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Abstract
Background:
During labour, remifentanil patient-controlled analgesia is used as an alternative to
neuraxial analgesia. Remifentanil is associated with hypoventilation and respiratory
depression but the frequency of serious maternal and neonatal adverse events is
unknown. The aim of this study was to estimate the number of serious adverse events
attributed to the use of remifentanil patient-controlled analgesia during labour in The
Netherlands and to investigate the circumstances (e.g. monitoring, practice deviations) of
these events and the subsequent management.
Methods:
In a nationwide survey among obstetricians, anaesthetists and clinical midwives the
frequency of serious adverse events was assessed. A questionnaire was sent by email to
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all 61 Dutch hospitals in which remifentanil patient-controlled analgesia is, or has been,
available for labour analgesia. All reported cases were assessed independently by two
expert teams.
Results:
We received information from all hospitals. After independent assessments, 17 cases of
single maternal desaturation; 10 maternal cases of apnoea, bradycardia and/or cardiac
arrest; and two neonatal cases of respiratory depression, over a period of more than
10 years of remifentanil patient-controlled analgesia use, were identified as a serious
adverse event. All serious adverse events were resolved without irreversible damage.
Conclusions:
The risk of a potentially life-threatening serious adverse event attributed to remifentanil
patient-controlled analgesia seems to be low. All patients recovered without deficit.
Adherence to strict monitoring and the attendance of trained healthcare providers is
required to safely use remifentanil for labour analgesia.

Introduction
Epidural analgesia is considered to be the most effective and a preferred method of labour analgesia.1,
2 Remifentanil, a synthetic opioid, has a fast onset of action, short half-life and is metabolised and
redistributed quickly by the fetus.3, 4 These properties make remifentanil patient-controlled analgesia
(PCA) an alternative to epidural analgesia when not available, not desired or contraindicated, although
its use is considered off-label.5 Remifentanil PCA has been used for labour analgesia over the past
decade in Europe.6, 7, 8, 9, 10, 11 However, remifentanil PCA has been associated with
hypoventilation and respiratory depression.3 Several case reports have been published in which
maternal respiratory arrest, and/or a cardiac arrest, was attributed to the use of remifentanil PCA.12,
13, 14, 15, 16, 17 Moreover, Kan et al. found that remifentanil crosses the placenta rapidly and may
theoretically cause neonatal respiratory depression.3 A recent Cochrane review recommended further
research on the maternal and neonatal safety of remifentanil PCA during labour.18
Due to these safety concerns, remifentanil PCA is considered to be a controversial method of labour
analgesia.19, 20 In the Dutch Societies of Obstetrics and Gynaecology and Anaesthesiology guideline
for labour analgesia, the risk of incautious use of remifentanil PCA is mentioned.2, 11 Safety concerns
and the variety of remifentanil PCA administration protocols for labour analgesia led to mandatory
implementation of a multidisciplinary Standard Operating Procedure (SOP) by the Dutch Health Care
Inspectorate, in every Dutch hospital. The SOP was composed and introduced by the Dutch Societies of
Obstetrics and Gynaecology, Midwifery, Anaesthesiology and Hospital Pharmacists in 2014.21 Since
introduction of this SOP, no evaluation has been performed to assess the use of remifentanil PCA
during labour.
The frequency of serious adverse events (SAEs) such as maternal apnoea, bradycardia and cardiac
arrest, as well as neonatal respiratory depression, bradycardia and cardiac arrest as a result of
remifentanil PCA during labour, is unknown. More knowledge about the frequency of maternal and
neonatal SAEs attributed to the use of remifentanil PCA during labour and the circumstances of these
cases is needed to validate this as a suitable method of labour analgesia and for the counselling of
pregnant women.
The aims of this study were to estimate the number of serious maternal and neonatal adverse events
attributed to the use of remifentanil PCA during labour; and to investigate the clinical circumstances
(e.g. monitoring, deviations from the SOP) of these cases and the procedures followed in managing the
events.
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Methods
We conducted a descriptive study. Information about possible SAEs attributed to the use of
remifentanil PCA was collected through an online questionnaire. The circumstances of the possible
SAEs, and the procedures followed after the events, were assessed independently by two expert
teams, each of which consisted of an obstetrician, an anaesthetist and a clinical midwife. Our study did
not require formal approval of an ethics committee, according to Dutch law, as confirmed by the
ethics committee of the Academic Medical Centre in Amsterdam (ref.nr. W17_427#17.495).
We developed the online questionnaire in LimeSurvey.22 Links to the questionnaire were sent by email
to healthcare providers involved in the administration of remifentanil PCA, namely one obstetrician,
one anaesthetist and one clinical midwife in each of the 61 Dutch hospitals where remifentanil PCA is
or has been available for labour analgesia. We have previously reported, in a survey about remifentanil
PCA practices sent to obstetricians in all 81 Dutch hospitals with a labour ward, that 59 (73%) have
remifentanil PCA available, and that in two hospitals it had previously been available.9 Of these 59
hospitals, six are academic, 26 non-academic teaching and 27 are non-teaching hospitals. One
academic hospital used remifentanil PCA only during the RAVEL trials between 2011 and 2013 and one
non-academic teaching hospital discontinued remifentanil PCA in 2012.9 Before sending the
questionnaire we contacted all hospitals to enquire about the most suitable obstetrician, anaesthetist
and clinical midwife in each institution to answer the questionnaire. After the first invitation, two
reminder emails were sent to each potential respondent, each after two weeks. In case of no response
after these reminders, we made a telephone approach.
The questionnaire included two multiple-choice questions with the option of free text. To ensure
validity and comprehensiveness, we piloted the questionnaire among four obstetricians, four
anaesthetists and four clinical midwives from both academic and non-academic hospitals. This pilot led
to some linguistic revisions.
After revisions the questions were: “To the best of your knowledge, have there been any incidents
and/or complications at your institution of maternal respiratory depression or respiratory arrest
and/or bradycardia or cardiac arrest, possibly as a result of the use of remifentanil PCA during labour
(since the start of the use of remifentanil PCA for labour analgesia in your department)?” and “To the
best of your knowledge, have there been any incidents and/or complications at your institution of
neonatal respiratory depression or respiratory arrest and/or bradycardia or cardiac arrest, possibly as
a result of the use of remifentanil PCA during labour (since the start of the use of remifentanil PCA for
labour analgesia in your department)?”. We adopted a broad description of an SAE, aiming to
substantiate all potential cases. If the respondent reported a possible SAE, we requested further
details about the situation in which the possible SAE had occurred. Furthermore, if a possible SAE was
reported, we asked for the name of the healthcare provider responsible for the case.
We contacted the healthcare provider for additional information, preferably based on the patient
record, using a checklist. The checklist contained items such as the calendar year of the SAE, the
maternal and neonatal vital signs, rescue treatments, medications and obstetric outcomes. We asked
for specific details, based on previous case reports, such as use of supplemental oxygen or a
background remifentanil infusion, administration of an opioid less than four hours before the start of
remifentanil PCA, one-to-one care and if retrospective checks for pump and medication failure had
been conducted.12, 13, 14, 15, 16, 17 The respondents could select the option that they were
unaware of any SAE or that she/he did not have information about possible SAEs. In the latter
situation we requested the contact details of a colleague to verify the answer. Furthermore, the
respondent had the option to state that she/he did not want to answer the questions. Details of the
women with SAEs were reported anonymously, and we based our information only on written and
verbal information from the healthcare providers. References to the identity of the caregiver and the
hospital were deleted prior to analyses. If we received more responses from the same hospital we
contacted the respondents to verify whether these were duplicated reports of the same cases.
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The Dutch SOP prescribes requirements for the use of remifentanil PCA, such as education for
healthcare providers, the procedure to obtain informed consent, maternal monitoring requirements,
preparation for the application of the method, treatment for complications and documentation. Since
the literature does not provide an operational definition of an SAE related to remifentanil use, we
established our two expert teams. The first expert team had two tasks. Prior to data collection they
were asked to define maternal and neonatal respiratory depression and arrest, bradycardia and
cardiac arrest, based on the literature and their clinical experience.23 Maternal respiratory depression
or arrest was defined as an oxygen saturation of 85% or less (SpO2 ≤85%) and/or an apnoea lasting at
least 20 seconds (respiratory rate ≤3/minute) and/or the application of bag-mask ventilation. Maternal
bradycardia was defined as a heart rate of 50 beats/min or less and cardiac arrest as the absence of
maternal pulse, for which cardiopulmonary resuscitation (CPR) was applied; and neonatal respiratory
depression or arrest as apnoea for which bag-mask ventilation was applied. The definition of neonatal
bradycardia was a heart rate of 60 beats/min or less and cardiac arrest as the absence of neonatal
pulse, for which neonatal cardiopulmonary resuscitation was applied.
Subsequently, both expert teams independently reviewed all possible SAEs and using any additional
information provided, assessed whether a reported case was likely an SAE attributed to the use of
remifentanil PCA. The expert teams used the written information and the information collected via
checklists, and the definitions determined by the first expert team for these assessments.
Discrepancies were resolved by a third anaesthetist who independently judged these cases. In some
cases the additional information was insufficient to determine whether it had been an SAE; for this
reason, the responses required interpretation. Additionally, a paediatrician was contacted to
independently review all neonatal cases. To ascertain complete reporting of these SAEs attributed to
remifentanil PCA, we checked two other sources where SAEs could have been registered or reported,
these being the Dutch Health Care Inspectorate and Lareb (The Dutch Pharmacovigilance Centre). This
information was obtained by personal contact (SL).

Results
Between January and March 2018 the questionnaire was completed by 61/61 (100%) obstetricians;
54/61 (89%) anaesthetists and by 59/61 (97%) clinical midwives. We received 36 reports of a possible
maternal SAE and four reports of a possible neonatal SAE attributed to the use of remifentanil PCA for
labour analgesia. Additional information about the reported cases was retrieved from the patient
record for 18 maternal and one neonatal case; and was based on the respondent’s memory for 12
maternal and three neonatal cases. For six maternal cases the respondents declined consent to be
approached for additional information. Information was mostly provided by the healthcare providers
responsible for the case of the possible SAE. Both expert teams assessed all maternal and neonatal
reports. Fig. 1 shows the outcome after the assessments by the expert teams.

[figure 1]
Of the 23 maternal cases involving oxygen desaturation, 17 were single events and were treated by
encouraging breathing and/or discontinuation of remifentanil PCA and/or supplemental oxygen. In five
cases desaturation occurred in combination with apnoea and in all these five cases a background
infusion was used simultaneously with remifentanil PCA boluses. In two cases of apnoea the
administration of remifentanil PCA was discontinued and supplemental oxygen was applied. In one
case bag-mask ventilation was applied and naloxone given intravenously. This woman had
simultaneous administration of other medications: magnesium sulphate; oxytocin; methyldopa and
nifedipine. In one case intubation was performed because effective bag-mask ventilation was not
possible and one woman with oxygen desaturation and apnoea was treated with three thoracic
compressions, without other interventions. One woman had oxygen desaturation, apnoea and a
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cardiac arrest, and cardiopulmonary resuscitation was applied for three minutes. In this case, in
retrospect, 10 mL of the drug appeared to be missing from the syringe. An overdose of remifentanil
might have been caused by a single error of the PCA pump or during the connection of the perfusor
line to the patient (Table 1). All women with an SAE recovered completely, without deficit.

[table 1]
In one neonatal case of apnoea a stiff thorax was diagnosed. This was considered to be the cause of
the respiratory depression that necessitated intubation. In the second neonatal case, delivery occurred
within three minutes of the last bolus of remifentanil PCA. Five inflation breaths and positive endexpiratory pressure were applied, after which the neonate did not need further resuscitation (Table 1).
None of the reported neonatal adverse events occurred in a mother with an adverse event. Both
neonates with an SAE recovered completely, with no deficit at the end of the treatment.
No cases of maternal or neonatal SAEs had been reported to the Dutch Health Care Inspectorate.
Lareb had registered six cases of ‘maternal side effects’ of remifentanil PCA during labour between
2004 and 2017. This registration consisted of three cases of skin rash; one case of oxygen
desaturation; one case of respiratory depression and one case of cardiac arrest. It is not known if these
were among the cases reported by the healthcare providers, or if they were additional cases.
Additional information about these cases was not available.

Discussion
We studied the number of SAEs attributed to the use of remifentanil PCA during labour in The
Netherlands. In our survey among obstetricians, anaesthetists and clinical midwives we identified 27
maternal and two neonatal SAE cases. The 27 maternal cases comprised 23 desaturation events, six
apnoea events, four bradycardia events and one cardiac arrest. The two neonatal cases both
concerned respiratory depression. In five cases of maternal apnoea, a background infusion was
running in addition to remifentanil PCA boluses. All SAEs were managed without lasting harm during
the hospital stay.
Our study provides an opportunity to estimate the frequency of SAEs attributed to remifentanil PCA in
The Netherlands. Although our observation of SAE frequency is likely to be an underestimation, the
risk of an SAE attributed to remifentanil PCA seems to be low. Aaronson et al. found 14 complications
in 340 cases of remifentanil PCA use during one year.17 In comparison, 21 000 women per year
received remifentanil PCA in The Netherlands in 2016 and in 2017.9 The frequency of SAEs in this study
corresponds to that reported by Melber et al.24 Nevertheless, despite the introduction of an SOP in
The Netherlands, SAEs associated with the use of remifentanil PCA for labour analgesia still occur.
Serious adverse events are acute and severe and necessitate immediate treatment. Strict monitoring
during remifentanil PCA and the attendance of trained healthcare providers is required to identify and
manage SAEs.21, 23, 25 Optimal maternal monitoring regimens during remifentanil labour analgesia
remain to be determined.19, 26 Weiniger et al. found that only 15% of apnoea events were detected
by the threshold trigger of <92%, using a pulse oximetry device.23 This could explain the
underestimation of desaturation events. In the Netherlands it is common clinical practice to detect
apnoea by measuring oxygen saturation with pulse oximetry during remifentanil PCA use. Most
apnoea events reported by Weiniger et al. during remifentanil PCA use were detected by capnography
or by the Integrated Pulmonary Index (a combination score from respiratory and heart rates, oxygen
saturation and end-tidal carbon dioxide).23 Messmer et al. found a 10% incidence of extreme oxygen
desaturation (<80%) in women using remifentanil PCA and a 70% incidence of desaturation to less
than 90%. In all those cases, the woman recovered spontaneously.27 The 17 cases of a single episode
of desaturation below 85% in our study are likely to be an underestimation. It is unknown as to what
extent one-to-one care is used throughout remifentanil PCA administration in The Netherlands.
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Although, according to the Dutch SOP, one-to-one care is not mandatory after the first hour of
remifentanil administration, it is likely that continuous one-to-one care prevents apnoea. A balance
between strict maternal monitoring and feasibility for healthcare providers is needed when
remifentanil is used for labour analgesia. If maternal monitoring cannot be fully accomplished,
remifentanil PCA should not be administered.
In five cases of apnoea (that occurred prior to the introduction of the SOP) a background infusion of
remifentanil was used in addition to a bolus demand dose. A background infusion is disallowed in the
SOP, so it is surprising that some Dutch hospitals are still using a background infusion.9 In previously
reported cases with a SAE, a background infusion was also used.13, 15, 17 Some of our reported cases
included human or technical errors, such as failure of the alarm within the monitoring system; an
incorrectly adjusted infusion pump; and an infusion pump error. These probable causes of an SAE are
comparable with the studies of Kinney et al. and Aaronson et al., where medication errors were
reported.13, 17 Despite safeguards such as the national SOP, such a safeguard does not prevent some
potentially life-threatening errors that can be detected by alert healthcare providers. Since the
introduction of the SOP, one maternal case of oxygen desaturation, one maternal case of apnoea,
three maternal cases of bradycardia and two neonatal SAEs have been described. The woman with
apnoea received magnesium sulphate as well as remifentanil, increasing the risk of respiratory
depression. According to the SOP, magnesium sulphate is a relative contraindication for the use of
remifentanil PCA. Bradycardia may occur, even when SOP guidelines are followed. In addition,
systematic registration of the use of remifentanil PCA, as well as of SAEs, is required in order to be able
to evaluate the safety of remifentanil PCA.
This is the first study to have investigated SAEs attributable to remifentanil PCA during labour in The
Netherlands. The main strength of the study is the excellent response rate. We received information
from all hospitals where remifentanil PCA was or is used for labour analgesia, and also reports of SAEs
from the Dutch Health Care Inspectorate and Lareb. Although screening of a patient’s medical records
would have provided a more complete picture of SAEs, this would have been time-consuming and
expensive, given the number of times remifentanil PCA was used. Furthermore, all cases were
assessed by two independent expert teams and the neonatal cases by a paediatrician, which
contributed to the internal validity of the study.
Our study also has weaknesses, in particular that the number of reported SAEs is likely to be an
underestimate. A reason for this could be that maternal monitoring, according to the SOP, is
implemented by only 28 (48%) of the 59 Dutch hospitals in which remifentanil PCA is available.9, 28 In
addition, due to the definition of oxygen desaturation used (an SpO2 ≤85%), oxygen saturation values
between 85% and 94% were not included as events. Finally, response bias could have occurred, as
some respondents may have been unaware of SAEs or reluctant to report them. Most of the reported
cases date from several years ago and in several, information was provided without confirmation using
the patient’s medical record or was too limited to be assessed.
In conclusion, the number of reported potentially life-threatening SAEs attributed to remifentanil PCA
as labour analgesia was low. The adherence to strict maternal monitoring and the attendance of
trained healthcare providers are an essential requirement for the safe use of remifentanil PCA during
labour.
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Figures and tables
Fig. 1. Flowchart of cases with one or more maternal or neonatal serious adverse events. *One case
could contain more than one serious adverse event. Desaturation = oxygen saturation ≤85%; maternal
apnoea = respiratory rate ≤3/minute; neonatal apnoea = need for bag-mask ventilation; maternal
bradycardia = heart rate ≤50 beats/minute; cardiac arrest = absence of maternal pulse. SAE: serious
adverse event; remifentanil PCA: remifentanil patient-controlled intravenous analgesia
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Table 1. Maternal and neonatal cases with serious adverse events attributed to remifentanil patientcontrolled analgesia during labour
Type of serious
Calendar
Case
Procedures followed
adverse event
year(s)
Maternal
(17)

Desaturation

Maternal
(2)

Desaturation; apnoea <2014

2007–2015

None or encouragement to breath; and/or stop RPCA;
and/or supplemental oxygen
Stop RPCA; supplemental oxygen

Maternala Desaturation; apnoea 2014

Stop RPCA; supplemental oxygen; bag-mask
ventilation (three minutes); 0.4 mg naloxone
intravenously

Maternalb Desaturation; apnoea 2013

Stop RPCA; supplemental oxygen; intubation

Maternal

Desaturation; apnoea 2011

Stop RPCA; supplemental oxygen; three chest
compressions

Maternalc

Desaturation; apnoea;
2012
cardiac arrest

Stop RPCA; supplemental oxygen; cardiopulmonary
resuscitation (three minutes)

Maternal
(3)

Bradycardia

2017

None

Maternald Bradycardia

2009

Stop RPCA; supplemental oxygen; chest compressions
(a few minutes)

Neonatale Respiratory depression 2015

Intubation (a few hours)

Neonatalf Respiratory depression 2017

Five inflation breaths; positive end-expiratory
pressure

RPCA: remifentanil patient-controlled analgesia. Desaturation = oxygen saturation ≤85%.
apnoea = respiratory rate ≤3/minute. bradycardia = heart rate ≤50 beats/minute. cardiac
arrest = absence of maternal pulse. Neonatal respiratory depression = apnoea where bag-mask
ventilation was applied.
a
Administration of magnesium sulphate; oxytocin; methyldopa; nifedipine simultaneously with RPCA
during labour;
b
Impossible to achieve effective bag-mask ventilation;
c
Error in patient-controlled analgesia pump;
d
According to healthcare provider not attributed to RPCA;
e
Stiff thorax diagnosed;
f
Birth within three minutes of last RPCA bolus.

This is a Nivel certified Post Print, more info at nivel.nl

9

