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Abstract
The health authorities of Stockholm county recently published a Health Technology
Assessment report: “Fetal monitoring with computerized STAN analysis during
labor – a systematic review” with the aim to ensure that high quality research
information on costs, effectiveness and broader impact of health technologies is
analysed and presented in the most efficient way for those who use, manage and work
in this field. The report claims to analyse available research in relation to ST interval
analysis of fetal electrocardiogram (STAN) and concludes that scientific evidence for
advantages of the STAN technology for maternal and fetal outcome was insufficient
and that clinical use cannot be recommended and should be restricted to research
protocols. The Norwegian reference group for fetal surveillance points out that the
report suffers from two insufficiencies: selection bias by not providing a complete
collection of the evidence for the clinical performance of the STAN technology and,
secondly, that it does not provide evidence-based alternative methods.
BD, base deficit; CTG, cardiotocography; ECG, electrocardiogram;
FBS, fetal blood sampling; HTA, Health Technology Assessment; RCT, randomized
controlled trial; STAN, ST interval analysis of fetal electrocardiogram.
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Introduction
The low specificity of cardiotocography (CTG) to identify
fetuses at risk of hypoxia has compelled the development
of additional tests, one of them being automatic ST interval
analysis of the fetal electrocardiogram (STAN). The STAN
technology was introduced to Norwegian obstetric care more
than 20 years ago. In the following, Rikshospitalet was part of
the EU project on “Dissemination of a knowledge based system for determining appropriate intervention during labour
based on a qualified analysis of the fetal electrocardiogram”
that took place between 2000 and 2002. Experience earned
by this project was put into practice and an advisory group
for STAN users was established. The Norwegian Society of

Obstetrics and Gynecology and Norwegian Midwives Associations acknowledged the group as the Norwegian reference
group for fetal surveillance in 2004. The members of the reference group are four obstetricians with clinical, research and
educational experience, and two midwives responsible for
system implementation and training in their units. The work
of the reference group is completely transparent, independent
from the industry and without any economical compensation. The mandate includes second-opinion in complex and
difficult cases of intrapartum monitoring. Annual national
STAN workshops and courses in intrapartum fetal monitoring have been organized with increasing popularity. Thus,
we have moved from being a small group of “scientific advisors” providing audits in difficult cases towards an obstetric
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community actively involved in the field of intrapartum fetal
surveillance.
Recently, health authorities of Stockholm county published
a Health Technology Assessment (HTA) report: “Fetal monitoring with computerized STAN analysis during labor – a
systematic review” (1). The aim of the HTA program is to
ensure that high quality research information on costs, effectiveness and broader impact of health technologies is analysed
and presented in the most efficient way for those who use,
manage and work in this field. The report claims to analyse
available research in relation to STAN and concludes that (1)
scientific evidence for advantages of the STAN technology on
maternal and fetal outcome was insufficient and (2) clinical use cannot be recommended and should be restricted to
research protocols.
In contrast, Norwegian national guidelines since 2006 do
recommend the clinical use of CTG and ST analysis for intrapartum monitoring of high-risk deliveries. These contradictory conclusions deserve a scientific debate.

Methodological considerations on the
presented meta-analysis
In general the report gives no information regarding the criteria used for evaluation of the quality of the different studies.
An HTA process should provide maximum transparency, including the degree of agreement across the reviewers (using
weighted estimates if possible) and sensitivity analyses with
regard to specific exclusions. Information on these important
steps of data collection was not presented.
Five randomized controlled trials (RCT) (2–6) with a total of 15 352 patients have been published comparing CTG
alone with CTG and ST analysis. The HTA report excludes
the “Plymouth trial” (2) from the meta-analysis using the
argument that a different technology was used in this trial.
Indeed, electrocardiogram (ECG) analysis was not an automated computerized assessment of ST interval changes;
instead it was based on a visual analysis of the T/QRS ratio.
Furthermore, biphasic ST was not a part of the clinical guidelines. However, the physiological concept that intrapartum
hypoxia is reflected by ST interval changes of fetal ECG was
exactly the same. The Plymouth study achieved a 43% reduction in operative interventions for fetal distress in the STAN
arm and a trend towards reduction of the prevalence of cord
metabolic acidosis. Less sophisticated technology therefore
does not in itself disqualify the study for inclusion in a metaanalysis. The Plymouth trial was included in all systematic
reviews in the Cochrane database (7) and furthermore was
not excluded when the American Food and Drug Administration approved the STAN technology for clinical use in the
United States (8). We miss arguments for not presenting an
additional meta-analysis where the Plymouth trial was included, keeping in mind that this trial accounts for 15% of
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the total number enrolled in RCTs influenced the clinical and
statistical heterogeneity of the HTA meta-analysis.
Since the prevalence of cord metabolic acidosis is an important variable of neonatal outcome when evaluating techniques of intrapartum monitoring, the assessment of the
quality of cord acid-base data is essential. The calculated value
of the base deficit (BD), and consequently the prevalence of
metabolic acidosis in the study population, will depend on
the used algorithm – BD blood vs. BD extracellular fluid
(9). This issue was discussed in the HTA report. Only the
Finnish trial presented data on BD blood (4). However, recalculated cord acid-base data from this trial based on BD
extracellular fluid have been published and revised cord-acid
base data after retrospective quality control are available for
the two largest RCTs (10,11). We miss arguments for not including these revised and quality checked data in the HTA
meta-analysis.
In the Finnish trial (4), the authors claim that analyses
were performed according to the intention-to-treat principle
for the delivery data (i.e. number of cesarean sections, number of vaginal operative deliveries and number of fetal blood
samples). However, for patients with missing umbilical cord
gas, data were excluded from analyses concerning neonatal
outcome (i.e. number of low Apgar scores, need for intubation, neonatal intensive care unit (NICU) admission, number of seizures and number of neonatal encephalopathies).
Thus, only per protocol analysis is available. Meta-analysis
can of course only be performed on all data according to the
intention-to-treat principle. The Swedish trial reports both
intention-to-treat and per protocol analysis, but no per protocol sub-analysis of the two studies was performed.

What is the gold standard in
intrapartum fetal monitoring?
A disqualification of the STAN technology as not appropriate
for clinical use requires a discussion of alternate methods and
not least the scientific basis for the alternatives. In all RCTs,
the STAN technology was tested vs. CTG in conjunction with
fetal blood sampling (FBS). CTG is the most used technology
for fetal monitoring. However, its superiority to auscultation
is limited to a reduction in neonatal short-term morbidity
(i.e. prevalence of neonatal seizures) based on RCTs performed two to three decades ago (12–14). FBS during labor
as an adjunction to CTG was introduced more than 40 years
ago. To the best of our knowledge, only one RCT has tested
its performance. The comparison of the three study arms,
auscultation, CTG alone and CTG with the option of FBS,
showed no difference in either operative deliveries or neonatal outcome (15). Thus, there is no evidence from any RCT
that the use of FBS improves neonatal outcome or reduces
the frequency of operative interventions (14). Being an invasive and time-consuming procedure (16), FBS only gives
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momentary information on acid-base conditions in the peripheral tissue of the fetus. Even four decades after its introduction, no evidence-based recommendations exist on when
to undertake FBS and how to perform further monitoring
when FBS is normal or pre-acidotic in case of CTG abnormalities. In the Plymouth trial, despite the use of a strict
protocol for FBS, FBS was performed unnecessarily in 39%
of cases, and it was not performed when indicated in 33% of
cases. A >40% reduction in FBS in STAN-monitored deliveries, which was demonstrated in all RCTs, is an observation
of clinical importance that is not commented on in the HTA
report.

Clinical evidence
The evaluation of medical technology should include evidence from both randomized and observational clinical trials. This implies close follow-up of the effect on the quality
of care (17). The authors of the HTA report pay no attention to available evidence from observational clinical studies.
On the other hand, they speculate that a nationwide decrease in the incidence of cord metabolic acidosis in Sweden
has taken place, unrelated to the type of monitoring technology. To our knowledge, national data on the incidence
of metabolic acidosis in Sweden have never been published.
However, Swedish data on the prevalence of encephalopathy
are available, demonstrating a difference between Stockholm
and the rest of the country (0.9/1000 vs. 0.6/1000) (18). The
authors’ claim that this was related to under-treatment of
asphyxiated newborns, but it may also have been due to a
different incidence of conditions related to asphyxia.
In the absence of national data, clinical studies in different populations over time provide valuable information
concerning the performance of the method in a practical
clinical setting. A recently published prospective study from
Gothenburg including 12 832 moderate to low-risk cases over
a period of seven years showed a decrease in the prevalence
of cord metabolic acidosis and operative deliveries from 0.72
to 0.06% and 22.9 to 19.9%, respectively (19).
Clinical data on STAN monitoring are also available from
outside Sweden and without use of FBS. A prospective study
on 3112 cases from Lyon over 77 months showed consistent
results: a cord metabolic acidosis rate of 0.45% and no cases
of encephalopathy. Of the total population, 14% were monitored with STAN. The indication to use STAN monitoring
was suspicious or pathological CTG in 88.9% of the cases
(20). Thus, the included population was comparable to the
study population in the largest RCT of CTG with a FBS with
pH vs. lactate.(21) Interestingly, this RCT showed a much
higher cord metabolic acidosis rate in both groups: 3.2% in
the lactate group and in 3.6% in the pH group.
From Norway, data from a five-year period and 6000 highrisk cases monitored with STAN in Bergen were presented at
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the 37th Nordic Congress of Obstetrics and Gynecology in
2010. The proportion of cord metabolic acidosis decreased
from 1 to 0.3%, with FBS being used in 2.4% of the cases
(22).
The HTA report disregards the value of these published
results. Furthermore, the HTA report implies that all these
hospitals use experimental technology in their clinical management.

Quality of education
In our opinion, a high standard of intrapartum care can
only be achieved by continuous education with a focus on a
structured CTG interpretation (23). Based on observations
in audits and confidential enquiries, an improvement of the
skills in CTG interpretation has also been requested by international organizations. National guidelines for CTG interpretation are a prerequisite to improve the communication
between midwives and obstetricians. Education in CTG interpretation and ST analysis with a focus on fetal physiology,
followed by user certification, has been a requirement since
STAN was introduced in clinical practice. We find it rather
puzzling that the HTA report describes these educational
needs as a problem related to the use of ST analysis when
it is actually a requirement for interpretation of the CTG.
The continuous information on fetal ECG available through
ST analysis has opened a new horizon in understanding the
complex fetal physiology during labor.

Conclusion
We think the HTA report contains two insufficiencies: first,
the report suffers from selection bias in the sense that it does
not provide a complete collection of the evidence for the
clinical performance of the STAN-technology. Secondly, the
report does not provide evidence-based alternative methods
for intrapartum fetal surveillance.
Based on the available evidence and long clinical experience
we recommend the STAN technology as the method of choice
for intrapartum surveillance of high-risk labors and cannot
see any reason to revise the recommendations in current
national guidelines in Norway.
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