystocia was diagnosed, the guideline for treatment of insufficient contractions was 

followed in all birth care units in both the intervention and control groups. In the 14 included 

birth care units, oxytocin was administered as an intravenous infusion of 5 IE in 500 ml of 

saline, and the infusion rate began at 300 mU/hour with a dose increment of 150 mU/hour 

every 15 min until a satisfactory number of contractions were obtained or until the maximum 

dose of 1,800 mU/hour was reached, according to the Norwegian guidelines for augmentation 

of labour (104). 

 

Documentation process 

All the clinical outcomes were registered in a web-based case report form (web-CRF) 

designed by the Unit of Applied Clinical Research at the Norwegian University of Science 

and Technology (NTNU) to ensure that all variables entered by the local coordinators were 

equally presented. The system was transparent so that all corrections could be traced with 

dates and signatures. Local coordinators only had access to their own case report forms, and 

they were responsible for checking that all the entered data were de-identified, complete and 

accurate. For quality control, one of the researchers in the LaPS research group checked 

whether all the required boxes in the case report form contained accurate information. Before 

closing the database, two of the LaPS research group members conducted a final check of all 

variables for quality control purposes. When missing data were identified, the local 

coordinators were contacted and asked to search for the missing data in the patient’s medical 

record. If implausible values were found, the local coordinators were asked to correct or 

verify the values.  
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Variables used in each paper 

Paper I 

Paper I aimed to investigate whether there were differences in clinical consequences for the 

TGCS group I women adhering to Zhang’s guideline (51) and those adhering to the WHO 

partograph (40) .  

The primary outcome was the frequency of ICS use. The secondary outcomes were as 

follows: 

• Operative vaginal delivery 

• Artificial rupture of the membranes 

• Augmentation with oxytocin 

• Epidural analgesia 

• Blood transfusion 

• Episiotomy  

• The degree of obstetric anal sphincter injury (OASIS) 

• Apgar score of less than 7 at 5 min 

• Arterial umbilical cord pH of less than 7.00 

The descriptive statistics measured labour duration, labour dystocia according to the allocated 

guidelines and labour dystocia as an indicator of ICS. 

All of the analyses in paper I were based on all included women, except for the analyses of 

episiotomy and OASIS, which were restricted to women with vaginal deliveries, and the 

calculation of labour dystocia as an indicator of ICS, which was restricted to women who 

received ICS. 

 

Paper II 

Paper II aimed to provide detailed knowledge and descriptive statistics about the use of 

augmentation with synthetic oxytocin during labour in accordance with Zhang’s guideline 

(51) or the WHO partograph (40) . Analyses were conducted to assess the effects of the two 

different guidelines on nulliparous women. 
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The following outcomes were measured:  

• The proportion of oxytocin augmentation during labour 

• Duration of oxytocin augmentation (in minutes) 

• Maximum dose of oxytocin (in ml/h) 

• Dose when initiating augmentation 

• Cervical dilatation when initiating augmentation  

• Proportion of cases in which oxytocin was discontinued 

• Proportion of cases with labour dystocia according to the allocated guideline 

• Cervical dilatation when labour dystocia was diagnosed 

All analyses in Paper II were based on all included women, except for the analyses of the 

duration of oxytocin administration, maximum dose of oxytocin administration and cervical 

dilatation when initiating oxytocin, which were restricted to women who were treated with 

oxytocin infusion to augment contractions. 

 

Paper III 

Understanding the normal variations in labour duration is important, and these variations 

should be considered when identifying slow labour progress. Thus, Paper III aimed to 

investigate the duration of different phases of active labour among women in TGCS group 1 

when adhering to Zhang’s guideline (51) or the WHO partograph (40) . 

The outcomes measured in the paper were: 

• The duration of total time in active labour,  

• The duration of the active phase of the first stage,   

• The duration of the second stage.  

The duration of total time in active labour was defined as the time from the first registration 

of cervical dilatation of at least 4 cm until the delivery of the baby, either vaginally or by ICS. 

The duration of the active phase of the first stage was defined as the time from the first 

registration of cervical dilatation of at least 4 cm until the cervix is fully dilated at 10 cm or 

ICS is performed. The duration of the second stage was defined as the time from full 

dilatation of the cervix until the baby was born vaginally or via ICS.  
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The descriptive statistics in median and the 95th percentile from one integer centimetre to the 

next centimetre of cervical dilatation were presented for each treatment group and subdivided 

into vaginally delivered and for those with an ICS.  

 

Computing of time variables for the different delivery phases and stages 

The length of the active phase of the first stage of labour was re-coded based on cervix 

dilatation data from the web-CRF. In the web-CRF, dilatation data could be entered for every 

half hour from the start of partograph registration. If cervix dilatation was not examined, the 

corresponding data point was not filled in the web-CRF. The duration of the second stage was 

directly registered in the web-CRF. The total length of active labour was computed as the sum 

of the length of the active phase of the first stage and the duration of the second stage.  

 

Estimated duration of progression to the next centimetre of dilatation 

The duration of progression to the next centimetre of dilatation was estimated. Women with at 

least two cervical dilatation measurements during active labour were included in these 

calculations. Progression was estimated as a maximum of six separate time intervals during 

the first stage of the active phase: 4–5 cm, 5–6 cm, 6–7 cm, 7–8 cm, 8–9 cm and 9–10 cm of 

cervical dilatation.  

The progression depended on each participant’s cervical dilatation at admission. That is, 

women who were admitted at a cervical dilatation of 4 cm and who reached dilatation of 10 

cm would progress through six time intervals, while those who were admitted at a dilatation 

of 5 cm would progress through five time intervals, and so on. For the women who reached 

full cervical dilatation, the starting point of each time interval is the first registration of a 

specific centimetre and the end point is the first registration of the consecutive centimetre. If 

the consecutive centimetre was not observed but advanced cervical dilatation was observed at 

a later time point, the time to the consecutive centimetre was estimated by linear interpolation 

between the two consecutive measurements. The starting point of an interval was estimated in 

the same way if the specific cervical dilatation was not observed but an advanced cervical 

dilatation was observed at a later time point.  
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For women who underwent ICS before full cervical dilatation, the last registered cervical 

dilatation was considered the end point of the last time interval; that is, the time interval was 

right-censored. These women contributed with the their unique observation time in this 

interval, which was set to the period from when they entered the interval until ICS was 

performed.  

 

Statistics 

Statistical analyses 

In all three papers, the demographic and baseline characteristics of the treatment group were 

descriptively summarised. All efficacy analyses were based on the size (i.e. point estimate) of 

the difference between the treatments and the 95 % confidence interval (CI) and p-values of 

the corresponding statistical hypothesis test as supporting information. A two-tailed p-value 

of 0.05 or less was considered significant. The adjusted risk ratio, risk difference and mean 

difference with confidence intervals were estimated using the delta method (105). In addition, 

the intraclass correlation coefficient (ICC) was estimated by the logistic mixed model. The 

ICC is a descriptive statistic that can be used when quantitative measurements are performed 

on units that are organised into groups, and it describes how strongly units in the same group 

resemble each other (Figure VIII). 

 

 ICC=   𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑊𝑊𝑊𝑊𝑊𝑊ℎ 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

 

 

Figure VIII. Illustration of intraclass correlation.  
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The analyses were conducted according to the intention-to-treat principle and aimed to 

estimate the effect of the two guidelines. All statistical analyses were performed using Stata, 

version 15 (2015, Stata Statistical Software, Release 15.1, College Station, TX, USA), except 

for the analyses of the duration of progression from one centimetre interval to the next, which 

were analysed using the statistical programme R, version 3.5.0. 
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Overview of the efficacy analyses 

Table 1. Efficacy analyses used in Papers I–III. 

Paper Statistical analyses   

I Mixed logistic regression model ICS 

Operative vaginal delivery 

Rupture of the membranes 

Oxytocin 

Epidural analgesia 

Blood transfusion 

Apgar score 

Umbilical cord pH  

Episiotomy  

OASIS 

Labour dystocia 

Labour dystocia as an indicator of ICS  

II Mixed logistic regression model Oxytocin augmentation  

Cervical dilatation when initiating augmentation with 

oxytocin 

Proportion of cases in which oxytocin was discontinued 

Proportion of cases with labour dystocia according to the 

allocated guideline 

Cervical dilatation when labour dystocia is diagnosed 

 Generalised linear mixed 

gamma model 

Duration of oxytocin augmentation  

Maximum dose of oxytocin augmentation  

Dose of oxytocin when initiating augmentation 

III Parametric survival analysis Duration of total time in active labour 

Duration of the active phase in the first stage  

Duration of second stage  

 

 

Mixed logistic regression model 

The mixed logistic regression model was used in Papers I and II to assess the differences 

between the dichotomous variable endpoints. Obstetric units were used as a random intercept, 
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and the treatment strategy was used as a fixed effect. In the model, we adjusted for the 

stratification variables (annual ICS rates and number of deliveries) and for the predefined 

covariates that are considered potential risk factors for ICS at an individual level. These 

predefined covariates were maternal age, BMI, marital status and educational level of the 

mother. The predefined covariates of the neonates were birthweight and head circumference.  

 

Generalised linear mixed gamma model 

A generalised linear mixed gamma model with a logarithmic link function was used for 

continuous outcomes. In this model, birth care units served as random intercepts and the 

treatment strategy served as the fixed effect. We adjusted for the stratification variables 

(annual ICS rates and number of deliveries) and for the following predefined covariates: 

maternal age, BMI, marital status and educational level of the mother. The predefined 

covariates of the neonates were birthweight and head circumference.  

 

Parametric survival analysis 

The time-to-event variables were analysed using a mixed Weibull regression model with 

cluster as the random intercept and treatment strategy as the fixed effect. We adjusted for the 

same covariates as in the mixed logistic regression and generalised linear mixed gamma 

models in addition to the first registration of cervical dilatation. The analysis results were 

presented as adjusted estimated group-specific marginal median times and adjusted study 

group differences. The accelerated delivery time factor was also given. This factor was used 

to quantify how slow or fast the birth progressed for the women in the intervention group 

compared to those in the control group. 

The aim of survival analysis is to investigate data regarding the time to some event of interest. 

In some cases, the exact event of interest has not occurred, and hence the time is unknown 

and thus the individuals are censored. Table 2 presents an overview of the time-to-event 

variables in Paper III, the events of interest and whether or not censoring was performed for 

the three variables. Right censoring happened when the event of interest did not occur in an 

individual during the trial, while left censoring happened when the event had occurred in the 

individual before the study started. 



36 
 

Table 2. Overview of the time-to-event variables, events of interest and censoring. 

 Event of interest Censoring 

Total time in active labour  Delivery No censoring  

Duration of the active phase of the first stage Cervical dilatation = 10 cm Censoring for ICS  

Duration of the second stage  Delivery No censoring. ICS 

cases in first stage 

were not included 

 

Delivery was defined as the event of interest for the variable ‘total time in the active labour’. 

The total time in active labour, from the first partograph registration (≥ 4 cm) to delivery 

(either vaginally or via ICS), was registered for all participating women. No unobserved event 

was found in this analysis, and thus no censoring was performed. The event of interest for the 

outcome ‘duration of the active phase in the first stage’ was cervical dilatation of 10 cm. Thus 

the women with ICS in the first stage were right-censored at the time of ICS. For the outcome 

‘duration of the second stage’, delivery (either vaginally or via ICS), was the event of interest 

and women with ICS in the first stage of labour were left-censored at the time of ICS and not 

included in this analysis.  

 

Robustness analyses 

Robustness analyses were performed in Paper I. These analyses were conducted on hospital-

level covariates in 2013 because of the time gap between assessment of the stratification 

variables in 2012 and the onset of the study. Additional robustness analyses included non-

adjusted models and models adjusted only for hospital-level covariates. Robustness analyses 

for umbilical cord artery pH variables that were less than 7.0 were performed with imputation 

of the worst outcome. 

Missing data 

Assessments of missing data were based on a blind review of the data. All included women 

were assessed to determine their birth delivery method, and thus there were no missing data 

for the primary endpoint. Only 0.3 % of observations were missing for the covariate of BMI, 

and 0.8 % of values were missing for cohabitant status. Given the low rate of missing data, we 
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decided to use a stochastic linear regression single imputation (106) for BMI and used a 

cohabitant status of ‘not known’ as a category in addition to ‘cohabitant/married’ and ‘single’. 

The secondary outcomes also had no missing data, except for the umbilical cord artery pH 

variables, for which 33.1 % of values were missing. For this endpoint, the main analyses were 

imputed with the best outcome. The best outcome for the variable of dichotomous umbilical 

cord artery pH was a pH value above or equal to 7.0. The choice to perform imputation with 

the best or worst outcome was discussed in the research group. Imputation was performed 

with the best outcome given that the study population was generally healthy, and it was 

expected that fewer new-borns would have low umbilical cord artery pH.  

 

Ethical considerations 

The study was performed in accordance with the ethical standards of research and the 

Helsinki declaration (107). The managers at all participating obstetric units signed a 

cooperation agreement in which they agreed to adhere to the protocol. The participating 

women received written information about the trial and were asked to provide informed 

consent to include their data in the analysis. The participants did not have the opportunity to 

choose a different guideline since the obstetric units were randomised. However, they were 

informed about the option to go to another hospital for labour care. Neither the obstetric units 

nor the participants were compensated financially. The study was approved by the Regional 

Committee for Medical and Health Research Ethics (no. 2013/1862/REK Sør-Øst) and 

registered with ClinicalTrials.gov (no. NCT02221427). 
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Results 

In total, 24 obstetric units were eligible to participate in the LaPS. Ten obstetric units were not 

able to participate in the study. Three hospitals had other ongoing projects, three abstained 

from participation and four did not participate for other reasons. Between August 2014 and 

September 2014, a total of 14 clusters were enrolled in the LaPS (Figure IX). 

Between December 2014 and January 2017, a total of 11,615 women were considered eligible 

to participate in the trial. Among these women, 5,421 were assigned to units in the control 

group and 6,194 were assigned to units in the intervention group. In the control group, 2,100 

did not give signed consent to participate and 16 abstained from participation. In the 

intervention group, 2,181 did not give signed consent to participate and 41 abstained from 

participation. Thus, 7,277 (62.7 %) of the 11,615 eligible women were included in the trial. 

The two study groups were well-balanced in relation to their characteristics, except for 

variations in civil status (Table 3). 
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Figure IX. Inclusion of hospitals and participants in the LaPS. 
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Table 3. Baseline characteristics of included hospitals and participants. 

Zhang group WHO group 

Hospitals 

(n=7) 

Participants 

(n=3972) 

Hospitals 

(n=7) 

Participants 

(n=3305) 

No. (%) or mean (SD) 

Hospital characteristics 

Deliveries per year 

 ≥500 to <1000 0 0 1 133 (1.8) 

 ≥1000 to <3000 6 2688 (36.9) 5 2100 (28.8) 

 ≥3000 1 1284 (17.6) 1 1072 (14.7) 

Maternal characteristics 

Age at delivery 

 <25 (years) 971 (24.4) 784 (23.7) 

 25–35 (years) 2679 (67.4) 2275 (68.8) 

 ≥35 (years) 322 (8.1) 246 (7.4) 

Civil status 

(Cohabitant or married) ** 

3741/3946 (94.8) 3137/3271 (95.9) 

Higher education ≥12 years 2412 (60.7) 2017 (61.0) 

Smoking during first trimester 

** 

230/3963 (5.8) 210/3247 (6.5) 

Pre-pregnant BMI † 

 Mean ** 23.6/3966 (4.3) 23.8/3287 (4.3) 

 Range 

 <18.5 172 (4.3) 142 (4.3) 

 18.5–24.9 2692 (67.9) 2178 (66.3) 

 25–29.9 764 (19.3) 688 (20.9) 

 ≥30 338 (8.5) 279 (8.5) 

Neonatal characteristics 

Gestational age at onset of 

active labour (days) 

281 (7.0) 281 (8.0) 

Birthweight (gram) 3528 (427) 3518 (414) 

Head circumference (cm) 35.0 (1.4) 35.0 (1.4) 

Sex (female) 1983 (49.9) 1661 (503) 
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Only women who provided informed consent were included in the analysis. Due to a lack of 

consent, a total of 4,338 (37.3 %) women were not included in the trial. However, their basic 

characteristics are presented. The groups showed differences in the proportion of women aged 

35 years old or older, those who were cohabitants/married, those who attended higher 

education and those with low BMI between the included and non-included women during the 

trial period (Table 4). 

 

Table 4. Comparison of baseline characteristics of the included and non-included women. 

 Included 

women 

n=7277 

Missing Non-included women 

n=4338 

Missing P-value 

Maternal characteristics      

Age at delivery (years)* 28 ± 4  28 ± 5 1 1.0 

≤ 25 1755 (24.1)  1026 (23.7)  0.57 

25-35 4954 (68.1)  2923 (67.4)  0.44 

≥35 568 (7.8)  388 (8.9)  0.03 

Cohabitant or married 6878 (94.5) 60 3976 (91.7) 24 <0.001 

Higher education ≥ 12 

years 

4429 (60.9) 

 

 2387 (55.0) 70 <0.001 

Smoking first trimester 440 (6.0) 67 224 (5.2) 10 0.05 

Pre-pregnant BMI *† 24 ± 4 24 24 ± 4 197 1.0 

 ≤ 18.5 314 (4.3)  220 (5.1)  0.06 

18.5–24.9 4870 (66.9)  2725 (62.8)  <0.001 

25.0–29.9 1452 (20.0)  824 (19.0)  0.2 

 ≥ 30.0 617 (8.5)  372 (8.6)  0.86 

Gestational age at onset of 

active labour (days)* 

281 ± 7  281 ± 8 7 1.0 

Numbers are provided as no. (%) unless otherwise stated. *Values are means ± SD. †BMI is 

an individual’s weight in kilograms divided by the square of their height in metres.  
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Main results 

As the results are described in detail in each of the papers, only a summary of the main results 

is provided here.  

 

Paper I 

The main outcome measure in this paper was the rate of ICS. In the pre-intervention period, 

the proportion of ICS among the TGCS group 1 women were 9.3 % and 9.5 % in the 

intervention (i.e. Zhang) and control (i.e. WHO) groups, respectively. ICS was administered 

to 271 patients (6.8 %) in the Zhang group and 196 patients (5.9 %) in the WHO group. The 

adjusted relative risk of ICS in both the Zhang and WHO groups was 1.17 (95 % CI, 0.98–

1.40) with an adjusted risk difference of 1.0 % (95 % CI, -0.1–2.1). We did not find any 

significant differences between the compared groups. There were no differences between the 

groups in terms of operative vaginal delivery, artificial rupture of membranes, augmentation 

with oxytocin, epidural analgesia, blood transfusion, episiotomy or anal sphincter injuries. 

There were also no significant differences in outcomes for the new-borns (i.e. Apgar score 

after 5 min) or neonates (i.e. umbilical cord artery pH). 

 

Paper II 

The objective of this paper was to compare the use of oxytocin augmentation during labour 

among nulliparous women in the Zhang and WHO groups. Oxytocin was used for 1,658 (42 

%) women in the Zhang group and 1,561 (47 %) women in the WHO group. The adjusted 

relative risk of oxytocin augmentation in the Zhang group was 0.98 % (95 % CI = 0.84–1.15; 

p = 0.8), while that of the WHO group was −0.8 % (95 % CI = −7.8–6.1). We observed no 

significant difference in the proportion of oxytocin augmentation between the two study 

groups. However, there were differences in the use of oxytocin during labour. The 

participants in the Zhang group were less likely to be administered oxytocin for augmentation 

prior to cervical dilatation of 6 cm (24 %) compared to participants in the WHO group (28 

%), with an adjusted relative risk of 0.84 % (95 % CI = 0.75–0.94; p = 0.003). On average, 

oxytocin was administered for almost 20 minutes longer in the Zhang group than in the WHO 

group, with an adjusted mean difference of 17.9 minutes (95 % CI = 2.7–33.1; p = 0.021). In 
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addition, more women in the WHO group (23 %) than in the Zhang group (19 %) were given 

oxytocin for augmentation without a diagnosis of labour dystocia.  

 

Paper III 

The objective of this paper was to compare the duration of different phases of labour in the 

Zhang and WHO groups. We found that labour had a longer overall duration, from the first 

registration of cervical dilatation (≥4 cm) to delivery of the baby, in the Zhang group than in 

the WHO group. The adjusted median duration of labour was 7.0 h in the Zhang group and 

6.2 h in the WHO group (median difference = 0.84 h; 95 % CI = 0.2–1.5). Furthermore, the 

first and second stages of labour had a longer duration for women in the Zhang group than 

those in the WHO group. The adjusted median duration of first stage was 5.6 hours in the 

Zhang group and 4.9 hours in the WHO group (median difference = 0.66 hours; 95 % CI = 

0.1–1.2), and the adjusted medians of the second stage were 88 and 77 minutes for the two 

groups, respectively (median difference = 0.18 hours; 95 % CI = 0.1–0.3).  
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Discussion 

This thesis consists of three original papers, all of which are based on data collected in a 

cRCT. The main aim of the trial was to investigate the way in which two different guidelines 

for assessing labour progress affect maternal and neonatal outcomes related to delivery. This 

chapter compares and discusses the main results of the three papers in relation to previous 

studies. Furthermore, the methodological strengths and limitations of the papers are discussed 

to illuminate the extent to which limitations may have influenced the findings.  

 

Discussion of results in Papers I–III 

Paper I  

The main aim of this paper was to investigate whether the frequency of ICS differed when 

adhering to the WHO partograph or Zhang’s guidelines for assessing labour progression 

based on real-world evidence. We observed that the frequency was reduced in both the Zhang 

and WHO groups by 26.5 % and 37.8 %, respectively.  

Consortium on Safe Labor was a multicentre retrospective study included 228,668 deliveries 

performed between 2002 and 2008, which abstracted detailed labour and delivery information 

from electronic medical records in 19 hospitals across the United States. (45). Based on data 

from the Consortium on Safe Labor, Zhang et al. (51, 108) published their research on labour 

progression in 2010. In 2014, the ACOG and the Society for Maternal-Fetal Medicine 

published recommendations regarding safe clinical strategies to prevent primary CS. After 

these works, there was controversy regarding whether the new curves and recommendations 

should be adopted (50, 109-111) as observational studies with different designs produced 

inconsistent results. 

 

In 2014, Thuillier et al. conducted a before-and-after study (112) by implementing the new 

ACOG consensus recommendations (45) at Poissy-Saint Germain Hospital in France. The 

guidelines changed the cut-off point between the latent and active phases of the first stage of 

labour from 4 to >6 cm. The authors found a decrease in the rate of ICS after implementation 

of new recommendations from 9.4 % in the pre-guideline period to 6.9 % in the post-

guideline period (112). A similar study conducted by Wilson-Leedy et al. in Pennsylvania 
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(113) examined the adoption of new labour guidelines for nulliparous women. Within the 

small retrospective cohort, the rate of CS decreased from 26.9 % to 18.8 % and the frequency 

of CS cases performed to arrest dilatation dropped from 7.1 % to 1.1 % after the new 

guidelines were implemented (113). It is worth noting that no formal guidelines regarding 

labour management existed at the hospital before the new recommendations were adopted. 

Both Thuillier et al. and Wilson-Leedy et al. (112, 113) demonstrated a reduction in the rate 

of CS (in order to arrest dilatation at <6 cm and in the second stage of labour, respectively). 

However, the studies were not sufficiently powered or designed to assess the effect size of 

such reductions for a large population of low-risk women. 

 

Between 2010 and 2014, Rosenbloom et al. conducted a prospective cohort study (114) of 

7,845 labouring patients at or beyond 37 weeks of gestation at the Washington University 

School of Medicine. His study was one of the first to examine the impact of the new ACOG 

labour guidelines at the hospital level. Rosenbloom et al. did not demonstrate a reduction in 

ICS use, despite significant changes in labour management over the first few years, after the 

new labour curves and associated guidelines were published (114). However, he did find an 

increase in maternal and neonatal morbidity after implementation of the new 

recommendations (114).  

 

As stated previously, the LaPS is the first trial to compare Zhang’s guideline and the WHO 

partograph with a robust study design (i.e., a cRCT), as the importance of conducting a RCT 

was requested by researchers (3, 114, 115). 

 

In the LaPS, we found no statistically significant difference in the rate of ICS between the two 

groups. However, the overall reduction in ICS rate suggests that focusing on interventions 

might have more of an impact on the rate of ICS rates than use of the guidelines, is in 

accordance with another cRCT (30). If the LaPS was designed and conducted as a before-and-

after study, there might have been a similar reduction after introducing Zhang’s guideline. 

However, the results could be interpreted as favouring the new guideline. This highlights the 

importance of conducting trials with a robust design to draw accurate conclusions. 

  

In 2018, a Cochrane review (3) was performed to determine the effectiveness and safety of 

partograph use and which partograph design is most effective for perinatal and maternal 

morbidity and mortality outcomes and eleven studies with different partographs were 
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reviewed,. A pilot study that featured the most similar design to Zhang’s guideline—a 

partograph with a stepped dystocia line—compared this design with a traditional partograph 

containing a two-hour action line among 99 women in Australia (116). There was no clear 

difference in CS rate between the groups. A different small study compared a labour scale 

versus the traditional WHO partograph using a sample of 122 women (64). The labour scale 

resulted in fewer CSs caused by a delay in labour, but it did not produce any clear differences 

in the overall CS rate or duration of the first stage of labour compared to the WHO 

partograph. All other studies compared partographs with different hours to action line, and 

there was no clear difference in the reduction in CS rate when two, three or four hour action 

lines were used (3).  

In 2018, the WHO published a new guideline regarding intrapartum care for a positive 

childbirth experience. This was a consolidated set of new and existing recommendations for 

essential labour and childbirth practices that should be provided to all pregnant women and 

their babies during labour and childbirth. The WHO identified a knowledge gap regarding 

which guidelines, if any, are preferable for assessing labour progression when aiming to 

reduce unnecessary interventions such as CS (2). According to the guideline, there is not 

enough research to recommend a particular paper-based or digital tool for monitoring labour 

and guiding decision-making to improve birth outcomes (2). 

The results of the LaPS are an important contribution to the discussion about whether 

implementation of Zhangs’s guideline is beneficial. In the study, implementation resulted in a 

statistically and clinically significant decrease in the rate of CS in both groups. However, we 

did not find any difference between the groups regarding the use of ICS due to diagnosis of 

labour dystocia. Previous research (117) suggests that a universal standard for an expected 

linear labour progression curves is not applicable to current physiological labour patterns; one 

could question whether standard guidelines are applicable to all women if the guidelines do 

not account for normal and individual variations in labour progression (118).  

During the period in which the LaPS was conducted, a Breakthrough project (concept 

developed by the Institute for Healthcare Improvement, US) was conducted in Norway. This 

project focused on limiting CS to those for whom it was medically indicated. Of the 14 birth 

care units included in the LaPS, 13 were also included in the Breakthrough project. In all 13, 

there was a significant decrease in the rate of ICS during the period of the LaPS. Thus, the 

extent to which the Breakthrough project affected our results is of interest. However, among 
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the birth care units with more than 500 deliveries per year that participated in the 

Breakthrough project but not the LaPS, there was a limited decrease or no decrease in the rate 

of ICS. Hence, it is likely that the Breakthrough project had little or no impact on the results 

of the LaPS.  

 

Paper II 

The medicalisation of labour and increasing use of interventions, especially oxytocin, in 

contemporary birth care is a common subject of discussion (119). For example, reduction of 

unnecessary interventions, including oxytocin, is highlighted in the new guideline for 

intrapartum care published by the WHO (2). Two of the objectives of the LaPS were to 

provide detailed knowledge about the use of oxytocin augmentation during labour and to 

investigate whether there were differences in oxytocin augmentation between the two groups. 

The results of the 2018 Cochrane review aiming to determine the effectiveness and safety of 

partograph use (3) are difficult to interpret and compare due to the use of different partograph 

designs. Windrim et al. (120)  reported no clear differences between groups in an oxytocin 

augmentation investigation that utilised a partograph vs. no partograph design. In a 

comparison of partographs with different action line placements (i.e. two, three and four 

hours), women with a two-hour action line were more likely to receive oxytocin augmentation 

(3). However, a pilot study of 99 women from Australia, which compared a partograph with a 

two-hour action line and a partograph with a stepped dystocia line, found that fewer women 

received oxytocin augmentation in the stepped dystocia line group but there were no clear 

differences in secondary maternal or neonatal outcomes (116). In a different study comparing 

a labour scale to the traditional WHO partograph, oxytocin augmentation was found to be 

reduced in the labour scale group and there were no clear differences in any of the other 

outcomes (64). The study was small, including only 122 women randomised into the groups, 

and the results were inconsistent with those of the LaPS, which found no significant 

difference in the proportion of oxytocin augmentation between the two study groups was 

observed. However, the LaPS did find differences between the two study groups regarding 

how oxytocin was used during labour; women in the Zhang group were less likely to receive 

oxytocin augmentation prior to cervical dilatation of 6 cm than those in the WHO group. 



48 
 

A Swedish trial of early or delayed oxytocin augmentation found no differences in obstetric 

and neonatal outcomes when oxytocin was used as a single agent, apart from a reduction in 

labour duration (121), in accordance with the results of systematic reviews (87). Other 

Scandinavian studies revealed a high rate of oxytocin use among nulliparous women, often 

without apparent indication (76, 88), consistent with the findings of the LaPS. In the LaPS, a 

total of 21 % of women underwent oxytocin augmentation without a diagnosis of labour 

dystocia. More women were augmented in the WHO group (23 %) than in the Zhang group 

(19 %) without being diagnosed with labour dystocia. In Norwegian hospitals, midwives are, 

to a significant extent, responsible for determining when labour does not progress as expected 

and thus initiating oxytocin infusion for low-risk women. However, the high rate of oxytocin 

intervention is inconsistent with midwives’ goal of facilitating normal childbirth. According 

to Clark et al. (92), the use of checklist-based protocols may be one way to optimise the safety 

of oxytocin administration. Other studies have also shown that using checklists or 

standardised protocols for oxytocin use reduces the rate of augmentation with oxytocin (97) 

and increases the documentation of indications (122). 

Oxytocin administration has been associated with adverse neonatal outcomes, typically due to 

hyperactive uterine contraction patterns caused by overstimulation, as described in the 

background section (89, 92-95). In the LaPS, 41 neonates with umbilical cord artery pH of 

less than 7.0 were identified, with no difference between the study groups. Furthermore, we 

did not find a difference in the frequency of Apgar scores of < 7 after 5 min between the two 

groups. 

Our findings align with previous research, which identified a high rate of oxytocin 

augmentation without improved birth outcomes for the mother or baby (87-89). For example, 

a large population-based cohort study including nearly half a million healthy pregnant women 

and their children showed that children born by spontaneous vaginal birth had fewer short- 

and long-term health problems than those born after interventions. This also suggests that, 

when examining labour interventions, researchers need to pay attention to use of oxytocin 

administration and perform long-term follow-up (123). 
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Paper III  

Understanding normal variations in the duration of labour is important and should be the basis 

for identifying truly slow labour progress that necessitates interventions (49, 50, 53-55). The 

purpose of Paper III was to compare the duration of labour from cervical dilatation of 4 cm to 

delivery when practitioners adhered to Zhang’s guideline and the WHO partograph. 

Reporting labour duration is challenging due to the selection of participants included in the 

analysis. Women that deliver via CS may experience different labour progression patterns and 

durations than those that deliver vaginally. Thus, excluding women who deliver via CS during 

the first stage of labour will inevitably affect the reported duration. In contrast to prior 

analyses (51, 118), the analysis conducted as part of the LaPS included all participating 

women, regardless of their interventions and mode of delivery. As LaPS was performed using 

a pragmatic approach in real-life clinical situations, labour duration was recorded for all 

women. This meant that each woman could contribute to the duration of labour with their 

unique time-to-event, and the analysis could be based on real-life scenarios without 

significant inclusion and exclusion variables.  

Synthetic oxytocin is known to shorten the duration of labour (87). Epidural analgesia may 

also affect the duration of labour (124, 125), but its impact on labour duration in the first stage 

remains unclear (126). In the LaPS, more women in the WHO group received augmentation 

with synthetic oxytocin compared with the Zhang group (47.2 % vs. 41.7 %). The rate of 

epidural analgesia was similar in the Zhang and WHO groups (48.2 % vs. 50.0 %) and, 

therefore, the intervention probably had a limited impact on labour duration. 

We also found that women who adhered to Zhang’s guideline for labour progression had 

longer overall labour duration (measured from cervical dilatation of 4 cm until delivery), 

compared to women adhering to the WHO partograph. The unadjusted median duration of 

labour was 6.6 h in the Zhang group and 6.1 h in the WHO group. The 5th and 95th 

percentiles in the Zhang group were 1.4 h and 16.0 h, respectively and those in the WHO 

group were 1.3 and 13.8, respectively. 

The unadjusted median duration of the first stage was 5.0 h in the Zhang group and 4.5 h in 

the WHO group. Previous studies (50, 51, 118) reported median durations of the active phase 

(from 4 cm until cervical dilatation of 10 cm) ranging from 3.7 h to 5.9 h. Our study is 
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consistent with these durations, but unlike the LaPS, the other studies included only women 

who had experienced vaginal births and births with no adverse outcomes. 

For women in the LaPS, the 5th and 95th percentiles of durations of the first stage of labour 

were 0.5 and 15.0 h, respectively, in the Zhang group and 0.5 and 12.5 h, respectively, in the 

WHO group. The findings of the LaPS support other primary studies, which observed that the 

dilatation rate in healthy pregnant women could be slower than 1 cm/h (50, 51, 67, 118). 

Although these studies included women who did not receive obstetric interventions (66, 67), 

Oladapo’s trial (118) included women with no epidural analgesia, but 40 % were administered 

oxytocin. Two trials performed by Zhang (50, 51) revealed an epidural analgesia rate of 8 % 

and an oxytocin rate of 20–47 %.  

In the LaPS, the 95th percentile of the unadjusted duration of the second stage was 

considerably longer than that reported by Abalos et al. (52), whose review revealed a median 

duration in nulliparous women ranging from 14 to 66 min (49, 51, 118). Two studies (49, 51) 

in this review reported epidural use of 48 % and 100 % and reported relatively longer median 

durations (53–66 min). The 95th percentile reached 216 minutes in one study (51), while in 

the LaPS, the adjusted median was 88 min in the Zhang group and 77 min in the WHO group. 

In general, the median and 95th percentile durations required to advance from one centimetre 

of dilatation to the next were longer for women in the Zhang group than those in the WHO 

group. Among those who delivered vaginally, the 95th percentile durations were 6 h and 4.5 h 

for the Zhang and WHO groups, respectively. The differences in the unadjusted median hours 

decreased as labour advanced, and from cervical dilatation of 8 cm onwards, the intervals 

were equal for the two groups. These findings are in accordance with the labour durations 

reported in contemporary research presented in a recent systematic review (117). One 

exception is the study performed by Suzuki et al. (127), who reported slower labour 

progression from one centimetre to the next. This study reported oxytocin administration of 

6.5 % and no use of epidural analgesia (127).  

Several trials (49-51, 127, 128) reported that the pooled median time required to dilate 1 cm 

among nulliparous women was longer than 1 h until dilatation of 5 cm was reached. The 95th 

percentiles reported by individual studies suggest that it was not uncommon for women to 

spend more than 4 h dilating from 4 to 5 cm. As labour progressed, the 95th percentiles of 

different studies showed wide variability around the median for each level of cervical 

dilatation. One review (52) and the LaPS confirm that there are wide individual variations in 



51 
 

labour patterns, illustrating the importance of assessing labour progression on an individual 

basis. As such, it is reasonable to use the 95th percentile of the distribution of normal labour 

duration to define abnormal labour, as this distribution takes the wide individual variation into 

account. Additionally, for the 5 % of women in the Zhang group who took 6 h or longer to 

progress from 4 cm to 5 cm of cervical dilatation and those in Suzuki’s study (127) who took 

15 h or longer to achieve the same progression, labour resulted in vaginal delivery. This 

highlights the complexity of assessing labour progression. 

 

 

Methodological considerations 

This thesis applies a cluster randomised controlled design. The research quality of cRCT is 

evaluated in terms of both internal and external validity. 

 

Cluster randomised controlled design 

RCT is considered the gold standard design for assessing the effects of treatment, as it 

provides the most reliable evidence regarding the efficacy of health interventions. However, a 

cRCT may also be an efficient strategy when an intervention is difficult to implement at the 

individual level without risk of contamination, such as in the case of interventions that affect 

environments (102). An cRCT was chosen over an individual RCT for the LaPS because of 

the former’s ability to control for contamination. The risk of contamination associated with 

individual randomisation would have been particularly high if the mothers who received the 

control intervention were treated by a midwife or physician who also treated mothers with the 

new intervention (102).  

The disadvantages of cRCT compared to individual RCT include greater complexity in design 

and analysis, the need to include more participants to achieve the same statistical power (129) 

and the need for access to an adequate number of groups. Conducting a cRCT with 30 or 

more clusters can be expensive, although the costs can sometimes be mitigated if data can be 

accessed from electronic health records or other available resources. In a cRCT, the members 

of clusters serve as the individual units that are observed and measured. Typically, a small 
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number of groups are randomised to each condition because the groups often contain a large 

number of members. However, a small number of randomised groups introduces a greater 

potential for threats to internal validity because it is less likely to control for potential bias. 

Thus, this is a major disadvantage of cluster randomised trials. Some of these threats can be 

decreased by utilising appropriate analytic strategies, adhering to strictly design strategies and 

anticipating and measuring potential confounding variables. These measures were taken in the 

LaPS. 

 

Real-life pragmatic approach 

A pragmatic RCT aims to test an intervention within a whole-spectrum clinical setting, 

thereby enabling generalisation (130). With this approach, the LaPS was able to investigate 

the effectiveness of Zhang’s guideline in real-life clinical practice. In contrast, explanatory 

approaches seek to investigate how an intervention works, typically in well-defined and 

controlled settings with strict inclusion and exclusion criteria (130). 

The decision-making process related to performing an ICS consists of several interacting 

components. It depends on the individual skills and experiences of both obstetricians and 

midwives and reflects the real-life clinical context (131). The two main indications for ICS 

are labour dystocia and non-reassuring foetal heart rate. It may be difficult to define the main 

indication for an intervention because slow progress is an indication for oxytocin 

augmentation, even though this increases the risk of foetal distress. Therefore, we used the 

overall rate of ICS as the main endpoint. When assessing labour dystocia in clinical practice, 

different practitioners will inevitably choose different approaches, regardless of the labour 

progression guideline to which they adhere. In Paper I, we presented the total number of ICS 

cases according to the allocated guidelines (132). 

 

Masking  

Masking is considered an important methodological factor for ensuring high internal validity 

within an RCT. In the LaPS, we were not able to mask the participants or the health care 

providers. However, to avoid bias in Paper I, the investigators who analysed the data were 

masked in relation to group allocation (i.e. which clusters belonged to the same intervention) 
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(132). Before locking the database, a plan for statistical analysis in Paper I was written and 

approved and all the analyses to be conducted were pre-specified. After random allocation 

and signing of the statistical analysis plan, the group allocation was revealed.  

We also wrote specific statistical plans for Papers II and III, making an effort to keep the 

decisions for these papers as unbiased as possible by not performing any group comparison 

analyses prior to finalisation of the documents and thus avoiding result-driven analyses.  

 

Selection bias 

Another limitation to be considered is selection bias. When selection bias occurs, the obtained 

sample is not representative of the defined population of interest and thus is a threat to 

validity. To ensure representative selection of obstetric units, all geographical health regions 

in Norway were included. At the time of inclusion, 24 obstetric units were assessed for 

eligibility. It is possible that selection bias introduced a threat to internal validity since there 

were ten obstetric units that did not participate in the study, as explained earlier. However, 

when using a central randomisation system, selection bias is considered to be a low risk. The 

randomisation process in the LaPS was computer-generated and stratified by the proportion of 

previous ICSs and the number of deliveries.  

 

Informed consent  

Obtaining individuals’ informed consent when conducting a cRCT poses several challenges, 

and the importance of doing so varies. Donner and Klar (102) and Eldridge et al. (133) 

suggested that the need to seek informed consent from cluster members depends on the type 

of experimental intervention being evaluated in a particular cRCT. In studies with cluster-

level experimental interventions, interventions may be difficult for cluster members to avoid, 

effectively making refusal to provide consent meaningless. In such studies, it has been 

suggested that consent need not be sought. Conversely, in studies with patient-level 

experimental interventions that use a cRCT design for logistical reasons or to avoid treatment 

contamination, consent should be sought as it would in individually randomised trials. In the 

LaPS, it was decided that signed consent should be obtained from each woman before using 

their data. In total, 4,338 women did not provide signed consent and thus their data could not 
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be used, even though their treatment adhered to one of the guidelines. The Regional 

Committee for Medical and Health Research Ethics provided permission (2013/1862/REK) 

for us to retrieve basic characteristics from these women in order to assess whether the 

population in the LaPS was representative of the general population of TGCS group I women 

and whether there were differences between the included and non-included women. 

 

Intervention 

The intervention included a labour progression guideline from 2010 based on a cohort of 

27,000 first-time mothers (51). After random allocation of the obstetric units to the clusters 

and before inclusion of participants, the staff of all obstetric units underwent a comprehensive 

programme about the trial protocols. 

The intervention has some limitations that must be discussed. First, the intervention group 

used and monitored labour progress using a paper version of the guideline, whereas the 

control group used an electronic version. It can be difficult to measure minutes and hours and 

determine the current time for diagnosis of labour dystocia in a new, not familiar paper 

version. This process might be easier for midwives in the control group that were familiar 

with the guideline and electronic format. Second, the LaPS investigated the active phase of 

labour and defined the onset of active labour as at least 4 cm of cervical dilatation. However, 

this definition does not align with the original guideline proposed by Zhang; rather, it is 

rooted in the Norwegian obstetric management and could have affected the results. In a 

perfect design, the onset of active labour would have been different for the two study groups 

since the definition of onset in the two guidelines differs. 

 

Treatment compliance 

Treatment compliance during labour management is known to be a challenge. We strived to 

ensure thorough implementation of the trial, as described in the method section. However, we 

cannot guarantee that all health care providers adhered to the guideline in all cases. Although 

we lack knowledge about the extent to which the units adhered to the allocated guidelines, we 

made an effort to guide them and promote adherence when we revisited the units. Also, we 

assumed that the rate of non-compliance would be the same in both groups. However, when 
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analysing the data regarding oxytocin use, we found that application of this intervention did 

not always align with the guidelines; some women underwent oxytocin augmentation without 

being diagnosed with labour dystocia. It would have been possible to create a random control 

of adherence to the guidelines by comparing the differences between groups and then 

adjusting for possible differences, but we did not do this since it is part of the nature of a 

RCT.  

 

Hawthorne effect 

The Hawthorne effect occurs when research participants are influenced by the knowledge that 

they are being studied (134). The traditional example of this stems from research at the 

Hawthorne Works, a factory at which researchers discovered that workers were more 

productive when working conditions (such as lighting) changed, regardless of how they 

changed. The reason for this increased productivity was that the workers put in extra effort 

when the researchers were present, and hence all new changes in working conditions seemed 

to work. In the LaPS, we observed that ICS use was reduced in both the control group (by 

37.8 %) and the intervention group (by 26.5 %) relative to the frequency of ICS use in 2012, 

before the start of the study. The intense focus on assessing labour progression in the study 

period might have led to optimisation of labour management and an overall decrease in ICS 

use, which could be explained as the Hawthorn effect. 

 

Statistical considerations 

There are multiple methods of analysis that can be used in cluster randomised trials (102, 

135). Generally, they can be divided into cluster-level and individual-level methods. Cluster-

level methods are based on aggregated data and involve a standard method, such as a t-test or 

analysis of covariance. The analyses might be weighted by cluster size if there are enough 

clusters for estimation of the ICC. However, the method might be under-powered when the 

number of clusters is small and it is not possible to adjust for covariates at the individual 

level. Individual-level methods are based on individual observations, with the analyses 

adjusted for clustering effects. Simple methods for adjusting chi-square estimates exist (102), 

as do model-based approaches, such as marginal generalised estimating equations and 
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conditional logistic mixed models. Of the two latter types of models, the logistic mixed model 

seems more robust when fewer than 40 clusters are analysed (135). Compared to simple 

methods, model-based methods allow for both cluster- and individual-specific covariates. 

Note that there is a difference in the interpretation of estimated treatment effects between the 

marginal and conditional models. The marginal model effect measures are interpreted based 

on the population average, while the conditional model estimates are interpreted based on the 

average effect for individual hospitals. Due to the low number of clusters in the LaPS, we 

believed that a conditional mixed model approach was the most robust for analysis. 

The choice of a mixed logistic regression model as the main statistical method in the LaPS 

allowed for inclusion of both individual- and cluster-level covariates and estimation of the 

ICC. The adjustments for covariates increased the precision of estimates after adjusting for 

imbalances in the baseline characteristics of the treatment groups.  

 

Survival analysis 

While Weibull regression analysis relies on a two-parametric model for distribution of 

survival times, the Cox model does not impose a parametric form on the distribution. Both 

methods allow for covariates and adjustment for cluster effects. In line with the analysis of 

binary data in the original Statistical Analysis Plan, we use a parametric mixed model (i.e. 

Weibull’s) due to its good performance (136, 137). 

In the primary analysis, delivery was defined as the event of interest. Since the total duration 

of active phase of labour (first and second stage), from the first partograph registration (≥4 

cm) until delivery (either vaginally or via ICS) was registered for all included women, there 

were no unobserved events to be analysed and, consequently, no censoring.  

In the secondary analyses, the event of interest for duration of the active phase of the first 

stage of labour was ‘cervical dilatation = 10 cm’. Not all women experienced the event of 

interest, and the event was not observed.  In traditional survival analysis, the registered time 

to an event, if the event does not occur during the observation period (e.g. if the patient is lost 

to follow-up), is often considered to be censored. This was the case for this variable in the 

LaPS. However, treating observation times as censored requires assumptions of independent 

and non-informative censoring (138). If the time to an event is not observed because an event 

either hinders observation of the event of interest or modifies the chance that this event will 
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occur, data should ideally be treated as competing events (i.e. competing risk analysis should 

be performed) and not as censored (139). Although some statistical methods for analysis of 

competing risk in clustered data have been recently developed (140, 141), these do not cover 

all models, and we therefore chose to perform traditional survival analyses with censoring of 

ICS, also due to the low rate of ICS in the study. 

 

Intraclass correlation coefficient 

The ICC is a descriptive statistic that can be used when quantitative measurements are 

performed for units that are organised into groups. It describes how strongly units in the same 

group resemble each other. Cluster randomised designs introduce dependence (or clustering) 

between the sampled individual units. For example, in the LaPS, when comparing differences 

in outcomes achieved under Zhang’s guideline, we had to account for the fact that two women 

sampled from a single birth care unit are more likely to be similar (in terms of outcomes) than 

two women sampled from different birth care units. A cluster randomised design therefore 

requires more complex analysis that involves, for example, adjustment for the ICC (129). In 

our study, the ICC for the primary outcome was small (i.e. less than 0.001), which indicated 

that the variation in the outcome that could be attributed to clusters was small. 

 

Robustness analyses  

We performed several robustness analyses to strengthen internal validity by assessing the 

effects of different assumptions and choices (142). This was done by checking several 

additional prespecified analysis models, including unadjusted models, hospital-level only 

adjusted models, cluster-level analysis models and standard logistic regression. Ignoring the 

cluster design in the analyses resulted in lower p-values and narrower CIs. This indicates the 

importance of not ignoring the cluster effect. The results of the LaPS were consistent for all 

analyses adjusted for cluster effects, suggesting that the findings are valid. The cluster design 

was incorporated into power calculations to ensure an adequate sample size from the clusters. 
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Conclusions 
 

The three studies in this thesis provide knowledge about the impact of using two labour 

progression guidelines on clinical maternal and neonatal outcomes. They serve as important 

contributions to the literature on different labour progression guidelines and, as they feature 

robust study designs, provide a strong basis for guiding clinical practice on how to reduce 

unnecessary interventions. 

 

Paper I 

This paper found no significant difference in the frequency of ICS among nulliparous women 

between obstetric units that adhered to the WHO partograph and those that adhered to 

Zhang’s guideline. Increased focus on assessment of labour progression might have a stronger 

effect on ICS use than the guidelines themselves. 

 

Paper II 

Although no significant difference in the proportion of oxytocin augmentation was observed 

between the two study groups, there were differences in how oxytocin was used. Women in 

the Zhang group were less likely to be augmented with oxytocin prior to cervical dilatation of 

6 cm. Also, the duration of augmentation with oxytocin was longer in the Zhang group than in 

the WHO group. 

 

Paper III 

Women in obstetric units adhering to Zhang’s guideline, compared those in units adhering to 

the WHO partograph, had a longer total duration of labour, duration of the active phase of the 

first stage and duration of the second stage.  
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Future implications 

The overall aim of the LaPS was to compare the ways in which the WHO partograph and 

Zhang’s guideline for assessing labour progress affect maternal and neonatal outcomes. The 

results showed no statistically significant difference in the rate of ICS between the two 

groups. However, they represent an important contribution to the discussion regarding 

whether implementation of the new guidelines is beneficial and why RCTs investigating this 

topic should be performed. 

We observed that ICS use was reduced in both the control and intervention groups relative to 

the frequency of ICS use before our study started. The decrease in the frequency of ICS use in 

both groups suggests that the global challenge of increases in ICS use can be addressed by 

focusing on interventions. In Norway, where the frequency of ICS use is low, we found a 

substantial reduction in ICS use. Further studies should be conducted in countries with more 

frequent ICS use than in Norway and investigate the extent to which a reduction might 

eventually occur when the focus on labour progression is increased. Additionally, our findings 

were restricted to women in TGCS group 1, and thus future studies should use the guidelines 

to improve birth care and reduce interventions for other subgroups. 

Although no significant difference in the proportion of oxytocin augmentation was observed 

between the two study groups, there were differences in how oxytocin was used. More 

women were augmented with oxytocin without a labour dystocia diagnosis in the WHO group 

than in the Zhang group. To use the guideline/partograph as intended, identification of risk, 

action or intervention only when needed and the capacity to act in accordance with the 

required interventions are crucial (143).  

Additionally, in a recent diagnostic accuracy study, researchers concluded that labour is an 

extremely variable phenomenon and suggested that current assessments of cervical dilatation 

over time, including partographs, showed poor diagnostic accuracy in terms of identifying 

women at risk of severe adverse birth outcomes during labour (55). Being aware of the 

complexity of labour curves could question whether it is possible or meaningful to adhere to a 

median labour curve for all women. In the future, personalised labour progression monitoring 

and care could be provided in settings with many resources via monitoring programmes 

designed with artificial intelligence techniques (143). Improvements in the quality of care will 

improve women’s satisfaction and perceived quality of the birth experience. 
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Fritt sykehusvalg. I Norge gjelder ”Fritt sykehusvalg” dette innebærer at du selv kan velge hvilket sykehus som skal undersøke og/eller 
behandle deg. Ordningen med fritt sykehusvalg omfatter alle sykehus forutsatt at institusjonen eies av et regionalt helseforetak eller har 
avtale med et regionalt helseforetak (www.frittsykehusvalg.no). 

Forespørsel om å få bruke avidentifiserte 
opplysninger fra din fødsel i et forskningsprosjekt 

 

Dette er et spørsmål til deg om å få benytte opplysninger registrert rutinemessig i forbindelse med 
din fødsel i et forskningsprosjekt.  
 
Bakgrunnen for forskningsprosjektet er at fødeavdelinger, både i Norge og i utlandet, bruker 
forskjellige retningslinjer for forventet fremgang i fødsel. I det forskningsprosjektet vi nå 
gjennomfører vil vi se på effekten ved bruk av to forskjellige retningslinjer. 
 
Forskningsprosjektet foregår på 14 fødeinstitusjoner i Norge. Xxxxxx sjukehus er med i prosjektet og 
er tilfeldig valgt (randomisert) til å forholde seg til en av to retningslinjer for forventet fremgang i 
fødsel for alle førstegangsfødende der fødselen starter naturlig. Uansett hvilken retningslinje ditt 
fødested bruker, medfører det ikke noen risiko for deg og barnet ditt. Du vil følges nøye og trygt opp 
under fødselen.  
 
Opplysningene vi ønsker å registrere er de samme som vi registrerer ved alle fødsler, for eksempel 
fremgang i fødselen, hvilke medikamenter som eventuelt brukes, oppfølging, inngrep og 
opplysninger om barnet etter fødsel som vekt og lengde. I tillegg vil vi be deg om å svare på et 
spørreskjema som omhandler din opplevelse av fødselen ca. fire uker etter at du har født. 
 
Dersom du tillater oss å bruke opplysninger fra din fødsel i forskningsprosjektet, undertegner du 
nederst på dette arket. Alle opplysninger vil bli fortrolig behandlet og avidentifisert, før de blir 
analysert. Det vil ikke være mulig å identifisere enkeltpersoner når data skal publiseres. Om du avstår 
fra å være med i studien, vil det ikke påvirke ditt opphold ved føde-barselavdelingen på noen måte. 
 
Har du spørsmål angående prosjektet er du velkommen til å ta kontakt med Stine Bernitz på e-post: 
stine.bernitz@so-hf.no eller telefon 909 44 715. 
 
 

Ta med deg dette skjemaet når du kommer til fødeavdelingen. 
 

Jeg har lest informasjonen og samtykker til at avidentifiserte opplysninger i forbindelse med min 
fødsel kan benyttes i studien. 
 

Fødselsdato:  Navn:  
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The frequency of intrapartum caesarean section use with the 
WHO partograph versus Zhang’s guideline in the Labour 
Progression Study (LaPS): a multicentre, cluster-randomised 
controlled trial
Stine Bernitz*, Rebecka Dalbye*, Jun Zhang, Torbjørn M Eggebø, Kathrine F Frøslie, Inge Christoffer Olsen, Ellen Blix†, Pål Øian†

Summary
Background There is an ongoing debate concerning which guidelines and monitoring tools are most beneficial for 
assessing labour progression, to help prevent use of intrapartum caesarean section (ICS). The WHO partograph has 
been used for decades with the assumption of a linear labour progression; however, in 2010, Zhang introduced a new 
guideline suggesting a more dynamic labour progression. We aimed to investigate whether the frequency of ICS use 
differed when adhering to the WHO partograph versus Zhang’s guideline for labour progression.

Methods We did a multicentre, cluster-randomised controlled trial at obstetric units in Norway, and each site was 
required to deliver more than 500 fetuses per year to be eligible for inclusion. The participants were nulliparous 
women who had a singleton, full-term fetus with cephalic presentation, and who entered spontaneous active labour. 
The obstetric units were treated as clusters, and women treated within these clusters were all given the same 
treatment. We stratified these clusters by size and number of previous caesarean sections. The clusters containing the 
obstetric units were then randomly assigned (1:1) to the control group, which adhered to the WHO partograph, or to 
the intervention group, which adhered to Zhang’s guideline. The randomisation was computer-generated and was 
done in the Unit of Biostatistics and Epidemiology, Oslo University Hospital, Oslo, Norway, and investigators in this 
unit had no further involvement in the trial. Our study design did not enable masking of participants or health-care 
providers, but the investigators who were analysing the data were masked to group allocation. The primary outcome 
was use of ICS during active labour (cervical dilatation of 4–10 cm) in all participating women. The Labour Progression 
Study (LaPS) is registered with ClinicalTrials.gov, number NCT02221427.

Findings Between Aug 1, 2014, and Sept 1, 2014, 14 clusters were enrolled in the LaPS trial, and on Sept 11, 2014, 
seven obstetric units were randomly assigned to the control group (adhering to the WHO partograph) and seven 
obstetric units were randomly assigned to the intervention group (adhering to Zhang’s guideline). Between 
Dec 1, 2014, and Jan 31, 2017, 11 615 women were judged to be eligible for recruitment in the trial, which comprised 
5421 (46·7%) women in the control group units and 6194 (53·3%) women in the intervention group units. In the 
control group, 2100 (38·7%) of 5421 women did not give signed consent to participate and 16 (0·3%) women abstained 
from participation. In the intervention group, 2181 (35·2%) of 6194 women did not give signed consent to participate 
and 41 (0·7%) women abstained from participation. 7277 (62·7%) of 11 615 eligible women were therefore included 
in the analysis of the primary endpoint. Of these women, 3305 (45·4%) participants were in an obstetric unit that was 
randomly assigned to the control group (adhering to the WHO partograph) and 3972 (54·6%) participants were in an 
obstetric unit that was randomly assigned to the intervention group (adhering to Zhang’s guideline). No women 
dropped out during the trial. Before the start of the trial, ICS was used in 9·5% of deliveries in the control group 
obstetric units and in 9·3% of intervention group obstetric units. During our trial, there were 196 (5·9%) ICS 
deliveries in women in the control group (WHO partograph) and 271 (6·8%) ICS deliveries in women in the 
intervention group (Zhang’s guideline), and the frequency of ICS use did not differ between the groups (adjusted 
relative risk 1·17, 95% CI 0·98–1·40; p=0·08; adjusted risk difference 1·00%, 95% CI –0·1 to 2·1). We identified no 
maternal or neonatal deaths during our study.

Interpretation We did not find any significant difference in the frequency of ICS use between the obstetric units 
assigned to adhere to the WHO partograph and those assigned to adhere to Zhang’s guideline. The overall decrease 
in ICS use that we observed relative to the previous frequency of ICS use noted in these obstetric units might be 
explained by the close focus on assessing labour progression more than use of the guidelines. Our results represent 
an important contribution to the discussion on implementation of the new guideline.
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Introduction
Access to safe caesarean section saves lives and 
improves health outcomes for women and their babies. 
However caesarean sections that are not medically 
indicated should be avoided. The rate of caesarean 
sections is increasing worldwide and is a great concern 
because of its association with adverse outcomes for 
mothers and babies, the more than 50% risk for a 
subsequent caesarean section, and the increase in costs 
of labour care.1–4 Assessment of labour progression and 
identification of prolonged labour, denoted as true 
labour dystocia and often caused by inadequate con­
tractions or obstructed labour, have profound effects on 
labour management and intrapartum caesarean section 
(ICS) use, since labour dystocia is the main indication 
for an ICS.5 Partographs and guidelines are used to 
assess and monitor labour progression, and they aim 
to identify labour dystocia and its causes and to 
determine the appropriate management of labour.6 
For more than 60 years, labour progression has been 
assessed on the basis of Friedman’s work, who first 
published a graphicostatistical analysis of labour and 
presented the cervical dilatation for nulliparous women 
as a sigmoid labour curve.7 In the early 1970s, Philpott 
and colleagues8,9 developed guidelines to assess 
labour progression on the basis of Friedman’s findings. 
These guidelines consisted of alert and action lines 
to detect abnormal labour progress. In 1994, the 
WHO partograph was presented, which was based on 
Philpott’s work.10

Because of a substantial change in labour management 
over the past 50 years and an increase in women’s body-
mass index and childbearing age, questions have been 

raised on the appropriateness of the recommendations 
and the expected cervical dilatation during labour.5,11–13 In 
2010, Zhang and colleagues12 presented a hyperbolic 
labour curve that was based on a large contemporary 
cohort, which was markedly different from Friedman’s 
curve. They found that labour seems to progress more 
slowly than previously expected, especially before reach­
ing 6 cm of cervical dilatation, and they found that 
cervical dilatation accelerates as labour advances. This 
finding implies that following Zhang’s guideline allows 
more time early in labour before labour dystocia is 
diagnosed. Zhang and colleagues12,13 suggested that 
some caesareans might be used too early, based on 
prevailing definitions of prolonged labour, and they 
presented a new guideline for labour progression.

This guideline has been implemented in some settings, 
under the assumption that they would lead to fewer 
ICSs,14 without being tested in robust clinical trials.15 
There is an ongoing debate concerning which guidelines 
and partographs are most beneficial for assessing labour 
progression. We therefore aimed to investigate whether 
the frequency of ICS use for nulliparous women in active 
labour differed when adhering to the WHO partograph 
compared with Zhang’s guideline for labour progres­
sion, without jeopardising the safety of the mother or 
the baby.

Methods
Study design and participants
The Labour Progression Study (LaPS) was a multicentre, 
cluster-randomised controlled trial in obstetric units 
in Norway, and it was enabled by the comprehensive, 
well coordinated midwife delivery system in Norway. 

Research in context

Evidence before this study
Partographs and guidelines are used to assess and monitor labour 
progression, and they aim to identify labour dystocia and, 
consequently, enable appropriate labour management, including 
augmentation and intrapartum caesarean section (ICS). The WHO 
partograph from 1994 was based on research from 1953 and has 
been used to assess labour progression on an international level 
for many  years. In 2010, a new guideline was presented, Zhang’s 
guideline, which was based on research that suggested a more 
dynamic approach to labour progression. Before our study 
started, we searched PubMed for papers published before 
Aug 1, 2014, with the search terms “labour progression”, “labour 
guidelines”, labour curve”, and “partograph”. We also searched the 
reference lists of published articles that we found on the topic. 
We identified no randomised trials that investigated the effects of 
adherence to the WHO partograph or Zhang’s guideline on 
maternal and neonatal birth outcomes.

Added value of this study
Our study addresses the important issue of whether the 
frequency of ICS use differs with adherence to the WHO 

partograph compared with adherence to Zhang’s guideline for 
labour progression. To our knowledge, this is the first study to 
compare the WHO partograph with the Zhang guideline that 
has a robust cluster-randomised design, to ensure valid results, 
and large number of participants. We found no significant 
difference in ICS use between the group adhering to the WHO 
partograph and those adhering to Zhang’s guideline. However, 
the frequency of ICS use was reduced in both the WHO 
partograph group (by 37·8%) and the Zhang’s guideline group 
(by 26·5%) relative to ICS use in 2012.

Implications of all the available evidence
Our findings suggest that a focus on labour progression 
might affect the frequency of ICS use, and this effect could be 
seen on an even larger scale in countries with more frequent 
ICS use than Norway. This study is an important contribution 
to the discussion on whether implementation of a new 
guideline is beneficial.
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Intrapartum care in Norway is given in government-owned 
institutions and is free of charge. At all obstetric units, 
midwives are present at all labours and deliveries; they are 
responsible for normal labours and deliveries, and ob­
stetricians are only involved when medical assistance is 
required. Approximately 60 000 babies are born annually 
at 46 birth institutions in Norway, and 24 of these 46 insti­
tutions are each responsible for more than 500 deliveries 
per year. Norway is divided into geographic health regions 
(north, central, west, and southeast) and birth care is 
organised into three levels: level one includes specialised 
obstetric units in larger hospitals that provide all birth care 
services, including an obstetrician, paediatrician, and 
anaesthesiologist, who are available 24 h a day, and a 
neonatal intensive care unit; level two includes obstetric 
units in smaller hospitals that have an on-call obstetrician 
and anaesthesiologist available; and level three includes 
midwife-led units, both within hospitals and freestanding, 
that provide care for women with a low risk of com­
plications.16 In case of complications or change in risk 
status of women being treated in level three units, the 
woman is transferred to a level one or two unit.

To restrain this study to a reasonable time limit, we 
restricted the potential obstetric units to be included to 
those with more than 500 births annually. To create a 
representative selection of obstetric units in Norway, units 
from all geographical health regions were included. All 
obstetric units that were able to adhere to the protocol were 
considered eligible. To secure a thorough implementation 
of the trial, the management at all participating obstetric 
units signed a cooperation agreement in which they agreed 
to adhere to the protocol.

The Ten Group Classification System (TGCS), also 
known as the Robson classification,17 is used as a 
global standard for assessing, monitoring, and comparing 
caesarean section frequencies. The system classifies 
women into ten mutually exclusive groups on the basis 
of their obstetric characteristics (namely parity, number 
of previous caesarean sections, gestational age, onset of 
labour, fetal presentation, and number of fetuses). Nulli­
parous women with a singleton term fetus with cephalic 
presentation and spontaneous onset of labour at ges­
tational week 37 or greater, are denoted group 1 in the 
TGCS.17 This group accounts for approximately 30% of 
the annual birth population in Norway. For inclusion in 
our study, participants had to be in TGCS group 1 during 
active labour (defined as at least 4 cm of cervical dilata­
tion with regular contractions) and able to understand 
Norwegian and to give written consent. The estimated 
date of delivery was based on a second-trimester ultra­
sound scan. At this examination or at the time of 
admission to the labour ward, eligible women received 
written information about the trial and were asked to sign 
an informed consent form. All TGCS group 1 women 
adhered to the guideline that their obstetric unit was 
assigned to. However, only eligible women who provided 
informed consent were included in the analysis.

Ethical approval was obtained by the Regional Committee 
for Medical and Health Research Ethics (no. 2013/1862/
REK Sør-Øst). The study protocol18 was published in 2017, 
to present the trial design and methods.

Randomisation and masking
Before random assignment to groups and commence­
ment of the trial, staff at all sites received the same 
written information about the LaPS. Each obstetric unit 
provided one dedicated person, a local coordinator, who 
was responsible for the trial, including recruitment and 
inclusion of participants and entering the required data. 
The obstetric units, acting as clusters, were randomly 
assigned (1:1) to adhere to the WHO partograph (control 
group) or to Zhang’s guideline (intervention group) on 
the basis of a computer-generated allocation list that was 
stratified by the proportions of previous ICSs and 
number of deliveries. The randomisation was computer-
generated and was done in the Unit of Biostatistics and 
Epidemiology, Oslo University Hospital, Oslo, Norway, 
and investigators in this unit had no further involvement 
in the trial (appendix). After random allocation of 
obstetric units to clusters and before inclusion of partici­
pants, a strict programme regarding trial protocols was 
taught to the staff at all obstetric units. The programme 
consisted of information about the trial and thorough 
instructions in use of the assigned guidelines. Written 
information about the trial and the guidelines was 
printed on posters and made visible and constantly 
available for midwives and obstetricians at the units. 
Researchers from the LaPS group revisited the units, 
to ensure consistency and rigorous adherence to the 
allocated guidelines. Every Monday during the study 
period, one of the steering group members was in contact 
with the local coordinators for a weekly update of 
inclusion and for assistance and motivation.

Our study design did not enable masking of participants 
or health-care providers, but the investigators who were 
analysing the data were masked to group allocation 
(appendix). The masked review and prespecification 
of analyses were done without any knowledge of group 
allocation or which clusters belonged to the same 
intervention. After random allocation and signing of the 
statistical analysis plan, the group allocation was revealed 
to the units.

Procedures
Women in the control group were monitored by an 
electronic version of the WHO partograph, as is standard 
in Norway, with an alert line (drawn on the partograph) 
that showed the expected cervical dilatation if labour were 
progressing by at least 1 cm per h, and an action line drawn 
4 h later than the alert line. Labour dystocia was diagnosed 
in the active phase of the first stage of labour (0–10 cm of 
cervical dilatation; divided into the latent phase [0–3 cm] 
and the active phase [4–10 cm]) if the action line was 
crossed. Labour dystocia in the second stage of labour 

For the Medical Birth Registry of 
Norway see https://www.fhi.no/
en/hn/health-registries/medical-

birth-registry-of-norway/

See Online for appendix

https://www.fhi.no/en/hn/health-registries/medical-birth-registry-of-norway/
https://www.fhi.no/en/hn/health-registries/medical-birth-registry-of-norway/
https://www.fhi.no/en/hn/health-registries/medical-birth-registry-of-norway/
https://www.fhi.no/en/hn/health-registries/medical-birth-registry-of-norway/
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(from 10 cm of cervical dilatation until the baby is born; 
divided into the latent phase [ from 10 cm of dilatation until 
the baby’s head reaches the pelvic floor] and the active or 
expulsion phase [when the mother pushes the baby’s head 
out]) was diagnosed if the latent phase lasted longer than 
1 h (or 2 h for women with epidural analgesia [EDA]) or if 
the expulsion phase lasted longer than 1 h (appendix).

Women in the intervention group were monitored with 
Zhang’s guideline for labour progression,12 which cal­
culates the expected labour progression during the active 
phase of the first stage of labour on the basis of time 
intervals from one integer cm to the next. Labour dystocia 
during the first stage of labour was diagnosed as time 
intervals of the 95th percentile or more. Labour dystocia 
during the second stage of labour was diagnosed as a 
descending phase that lasted longer than 1 h 45 min 
(or 2 h 30 min for women with EDA) or an expulsion 
phase that lasted longer than 1 h (appendix). The obstetric 
units that were assigned to the intervention group used a 
paper version of the guideline because an electronic 
version is not available.

National guidelines for intrapartum care19 were followed 
if labour dystocia occurred. If labour dystocia was believed 
to be caused by insufficient uterine contractions and if 
the membranes were intact, the membranes were artifici­
ally ruptured. After 1 h and if artificial rupture of the 
membranes alone did not lead to sufficient contractions, 
oxytocin was administered. If the membranes were 
broken, oxytocin was given at the time at which labour 
dystocia was identified. Oxytocin was administered as an 
intravenous infusion of 10 international units (U) in 
1000 mL saline at an infusion rate that started at 300 mU/h 
and with a dose increment of 150 mU/h every 15 min until 
a satisfactory number of contractions (3–5 in 10 min) was 
reached, or until the maximum dose of 1800 mU/h was 
reached.19 Necessary interventions based on the women’s 
or the fetus’ needs were used, regardless of trial group.

All data were entered into the unit’s electronic medical 
record system by the midwife in charge of the labour, as 
is routine. A customised web-based case report form 
was designed by the Unit of Applied Clinical Research at 
the Norwegian University of Science and Technology 
(Trondheim, Norway), to ensure that all variables entered 
by the local coordinators were equally presented. The 
system was transparent, such that all corrections could be 
traced with dates and signatures. The local coordinators 
only had access to their own case report forms, and they 
were responsible for checking that all data entered were 
de-identified, complete, and accurate; this check was the 
first quality-control step. The second quality-control step 
was to check that all the required boxes in the case report 
form contained accurate information, and this step was 
organised by one of the researchers in the LaPS research 
group. Before closing the database, two of the LaPS group 
members did a final quality-control check of all variables. 
When missing data were identified, the local coordinators 
were contacted, and they were asked to search for the 

missing data in the patient’s medical record. If implausible 
values were found, local coordinators were asked to correct 
or verify the values.

Outcomes
The primary outcome was the frequency of ICS use 
during the trial period, which was assessed in all eligible 
women giving birth in obstetric units that had been 
randomly assigned to groups and had consented to be 
included. The secondary outcomes included the use 
of versus no use of operative vaginal delivery, artificial 
rupture of the membranes, augmentation with oxytocin, 
EDA use, blood transfusion, an Apgar score (indicating 
vital signs in the fetus) of less than 7 at 5 min, and an 
arterial umbilical cord pH of less than 7·00. The use of 
perineal surgical incision and the degree of obstetric 
anal sphincter injury (OASIS) were also secondary 
outcomes. Labour duration and labour dystocia, based on 
the allocated guidelines and as an indication for ICS, 
were also assessed as prespecified exploratory endpoints. 
Other secondary outcomes (appendix) will be reported 
elsewhere. Additional prespecified robustness analyses 
of the primary and secondary endpoints were also 
included, to account for missing data and covariates. All 
analyses were done by intention to treat.

Statistical analysis
The sample size (ie, the number of clusters and indi­
viduals) was based on the proportion of ICSs relative to 
the total number of deliveries in the eligible hospitals 
(n=24) at the time of sample size calculation in 2012, 
which was 9·2%. We examined 100 previous WHO 

Figure: Trial profile

24 obstetric units assessed for eligibility

10 excluded
 3 with other ongoing projects 
 3 abstained from participation 
 4 with other reasons

14 obstetric units randomly assigned to groups

5421 women assessed for eligibility

7 units assigned to group adhering to WHO 
  partograph (control)

7 units assigned to group adhering to Zhang’s 
  guideline (intervention)

2116 excluded
 16 abstained from participation 
 2100 had no available signed 
  consent

2222 excluded
 41 abstained from participation 
 2181 had no available signed 
  consent

6194 women assessed for eligibility

3305 included in analysis for primary endpoint 3972 included in analysis for primary endpoint
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partographs for women with labour dystocia who 
consequently underwent ICS and we found that 
25 (25%) of these women would not have been diagnosed 
with labour dystocia according to Zhang’s guideline at 
the time of the ICS (unpublished data). To obtain an 
80% power to detect a 25% relative reduction in ICS use 
with the new guideline and a between-cluster variation 

coefficient of 0·08, at least 14 obstetric units and 
6582 participants had to be included, assuming a 0·05 
two-sided significance level.20 Before locking the database, 
and without knowledge of allocation, a statistical analysis 
plan was written and approved, prespecifying all analyses 
to be done (appendix).

The primary outcome was analysed with a mixed logistic 
regression model, with obstetric units as a random 
intercept and the treatment strategy as fixed effect. In the 
model, we adjusted for stratification variables (annual ICS 
rates and number of deliveries) and for predefined 
covariates that are considered to be potential risk factors 
for ICS on an individual level (maternal age, body-mass 
index, marital status, and educational level of the mother; 
birthweight and head circumference of the neonate). 
A two-tailed p value of 0·05 or less was considered 
significant. Estimates of the adjusted risk ratio and 
adjusted risk difference with CIs were computed with the 
delta method.21 We also estimated the intraclass correlation 
coefficient (ICC) by the logistic mixed model. The primary 
outcome was assessed in all eligible women who provided 
informed consent.

The secondary outcomes were binary, and they were 
therefore analysed with the same methods as the primary 
outcome. Since there was only one identified primary 
analysis, no adjustments for multiple testing were made 
in the secondary analyses. Analyses of secondary out­
comes were based on all included women, except for 
analyses of perineal surgical incision and OASIS, which 
were restricted to women with vaginal deliveries. 
Calculation of labour dystocia as an indication for ICS 
was restricted to women who received an ICS. Missing 
data were imputed with the best outcome in the primary 
analysis, and with the worst outcome in robustness 
analyses (appendix). Missing covariate data were imputed 
with stochastic linear regression single imputation.

The robustness of all results was checked with several 
additional prespecified analyses models, including un­
adjusted models, hospital-level only adjusted models, 
cluster-level analysis models, and standard logistic 
regression (appendix). Details of post-hoc robustness 
analyses are included in the appendix.

All statistical analyses were done with Stata version 15.1.1 
or SAS version 9.4. LaPS was registered at ClinicalTrials.
gov, number NCT02221427.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between Aug 1, 2014, and Sept 1, 2014, 14 clusters of 
obstetric units were enrolled in the LaPS trial (figure). 
Seven obstetric units were randomly assigned to the 

WHO partograph 
(control) group 
(n=3305)

Zhang’s guideline 
(intervention) 
group (n=3972)

Obstetric unit characteristics

Number of deliveries per year

500–999 133 (1·8%) 0

1000–2999 2100 (28·8%) 2688 (36·9%)

≥3000 1072 (14·7%) 1284 (17·6%)

Maternal characteristics

Age at delivery, years

≤25 784 (23·7%) 971 (24·4%)

25–35 2275 (68·8%) 2679 (67·4%)

≥35 246 (7·4%) 322 (8·1%)

Marital status is cohabitant or 
married 

3137 (95·9%)* 3741 (94·8%)†

Higher education for ≥12 years 2017 (61·0%) 2412 (60·7%)

Smoked during the first trimester 210 (6·5%)‡ 230 (5·8%)§

Body-mass index before pregnancy, kg/m²

Mean 23·8 (4·3)¶ 23·6 (4·3)||

Range 

≤18·5 142 (4·3%)¶ 172 (4·3%)||

18·5–24·9 2178 (66·3%)¶ 2692 (67·9%)||

25–29·9 688 (20·9%)¶ 764 (19·3%)||

≥30 279 (8·5%)¶ 338 (8·5%)||

Cervical dilatation at first registration, cm

4 1642 (49·7%) 1954 (49·2%)

5 841 (25·4%) 1006 (25·3%)

6 338 (10·2%) 403 (10·1%)

7 178 (5·4%) 222 (5·6%)

8 118 (3·6%) 167 (4·2%)

9 99 (3·0%) 106 (2·7%)

10 89 (2·7%) 114 (2·9%)

Neonatal characteristics

Gestational age at onset of 
active labour, days

281 (8) 281 (7)

Birthweight, g 3518 (414) 3528 (427)

Head circumference, cm 35·0 (1·4) 35·0 (1·4)

Sex

Female 1661 (50·3%) 1983 (49·9%)

Male 1664 (49·7%) 1989 (50·1%)

Data are n (%) or mean (SD). In the control group, one obstetric unit was 
responsible for 500–999 deliveries a year, five obstetric units were responsible for 
1000–2999 deliveries a year, and one obstetric unit was responsible for 3000 or 
more deliveries a year. In the intervention group, six obstetric units were 
responsible for 1000–2999 deliveries a year and one obstetric unit was 
responsible for 3000 or more deliveries a year. Because of missing values, data are 
out of: *3271; †3946;  ‡3247; §3963; ¶3287; and ||3966 participants. 

Table 1: Baseline characteristics
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control group (adhering to the WHO partograph; Møre 
and Romsdal Hospital Trust, Molde; Innlandet Hospital 
Trust, Elverum; Innlandet Hospital Trust, Lillehammer; 
Møre and Romsdal Hospital Trust, Ålesund; Vestfold 
Hospital Trust, Tønsberg; Vestre Viken Hospital Trust, 
Drammen; and St Olav’s Hospital Trust, Trondheim) 
and seven obstetric units were randomly assigned to 
the intervention group (adhering to Zhang’s guideline; 
Nordland Hospital Trust, Bodø; Sørlandet Hospital Trust, 
Arendal; University Hospital of North Norway Trust, 
Tromsø; Vestre Viken Hospital Trust, Bærum; Telemark 
Hospital Trust, Skien; Østfold Hospital Trust, Grålum; 
and Stavanger University Hospital Trust, Stavanger). 
Between Dec 1, 2014, and Jan 31, 2017, 11 615 women 
who were considered eligible were asked to participate 
in the trial, which comprised 5421 (46·7%) women in 
the control group units and 6194 (53·3%) women in 
the intervention group units. In the control group, 
2100 (38·7%) of 5421 women did not give signed consent 
to participate and 16 (0·3%) women abstained from 
participation. In the intervention group, 2181 (35·2%) of 
6194 women did not give signed consent to participate 
and 41 (0·7%) women abstained from participation. 
7277 (62·7%) of 11 615 eligible women were therefore 
included in the analysis of the primary endpoint and the 
secondary endpoints (except for perineal incisions and 
OASIS). Of these women, 3305 (45·4%) participants 
were in an obstetric unit that was randomly assigned to 
the control group (adhering to the WHO partograph) and 
3972 (54·6%) participants were in an obstetric unit 
that was randomly assigned to the intervention group 
(adhering to Zhang’s guideline). There were no dropouts 
during the trial.

The two study groups were well balanced regarding 
baseline characteristics, except for variations in marital 
status (table 1). Additional baseline characteristics are 
shown in the appendix. Between 2012 and the start of the 
trial, ICS was used in 9·5% of deliveries to women in 
TGCS group 1 in obstetric units assigned to the control 
(WHO partograph) group and in 9·3% of deliveries to 
women in TGCS group 1 in units assigned to the 
intervention (Zhang’s guideline) group (appendix). No 
data were missing for the covariates that were included 
in the analyses, except for body-mass index (in 0·3% of 
women) and marital status (in 0·8% of women).

ICS was used in 196 (5·9%) of 3305 women in the 
control group and 271 (6·8%) of 3972 women in the in­
tervention group (table 2). There was no significant 
difference in the adjusted relative risk of ICS, which was 
1·17 (95% CI 0·98–1·40; p=0·08) in the intervention group 
versus the control group, with an adjusted risk difference 
of 1·0% (95% CI –0·1 to 2·1). The estimated ICC was 
3·4 × 10–³⁴. ICS was used in response to labour dystocia 
before 6 cm of cervical dilatation for 28 (21·2%) women 
in the control group and 25 (14·0%) women in the 
intervention group. There were no missing data for the 
primary outcome.

Labour dystocia, as defined by the allocated guidelines, 
was reported in 1512 (45·7%) of 3305 women in the 
control group and 1882 (47·4%) of 3972 women in the 
intervention group. Of these women, labour dystocia 
before a cervical dilatation of 6 cm was diagnosed 
in 214 (14·2%) women in the control group and 
222 (11·8%) women in the intervention group. Labour 
dystocia was the indication that prompted 132 (67·3%) of 
196 uses of ICS in the control group and 178 (65·7%) of 
271 uses of ICS in the intervention group (table 2).

There were no differences between the groups in any of 
the secondary outcomes (table 3). There were no reported 
maternal or neonatal deaths, and the results were found 
to be robust in post-hoc robustness analyses (appendix).

Discussion
LaPS was a cluster-randomised controlled trial that 
aimed to investigate whether the frequency of ICS use 
differed when adhering to Zhang’s guideline for labour 
progression compared with that when adhering to the 
WHO partograph. We hypothesised that there would be 
a 25% reduction in the frequency of ICS use when 
adhering to Zhang’s guideline versus adhering to the 
WHO partograph. We found no significant difference in 
ICS use between these groups. ICS was used for labour 
dystocia before women reached a cervical dilatation of 
6 cm in a greater of proportion of deliveries in the control 
(WHO partograph) group than in the intervention 
(Zhang’s guideline) group. Our study therefore provides 
important evidence to guide clinical practice and is an 

WHO partograph (control) 
group

Zhang’s guideline (intervention) 
group

n (%) Number 
assessed

n (%) Number 
assessed

Primary endpoint

Intrapartum caesarean sections* 196 (5·9%) 3305 271 (6·8%) 3972

Descriptive endpoints

Intrapartum caesarean sections for 
labour dystocia

132 (67·3%) 196 178 (65·7%) 271

Intrapartum caesarean sections for 
labour dystocia at a cervical 
dilatation of less than 6 cm

28 (21·2%) 132 25 (14·0%) 178

Labour dystocia, according to the 
allocated guideline

1512 (45·7%) 3305 1882 (47·4%) 3972

Labour dystocia, according to the 
allocated guideline, diagnosed at a 
cervical dilatation of less than 6 cm

214 (14·2%) 1512 222 (11·8%) 1882

Initiation of synthetic oxytocin 
during labour at a cervical 
dilatation of less than 6 cm

289 (18·5%) 1561 244 (14·7%) 1658

Duration of active phase of labour, 
hours†

6·05 (3·38–9·50) NA 6·59 (3·55–10·53) NA

NA=not applicable. *Adjusted relative risk is 1·17 (95% CI 0·98–1·40; p=0·08), giving an adjusted risk difference of 1·0% 
(95% CI –0·1 to 2·1), and an intraclass correlation coefficient (estimated within centres) of 3·4 × 10–³⁴; the number needed 
to treat with the WHO guideline to avoid one intrapartum caesarean section was therefore 100. †Data are median (IQR).

Table 2: Intrapartum caesarean sections and labour dystocia 
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important contribution to the discussion on whether 
implementation of the new labour progression guideline 
is beneficial or not.

We observed that ICS use was reduced in both the 
control group (by 37·8%) and the intervention group 
(by 26·5%) relative to the frequency of ICS use in 2012, 
before our study started; this reduction cannot be explained 
by the introduction of Zhang’s guideline because a 
reduction was noted in both groups. The intense focus on 
assessing labour progression in the study period might 
have led to an optimisation of labour management and an 
overall decrease in ICS use, which could be explained as 
the Hawthorn effect.22 The decrease in the frequency of 
ICS use in both groups suggests that the global challenge 
of increases in ICS use can be addressed by focusing on 
interventions, as previously reported.23 Even in Norway, 
where the frequency of ICS use is low, we found a 
substantial reduction in ICS use; thus, countries with 
more frequent ICS use might reduce their ICS use to a 
greater extent by increased focus on labour progression.

Previous research24 suggests that the universal stand­
ardisation of an expected linear labour progression curve 
is not applicable to today’s physiological patterns of 
labour. We found that a dynamic curve with wider 
intervals early in the active phase of the first stage 
appeared to be common in women today.12 However, we 
did not find any difference between the groups regarding 
ICS use in the context of labour dystocia. One could 
question whether standard guidelines are applicable for 
all women if they do not account for the normal and 
individual variations of labour progression.25

Previous work has shown diverse effects of different 
labour progression guidelines on ICS use. In 2014, the 
American College of Obstetricians and Gynecologists and 

the Society for Maternal-Fetal Medicine implemented 
Zhang’s guideline in their recommendations for assess­
ment and management of labour on the basis of research 
from lower on the hierarchy of evidence.14 Thuilliers and 
colleagues26 did a retrospective cohort study and found a 
significant decrease in ICS after implementation of new 
recommendations for preventing use of ICS that is not 
medically indicated.14 Rosenbloom and colleagues27 found 
no change in the frequency of ICS use, but they found an 
increase in maternal and neonatal morbidity after 
implementation of the new recommendations for pre­
venting medically unnecessary ICSs.14

It has been suggested that new labour management 
guidelines should be based on the best outcome for the 
mother and baby through a robust randomised controlled 
trial.15 LaPS is such a study28 with an appropriate sample 
size calculation. Our study has several strengths. First, 
the trial was carefully planned, and guidelines were 
taught rigorously to the birth care units included. Second, 
because compliance of the study protocol of labour 
management is known to be a challenge,29 all units were 
closely monitored during the trial period, which was 
intended to improve adherence to the guidelines and to 
enable thorough implementation of the study. The level 
of attention and focus on assessing labour progression 
was probably more intense than expected, and equal in 
both groups, which implies that, if there was a difference 
in ICS use between the groups, we would be able to 
detect it. However, the results might have differed if 
randomisation was done on an individual level. Third, to 
address external validity more thoroughly, we considered 
cluster eligibility, cluster inclusion and retention, cluster 
generalisability, and the feasibility and acceptability of 
the intervention to health-care providers in clusters.30 

WHO 
partograph 
(control) group 
(n=3305)

Zhang’s 
guideline 
(intervention) 
group (n=3972)

Adjusted relative 
risk (95% CI)

Adjusted risk 
difference (95% CI)

p value Intraclass 
correlation 
coefficient, 
assessed within 
centres (95% CI)

Clinical interventions during labour

Operative vaginal delivery 581 (17·6%) 839 (21·1%) 1·06 (0·84–1·34) 1·1% (–3·3 to 5·5) 0·62 0·02 (0·01–0·06)

Artificial rupture of the membranes 1223 (37·0%) 1396 (35·1%) 0·92 (0·79–1·06) –3·2% (–8·4 to 2·0) 0·23 0·01 (0·01–0·03)

Augmentation with oxytocin during labour 1561 (47·2%) 1658 (41·7%) 0·98 (0·84–1·15) –0·8% (–7·8 to 6·1) 0·81 0·02 (0·01–0·05)

Epidural analgesia 1653 (50·0%) 1913 (48·2%) 0·96 (0·81–1·15) –1·9% (–10·5 to 6·8) 0·67 0·03 (0·01–0·07)

Perineal surgical incision in women 
delivering vaginally

881 (28·3%)* 1151 (31·1%)† 0·91 (0·68–1·20) –2·9% (–11·3 to 5·5) 0·50 0·04 (0·02–0·09)

Other secondary outcomes 

Obstetric anal sphincter injuries in women 
delivering vaginally

79 (2·5%)* 112 (3·0%)† 1·14 (0·86–1·52) 0·4% (–0·4 to 1·2) 0·36 1·9 × 10–³⁴ (NE)

Blood transfusion administered 82 (2·5%) 115 (2·9%) 1·16 (0·79–1·69) 0·4% (–0·6 to 1·4) 0·45 0·02 (0·01–0·11)

Apgar score of less than 7 after 5 min 36 (1·1%) 49 (1·2%) 1·14 (0·74–1·75) 0·2% (–0·3 to 0·7) 0·55 1·7 × 10–³⁵ (NE)

Neonates with an umbilical cord artery pH 
of less than 7·0‡

19 (0·6%) 22 (0·6%) 0·99 (0·46–2·15) 0 (–0·4 to 0·4) 0·98 0·04 (0·01–0·46)

Data are n (%). NE=not estimable. *Out of 3109 participants assessed. †Out of 3701 participants assessed. ‡Missing values (33%) were imputed with best outcome. 

Table 3: Secondary outcomes
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Correction to the statistical analysis plan 

Concerning CEQ questionnaire, section 6.2.2, second paragraph, line 3: 

“Each question is rated 0-3” 

The questions should be rated 1-4 according to the developer of the questionnaire, Anna 
Dencker. https://bmcpregnancychildbirth.biomedcentral.com/  

Corrections will be made when presenting the CEQ data to provide the correct numbers and values.  

https://bmcpregnancychildbirth.biomedcentral.com/
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Supplement to: Bernitz S, Dalbye R, Zhang J, et al. The Labour Progression Study (LaPS):  Intrapartum 
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Section 1. Organization of the LaPS study 

The following investigators, institutions and colloborators, all in Norway, contributed to the LaPS study:  

 

Steering Group 

Stine Bernitz, RM., PhD., Rebecka Dalbye, RM., MSc., Jun Zhang, MD., PhD., Torbjørn M. Eggebø, MD., 

PhD., Ellen Blix, RM., DrPH., Pål Øian, MD., PhD. 

 

Authors  

Stine Bernitz, RM., PhD., Rebecka Dalbye, RM., MSc., Jun Zhang, MD., PhD., Torbjørn M. Eggebø, MD., 

PhD., Kathrine F. Frøslie, Statistician., PhD., Inge Christoffer Olsen, Statistician, PhD., Ellen Blix, RM., DrPH., 

Pål Øian, MD., PhD. 

 

Data Monitoring  

Berit Marianne Bjelkåsen MSc., Stine Bernitz, RM., PhD., Inge Christoffer Olsen, Statistician, PhD. 

 

Statistical Analysis Plan 

Stine Bernitz, RM., PhD., Rebecka Dalbye, RM., MSc., Torbjørn M. Eggebø, MD., PhD., Kathrine F. Frøslie, 

Statistician., PhD., Inge Christoffer Olsen, Statistician, PhD., Ellen Blix, RM., DrPH., Pål Øian, MD., PhD. 

 

Statistical Analyses - Inge Christoffer Olsen, Statistician, PhD., Kathrine F. Frøslie, Statistician., PhD., Stine 

Bernitz, RM., PhD., Rebecka Dalbye, RM., MSc. 

 

The LaPS study group 

Grete Teigland, Berit Fiksdal, Helen-Marit Torvik, Anne-Birthe Lømo, Anne-Gro Klokkehaug, Heidi Frostad 

Sivertsen, Marit Mathisen, Ole-Georg Torjusen, Marit Innervik, Stian Westad, Tove-Ragnhild Johnsen, Bente 

Mietinen, Gunnbjørg Andreassen, Janita Skogeng, Sissel Hjelle, Elin Ytterbø Hansen, Ingerid Herstad Nygaard, 

Birgitte Janson, Åse-Kari Kringlåk, Kjersti Skoe, Linn Nistov, Irene Jensen, Marieke Claessen, Margit 

Rosenberg, Eirin Paulsen, Stine Bernitz, Marit Martinussen, Gunnel Dyb, Philip von Brandis, Daniella Rozsa.  
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Section 2. Statistical analysis 

Mixed logistic regression model for caesarean section rate 

We used a mixed logistic regression model with the center as random intercept and treatment strategy as the 

fixed effect, adjusted for the covariates maternal age, BMI, civil status, and level of education. The hospital-level 

covariates used for stratification were the annual numbers of delivery and Intrapartum Caesarean Section (ICS) 

rates in the TGCS group 1 woman at the time of sample size calculation in 2012. Estimates of the adjusted 

relative risk and adjusted risk difference with confidence intervals were computed with the delta method. 

Estimates of the Intraclass Correlation Coefficient (ICC) within centres are presented in Table A4.   

There are many different methods for analysing cluster randomised trials.1,2 Generally they can be divided into 

cluster-level and individual-level methods. Cluster-level methods are based on analyses of aggregated data by 

cluster, and analysed using a standard method, e.g. t-test or Analysis of Covariance (ANCOVA). The analyses 

might be weighted by cluster size if there are enough clusters to estimate the ICC. An objection to this solution is 

that the method might be under-powered when the number of clusters is small, and that it is not possible to adjust 

for covariates on the individual level. Individual-level methods are based on individual observations, with the 

analyses adjusted for clustering effects. There are simple methods to adjust the chi-square estimates,2 in addition 

to more model-based approaches such as marginal Generalized Estimating Equations (GEE) and conditional 

logistic mixed models. Between these two models, the logistic mixed model seems more robust when the 

number of clusters is less than 40.1 

Compared with simple methods, model-based methods allow for covariates specific for both clusters and 

individuals. There is an interpretation difference for the treatment effect estimates between the marginal and 

conditional models. The marginal model estimates the mean effect in the population, while the conditional model 

estimates the mean effect for individual hospitals. In this study, the low number of clusters suggested that the 

conditional mixed model approach was the most robust method for analysis.    
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Section 3. Supplementary Figures 

 

Figure A1. Zhang’s guideline3  for calculating the expected progression during the active phase of the first 

stage of labour according to time intervals from cm to cm.  

 

 

Reprinted with permission of Wolters Kluwer Health, Inc. from  Zhang J, Landy HJ, Branch DW, et al. (2010) 

Contemporary patterns of spontaneous labor with normal neonatal outcomes. Obstetrics and gynecology, 

116:1281-7. 



Figure A2. Zhang’s guideline (paper version) used for the birth care units randomised to the Zhang group 
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Figure A3. The WHO partograph4,5 for labour progression during the active phase of labour with  

cervical dilatation of at least 1 cm (alert line) per hour assessed after 4 hours (action line).  

 

 

Reprinted with permission of the World Health Organization from Managing complications in pregnancy and 

childbirth: a guide for midwives and doctors. World Health Organization, 2003. 

 

 



Section 4. Supplementary Tables 

Table A1. The robustness to handling of missing data showed negligible differences compared with the results presented in the article.* 

* Robustness analyses was performed with worst outcome imputation 

 Intervention group 

n=3972 

Control group 

n= 3305 

Adjusted relative risk 

(95%CI) 

Adjusted risk difference (95% CI) P-value 

 no. of neonates (%)    

Neonates with umbilical cord artery pH < 7.0 

 

22 (0·6) 19 (0·6) 1·10 (0·82 to 1·48) 3·2% (-6·5 to 12·.9) 0·51 



Table A2.  Summary of robustness analyses  

   Mixed effects logistic regression adjusted for centres as random 

intercept 

Cluster level analyses¶ Standard logistic 

regression ¶¶ 

   Unadjusted ∫ Adjusted for hospital level 

covariates as fixed effects∫∫ 

  

 Zhang   WHO RR (95%CI) p-value RR (95%CI) p-value Risk diff 

(95%CI) 

p-value RR (95%CI) p-value 

Types of clinical intervention 

during labour 

no. of patients/total no.*  (%)         

Intrapartum caesarean 

section 

271 (6·8) 196 (5·9) 1·18 (0·90 to 

1·54) 

0·22 1·19 (0·98 to 1·43) 0·07 1·1% (-0·2 to 

2·4) 

0·096 1·17 (0·98 to 

1·40) 

0·08 

Operative vaginal delivery  839 (21·1) 581 (17·6) 1·11 (0·86 to 

1·43) 

0·42 1·07 (0·85 to 1·35) 0·55 1·4% (-3·8 to 

6·6) 

0·57 1·16 (1·06 to 

1·28) 

0·002 

Artificial rupture of the 

membranes 

1396 (35·1) 1223 (37·0) 0·94 (0·80 to 

1·09) 

0·40 0·93 (0·80 to 1·07) 0·30 -2·8% (-9·7 to 

4·1) 

0·39 0·94 (0·88 to 

1·00) 

0·03 

Oxytocin augmentation  1658 (41·7) 1561 (47·2) 0·97 (0·80 to 

1·18) 

0·76 0·99 (0·84 to 1·17) 0·91 -0·8% (-11·6 to 

9·9) 

0·87 0·91 (0·87 to 

0·96) 

<0·001 

Epidural analgesia 1913 (48·2) 1653 (50·0) 0·98 (0·83 to 

1·17) 

0·86 0·97 (0·82 to 1·15) 0·76 -1·4% (-11·9 to 

9·1) 

0·78 0·95 (0·90 to 

0·99) 

0·02 

Perineal surgical incision** 1151/3701 (31·1) 881/3109 (28·3) 0·90 (0·68 to 

1·20) 

0·48 0·92 (0·69 to 1·22) 0·55 -3·1% (-14·0 to 

7·8) 

0·55 1·09 (1·02 to 

1·18) 

0·02 

Obstetric anal sphincter 

injury** 

112/3701 (3·0) 79/3109 (2·5) 1·19 (0·90 to 

1·58) 

0·23 1·15 (0·86 to 1·53)  0·34 0·4% (-0·2 to 

1·1) 

0·14 1·14 (0·86 to 

1·52) 

0·36 

Blood transfusion  115 (2·9) 82 (2·5) 1·20 (0·80 to 

1·80) 

0·37 1·19 (0·81 to 1·75) 0·38 0·4% (-1·1 to 

1·9) 

0·54 1·16 (0·87 to 

1·53) 

0·31 

Apgar score <7 after 5 

minutes 

49 (1·2) 36 (1·1) 1·14 (0·71 to 

1·83) 

0·59 1·15 (0·75 to 1·77) 0.52 0·2% (-0·4 to 

0·8) 

0·46 1·14 (0·74 to 

1·75) 

0·55 

Neonates with umbilical cord 

artery pH < 7.0¥ 

22 (0·6) 19 (0·6) 1·02 (0·49 to 

2·14) 

0·96 0·99 (0·45 to 2·15) 0.98 -0·01% (-0·5 to 

0·6) 

0·80 0·93 (0·50 to 

1·73) 

0·82 
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Abbreviations: RR: Risk ratio; estimated RR for clinical interventions (primary and secondary outcomes) in the Zhang group compared with the WHO group; CI: Confidence 

interval; ICC: Intraclass correlation coefficient  

*Total numbers are included when they differ from those in the overall study group. ** The analyses were based to all women who underwent a vaginal delivery. ¥Missing 

values (33%) are imputed with best outcome. ∫ An unadjusted mixed-effects logistic regression model only adjusted for centers as random intercept. ∫∫ A mixed-effects logistic 

regression model adjusting for centers as random intercept and hospital level covariates (annual ICS rates and number of deliveries in 2012) as fixed effects. ¶ A cluster-level 

analysis where the aggregated centre proportions of ICS were compared. Analysis of Covariance (ANCOVA) model with proportion of ICS at each hospital as the dependent 

variable, and treatment and annual ICS rates in 2012 as independent variables. The analyses were weighted according to the reciprocal of the variance of the ICS rate by 

cluster (site) given by:  W_i=m_i/[1+(m_i-1)ρ] where  W_i is the weight, m_i is the cluster size and ρ is the ICC. ¶¶ A standard logistic regression not adjusted for centres as 

random intercept, but adjusted for hospital level and individual level covariates as specified in the primary analysis. The treatment strategy was included as a fixed effect. The 

reason for including the standard logistic regression as a pre-defined robustness analysis was to have available analyses in case the mixed-effects logistic regression models 

did not converge. Having pre-specified these analyses, we include them in the reporting. However, as all mixed-effects logistic regression models converged these analyses 

should not be taken into consideration as they do not take the cluster design into consideration. 
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Table A3. Robustness analyses with the pre-trial log-odds of ICS substituting the pre-trial proportion of ICS as covariate following request from reviewer 

 Zhang group   WHO group RR (95%CI) Risk diff (95%CI) p-value 

Types of clinical intervention during labour no. of patients/total no.*  (%)    

Intrapartum caesarean section 271 (6·8) 196 (5·9) 1·18 (0·99 to 1·41) 1·0% (-0·1 to 2·2) 0·07 

Operative vaginal delivery  839 (21·1) 581 (17·6) 1·06 (0·84 to 1·33) 1·0% (-3·4 to 5·4) 0·64 

Artificial rupture of the membranes 1396 (35·1) 1223 (37·0) 0·91 (0·79 to 1·05) -3·3% (-8·4 to 1·8) 0·20 

Oxytocin augmentation  1658 (41·7) 1561 (47·2) 0·98 (0·84 to 1·15) -0·9% (-7·8 to 6·1) 0·80 

Epidural analgesia 1913 (48·2) 1653 (50·0) 0·96 (0·81 to 1·14) -2·1% (-10·6 to 6·4) 0·63 

Perineal surgical incision** 1151/3701 (31·1) 881/3109 (28·3) 0·89 (0·67 to 1·19) -3·1% (-11·1 to 4·9) 0·44 

Obstetric anal sphincter injury** 112/3701 (3·0) 79/3109 (2·5) 1·14 (0·86 to 1·52)  0·3% (-0·4 to 1·1) 0·36 

Blood transfusion  115 (2·9) 82 (2·5) 1·15 (0·79 to 1·69) 0·4% (-0·6 to 1·4) 0·46 

Apgar score <7 after 5 minutes 49 (1·2) 36 (1·1) 1·15 (0·75 to 1·77) 0·2% (-0·3 to 0·7) 0·52 

Neonates with umbilical cord artery pH < 7.0¥ 22 (0·6) 19 (0·6) 0·98 (0·45 to 2·13) 0% (-0·4 to 0·4) 0·96 

Abbreviations: RR: Risk ratio; estimated RR for clinical interventions (primary and secondary outcomes) in the Zhang group compared with the WHO group; CI: Confidence 

interval; *Total numbers are included when they differ from those in the overall study group. ** The analyses were based to all women who underwent a vaginal delivery; 

¥Missing values (33%) are imputed with best outcome.  
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Table A4. Post-hoc robustness analyses with small sample correction 

Following the request from reviewer, post-hoc robustness analyses were performed to assess the impact of small sample corrections to the main analyses. The analyses follow 

the recommendation in (McNeish, 2016) to use the residual penalized quasi-likelihood (RPQL) estimation method with the Kenward-Roger (KR) correction supplementary to 

the adaptive Gauss-Hermite quadrature (AGQ) estimation method used in the main analyses.6 As Stata v15 does not provide RPQL estimation, these analyses were done in 

SAS v9.4. The results are presented as parameter estimates from the mixed logistic regression models (logarithm of the odds ratio) with standard error and p-value.  

Endpoint Main analyses (AGQ estimation) Small sample correction analyses (RPQL-KR) estimation 

 Estimate Standard Error p-value Estimate Standard Error p-value 

Intrapartum caesarean sections 0·173 0·099 0·08 0·181 0·111 0·14 

Operative vaginal delivery  0·075 0·152 0·62 0·068 0·179 0·71 

Artificial rupture of the membranes -0·140 0·116 0·23 -0·143 0·139 0·33 

Augmentation with oxytocin during labour -0·037 0·155 0·81 -0·034 0·181 0·85 

Epidural analgesia -0·078 0·184 0·67 -0·078 0·219 0·73 

Perineal surgical incision -0·149 0·209 0·48 -0·155 0·247 0·55 

Obstetric anal sphincter injury 0·140 0·151 0·35 0·140 0·151 0·52 

Blood transfusion  0·152 0·200 0·45 NA NA NA 

Apgar score <7 after 5 minutes 0·135 0·223 0·55 NA NA NA 

Neonates with umbilical cord artery pH < 7.0 -0·009 0·397 0·98 NA NA NA 

NA: Estimates not available because the model did not converge. Generally, the results from the analyses with small sample corrections were consistent with the main 

analyses with estimates slightly higher but with larger standard errors. The p-values were also slightly higher, but none to a degree where the interpretation of the results was 

changed compared to the main analyses. There were also a problem that the RPQL method did not converge for some of the endpoints.  



Table A5. Baseline characteristics of the included and non-included women 

Due to unavailable consent and women abstaining participation, 4338 were not included in the trial. The number 

of unavailable signed consents  might be caused by occasionally high activity levels in the birth care units which 

does not allow time to obtain consents. It might also be partly explained by ethical aspects in that women in 

labour, experience labour pain, might not be in a situation where information about  research projects are 

prioritized. Due to the risk of  selection bias, no consents were obtained after delivery. To assess if there were 

differences between the included and non-included women, we performed an additional analysis of the basic 

characteristics of the non-included women for the following variables: Maternal age, civil status, level of 

education, smoking in first trimester, pregnant body mass index (BMI), and gestational age at onset of active 

labour. Baseline characteristics showed differences in the proportions aged ≥ 35 years, who were 

cohabitants/married, who attended higher education, and those with low BMI between the included and non-

included women during the trial period (Table A5).   

 Included women 

n=7277 

Missing Non-included women 

n= 4338 

Missing P-value 

Maternal characteristics      

Age at delivery (years)* 28 ± 4  28 ± 5 1 1·0 

< 25 1755 (24·1)  1026 (23·7)  0·57 

25-35 4954 (68·1)  2923 (67·4)  0·44 

≥ 35 568 (7·8)  388 (8·9)  0·03 

Cohabitant or married 6878 (94·5) 60 3976 (91·7) 24 <0·001 

Higher education ≥ 12 years 4429 (60·9) 

 

 2387 (55·0) 70 <0·001 

Smoking first trimester 440 (6·0) 67 224 (5·2) 10 0·05 

Pre-pregnant body mass index *† 24 ± 4 24 24 ± 4 197 1·0 

 ≤ 18·5 314 (4·3)  220 (5·1)  0·06 

18·5-24·9 4870 (66·9)  2725 (62·8)  <0·001 

25·0-29·9 1452 (20·0)  824 (19·0)  0·2 

 ≥ 30·0 617 (8·5)  372 (8·6)  0·86 

Gestational age at onset of active 

labour (days)* 

281 ± 7  281 ± 8 7 1·0 

Numbers are no. (%) unless otherwise stated. *Values are means ± SD. †The body-mass index is the weight in 

kilograms divided by the square of the height in meters. The body-mass index was missing for 4·5% of the non-

included women, thus the percentages do not add up to 100%. 
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Table A6. Birth care unit-specific intrapartum caesarean section (ICS) rates in 2012 vs. LaPS trial period 

 Pre- intervention period  

(1.1.2012 - 31.12.2012) 

 LaPS trial period 

Unit No. of births No. of births  ICS TGCS1 

No. (%) 

Randomised* No. of births ICS TGCS1 

No. (%) 

 Total TGCS 1   TGCS1  

3 1002 277 20 (7·2) 1 280 19 (6·8) 

4 1046 296 32 (10·8) 1 304 24 (7·9) 

6 1380 416 50 (12·0) 1 419 40 (9·5) 

8 1547 438 35 (8·0) 1 428 24 (5·6) 

9 1804 480 36 (8·1) 1 469 27 (5·8) 

12 2874 769 89 (11·6) 1 788 74 (9·4) 

14 4855 1244 102 (8·2) 1 1284 63 (4·9) 

Sum 14 508 3920 364 (9·3)  3972 271 (6·8) 

1 528 134 21 (15·7) 0 133 10 (7·5) 

2 996 282 30 (10·6) 0 261 22 (8·4) 

5 1126  319 32 (10·0) 0 327 15 (4·6) 

7 1397 370 31 (8·4) 0 368 21 (5·7) 

10 2009 618 55 (8·9) 0 649 32 (4·9) 

11 2065 481 39 (8·1) 0 495 24 (4·8) 

13 3796 1112 108 (9·7) 0 1072 72 (6·7) 

Sum 11 917 3316 316 (9·5)  3305 196 (5·9) 

Total 26 425 7236 680 (9·4)  7277 467 (6·4) 

*Randomised to either 1= Zhang  group or 0=WHO group 
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Table A7. Project in Norway during the LaPS trial period, focusing on reducing Caesarean section rate.  

Numbers of births and intrapartum caesarean section (ICS) in TGCS 1 women in 2012 vs. LaPS trial period, in 

birth care unit > 500 deliveries/year, not participating in the LaPS- project. 

 Pre- intervention period  

(1.1.2012 - 31.12.2012) 

LaPS trial period  

(1.1.2015 - 31.12.2016) 

Unit No. of births  

TGCS 1 

ICS TGCS1 

N (%) 

No. of births  

TGCS1 

ICS TGCS1 

N (%) 

Akershus University Hospital 1530 99 (6·5) 2767 245 (8·9) 

Oslo University Hospital, Ullevål 2275 180 (7·9) 4868 423 (8·7) 

Oslo University Hospital, Rikshospitalet 675 53 (7·9) 1337 93 (7·0) 

Innlandet Hospital Trust, Gjøvik 220 22 (10·0) 420 55 (13·1) 

Vestre Viken Hospital Trust, Ringerike 216 22 (10·2) 423 47 (11·1) 

Sørlandet Hospital Trust, Kristiansand 545 40 (5·3) 990 71 (7·2) 

Fonna Health Trust, Haugesund 393 24 (6·1) 738 33 (4·5) 

Haukeland University Hospital, Bergen 1511 104 (6·9) 2981 187 (6·3) 

North Trøndelag Health Trust, Levanger 244 35 (14·3) 424 42 (9·9) 

Total 7609 579 (7·6) 14948 1196 (8·0) 
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Abstract
Introduction: This study aims to investigate the use of oxytocin augmentation dur‐
ing labor in nulliparous women following Zhang's guideline or the WHO partograph.
Material and methods: This is a secondary analysis of a cluster randomized controlled 
trial in 14 birth‐care units in Norway, randomly assigned to either the intervention 
group, which followed Zhang's guideline, or to the control group, which followed the 
WHO partograph, for labor progression. The participants were nulliparous women 
who had a singleton full‐term fetus in a cephalic presentation and spontaneous onset 
of labor, denoted as group 1 in the Ten Group Classification System.
Results: Between December 2014 and January 2017, 7277 participants were in‐
cluded. A total of 3219 women (44%) received augmentation with oxytocin during 
labor. Oxytocin was used in 1658 (42%) women in the Zhang group compared with 
1561 (47%) women in the WHO group. The adjusted relative risk for augmentation 
with oxytocin was 0.98 (95% CI 0.84‐1.15; P = .8) in the Zhang vs WHO group, with 
an adjusted risk difference of −0.8% (95% CI −7.8 to 6.1). The participants in the 
Zhang group were less likely to be augmented with oxytocin before reaching 6 cm of 
cervical dilatation (24%) compared with participants in the WHO group (28%), with 
an adjusted relative risk of 0.84 (95% CI 0.75‐0.94; P = .003). Oxytocin was adminis‐
tered for almost 20 min longer in the Zhang group than in the WHO group, with an 
adjusted mean difference of 17.9 min (95% CI 2.7‐33.1; P = .021). In addition, 19% of 
the women in the Zhang group and 23% in the WHO group received augmentation 
with oxytocin without being diagnosed with labor dystocia.
Conclusions: Although no significant difference in the proportion of oxytocin aug‐
mentation was observed between the 2 study groups, there were differences in how 
oxytocin was used. Women in the Zhang group were less likely to receive oxytocin 
augmentation before 6 cm of cervical dilatation. The duration of augmentation with 
oxytocin was longer in the Zhang group than in the WHO group.
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1  | INTRODUC TION

Augmentation with oxytocin is a widely used method to treat labor 
dystocia during the active phase of labor,1-4 aiming to produce suf‐
ficient uterine contractions for cervical dilatation and fetal descent. 
At the same time, it is also important to avoid uterine hyperstimula‐
tion and fetal compromise. The use of augmentation with oxytocin 
is recommended by the World Health Organization (WHO)2 and the 
National Institute for Health and Care Excellence,5 even if the rec‐
ommendations are based on low‐quality evidence.2

A systematic review including randomized studies only, reported 
an association between oxytocin administration and a reduction 
in the mean duration of labor of approximately 2 hours. However, 
there was no decrease in the rates of cesarean sections and nor were 
there improved birth outcomes for mothers and babies.6 In addition, 
observational studies reported that oxytocin augmentation was 
associated with an increased risk of instrumental vaginal delivery, 
episiotomy, emergency cesarean section, sphincter ruptures, a low 
Apgar score, a low cord pH in neonates, and newborn transfer to the 
neonatal intensive care unit.7-9 Synthetic oxytocin has been classi‐
fied as a potentially harmful medication and is included in the list of 
high‐alert medications by the Institute for Safe Medication Practices 
in the USA.10 Despite this fact, the rate of oxytocin administration in 
western countries has been reported to be between 44% and 75% 
over the last decade.11-13

Labor dystocia has no universal definition. Consensus concern‐
ing its management is lacking, and diagnostic criteria and guidelines 
for labor progression depend on local definitions.4,14,15

For more than 6 decades, labor progression has been assessed 
on the basis of Friedman's research.16 In the early 1970s, Philpott 
& Castle17 developed guidelines for assessing labor progression ac‐
cording to Friedman's findings. These guidelines consist of an action 
line to detect abnormal labor progress. In 1994, the WHO parto‐
graph18 was presented based on the work of Philpott & Castle17 and 
is currently used worldwide.5 Because of a substantial change in 
labor management over the past half century, questions have been 
raised on the appropriateness of the recommendations of expected 
cervical dilatation in labor.19-22

In 2010, Zhang et al21 presented a hyperbolic labor curve based 
on a large contemporary cohort that included 27  170 nulliparous 
women. His findings present a substantially slower labor progres‐
sion than previously thought, and research suggests that some inter‐
ventions, such as oxytocin augmentation, might be performed too 
soon according to the prevailing definitions of labor dystocia.4 The 
WHO has identified a knowledge gap regarding which design, if any, 
is preferable for a partograph.23 The overall aim of this study is to 
provide detailed knowledge on the use of oxytocin augmentation 

during labor and will be an important contribution when evaluating 
different labor progression guidelines. The specific aim is to investi‐
gate if there were differences in oxytocin for augmentation during 
labor in nulliparous women randomized to adhere to Zhang's guide‐
line compared with the WHO partograph.

2  | MATERIAL AND METHODS

We used data from the Labor Progression Study (LaPS), a cluster 
randomized controlled trial undertaken in Norway, with the aim 
of evaluating the effect of the 2 different guidelines for labor pro‐
gression. The study protocol was published in 2017,24 and detailed 
methodological considerations, information regarding the interven‐
tion and procedures, and the results for the primary outcome are 
recently published.25

Approximately 60  000 babies are born annually in 46 birthing 
institutions in Norway. Birth‐care units were eligible to participate 
if their annual delivery rate exceeded 500 infants. The inclusion 
criteria for participating individuals were nulliparous women with 
a singleton fetus in a cephalic presentation and spontaneous onset 
of active labor, defined as at least 4  cm of cervical dilatation with 
regular contractions, in gestational week 37 or greater. This group is 
denoted as group 1 in the Ten Group Classification System (TGCS) 
by Robson et al.26 Women who understood the Norwegian language 
were included.

The randomization procedure was computer generated, and it 
was stratified for annual birth number and previous rates of cesar‐
ean sections for TGCS group 1. Neither the staff at the birth‐care 
units nor the participants were masked to group affiliation because 
of the nature of the design. In this trial, hospitals were the units of 
randomization, and women were the units of analysis. The estimated 
day of delivery was determined in a second‐trimester ultrasound 
scan. At this examination or upon admission to the labor ward, el‐
igible women received written information about the trial. Data for 
eligible women who provided informed consent were included in the 
analyses.

K E Y W O R D S

labor dystocia, labor progression guidelines, nulliparous, oxytocin augmentation, Ten Group 
Classification System 1

Key message
We did not observe any significant differences in the propor‐
tion of oxytocin for augmentation between the two study  
groups, but women in the Zhang group were less likely 
to be augmented with oxytocin before 6  cm of cervical 
dilatation.
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Before randomization and trial onset, staff at all sites received in‐
formation about the LaPS protocol and were trained on how to use 
the allocated guidelines. Seven birth‐care units were randomized 
to the intervention group adhering to Zhang's guideline, and seven 
birth‐care units were randomized to the control group adhering to the 
WHO partograph. The active phase of first stage is defined as being 
from at least 4 cm to 10 cm of cervical dilatation. For women adher‐
ing to Zhang's guideline, labor dystocia was diagnosed if the cervical 
dilatation did not meet the expected progression from one integer cm 
to the next according to the 95th centile. Labor dystocia in the sec‐
ond stage was diagnosed if the descending phase lasted longer than 
1 hour and 45 minutes, 2 hours and 30 minutes for women with epi‐
dural analgesia, or if the expulsion phase lasted longer than 60 minutes 
(see Supplementary material, Figure S1). For women adhering to the 
WHO partograph for labor progression, labor dystocia was diagnosed 
if the cervical dilatation was slower than one integer centimeter per 
hour, assessed after 4 hours, i.e if the 4‐hour action line was crossed. 
Labor dystocia in the second stage was diagnosed if the descending 
phase lasted longer than 1 hour, 2 hours for women with epidural an‐
algesia, or if the expulsion phase lasted longer than 60 minutes (see 

Supplementary material, Figure S2). If labor dystocia was diagnosed, 
the guideline on treatment because of insufficient contractions was 
followed as a common routine at all birth‐care units in Norway.27

The primary outcome in the present paper was the proportion of 
oxytocin augmentation in active labor. The secondary outcome mea‐
surements included duration of oxytocin augmentation in minutes, 
maximum dose of oxytocin in mL/h, dose when initiating augmentation, 
cervical dilatation when initiating augmentation with oxytocin, propor‐
tion of discontinuation of oxytocin, proportion of labor dystocia accord‐
ing to the allocated guideline, and cervical dilatation when labor dystocia 
was diagnosed. In addition, a comparison between oxytocin augmenta‐
tion during active labor and labor dystocia was presented. The clinical 
outcomes were registered in a web‐based case report form, designed 
by the Unit of Applied Clinical Research at the Norwegian University of 
Science and Technology, to ensure consistent data recording.

2.1 | Statistical analyses

The LaPS sample size was calculated to show a 25% decrease in 
the proportion of intrapartum cesarean sections when adhering to 

F I G U R E  1  Flow chart of the inclusion of hospitals and participant [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com


1190  |     DALBYE et al.

Zhang's guideline.25 The present paper describes secondary and 
exploratory analyses related to the use of oxytocin augmenta‐
tion in active labor in the LaPS study (see Supplementary material, 
Appendix S1 regarding organization of the LaPS study). A separate 
statistical analysis plan was prepared for the analyses described in 
the Supplementary material (Appendix S2). The analyses were con‐
ducted according to the principle of intention‐to‐treat to estimate 
the effect of the two guidelines. Data with dichotomous outcomes 
were analyzed with a mixed logistic regression model. For continu‐
ous outcomes, a generalized linear mixed γ model with a logarithmic 

link function was used. For both models, birth‐care units were in‐
cluded as random intercepts and the treatment strategy as a fixed 
effect. Furthermore, we adjusted for stratification variables (annual 
intrapartum cesarean section rates and number of deliveries) and for 
predefined covariates considered to be potential risk factors for ox‐
ytocin administration on an individual level (maternal age, body mass 
index, civil status, and educational level, as well as birthweight and 
neonatal head circumference). A 2‐tailed P value ≤ .05 was consid‐
ered significant. Estimates of the adjusted risk ratio, risk difference, 
and mean difference with confidence intervals (CI) were computed 

Zhang group WHO group

Hospitals 
(n = 7)

Participants
(n = 3972)

Hospitals 
(n = 7)

Participants
(n = 3305)

Hospital characteristics

Deliveries per year 

<3000 6 2688 (36.9) 6 2233 (30.7)

≥3000 1 1284 (17.6) 1 1072 (14.7)

Characteristics related to the mother

Maternal age at delivery 
(years)

28.4 (4.6) 28.5 (4.5)

Civil status (cohabitant 
or married)a

3741/3946 (94.8) 3137/3271 
(95.9)

Higher education 
≥ 12 years

2412 (60.7) 2017 (61.0)

Smoking during first 
trimestera

230/3963 (5.8) 210/3247 
(6.5)

Prepregnant body mass 
indexa,b

23.6/3966 (4.3) 23.8/3287 
(4.3)

Gestational age at onset 
of active labor (days)

281 (7.0) 281 (8.0)

Characteristics related to labor

Amniotomy 1396 (35.1) 1223 (37.0)

Epidural analgesia 1913 (48.2) 1653 (50.0)

Labor dystocia 1882 (47.4) 1512 (45.7)

Operative vaginal 
delivery

839 (21.1) 581 (17.6)

Cesarean section 271 (6.8) 196 (5.9)

Duration of active 
phase of labor (hours), 
median (IQR)

6.6 (3.6‐10.5) 6.1 (3.4‐9.5)

Duration of second 
stage (minutes), median 
(IQR)

76 (40‐142)c

n = 3746
75 (40‐126)c

n = 3134

Characteristics related to the newborn

Birthweight (g) 3528 (427) 3518 (414)

Head circumference 
(cm)

35.0 (1.4) 35.0 (1.4)

Note: No. (%) or mean (SD) unless otherwise stated.
Abbreviation: IQR, interquartile range.
aTotal numbers are presented due to missing values. 
bThe body mass index is the weight in kilograms divided by the square of the height in meters. 
cNumbers are restricted to women who reached 10 cm of cervical dilatation. 

TA B L E  1  Characteristics of included 
hospitals (n = 14) and participants 
(n = 7277)
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with the delta method.28 The analyses of the primary and secondary 
end points in this paper were based on all included women, except 
for the analyses of the duration of oxytocin administration, the maxi‐
mum dose of oxytocin administration, and cervical dilatation when 
initiating oxytocin, which were restricted to women with oxytocin 
administration only. The calculation of cervical dilatation when labor 
dystocia was diagnosed was restricted to those diagnosed with labor 
dystocia.

No data were missing for the covariates included in the analy‐
ses, except for the body mass index (0.3%) and civil status (0.8%). 
Missing covariate data were imputed using stochastic linear re‐
gression single imputation. Some of the eligible women were not 
included in the study (Figure 1), and the characteristics of these 
women are presented in the Supplementary material (Table S1). 
All statistical analyses were performed in STATA v15 (Stata Corp. 
2015; STATA statistical software: release 15.1.1 College Station, 
TX, USA).

2.2 | Ethical approval

This study, including patient information, informed consent and the 
baseline characteristics of the non‐included women, was approved 

by the Regional Committee for Medical and Health Research Ethics 
(2013/1862/REK) South East and the Norwegian Social Science 
Data Services. It was registered at www.clini​caltr​ials.gov before the 
enrolment of the participants (NCT02221427), and the study proto‐
col was published in BMC Pregnancy and Childbirth.24 The protocol 
was approved and signed by the management at each birth‐care unit 
before trial commencement.

3  | RESULTS

During the 26 months of inclusion, between 1 December 2014 and 
31 January 2017, 14 birth‐care units throughout Norway took part 
in the study. In all, 11 615 mothers in TGCS group 1 were assessed 
for eligibility to participate. Of these, 7277 were included in the 
analyses, 3972 and 3305 in the Zhang and WHO groups, respec‐
tively (Figure 1). The baseline characteristics of the 2 study groups 
are presented in Table 1. No data were missing for the primary out‐
come of oxytocin use for augmentation, and a total of 3219 women 
(44%) were augmented with oxytocin during active labor. Oxytocin 
augmentation was used in 1658 (42%) nulliparous women adhering 
to Zhang's guideline compared with 1561 (47%) nulliparous women 

TA B L E  2  The use of oxytocin augmentation

Intervention group 
(n = 3972)

Control group 
(n = 3305) Estimated difference (95% CI) P‐value

Oxytocin augmentation during labor, n (%) 1658 (41.7) 1561 (47.2) ARR: 0.98 (0.84 to 1.15) 
ARD: −0.8% (−7.8 to 6.1)

0.8

Duration of oxytocin augmentation 
(minutes),a  median (IQR)

134 (57‐270) 115 (50‐250) AMD: 17.9 (2.7 to 33.1) 0.021

Maximum dose of oxytocin augmentation 
(mL/h),a  median (IQR)

75 (45‐120) 90 (60‐120) AMD: −0.1 (−13.5 to 13.3) 0.99

Dose of oxytocin when initiating augmenta‐
tion (mL/h)a  median (IQR)

30 (30‐30) 30 (15‐30) AMD: −0.4 (−3.6 to 2.9) 0.82

Discontinuation of oxytocin,a  n (%)b  74 (4.5%) 54/1554 (3.5%)

Cervical dilatation when initiating oxytocin (cm),a  n (%)c 

4 cm 101 (6.1) 128 (8.2) ARR: 0.73 (0.55 to 0.98) 
ARD: −2.2 (−4.2 to −0.1)

0.04

5 cm 244 (14.7) 289 (18.5) ARR: 0.79 (0.66 to 0.95) 
ARD: −3.9 (−6.9 to −0.9)

0.01

6 cm 399 (24.1) 443 (28.4) ARR: 0.84 (0.75 to 0.94) 
ARD: −4.6 (−7.6 to −1.6)

0.003

7 cm 552 (33.3) 565 (36.2) ARR: 0.92 (0.83 to 1.01) 
ARD: −3.0 (−6.3 to 0.2)

0.07

8 cm 712 (42.9) 692 (44.3) ARR: 0.96 (0.88 to 1.05) 
ARD: −1.7 (−5.7 to 2.3)

0.40

9 cm 914 (55.1) 835 (53.5) ARR: 1.01 (0.93 to 1.11) 
ARD: 0.8 (−4.1 to 5.7)

0.8

10 cm 1658 (100) 1561 (100) ARR: 0.98 (0.88 to 1.09) 
ARD: −0.8 (−5.7 to 4.1)

0.8

Abbreviations: AMD, adjusted mean difference; ARD, adjusted risk difference; ARR, adjusted relative risk; IQR, interquartile range.
aInclude women with oxytocin augmentation during labor. 
bTotal numbers are presented due to missing values. 
cNumbers in % are cumulative. 

http://www.clinicaltrials.gov
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adhering to the WHO partograph. No significant difference in the 
risk of oxytocin augmentation was found; the adjusted relative risk 
in the intervention group vs the control group was 0.98 (95% CI 
0.84‐1.15; P  =  .8), and the corresponding adjusted risk difference 
was −0.8% (95% CI −7.8 to 6.1).

The median duration of oxytocin augmentation was 134 minutes 
in the Zhang group compared with 115 minutes in the WHO group, 
with an adjusted mean difference of 17.9 minutes (95% CI 2.7‐33.1, 
P = .021), whereas the median of the maximum dose of oxytocin aug‐
mentation was 75 mL/h in the Zhang group compared with 90 mL/h 
in the WHO group, with an adjusted difference of −0.11 mL/h (95% 
CI −13.5 to 13.3, P = .99) (Table 2).

Table 2 also shows a detailed description of cervical dilatation 
in centimeters when initiating oxytocin, presented with a 95% CI 
among TGCS group 1 women in the 2 study groups. Women allo‐
cated to Zhang's guideline were less likely to receive augmentation 
with oxytocin before 6  cm of cervical dilatation compared with 
those allocated to the WHO partograph (adjusted relative risk of 
0.84; 95% CI 0.75‐0.94), with an adjusted risk difference of −4.6% 
(95% CI −7.6 to −1.6). In addition, discontinuation of oxytocin was 
used for 74 (4.5%) women in the intervention group and 54 (3.5%) 
women in the control group.

There was no significant difference in the adjusted relative risk 
for labor dystocia, which was 1.1 (95% CI 0.96‐1.28; P =  .2) in the 
intervention group vs the control group, with an adjusted risk dif‐
ference of 4.8% (95% CI −1.8-11.3). In Table 3, detailed descriptions 
of the differences between the 2 study groups in cervical dilatation 
when labor dystocia was diagnosed are presented. A comparison 
between the 2 study groups for oxytocin augmentation and labor 

dystocia is presented in Table 4. For the women in the Zhang group, 
approximately 42% received oxytocin, of whom 81% were diagnosed 
with labor dystocia. In the WHO group, 47% women received oxy‐
tocin, of whom 77% were diagnosed with labor dystocia. No other 
differences in maternal and neonatal outcomes have been presented 
elsewhere.25

4  | DISCUSSION

Although no significant difference in the proportion of augmenta‐
tion with oxytocin was observed between the two study groups, 
there were differences in the use of oxytocin during labor between 
the two study groups. The women allocated to follow Zhang's 
guideline were less likely to be augmented with oxytocin before 
6 cm of cervical dilatation compared with the women in the con‐
trol group, but the median duration of oxytocin augmentation was 
longer in the Zhang group.

The strength of our study is its rigorous design that helps achieve 
the research purpose15,29 and its appropriate sample size calculation 
strengthens the internal validity. The external validity is strength‐
ened by the data covering all areas in Norway, which allows the re‐
sults to be generalized to a larger population. Furthermore, these 
data have been triple‐checked, with few errors and missing values 
found. To assess the risk and effect of selection bias, we recorded 
the age, civil status, level of education, smoking habits, body mass 
index, and gestational age of the women not included in the trial; 
these baseline characteristics are presented in the Supplementary 
material (Table S1).

TA B L E  3  Labor dystocia and cervical dilatation when labor dystocia is diagnosed

Intervention group 
(n = 3972)

Control group 
(n = 3305)

Adjusted relative risk 
(95% CI)

Adjusted risk difference 
(95% CI) P‐value

Labor dystocia, n (%) 1882 (47.4%) 1512 (45.7%) 1.1 (0.96 to 1.28) 4.8 (−1.8 to 11.3) 0.16

Cervical dilatation when labor dystocia was diagnosed (cm),a  n (%)

4 cm 49 (2.6) 74 (4.9) 0.54 (0.36‐0.80) −2.2 (−3.7 to 0.8) 0.002

5 cm 173 (9.2) 140 (9.3) 0.97 (0.79‐1.20) −2.7 (−2.2 to 1.7) 0.79

6 cm 217 (11.5) 162 (10.7) 1.06 (0.86 to 1.30) 0.6 (−1.7 to 3.0) 0.59

7 cm 232 (12.3) 106 (7.0) 1.76 (1.37 to 2.25) 5.3 (3.1 to 7.5) <0.001

8 cm 236 (12.5) 99 (6.5) 1.90 (1.52 to 2.38) 5.9 (4.0 to 7.9) <0.001

9 cm 247 (13.1) 120 (7.9) 1.68 (1.36 to 2.07) 5.3 (3.3 to 7.4) <0.001

10 cm 728 (38.7) 811 (53.6) 0.72 (0.65 to 0.79) −15.2 (−19.4 to −11.1) <0.001

aInclude women with labor dystocia only. 

Zhang's group (n = 3972) WHO group (n = 3305)

Oxytocin 
(n = 1658)

No oxytocin 
(n = 2314)

Oxytocin 
(n = 1561)

No oxytocin 
(n = 1744)

Labor dystocia, 
n (%)

1351 (81.5) 531 (22.9) 1199 (76.8) 313 (17.9)

No labor dystocia, 
n (%) 

307 (18.5) 1783 (77.1) 362 (23.2) 1431 (82.1)

TA B L E  4  A comparison between 
oxytocin augmentation and labor dystocia
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A limitation of this study is that the included women were not 
admitted to the maternity ward with the same cervical dilatation 
and, therefore, did not contribute equally to the measurements of 
the active phase of labor. The women who were admitted early in 
labor might be different from those who were admitted later in labor. 
The intervention during labor could have therefore been influenced 
by the different cervical dilatations on admission.

Furthermore, the definitions of labor dystocia according to 
current guidelines were based merely on the time of cervical dila‐
tation; not on descent of the fetal head or contractions. This limita‐
tion is a known research challenge in the definition of normal labor 
progression.30

Furthermore, the WHO has identified a knowledge gap regard‐
ing which design, if any, is preferable for a partograph.23 Our cluster 
randomized trial is an important contribution to clinicians and deci‐
sion‐makers when deciding which guidelines are preferable to guide 
clinical practice with regard to oxytocin augmentation and to reduce 
unnecessary interventions. The results are also an important step 
toward possibly forming a new guideline. Evidence from trials com‐
paring different guidelines and partographs for labor progression 
show a small difference in cesarean section rates,15,25 but different 
labor progression guidelines have been suggested to also have an 
impact on other interventions during labor.15 Compared with num‐
bers from the participating hospitals from the year before the LaPS 
study, we observed an overall reduction in oxytocin augmentation in 
both the Zhang and WHO groups by 14% and 8%, respectively (see 
Supplementary material, Table S2). However, we did not observe a 
significant difference in the overall proportion of oxytocin augmen‐
tation between the two study groups. The reduction can therefore 
not be explained by one of the guidelines alone.

However, total duration of oxytocin augmentation was longer for 
the women adhering to Zhang's guideline than for those adhering to 
the WHO partograph. Oxytocin augmentation lasted almost 20 min‐
utes longer in the Zhang group, still without the need for higher doses 
if adhering to Zhang's guideline. The WHO group reported higher 
maximum doses of oxytocin during augmentation compared with the 
Zhang group, but no statistically significant difference. The clinical 
impact is unknown, but our findings are in accordance with previ‐
ous research that has identified a high rate of oxytocin augmenta‐
tion without an improvement in birth outcome for the mother or the 
baby.6-8 In a few cases, the oxytocin augmentations were discontin‐
ued due to the establishment of the woman's own uterine contrac‐
tions. This is not in accordance with a meta‐analysis that suggests 
discontinuation of oxytocin augmentation when the woman is in 
the active phase of labor.31 No difference in the proportion of labor 
dystocia according to the guidelines was observed in the two study 
groups. It should be mentioned that the definitions of labor dystocia 
were different, and that direct comparisons are therefore inappro‐
priate. At the same time, it is remarkable that 21% of the women in 
TGSC group 1 received augmentation with oxytocin without having 
labor dystocia diagnosed, and there were more women in the WHO 
group (23%) who were augmented than those in the Zhang group 
(19%) without being diagnosed with labor dystocia. The trial has a 

pragmatic approach and our results represent real‐world practice. It 
is well known that oxytocin for augmentation is not only given on 
indication when labor dystocia is diagnosed, but unfortunately also 
in cases without labor dystocia. The duration of the active phase was 
longer for women adhering to Zhang's guideline, and this might be ex‐
plained by the fact that Zhang's guideline allows a longer time before 
dystocia is diagnosed, especially before 6‐cm dilatation. This result 
is in accordance with a previous study.32 The investigators assumed 
that women allocated to Zhang's guideline may labor longer because 
the introduction of an intervention would be delayed compared with 
the case for the women adhering to the WHO partograph.

5  | CONCLUSION

We observed no significant difference in the proportion of oxytocin 
augmentation between the two study groups. However, there were 
differences in the use of oxytocin during labor between the two 
study groups. Women in the Zhang group were less likely to be aug‐
mented with oxytocin before 6 cm of cervical dilatation compared 
with the WHO group. The length of oxytocin augmentation was 
longer for women in the Zhang group. In addition, more women in 
the WHO group were augmented with oxytocin without an indica‐
tion of labor dystocia. The results of this multicenter cluster rand‐
omized controlled trial make an important contribution to guiding 
clinical practice.
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a b s t r a c t 

Objective: To investigate labour duration in different phases of labour when adhering to Zhang’s guideline 

for labour progression compared with the WHO partograph. 

Design: A secondary analysis of a cluster randomised controlled trial. 

Setting: Fourteen Norwegian birth care units, each with more than 500 deliveries per year constituted 

the clusters. 

Participants: A total of 7277 nulliparous women with singleton foetus in a cephalic presentation and 

spontaneous onset of labour at term were included. 

Intervention: Seven clusters were randomised to the intervention group that adhered to Zhang’s guideline 

( n = 3972) and seven to the control group that adhered to the WHO partograph ( n = 3305) for labour 

progression. 

Measurements: The duration of labour from the first registration of cervical dilatation ( ≥ 4 cm) to the 

delivery of the baby and the duration of the first and second stages of labour; the time-to-event anal- 

ysis was used to compare the duration of labour between the two groups after adjusting for baseline 

covariates. 

Findings: The adjusted median duration of labour was 7.0 h in the Zhang group, compared with 6.2 h 

in the WHO group; the median difference was 0.84 h with 95% confidence interval [CI] (0.2–1.5). The 

adjusted median duration of the first stage was 5.6 h in the Zhang group compared with 4.9 h in the 

WHO group; the median difference was 0.66 h with 95% CI (0.1–1.2). The corresponding adjusted median 

duration of the second stage was 88 and 77 min; the median difference was 0.18 h with 95% CI (0.1–0.3). 

Key Conclusions: : The women who adhered to Zhang’s guideline had longer overall duration and duration 

of the first and second stages of labour than women who adhered to the WHO partograph. 

Implications for practice: : Understanding the variations in the duration of labour is of great importance, 

and the results offer useful insights into the different labour progression guidelines, which can inform 

clinical practice. 

© 2019 Elsevier Ltd. All rights reserved. 
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Introduction 

Traditionally, the progress of labour is measured by cervical di-

latation; however, the expected progression varies between coun-

tries and according to guidelines. There is no standardised def-

inition of labour duration and the onset of labour, nor is there

a consensus as to which guideline is best suited for clinical use

( Abalos et al., 2018 ; Caughey, 2015 ; Hanley et al., 2016 ; Souza et al.,

2018 ; Vahratian et al., 2006 ). 

The first stage of labour is often divided into two phases; la-

tent and active. The active phase is conventionally defined as the

interval when the cervix is effaced and dilated from four centime-

tres to full dilatation. Similarly, the second stage is divided into

the latent and active phases. In the latent (descending) phase, the

baby’s head is descending towards the pelvic floor and, in the ac-

tive (expulsion) phase, the mother is actively pushing the baby out

( NICE guidelines, 2014 ; World Health Organization, 20 0 0 ). 

The clinical expectations of cervical dilatation amongst nulli-

parous women have been influenced by the work of Friedman from

the mid-1950s ( Friedman, 1954 ). Accordingly, Philpott and Castle

(1972a , 1972b) developed guidelines for assessing labour progres-

sion, which became part of the partograph prompted by the World

Health Organization (WHO) since 1994 ( World Health Organiza-

tion, 1994 ). However, with an increased use of obstetric interven-

tions during labour, increasing maternal body mass index (BMI)

and childbearing age, questions were raised whether the progress

of active labour, according to the WHO partograph, was still rel-

evant to women today ( Souza et al., 2018 ; Zhang et al., 2010b ,

2002 ). In the early 2000, ( Zhang et al., 2002 ) presented a labour

curve with a hyperbolic shape based on data from 1329 low-risk

women. The findings were confirmed in a large cohort with 27 170

nulliparous women in 2010 ( Zhang et al., 2010a ). They found that

labour progresses more slowly than previously thought and that

cervical dilatation accelerate as labour advances. 

However, the applicability of stages, phases and time limits in

labour is challenging, mainly because of variations in defining the

onset of labour and transition of phases and stages ( Abalos et al.,

2018 ; Hanley et al., 2016 ). Thus, understanding the normal varia-

tions of duration of labour is of great importance and should be

the basis for identifying the actual slow progress of labour, which

requires interventions ( Neal et al., 2010 , 2015 ; Souza et al., 2018 ;

Zhang et al., 2010b , 2002 ), mainly because the slow progress of

labour (labour dystocia) is a common indication of interventions in

labour. The purpose of this paper is to investigate labour duration

from a cervical dilatation of 4 cm to delivery when adhering to

Zhang’s guideline for labour progression compared with the WHO

partograph. 

Methods 

Design, participants and procedure 

This is a secondary analysis of the Labour Progression Study

(LaPS), a cluster randomised controlled trial undertaken in Nor-

way, with the aim to evaluate the effects of two different guide-

lines for labour progression. The study protocol was published

in 2017 ( Bernitz et al., 2017 ), and detailed methodological con-

siderations and results for the primary outcome have been pub-

lished elsewhere ( Bernitz et al., 2019 ). The trial was registered at

www.clinicaltrial.org (NCT02221427) prior to the inclusion of clus-

ters and participants. 

Participating clusters and individuals 

Intrapartum care in Norway takes place in governmental insti-

tutions and is free of charge. Midwives are present at all births and
esponsible for women with low-risk labours and assist with all

pontaneous deliveries. Obstetricians are involved in care for high-

isk women and called upon if medical assistance is needed during

abour. Approximately 60 0 0 0 babies are born annually in 46 birth

nstitutions, 24 of which have more than 500 deliveries per year.

he birth care is organised at three different levels: Level 1 con-

ists of obstetric units as well as neonatal intensive care unit in

arge hospitals, which have obstetricians, paediatricians and anaes-

hesiologists available 24 h a day. Level 2 consists of obstetric units

ithin hospitals with obstetricians and anaesthesiologists on call,

nd Level 3 consists of midwife-led units, both alongside and free-

tanding. In case of complications or change in risk status at Level

, the woman is transferred to a reference hospital of Level 1 or

. This study was conducted at Levels 1 and 2 with more than

00 births annually. To create a representative selection of obstet-

ic units in Norway, all geographic health regions were included.

he management at the obstetric units were contacted by a LaPS

tudy group member. Units with the ability to adhere to the pro-

ocol were considered eligible. To secure a thorough implementa-

ion of the trial, the management at all participating obstetric units

igned a cooperation agreement committing to adhere to the pro-

ocol. Fourteen birth care units participated in the trial, of which

even were randomised to the intervention group and seven to

he control group. The sites were randomly allocated to the two

reatments using the randomization.com webpage ( Dallal, 2008 ).

he randomization was stratified by annual number of deliveries

nd proportion of intrapartum caesarean sections (ICS), provided

rom the national birth registry. Nulliparous women with a single-

on term foetus with cephalic presentation and spontaneous onset

f labour in gestational age of 37 weeks or more, denoted as Group

 in the Ten Group Classification System (TGCS) ( Robson et al.,

015 ), and who understood Norwegian were eligible for participa-

ion. The birth care units adhered to the allocated guideline for all

GCS Group 1 women. The eligible women who provided their in-

ormed consent were included in the analyses. The estimation of

estational age was based on a second trimester ultrasound scan. 

rocedures 

Prior to the onset of the trial, the staff at all sites received

dentical information about the LaPS study. This information was

lso printed on flyers and distributed at the information meetings.

fter randomisation, information according to the trial arms and

ow to use the allocated guidelines was distributed to the staff at

ew meetings. Written information about the trial and the guide-

ines was also printed on posters and made visible and available

or midwives and obstetricians at all times. The women received

ritten information regarding the study on flyers at the second

rimester ultrasound scan or upon admission in the labour ward.

uring this time, the women were also asked by a midwife to sign

n informed consent. No women consent after delivery and only

ligible women who provided an informed consent were included

n the analysis. 

Each birth care unit provided a local coordinator who was re-

ponsible for the recruitment and inclusion of the participants and

ecording the required data. For the intervention group who ad-

ered to Zhang’s guideline for labour progression (Supplementary

aterial, SAP), labour dystocia was diagnosed if the cervical dilata-

ion did not meet the expected progression from one centimetre to

he next according to the 95th percentile. Labour dystocia in the

econd stage was diagnosed if the descending phase lasted longer

han one hour and 45 min or two and a half hours for women with

pidural analgesia (EDA), or if the expulsion phase lasted longer

han 60 min. For the control group who adhered to WHO parto-

raph for labour progression (Supplementary Material, SAP), labour

ystocia was diagnosed if cervical dilatation was slower than 1 cm

http://www.clinicaltrial.org
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7  
er hour, assessed after four hours. Labour dystocia in the second

tage was diagnosed if the descending phase lasted longer than

ne hour or two hours for women with EDA, or if the expulsion

hase lasted longer than 60 min. If labour dystocia was diagnosed,

he guideline according to augmentation with amniotomy and syn-

hetic oxytocin infusion was followed as a common routine at all

irth care units in Norway ( Norwegian Medical Association, 2014 ).

he women in the LaPS study were monitored from a cervical

ilatation of 4 cm or more and regular contractions. During the

hole study period, all the birth care units were closely followed

p by a member of the LaPS research group to assist and motivate

hem. The clinical outcomes were registered in a web-based Case

eport Form (web-CRF), designed by the Unit of Applied Clinical

esearch at the Norwegian University of Science and Technology

o ensure consistent recording of information. The system is trans-

arent, so that all corrections can be traced with dates and sig-

atures. The local coordinators had access only to their own part

f the CRF and were responsible for assuring that all data entered

ere de-identified, complete, and accurate. 

utcomes of the current study 

The main outcome of this paper was the duration of labour, de-

ned as the time from the first registration of a cervical dilatation

f 4 cm or more to the delivery of the baby. Other outcomes in-

luded the duration of the first stage (from 4 to 10 cm of cervical

ilatation) and the duration of the second stage (from 10 cm of

ervical dilatation to delivery). In addition, the descriptive statis-

ics on cervical dilatation from one integer centimetre to the next

or the two study groups are presented. 

tatistical analysis 

The sample size calculation was based on ICS endpoint, de-

cribed and presented elsewhere ( Bernitz et al., 2019 ). A Statisti-

al Analysis Plan (SAP) for this study was written and approved,

re-specifying all the analyses prior to group comparison analysis,

ith the purpose of avoiding result-driven analyses (Supplemen-

ary Material, SAP). Simple frequencies and proportions were used

o describe the characteristics of the birth care units and the par-

icipating women. 

The outcome duration of labour, duration of the first stage

nd the duration of the second stage were time-to-event vari-

bles and were analysed using a mixed Weibull regression model

ith cluster as a random intercept and treatment as fixed effect

 Stedman et al., 2012 ). The analyses are presented in adjusted es-

imated group-specific marginal median times and adjusted study

roup differences. In addition, the accelerated delivery time fac-

or is presented, used to quantify how slow or fast the birth time

rogress was for women in the Zhang group compared with the

omen in the WHO group. In the model, we adjusted for strati-

cation variables (the annual ICS rates and number of deliveries)

nd for predefined covariates, considered to be potential risk fac-

ors for ICS on an individual level (maternal age, BMI, civil status

nd educational level as well as birth weight and neonatal head

ircumference), in addition we adjusted for the first registration of

ervical dilatation. Kaplan-Meier curves were included for descrip-

ive purposes (Supplementary Material, Figure S1-3). Both EDA and

ugmentation with synthetic oxytocin are difficult to investigate,

ecause slow progress is a potential indication of these interven-

ions. Neither augmentation with synthetic oxytocin nor EDA were

ncluded in the analyses, because they were started after the on-

et of labour and, therefore, were considered mediators rather than

onfounders ( Hernan et al., 2002 ). 

For the outcome duration of labour, delivery was defined as

he event of interest. The duration of labour, from the first par-
ograph registration ( ≥ 4 cm) to delivery, either vaginally or by

CS, was registered for all the participating women; there were no

nobserved event in this analysis, hence no censoring. The event

f interest for the outcome duration of the first stage was cervi-

al dilatation of 10 cm; thus, women with ICS in the first stage

ere right censored at the time of ICS. Delivery was the event for

he outcome duration of the second stage, and women with ICS

n the first stage of labour were left censored at the time of ICS.

he missing covariate data were imputed using stochastic linear

egression single imputation. The time intervals for cervical dilata-

ion by centimetre are presented descriptively. The missing inter-

ediate dilatation values were imputed using linear interpolation.

he missing values due to ICS were not imputed. The women with

ess than two recordings of cervical dilatation were excluded (see

urther clarifications in the appended SAP). The time-to-event anal-

ses were analysed in Stata v15 (StataCorp. 2015. Stata Statistical

oftware: Release 15.1. College Station, TX, USA). The duration of

rogression from one integer centimetre to the next was analysed

n R, version 3.5.0. 

esults 

Fourteen birth care units throughout Norway took part in this

tudy. Between December 1, 2014 and January 31, 2017, 7277 of 11

15 eligible women were included—3972 and 3305 women in the

hang and WHO groups, respectively ( Fig. 1 ). The baseline charac-

eristics of the two study groups are described in Table 1 . No data

ere missing for the covariates included in the analyses except for

MI (0.3%) and civil status (0.8%). The characteristics of the women

ho were not included are presented in the Supplementary Mate-

ial (Table S1). 

uration of labour from 4 cm to delivery 

The unadjusted median duration of labour was 6.6 h (Percentile

P] 5th, 95th: 1.4, 16.0) in the Zhang group and 6.1 h (P5th, 95th:

.3, 13.8) in the WHO group ( Table 2 ). After 3.6 and 10.5 h in active

abour, respectively 75% and 25% of the women in the Zhang group

ad not delivered as compared with 3.4 and 9.5 h for the women

n the WHO group. Figure S1 shows the unadjusted Kaplan-Meier

lots for women adhering to Zhang’s guideline and WHO parto-

raph. The adjusted median duration was 7.0 h in the Zhang group

nd 6.2 h in the WHO group, with a corresponding adjusted me-

ian difference of 0.84 h (95% CI 0.2–1.5). The adjusted accelerated

elivery time factor for duration of labour was 1.14 (95% CI 1.0–1.2)

 Table 2 ). There were no missing data for this outcome. 

uration of first stage from 4 to 10 cm 

The unadjusted median duration of the first stage was 5.0 h

P5th, 95th: 0.5, 15.0) in the Zhang group and 4.5 h (P5th, 95th:

.5, 12.5) in the WHO group ( Table 2 ). After 2.5 and 8.5 h in the

rst stage of labour, respectively 75% and 25% of the women in the

hang group had not reached 10 cm of cervical dilatation as com-

ared with 2.0 and 8.0 h for the women in the WHO group. Figure

2 shows the unadjusted Kaplan-Meier plots for women adhering

o Zhang’s guideline and WHO partograph. The adjusted median

uration was 5.6 h in the Zhang group and 4.9 h in the WHO

roup, with a corresponding adjusted median difference of 0.66 h

95% CI 0.1–1.2). The adjusted accelerated delivery time factor for

uration of the first stage was 1.13 (95% CI 1.0–1.3) ( Table 2 ). 

uration of the second stage from 10 cm to delivery 

The unadjusted median duration of the second stage was

6 min (P5th, 95th: 17, 242) in the Zhang group and 75 min
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Fig. 1. Flowchart of hospitals and participants. 
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(P5th, 95th: 16, 204) in the WHO group ( Table 2 ). After 40 and

142 min in the second stage, respectively 75% and 25% of the

women in the Zhang group had not delivered as compared with

40 and 127 min for the women in the WHO group. Figure S3

shows the unadjusted Kaplan-Meier plots for women adhering to

Zhang’s guideline and WHO partograph. The adjusted median du-

ration was 88 min in the Zhang group and 77 min in the WHO

group, with a corresponding adjusted median difference of 0.18 h

(95% CI, 0.1–0.3). The adjusted accelerated delivery time factor

for the duration of the second stage was 1.14 (95% CI, 1.1–1.2)

( Table 2 ). 

Duration from one integer centimetre to the next 

Table 3 shows the duration required to advance from one inte-

ger centimetre of cervical dilatation to the next among the TGCS

Group 1 women in the two study groups. The observed median

duration from one integer centimetre to the next differed between

the two study groups; however, the differences were reduced as

labour advanced and from 8 cm of cervical dilatation, the time in-

tervals were equal for women who delivered vaginally. 
iscussion 

ain findings 

Our study found that women who adhered to Zhang’s guideline

or labour progression had longer overall duration of labour, du-

ation of first and second stages compared with women adhering

o the WHO partograph. The differences were statistically signif-

cant, although no significant differences were found in maternal

r neonatal clinical outcomes, published elsewhere ( Bernitz et al.,

019 ). The results contribute to clarify the duration of different

hases of labour when adhering to different guidelines both first

nd second stages, based on data from a contemporary clinical set-

ing. In 2018, WHO announced a knowledge gap in labour progres-

ion ( World Health Organization, 2018 ), and our randomised trial

akes an important contribution to the challenge by presenting

he duration of different phases of labour. 

trengths and limitations 

This study was well planned and offered a thoroughly imple-

ented trial with a sufficiently power. The included variables had

ew missing values and were tripled checked for errors. Despite the

obust design, there are some possible limitations. Due to unavail-

ble consent, 4338 women were not included in the study, which

ay be explained by periods of high workload in the birth care
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Table 1 

Characteristics of included hospitals ( n = 14) and participants ( n = 7277). 

Zhang group WHO group 

Participants ( n = 3972) Participants ( n = 3305) 

Hospital characteristics 

Deliveries per year 

< 3000, 6 hospitals in each group, n (%) 2688 (36.9) 2233 (30.7) 

≥3000, 1 hospital in each group, n (%) 1284 (17.6) 1072 (14.7) 

Characteristics related to the mother 

Maternal age in year at delivery, mean (SD) 28.4 (4.6) 28.5 (4.5) 

Civil status (cohabitant or married), n (%) 3741/3946 ∗∗ (94.8) 3137/3271 ∗∗ (95.9) 

Higher education > 12 years, n (%) 2412 (60.7) 2017 (61.0) 

Smoking during first trimester, n (%) 230/3963 ∗∗ (5.8) 210/3247 ∗∗ (6.5) 

Pre-pregnant body mass index † , mean (SD) 23.6/3966 ∗∗ (4.3) 23.8/3287 ∗∗ (4.3) 

Gestational age at onset of active labour (days), mean (SD) 281 (7.0) 281 (8.0) 

Characteristics related to labour 

Cervical dilatation at first registration, n (%) 

4 cm 1954 (49.2) 1642 (49.7) 

5 cm 1006 (25.3) 841 (25.4) 

6 cm 403 (10.1) 338 (10.2) 

7 cm 222 (5.6) 178 (5.4) 

8 cm 167 (4.2) 118 (3.6) 

9 cm 106 (2.7) 99 (3.0) 

10 cm 114 (2.9) 89 (2.7) 

Amniotomy, n (%) 1396 (35.1) 1223 (37.0) 

Oxytocin augmentation, n (%) 1658 (41.7) 1561 (47.2) 

Epidural analgesia, n (%) 1913 (48.2) 1653 (50.0) 

Labour dyctocia, n (%) 1882 (47.4) 1512 (45.7) 

Mode of delivery 

Operative vaginal, n (%) 839 (21.1) 581 (17.6) 

Caesarean section, n (%) 271 (6.8) 196 (5.9) 

Characteristics related to the newborn 

Birth weight (gram), mean (SD) 3528 (427) 3518 (414) 

Head circumference (cm), mean (SD) 35.0 (1.4) 35.0 (1.4) 

∗∗ Total numbers are presented due to missing values. 
† The body-mass index is the weight in kilograms divided by the square of the height in metres. 

Table 2 

Duration of stages and phases and in active labour. 

Zhang group n = 3972 WHO group n = 3305 

Unadjusted median 

(5th, 95th percentile) 

Adjusted estimated 

median (95% CI) 

Unadjusted median 

(5th, 95th percentile) 

Adjusted estimated 

median (95% CI) 

Accelerated delivery 

time factor (95% CI) 

Adjusted median 

difference (95% CI) p-value 

Duration of labour 

( ≥4 cm to delivery) † 

(hours) 

6.6 (1.4, 16.0) 7.0 (6.5–7.5) 6.1 (1.3, 13.8) 6.2 (5.7–6.6) 1.14 (1.0–1.2) 0.84 (0.2–1.5) 0.008 

Duration of 1st stage 

(4 cm to 10 cm) † , ∗

(hours) 

5.0 (0.5, 15.0) 5.6 (5.2–6.0) 4.5 (0.5, 12.5) 4.9 (4.5–5.4) 1.13 (1.0- 1.3) 0.66 (0.1–1.2) 0.023 

Duration of 2nd stage 

(10 cm to delivery) ‡ 

(min) 

76 (17, 242) 88 (83.2–92.7) 75 (16, 204) 77 (72.4–81.4) 1.14 (1.1–1.2) 0.18 (0.1–0.3) 0.000 

CI: Confidence interval. 

Analysed with Weibull regression, adjusted for annual ICS rates and number of deliveries, maternal age, body-mass index, civil status, educational level, cervical dilatation 

at first registration and birthweight and head circumference of the neonate. 
† Full Analysis Set (FAS) 
∗ Censoring; ICS. 
‡ Women with ICS in the first stage of labour were left censored at the time of ICS and not included in the analysis. 

Table 3 

Comparison of duration of labour in hours for Robson group 1 ∗ . 

Cervical dilatation (cm) Zhang’s guideline N = 3588 WHO partograph N = 3021 Zhang’s guideline N = 269 WHO partograph N = 194 

Delivered vaginally Delivered by ICS 

4 cm to 5 cm 1.5 (6.0) 1.0 (4.5) 2.2 (8.4) 1.9 (8.4) 

5 cm to 6 cm 1.0 (3.9) 0.9 (3.5) 1.9 (7.9) 1.4 (6.6) 

6 cm to 7 cm 0.8 (3.0) 0.7 (3.5) 1.4 (6.5) 1.1 (6.5) 

7 cm to 8 cm 0.6 (2.9) 0.5 (3.0) 0.9 (5.4) 0.9 (5.4) 

8 cm to 9 cm 0.5 (2.5) 0.5 (2.5) 1.2 (7.0) 0.9 (5.2) 

9 cm to 10 cm 0.5 (3.0) 0.5 (3.0) 1.4 (6.0) 1.5 (5.0) 

Data are hours, median (95th percentile). 
∗Numbers are restricted to women with at least two cervical dilatation measurements during labour. 
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units. To assess the risk of selection bias, the baseline characteris-

tics of the non-participating women were registered. We found dif-

ferences between the participating and non-participating women

in the proportions of those aged ≥ 35, those who were cohabit-

ing/married, those who had attended higher education and those

with low BMI. 

The LaPS cover large geographic areas in Norway, which allows

the results to be generalised to a larger population in Norway. Ow-

ing to the fact that LaPS included all the participating women and

did not exclude women in labours with adverse neonatal and ma-

ternal outcomes, the results can be generalised to a population of

TGCS Group 1 ( Robson et al., 2015 ). However, it is important to

note that this is a single country trial (i.e. in Norway), where the

ICS rate is considered low. It is a known challenge in labour pro-

gression studies that participants are admitted to the labour ward

with different cervical dilatation status and, therefore, contribute

unequally to the duration of labour ( Vahratian et al., 2006 ), hence

our adjustments for this in the analyses. Another challenge is that

vaginal examinations were performed upon indication and no con-

tinuous observations were recorded; consequently, the exact time

when the cervix reached a full centimetre of dilation was impossi-

ble to record. 

Interpretation 

The ways to assess labour progression and define labour dysto-

cia remain unclear, mainly because of a lack of consensus on the

expected progression in labour. We found that the adjusted median

difference of duration of labour from 4 cm to delivery was 48 min

longer in the Zhang group compared with the WHO group, and

that the corresponding adjusted median differences were 40 min

and 11 min in the first and second stages, respectively. The differ-

ences were statistically significant between the two study groups,

although the clinical relevance can be questioned. 

The length of labour may have been affected in different ways,

and the use of synthetic oxytocin may partly explain the differ-

ences. More women in the WHO group received augmentation

with synthetic oxytocin compared with the Zhang group (47.2% vs

41.7%), and it is known that synthetic oxytocin shortens the du-

ration of labour ( Bugg et al., 2013 ). EDA may also affect the du-

ration of labour and is known to extend the second stage ( Anim-

Somuah et al., 2011 ; Grant et al., 2015 ). The rate of EDA was simi-

lar in the Zhang and WHO groups (48.2% vs 50.0%) and, therefore,

probably has limited impact on the differences in labour duration. 

In general, labour duration in the two study groups were

in accordance with the previously reported contemporary results

( Oladapo et al., 2018 ; Zhang et al., 2010a ); however, some differ-

ences are worth noting. The unadjusted time duration according

to the 95th percentile of the second stage reported in both study

groups was considerably longer than the previously reported re-

sults ( Abalos et al., 2018 ; Oladapo et al., 2018 ; Zhang et al., 2002 ).

The women who delivered by ICS may have a different labour pro-

gression pattern and duration of labour compared with the women

who had vaginal births. In contrast to the analyses in the previ-

ously reported studies ( Oladapo et al., 2018 ; Zhang et al., 2010a ),

our analyses included all the participating women regardless of

interventions and mode of delivery, representing a real-life clini-

cal situation. Presenting labour duration by including all women

in the survival analyses and censoring for ICS allow each woman

to contribute to the duration of labour with their unique time-to-

event. The women who adhered to Zhang’s guideline were diag-

nosed with labour dystocia to a larger extent than the women who

adhered to the WHO partograph (47.4% vs 45.7%), which might

have affected the duration of labour. Furthermore, we do not know

whether shorter or longer labours affected the women’s labour ex-

perience. Since a shorter duration of labour was associated with
ncreased use of synthetic oxytocin, and using intravenous infusion

ine and monitoring of the foetus limit women’s mobility, it would

e important to make an informed decision on a shorter labour as

pposed to more medical interventions. 

As shown in Table 3 , most median and 95th percentile time in

ours to advance from one integer centimetre to the next were

onger for women who followed Zhang’s guideline than for the

omen who adhered to the WHO partograph. For those who deliv-

red vaginally, the unadjusted median time difference was 30 min

rom 4 to 5 cm of cervical dilatation between the two study

roups, whereas the 95th percentile differed by 90 min. This in-

icates the complexity of time limits in labour duration. Even for

hose 5% of women in the Zhang group who took six hours or

ore to reach from 4 to 5 cm, the labour resulted in a vaginal

elivery. This illustrates the importance of assessing labour pro-

ression on an individual level rather than using a universal pro-

ression guideline. The differences in the unadjusted median hours

ecreased as labour advanced, and from 8 cm of cervical dilatation

nwards the intervals were equal. The findings are in accordance

ith the previously reported duration in contemporary research

 Oladapo et al., 2017 , 2018 ; Shi et al., 2016 ; Zhang et al., 2010a ) ex-

ept for one Japanese study ( Suzuki et al., 2010 ) that reported an

ven longer duration of labour progression from one integer cen-

imetre to the next. 

When comparing the 95th percentile for the women who de-

ivered by ICS in the two study groups, the differences were most

bvious in the intervals from 5 to 6 cm and from 8 to 9 cm. The

5th percentile to reach from 8 to 9 cm was almost two hours

onger for the Zhang group compared with the WHO group, de-

pite the fact that the duration in this interval is shorter accord-

ng to Zhang’s guideline. Overall, the women who delivered by ICS

ad longer intervals from one centimetre to the next centimetre

hroughout labour compared with those who delivered vaginally

n both study groups. 

onclusion 

We found a longer overall duration of labour and duration of

rst and second stages when adhering to Zhang’s guideline com-

ared with the WHO partograph. The results confirm there are

ide individual variations in labour patterns, illustrating the im-

ortance of assessing labour progression on an individual basis.

ur randomised trial makes an important contribution by present-

ng the duration and transition of the different phases and stages

f labour according to two different guidelines. This highlight the

omplexity of assessing labour progression using a universal pro-

ression guideline, and this in sum can inform clinical practice. 

thical approval 

The study, patient information and informed consent details

ere approved on December 11, 2013 by the Regional Committee

or Medical and Health Research Ethics: (2013/1862/REK) South-

ast and the Norwegian Social Science Data services (NSD). The

thical approval for the baseline characteristics of the dropt-out

omen was also obtained from the Regional Committee for Med-

cal and Health Research Ethics. The study protocol was published

n BMC Pregnancy and Childbirth, and it was also approved and

igned by the management of each birth care unit before the com-

encement of the trial. 
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Figure S1. Unadjusted Kaplan-Meier plots for women adhering to Zhang’s guideline and women adhering 

to the WHO partograph for duration of labour from 4 cm until delivery  

 

 

 

 

 

 

 

 



Figure S2.  Unadjusted Kaplan-Meier plots for women adhering to Zhang’s guideline and women 

adhering to the WHO partograph for duration of 1st stage, from 4 cm until 10 cm  

 

 

 

 

 

 

 

 

 

 



Figure S3. Unadjusted Kaplan-Meier plots for women adhering to Zhang’s guideline and women adhering 

to the WHO partograph for duration of second stage from 10 cm until delivery  

 

 

 

 

 

 

 

 

 

 



Table S1. Baseline characteristics of the included and non-included women 

 

 Included 

women 

n=7277 

Missing Non-included 

women 

n= 4338 

Missing P-

value 

Maternal characteristics      

Age at delivery (years)* 28 ± 4  28 ± 5 1 1.0 

< 25 1755 (24.1)  1026 (23.7)  0.57 

25-35 4954 (68.1)  2923 (67.4)  0.44 

≥ 35 568 (7.8)  388 (8.9)  0.03 

Cohabitant or married 6878 (94.5) 60 3976 (91.7) 24 <0.001 

Higher education ≥ 12 

years 

4429 (60.9) 

 

 2387 (55.0) 70 <0.001 

Smoking first trimester 440 (6.0) 67 224 (5.2) 10 0.05 

Pre-pregnant body mass 

index *† 

24 ± 4 24 24 ± 4 197 1.0 

 ≤ 18·5 314 (4.3)  220 (5.1)  0.06 

18·5-24·9 4870 (66.9)  2725 (62.8)  <0.001 

25·0-29·9 1452 (20.0)  824 (19.0)  0.2 

 ≥ 30·0 617 (8.5)  372 (8.6)  0.86 

Gestational age at onset 

of active labour (days)* 

281 ± 7  281 ± 8 7 1.0 

Numbers are no. (%) unless otherwise stated. *Values are means ± SD. †The body-mass index is the weight in 

kilograms divided by the square of the height in meters. The body-mass index was missing for 4·5% of the non-

included women, thus the percentages do not add up to 100%. 
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