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Esketamine infusion as treatment for
chronic endometriosis-associated pain?
Study protocol for a randomized
controlled trial (EASYlight-study)

Rozemarijn de Koning''?'2), Albert Dahan?, Jeroen Metzemaekers',
Jurjan van Cosburgh?, Elske van den Akker-van Marle®, Frank Willem Jansen',
Mathijs Blikkendaal? and Andries Twijnstra'

Abstract

Current treatment options for chronic endometriosis-associated pain are often inadequate, resulting in a rise in opioid
consumption in this population. Given its analgesic, anti-inflammatory, and anti-depressive properties, esketamine may be
a promising alternative treatment option. While esketamine is globally used in the treatment of chronic pain conditions,
no clinical trials have been conducted to investigate the efficacy of esketamine infusion to alleviate chronic endometriosis-
associated (pelvic) pain. Therefore, the objective of this double-blinded randomized controlled trial (RCT) is to assess
the efficacy of 8-h infusion with esketamine versus placebo (saline) to reduce chronic endometriosis-associated pain
symptoms. Secondary study objectives include pain scores, quality of life, depressive symptoms, health care utilization,
productivity loss, cost-effectiveness, side effects, treatment experience, and pain coping and cognition. Premenopausal
women (aged = |8years) diagnosed with endometriosis (peritoneal, ovarian, deep, or adenomyosis), with an indication
for laparoscopic endometriosis resection surgery and who suffer from chronic pelvic pain (NRS score =6) will be eligible
for inclusion. In total, we aim to include 56 participants, with a follow-up of 12 weeks. Digital questionnaires will be sent
at baseline and 4, 8, and 12 weeks after the day of infusion.

Trial registration number
The EASYlight study is registered as “EASYlight-NEK” in the Clinical Trials Register (NCT06161805)
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Date received: 10 March 2024; accepted: 28 October 2024

Introduction

The burden of endometriosis is high, affecting 1 in 10
women of reproductive age, of which 60% report to suf-
fer from chronic pelvic pain.!? Current treatment options
consist of two main strategies: conservative treatment
(analgesics and/or hormonal therapy) and laparoscopic
resection surgery.> However, the efficacy of these inter-
ventions are highly individual and side effects may
require patients to discontinue hormonal treatment.® In
addition, chronic pain symptoms frequently persists after
resection of endometriosis lesions, even in the absence of
lesion regeneration, suggesting a complex pain patho-
physiology beyond the presence of endometriosis lesions
alone.**> Consequently, women continue to suffer from
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chronic pain, resulting in a significant reduction in qual-
ity of life, social participation, sexual intimacy, and men-
tal health, with increased rates of anxiety and
depression.” As a result, an increased risk for chronic
opioid use, dependence, and overdose in women with
endometriosis is observed.® In addition, these pain symp-
toms impair the ability to work, resulting in an high
annual economic burden of €9,579 per woman, of which
66% is attributed to productivity loss.’ Hence, there is an
urgent need for safe, alternative, long-term pain treat-
ments for endometriosis patients resistant to current
treatment options. Esketamine, a non- selective N-methyl-
D-aspartate receptor (NMDAR), has analgesic, anti-
inflammatory, and anti-depressive properties.'® This
makes esketamine a promising treatment option for
patients with chronic endometriosis-induced pain.'!1?

Esketamine is the left-handed optical isomer of keta-
mine and exhibits higher anesthetic and analgesic potency
due to its high affinity to the NMDAR.!? Initially intro-
duced in the 1970s as an anesthetic, (es)ketamine’s appli-
cations have since rapidly expanded to other clinical
domains, including patients with therapy-resistant
depression and patients suffering from chronic pain.'!3
Previous studies demonstrate long-term pain reduction
after (es)ketamine infusion therapy in patients with
chronic regional pain syndrome (CRPS).!® A retrospec-
tive cohort study among 17 patients with chronic-endo-
metriosis-associated pain who are resistant to current
treatment, showed that esketamine infusion therapy had a
positive effect on pain symptoms in 65% of patients.
Only mild side-effects were observed during infusion.!?
However, high quality evidence supporting the efficacy
of esketamine to alleviate chronic pelvic pain in endome-
triosis patients is lacking, and therefore this topic has
been prioritized as a knowledge gap by the Dutch Society
of Obstetrics and Gynecology.!”

This randomized controlled trial aims to investigate the
efficacy of 8-h esketamine infusion treatment to alleviate
chronic pain symptoms in patients with chronic endome-
triosis-associated pain.

Material and methods

This protocol outlines a double-blinded RCT that will be
conducted in one (candidate) level-2 endometriosis exper-
tise center (NEK, RdGG) in the Netherlands.'® In addition,
all members of the Dutch Endometriosis Special Interest
Group (including gynecologists who are experts in endo-
metriosis care in the Netherlands) and the Dutch patient
federation “Endometriose Stichting” will be informed
about the EASYlight study. Women who are eligible can
be referred to participate in the trial. This study is regis-
tered as “EASYlight-NEK” in the Clinical Trials Register
(NCT06161805). The Medical Ethics Committee Leiden

The Hague Delft has approved this study (EU CT-number:
2023-508417-16-00).

Study population
Inclusion criteria

e Pre-menopausal women =18 years
e Diagnosed with endometriosis (ultrasound, MRI, or
previous laparoscopic, and/or diagnostic surgery)
according to the #Enzian classification!®. This means
that endometriosis is present in the following
compartments:
- Rectovaginal space (minimal A1) and/or
- Sacro uterine ligaments, cardinal ligaments, pel-
vic sidewall (minimal B1) and/or
- Rectum (minimal C1) and/or
- Endometriosis of the intestines, diaphragm and/
or
- Adenomyosis (according to the MUSA criteria or
evident adenomyosis on the MRI)**?! and/or
- Peritoneal/superficial endometriosis (diag-
nosed laparoscopically and not treated during
surgery)
e Resistant to current recommended lines of analge-
sics (paracetamol and NSAIDs)?
e No usage of strong opioids (discontinued usage for
more than 1 week prior to inclusion)
e Mild to severe chronic pelvic pain (NRS scale =6)
e FEligible for endometriosis resection surgery or on
the waiting list for surgical treatment
e Stable usage of hormonal therapy (no alteration
within 1 month prior to inclusion)
e Able to read and understand Dutch

Exclusion criteria

e Endometriosis affecting the bladder and/or ureter

e Increased intracranial pressure

e Poorly regulated hypertension, defined as >180/
100mmHg at rest

e Patients with hyperthyroidism, malignancy, glau-
coma, liver disease, epilepsy

e History of psychiatric illness (schizophrenia, psy-
chosis, delirium, manic depression)
Usage of xanthine derivatives or ergometrine
Unstable angina, heart failure, history of cerebral
vascular accident
Patients suffering from an active infection
Patients trying to achieve pregnancy and or patients
who are breastfeeding
Alcohol or drug abuse
Patient with a known (es)ketamine allergy

e Abnormal liver enzyme levels at baseline (ASAT,
ALAT, yGT, AP, Bilirubin total)
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Table |. Secondary outcomes.

Outcome

Measurement tool

Measurement interval

Primary outcome

Chronic pelvic pain NRS score
Secondary outcomes

Pain scores® NRS scores

Endometriosis-associated quality of life EHP-30

Quality of life in general EQ-5D-5L

Depressive symptoms HADS

Pain and cognition PCCL

Psychedelic effects
Treatment experience Scale 0-10
Potential side effects EPF

Liver enzyme profile®
Questionnaire

Pain medication usage
Cost-effectiveness

Medical consumption

Productivity loss

iMCQ
iPCQ

Bowdle questionnaire

Baseline, Week 4

Baseline, directly after infusion, weeks 4, 8, 12
Baseline, weeks 4, 8, 12

Baseline, weeks 4, 8, and 12

Baseline, week 4

Baseline, week 12

Day of infusion (prior and during treatment)
After infusion

During infusion

Prior and directly after infusion

Weeks 4, 8, and 12

Week 12
Weeks 4, 8, and 12

EHP-30: endometriosis health profile-30; EPF: electronic patient file; EQ-5D-5L: EuroQq]l five-dimensional five levels; HADS: Hospital Anxiety and
Depression Scale; iPCQ: Productivity Costs Questionnaire; iMCQ: Medical Cost Questionnaire; NRS: numeric rating scale; PCCL: pain coping and

cognition list.

2NRS scores for dysmenorrhea, dyschezia, dysuria, dyspareunia, chronic pelvic pain.
PAspartate transaminase (ASAT), Alanine transaminase (ALAT), Gamma-glutamyl transferase (yGT), alkaline phosphatase (ALP), bilirubin-total.

Outcomes

Primary outcome. The primary outcome is the efficacy of
an 8-h esketamine infusion on chronic pelvic pain symp-
toms, measured by the change in the Numeric Rating Scale
(NRS) score on a scale from 0 (no pain) to 10 (worst pain
imaginable), pre- and 4 weeks post-treatment. Chronic pel-
vic pain is defined as non-menstrual pain in the pelvic
region that is present for at least 3 months, more than 50%
of the time, causing functional disability and requiring
medical or surgical treatment.?>?*

Secondary outcomes. The secondary outcomes are listed in
Table 1. All patient reported outcome measures (PROMs)
will be digitally sent via Castor EDC® at baseline and post-
infusion. One subdomain of the EHP-30 questionnaire on
sexual functioning (five questions) will also be included.
Figure 1 outlines the study timeline. Eligible partici-
pants will be informed about the EASYlight-study by their
treating gynecologist. Those expressing interest to partici-
pate will receive written information about the EASYlight-
study, an informed consent form, a return envelope and a
pregnancy test. If recent blood pressure and/or liver
enzymes (within the last 12months at the time of inclu-
sion) are unavailable, participants will undergo blood pres-
sure assessment and will be requested to undergo blood
sampling for liver enzyme profile evaluation. Following a
minimum 3-day interval from receiving the study informa-
tion, the researcher contacts potential participants to
address questions and confirm their willingness to partici-
pate. If the potential participant meets the inclusion

criteria, expresses willingness to participate, and exhibits
no abnormalities in liver enzyme profile and blood pres-
sure measurement, they will be invited to sign the informed
consent form. Randomization between esketamine or pla-
cebo (saline) will be performed using Castor EDC® in a
1:1 ratio with non-stratified permuted blocks (4-6).
Treatment allocation remains undisclosed for participants
and the research team until the trial is finished and the
database is locked.

On the day of infusion, four participants will be treated
simultaneously. The infusion may proceed only if a nega-
tive pregnancy test result was obtained on the day of (or
preceding) the infusion. Study medication dosing regimen
is set at 0.1 mg/kg/h as starting dosage. Dosage will be
gradually increased based on heart rate, oxygen saturation,
blood pressure, and potential side effects during a period
of 8h to a maximum of 0.5 mg/kg/h. Initially, the dosage
will be increased in steps of 0.1 mg/kg/h every 30 min until
0.3mg/kg/h. If side-effects are absent and the analgesic
effect remains inadequate, the dosage will be further
increased to a maximum of 0.5 mg/kg/h. This esketamine
dosage regimen is similar to that used earlier by Sigtermans
et al.>* The following vital parameters will be measured
during treatment: oxygen saturation, heart rate, and blood
pressure. Oxygen saturation and heart rate will be continu-
ously monitored (via a pulse oximeter). Blood pressure
will be measured every half h while the dose is increased.
Once the maximum dosage has been reached and the vital
parameters have demonstrated stability, the monitoring of
blood pressure will be performed every 2h. In case side
effects occur (e.g. psychedelic symptoms, nausea, and
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Screening for eligible participants

: TR

Control of in- and exclusion
criteria

8Bloed sampling: liver enzyme profile® i)

Informed consent

Randomization
Intervention group or control group

Baseline questionnaires (t-1)

Paln scores®, EHP-30, HADS, EQ-5D-5L, PCCL
N\ J

l

‘ Allocation ]

Y y
Esketamine (10) Saline (t0)
8 hours infusion 8 hours infusion
n=28 n=28
Post-infusion: quesbomauesb. bleed sampling: Post-infusion: qoesbmnalresb. bleed sampling:
lver enzyme profile® lver enzyme profile®
Follow-up J
Y

« 14: Paln scores®, EHP-30, EQ-5D-5L. HADS. IPCQ, paln medication usage
« 18: Paln scores®, EHP-30, EQ-5D-5L. IPCQ, pain medication usage
e 112: Pain scores®, EHP-30, EQ-5D-5L. PCCL, IPCQ, IMCQ, pain medication usage

Y
End of trial J

Figure |. Flow diagram and study schedule. Time in weeks.

EHP-30: endometriosis health profile-30; EPF: electronic patient file; EQ-5D-5L: EuroQq] five-dimensional five levels; HADS: Hospital Anxiety and
Depression Scale; iPCQ: Productivity Costs Questionnaire; iMCQ: Medical Cost Questionnaire; NRS: numeric rating scale; PCCL: pain coping and
cognition list.

2NRS scores for pain (dysmenorrhea, dyschezia, dysuria, dyspareunia, and chronic pelvic pain), Bowdle questionnaire, treatment experience, and
allocation questionnaires.

bASAT, ALAT, yGT, ALP, and bilirubin-total.
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tachycardia), esketamine infusion will be (temporarily)
stopped and/or the infusion dosage will be lowered.
Nausea will be prevented or treated by administrating a
5-HT3 antagonist. Following the infusion treatment, par-
ticipants will be observed for 30 min. Due to the potential
(reversible) hepatotoxic effect of esketamine, blood will
be drawn directly after the infusion to determine the liver
enzyme profile.'* The follow-up period will be 12 weeks,
which is based on a previous study that showed signifi-
cantly lower pain scores over an 11-week period in patients
receiving ketamine versus those patients receiving placebo
[1]. Digital questionnaires will be sent prior infusion (at
baseline) and 4, 8, and 12 weeks post-infusion using Castor
EDC® (Table 1, Figure 1). On the day of infusion, the fol-
lowing questionnaires will be administrated on paper:
NRS scores for pain (after infusion), Bowdle questionnaire
(prior and 7h post-treatment initiation), treatment experi-
ence and allocation questionnaires.

Sample size

This study will be powered to detect a 2-point reduction in
NRS score for chronic pelvic pain in the esketamine group
versus the placebo group at week 4 post infusion treat-
ment. This difference in NRS score is based on a previous
trial, which reported a 2-point decrease in NRS score for
non-menstrual pelvic pain as clinically meaningful.?®
Based on a power of 0.90, alpha of 0.05 (two-sided) and a
standard deviation of 2.0, we calculated that 22 patients
will be needed per group. Assuming that some patients
will be lost during follow-up (potentially due to a sched-
uled surgery within the 12-week follow-up period), we
plan to enroll 28 patients per group. Statistical analysis
will include all patients, according to the intention-to-treat
principle. In total, 56 patients will be included in the
EASYlight-study.

Statistical analysis

Once all patient information and questionnaires are com-
pleted, the data will be locked and the treatment allocation
will be unblinded. No interim analysis will be conducted.
Descriptive statistics will be used to determine the fre-
quency distributions of variables at baseline. We will
describe data as means with standard deviations (SDs) or
medians and inter-quartile ranges (IRQs), dependent on
observed distributions. For dichotomous data, we will pro-
vide proportions (or percentages). Linear mixed models
will be used to assess the effect of the treatment group on
the NRS score for chronic pelvic pain. This model will
include outcome data collected post-infusion treatment as
dependent variables. All patients with at least one meas-
urement of pain scores post-infusion will be included.
Fixed effects will include randomization treatment alloca-
tion, follow-up time points (4, 8, or 12 weeks, categorical),

the interaction between treatment and time point and the
baseline chronic pelvic pain score (NRS score).
Correlations between repeated measurements of the same
patient will be modelled using a repeated effect with a cor-
relation structure chosen based on fit of the acquired data
(using Akaike Information Criterion). The primary out-
come will be estimated as the difference in mean chronic
pelvic pain (adjusted for the baseline value of chronic pel-
vic pain) at week four post-infusion between the esketa-
mine group and the placebo group together with its
95%-confidence interval. All secondary outcomes will be
described using a longitudinal mean plot and analyzed
using repeated-measure linear mixed models, similar to
the approach used for the analysis of the primary outcome.
Treatment experience will be compared between treatment
groups using 7-test or Mann-Whitney U test, dependent on
distribution. All reported side effects per study participant
will be described. The latest version of SPSS will be used
to analyze the results. A two-tailed p-value of <0.05 will
be considered as statistically significant. Missing data
(questionnaires) will be minimized through active moni-
toring and automatic reminders.

Data management

All data will be collected in Castor EDC®, a web-based
clinical data management system. Data processing will be
done according to the EU General Data Protection Regulation
and the Dutch Act on implementation of the General Data
Protection Regulation (in Dutch: Uitvoeringswet AVG).
Analysis of the data will be performed with the coded data.
The key that links the code to personal patient information
will only be available to the local study team. Data will be
stored for 25 years.

Cost-effectiveness

The economic evaluation will be performed as a trial-
based cost-effectiveness analysis (CEA) and cost-utility
analysis (CUA) from a societal perspective according to
the Dutch guidelines.?® For the CEA, the primary outcome
parameter will be the cost per successful esketamine infu-
sion treatment. Success is defined as a 2-point reduction in
the NRS score for chronic pelvic pain compared to base-
line (pre-infusion), assessed 4 weeks post-infusion. For
the CUA, the primary outcome will be the cost per qual-
ity adjusted life-years based on the EQ-5D-5L scores, to
provide data on the cost per QALY gained. The time hori-
zon will include the period between the day of infusion
and study endpoint (i.e. 12 weeks). Multiple imputation
will be used to deal with missing data. Differences in
mean costs and effects (QALYs) between strategies
(esketamine or placebo) will be compared with boot-
strapping using 1000 replications. In a net-benefit analy-
sis, costs will be related to QALYs and presented in a
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cost-effectiveness acceptability curve. In a cost-effective-
ness acceptability curve the probability of cost-effective-
ness for esketamine infusion treatment compared to
placebo will be shown for different values of the willing-
ness to pay, including the Dutch threshold values ranging
between 20,000 and 80,000 euro per QALY.?” Sensitivity
analyses will be performed to evaluate the robustness of
our results. These will include analyses from a healthcare
sector perspective and using EQ-VAS utilities instead of
EQ-5D-5L utilities. Analyses will be performed using
Stata and Excel. Both health care costs (secondary and ter-
tiary care) and cost of loss of productivity for paid and
unpaid work will be included. The iPCQ and the iMCQ
questionnaires will be used to monitor absenteeism and
presenteeism from paid and unpaid work and to monitor
healthcare resource use (i.e. gynecology visits, emergency
room visits, hospitalization, ambulance care). Healthcare
utilization and productivity losses will be evaluated using
cost prices from the Dutch costing manual.?® Medication
use will be valued with prices derived from www.medici-
jnkosten.nl.

Discussion

The EASYlight-study is the first randomized controlled
trial to assess the efficacy of esketamine infusion therapy
as treatment for chronic endometriosis-associated pain. In
contrast to current treatment options, esketamine targets
multiple key aspects of endometriosis (pain, inflammation,
depression). However, its application in this population is
relatively unexplored and this topic has been prioritized as
a knowledge gap by the Dutch Society of Obstetrics and
Gynecology.!”

The diagnostic interval of endometriosis is long, approx-
imately 7years.?’ During this interval, before adequate
treatment is initiated, remodeling of pain pathways may
occur. Moreover, chronic changes of neural processing
regions in women with endometriosis-associated chronic
pelvic pain have been demonstrated.’* Endometriosis-
associated pain can be nociceptive and/or neuropathic in
nature.’! Lesions may directly infiltrate and damage the
surrounding somatosensory nervous system, resulting in
neuropathic pain.*? In addition, evidence suggests ongoing
stimulation of nociceptive pain pathways in women with
endometriosis, resulting in generalized hyperexcitability
of the central nervous system.>? A pro-nociceptive envi-
ronment is triggered by active bleeding at the lesion
sites, activating immune responses and the release of
pain-producing agents (e.g. pro-inflammatory cytokines/
chemokines) in the peritoneal fluid in women with endo-
metriosis.* Prolonged nociceptive stimulation induces
upregulation of the NMDAR, resulting in the amplifica-
tion of pain signals transmitted to the brain.'* Consequently,
women with endometriosis may develop a state of chronic
sensitization, whereby (the intensity of) pain perception

becomes independent of an external stimulus. Furthermore,
there is also a high risk for cross-organ sensitization, where
pain is perceived from adjacent structures due to the con-
vergence of neural pathways.* Together, this may also
explain why disease classification poorly correlates with
pain severity and anatomical locations of (deep) endome-
triosis lesions and the poor postsurgical pain relief in some
women (11.8%) affected.*3+3¢

The NMDAR plays a vital role in the process of central
sensitization.’” It is an excitatory glutamatergic receptor
present at spinal and supraspinal sites and is involved in
the afferent transmission of nociceptive signals. NMDAR
antagonists, such as esketamine, can halt the excessive
barrage of nociceptive afferent input to the brain (i.e.
reverse the process chronic sensitization) and is therefore
used to treat patients with chronic pain syndromes. At the
moment, 31 pain clinics in the Netherlands use esketamine
in the treatment of chronic pain (maximal doses of
27.5mg/h (in an outpatient setting) and 25.0mg/h (in an
inpatient setting)).’® In the current study, we expect that
the optimal dosage for the most participants, free from sig-
nificant side effects, will be around 0.3mg/kg/h (or
21 mg/h for a 70-kg patient), which is similar to the dosage
administrated in other pain clinics in the Netherlands. An
8-h infusion protocol was chosen due to the significant
burden imposed on patients by a multiday protocol, the
challenges associated with implementation of such a pro-
tocol in our healthcare system and perhaps a multiday pro-
tocol is unnecessary given the fact that various pain
syndromes in the Netherlands are treated with only 8 h of
esketamine infusion.!!:12-38

In contrast to opioid consumption, esketamine infusion
treatment can be strictly monitored. This is an important
advantage, given the four times higher opioid consumption
among women with endometriosis compared to non-endo-
metriosis patients, resulting in a higher opioid dependency
and potential addiction.® In addition, it can also be admin-
istrated in a home setting, enhancing cost efficiency.!>3*
While multiple side effects have been observed in clinical
trials including psychedelic symptoms, nausea/vomiting,
cardiovascular side effects (e.g. tachycardia) and (reversi-
ble) hepatotoxicity, esketamine infusion treatment is safe
when administrated in a clinical setting.'>3

Regarding other non-hormonal treatment options, mul-
tiple studies have investigated the effect of acupuncture,
physiotherapy,  Transcutaneous  Electrical ~ Nerve
Stimulation (TENS), Chinese medicine, nutrition, exer-
cise, or psychological interventions on (chronic) endome-
triosis-associated pain.> However, insufficient high-quality
evidence is available to recommend any non-medical
intervention as mono-treatment to reduce pain symptoms.’
Nevertheless, in selected patients these interventions could
be beneficial to enhance the quality of life. 4043

We hypothesize that esketamine infusion treatment
could serve as an alternative treatment option for chronic
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endometriosis-associated pain when regular treatment
options are ineffective. Future implementation could be
to use esketamine infusion as a bridging therapy until
surgery in case of severe pain symptoms. Theoretically,
esketamine may also be implemented as maintenance
therapy in strongly selected patients with pain symptoms
not responding to current strategies, but outcomes on
long-term repeated administration of esketamine infu-
sions (i.e. development of pharmacodynamic, metabolic,
and tolerance, resulting in tachyphylaxis and loss of anal-
gesic effect) are not available and are warranted to
ensure-long term safety and efficiency.*® However, it is
essential to first establish proof of principle on whether a
single 8-h esketamine infusion treatment is efficient in
reducing chronic pain symptoms within this patient pop-
ulation, which will be provided by this RCT.

Acknowledgements

The authors would like to thank Bianca De Bie (chair of the
Dutch endometriosis patient federation) for her assistance in
evaluating patient information and Nan van Geloven (bio-statis-
tician), who was consulted for the sample size calculation.

Data availability statement

The dataset generated during the current study are available from
the corresponding author on reasonable request.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this arti-
cle: This study is funded by STIMAG, a Dutch foundation for
innovative research to improve health care. This study is also
facilitated by the scientific board of the Reinier de Graaf hospi-
tal. The esketamine in this study will be reimbursed by Eurocept
International with no influence on the course or outcomes of the
study. They were approached by our research team.

ORCID iD

Rozemarijn de Koning (2} https://orcid.org/0000-0001-9955-5150

References

1. Vercellini P, Vigano P, Somigliana E, et al. Endometriosis:
pathogenesis and treatment. Nat Rev Endocrinol 2014; 10:
261-275.

2. Ballard KD, Seaman HE, de Vries CS, et al. Can symptom-
atology help in the diagnosis of endometriosis? Findings
from a national case-control study—Part 1. BJOG 2008; 115:
1382-1391.

3. Becker CM, Bokor A, Heikinheimo O, et al. ESHRE guide-
line: endometriosis. Hum Reprod Open 2022;2022: hoac009.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Maddern J, Grundy L, Castro J, et al. Pain in endometriosis.
Front Cell Neurosci 2020; 14: 590823.

Zondervan KT, Becker CM and Missmer SA. Endometriosis.
N Engl J Med 2020; 382: 1244—-1256.

Chen LC, Hsu JW, Huang KL, et al. Risk of developing
major depression and anxiety disorders among women
with endometriosis: a longitudinal follow-up study. J Affect
Disord 2016; 190: 282-285.

Nnoaham KE, Hummelshoj L, Webster P, et al. Impact of
endometriosis on quality of life and work productivity: a
multicenter study across ten countries. Fertil Steril 2011;
96: 366-373.€368.

Chiuve SE, Kilpatrick RD, Hornstein MD, et al. Chronic
opioid use and complication risks in women with endo-
metriosis: a cohort study in US administrative claims.
Pharmacoepidemiol Drug Saf'2021; 30: 787-796.

Simoens S, Dunselman G, Dirksen C, et al. The burden
of endometriosis: costs and quality of life of women with
endometriosis and treated in referral centres. Hum Reprod
2012; 27: 1292-1299.

Zanos P, Moaddel R, Morris PJ, et al. Ketamine and keta-
mine metabolite pharmacology: insights into therapeutic
mechanisms. Pharmacol Rev 2018; 70: 621-660.

de Koning R, Zwart G, Dahan A, et al. Esketamine in
the treatment of chronic endometriosis-induced pain: a
case report. J Endometr Pelvic Pain Disord 2023; 15(1):
49-52.

de Koning R, van Dulken F, Brinkert W, et al. Esketamine
infusion therapy: a promising alternative in the treatment of
chronic endometriosis-associated pain. J Endometr Pelvic
Pain Disord 2024; 16(3—4): 125-133.

Ebert B, Mikkelsen S, Thorkildsen C, et al. Norketamine,
the main metabolite of ketamine, is a non-competitive
NMDA receptor antagonist in the rat cortex and spinal cord.
Eur J Pharmacol 1997; 333: 99-104.

Niesters M, Martini C and Dahan A. Ketamine for chronic
pain: risks and benefits. Br J Clin Pharmacol 2014; 77:
357-367.

Nikolin S, Rodgers A, Schwaab A, et al. Ketamine for the
treatment of major depression: a systematic review and
meta-analysis. EClinicalMedicine 2023; 62: 102127.
Chitneni A, Patil A, Dalal S, et al. Use of ketamine infusions
for treatment of complex regional pain syndrome: a system-
atic review. Cureus 2021; 13: e18910.

NVOG 2023-2026. Nederlandse Vereniging voor Obstetrie
en Gynaecologie. Kennisagenda 2023-2026.

NVOG 2020 Nederlandse Vereniging voor Obstetrie en
Gynaecologie. Kwaliteitsnorm Expertisecentra Endometriose
2020.

Keckstein J, Saridogan E, Ulrich UA, et al. The Enzian
classification: A comprehensive non-invasive and surgical
description system for endometriosis. Acta Obstet Gynecol
Scand. 2021; 100(7):1165-1175. doi: 10.1111/a0gs.14099.
Epub 2021 Mar 19.

Van den Bosch T, Dueholm M, Leone FP, et al. Terms, defi-
nitions and measurements to describe sonographic features of
myometrium and uterine masses: a consensus opinion from
the Morphological Uterus Sonographic Assessment (MUSA)
group. Ultrasound Obstet Gynecol 2015; 46: 284-298.


https://orcid.org/0000-0001-9955-5150

56

Journal of Endometriosis and Pelvic Pain Disorders 17(1)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Agostinho L, Cruz R, Osoério F, et al. MRI for adenomyosis:
a pictorial review. Insights Imaging 2017; 8: 549-556.
Bloski T and Pierson R. Endometriosis and chronic pelvic
pain: unraveling the mystery behind this complex condition.
Nurs Womens Health 2008; 12: 382-395.

Triolo O, Lagana AS and Sturlese E. Chronic pelvic pain
in endometriosis: an overview. J Clin Med Res 2013; 5:
153-163.

Sigtermans MJ, van Hilten JJ, Bauer MC, et al. Ketamine
produces effective and long-term pain relief in patients with
Complex Regional Pain Syndrome Type 1. Pain 2009; 145:
304-311.

Pokrzywinski RM, Soliman AM, Snabes MC, et al.
Responsiveness and thresholds for clinically meaningful
changes in worst pain numerical rating scale for dysmenor-
rhea and nonmenstrual pelvic pain in women with moderate
to severe endometriosis. Fertil Steril 2021; 115: 423-430.
Zorginstituut Nederland Z. Richtlijn voor het uitvoeren van
economische evaluaties in de gezondheidszorg Diemen. 2016.
ZwaapJ, Knies S, van der Meijden C, et al. Cost-effectiveness
in practice. Dutch National Health Care Institute, 2015.
Hakkaart-Van Roijen LvdLN, Bouwmans C, Kanters T,
et al. Kostenhandleiding: Methodologie van kostenonder-
zoek en referentieprijzen voor economische evaluaties in de
gezondheidszorg. 2016.

Staal AH, van der Zanden M and Nap AW. Diagnostic delay
of endometriosis in the Netherlands. Gynecol Obstet Invest
2016; 81: 321-324.

As-Sanie S, Kim J, Schmidt-Wilcke T, et al. Functional
connectivity is associated with altered brain chemistry in
women with endometriosis-associated chronic pelvic pain.
J Pain 2016; 17: 1-13.

Morotti M, Vincent K and Becker CM. Mechanisms of pain
in endometriosis. Eur J Obstet Gynecol Reprod Biol 2017,
209: 8-13.

Whitaker LH, Reid J, Choa A, et al. An exploratory study
into objective and reported characteristics of neuropathic
pain in women with chronic pelvic pain. PLoS One 2016;
11: e0151950.

McKinnon BD, Bertschi D, Bersinger NA, et al
Inflammation and nerve fiber interaction in endometriotic
pain. Trends Endocrinol Metab 2015; 26: 1-10.

Bushnell MC, Ceko M and Low LA. Cognitive and emo-
tional control of pain and its disruption in chronic pain. Nat
Rev Neurosci 2013; 14: 502-511.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

. Metzemaekers J, Blikkendaal MD, V Nieuwenhuizen KE,

et al. Preoperative pain measurements in correlation to deep
endometriosis classification with Enzian. Facts Views Vis
Obgyn 2022; 14: 245-253.

Singh SS, Gude K, Perdeaux E, et al. Surgical outcomes in
patients with endometriosis: a systematic review. J Obstet
Gynaecol Can 2020; 42: 881-888.¢811.

Petrenko AB, Yamakura T, Baba H, et al. The role of
N-methyl-D-aspartate (NMDA) receptors in pain: a review.
Anesth Analg 2003; 97: 1108-1116.

Mangnus TJP, Bharwani KD, Stronks DL, et al. Ketamine
therapy for chronic pain in The Netherlands: a nationwide
survey. Scand J Pain 2022; 22: 97-105.

Noppers I, Niesters M, Aarts L, et al. Ketamine for the treat-
ment of chronic non-cancer pain. Expert Opin Pharmacother
2010; 11: 2417-2429.

Darai C, Deboute O, Zacharopoulou C, et al. Impact of oste-
opathic manipulative therapy on quality of life of patients
with deep infiltrating endometriosis with colorectal involve-
ment: results of a pilot study. Eur J Obstet Gynecol Reprod
Biol 2015; 188: 70-73.

Woo HL, Ji HR, Pak YK, et al. The efficacy and safety of
acupuncture in women with primary dysmenorrhea: a sys-
tematic review and meta-analysis. Medicine (Baltimore)
2018; 97: e11007.

Armour M, Ee CC, Naidoo D, et al. Exercise for dysmen-
orrhoea. Cochrane Database Syst Rev 2019; 9: Cd004142.
20190920. DOI: 10.1002/14651858.CD004142.pub4.
Thabet AAE and Alshehri MA. Effect of pulsed high-inten-
sity laser therapy on pain, adhesions, and quality of life in
women having endometriosis: a randomized controlled trial.
Photomed Laser Surg 2018; 36: 363—369.

Hansen KE, Brandsborg B, Kesmodel US, et al.
Psychological interventions improve quality of life despite
persistent pain in endometriosis: results of a 3-armed rand-
omized controlled trial. Qual Life Res 2023; 32: 1727-1744.
Huijs E and Nap A. The effects of nutrients on symptoms
in women with endometriosis: a systematic review. Reprod
Biomed Online 2020; 41: 317-328.

Cohen SP, Bhatia A, Buvanendran A, et al. Consensus guide-
lines on the use of intravenous ketamine infusions for chronic
pain from the American Society of Regional Anesthesia and
pain medicine, the American Academy of Pain Medicine,
and the American Society of Anesthesiologists. Reg Anesth
Pain Med 2018; 43: 521-546.



