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Abstract

Background: Prediction models to identify parturients who experience protracted pain, prolonged opioid use, and
delayed self-assessed functional recovery are currently inadequate.

Methods: For this study, 213 nulliparous women who planned vaginal delivery were enrolled and assessed daily until
they completed three outcomes: (1) pain resolution; (2) opioid cessation; and (3) self-assessed functional recovery to
predelivery level. The primary composite endpoint, ‘pain and opioid-free functional recovery’ was the time required to
reach all three endpoints. The subjects were divided into two categories (the worst (longest time) 20% and remaining 80%)
for reaching the primary composite endpoint, and each individual component. Prediction models for prolonged recovery
were constructed using multivariate logistic regression with demographic, obstetric, psychological, and health-related
quality of life characteristics as candidate predictors.

Results: Labour induction (vs spontaneous labour onset) predicted the worst 20% for the primary composite endpoint in
the final multivariate model. Labour induction and higher postpartum day 1 numerical rating score for pain were pre-
dictors for being in the worst 20% for both functional recovery and pain burden. Labour type, delivery type, Patient-
Reported Outcomes Measurement Information System (PROMIS) anxiety score, RAND 36 Item Health Survey 1.0 (SF-36)
physical health composite score, and postpartum breastfeeding success were predictive of delayed opioid cessation.
Conclusions: Labour induction and elevated numerical rating score for pain are predictive of poor recovery after child-
birth. Further research is necessary to determine whether modification would benefit mothers at risk for poor recovery.
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Editor’s key points

e A minority of women remain on prolonged opioids af-
ter childbirth, with potential long-term harms.

o Identifying those at risk at the time of delivery would
allow targeted management and support.

e This study explored factors associated with worse pain,
continued opioid use, and poorer functional recovery.

e Induction of labour and high pain scores on day 1 were
predictors of poorer outcomes.

Most women report opioid-free functional recovery approxi-
mately 3 weeks after vaginal delivery and 4 weeks after
Caesarean delivery.! However, outliers report severe pain for
months and may never stop taking the opioids they were
introduced to at childbirth.? In the USA, the majority of women
are discharged home with a prescription for opioids, and
therefore childbirth is a common source of opioid exposure in
a large population. Limited information is available to predict
which women will have poor recovery or require opioids for
protracted period.” Patient-centred management incorpo-
rating these expectations is important. A ‘one size fits all’
model is a significant hazard as larger opioid prescriptions
enhance risk for conversion to chronic opioid use.

Severe acute postpartum pain,*° previous pain diagnosis,*
and history of chronic disease have been reported as risk
factors for persistent pain after childbirth, while degree of
tissue trauma and previous pain diagnosis have been associ-
ated with acute pain. However, risk factors for protracted
postpartum recovery in healthy parturients may remain un-
identified, and an information gap exists because pain
assessment beyond hospital stay has only been conducted at
remote time points months after delivery.®

The objective of this study was to identify factors that
identify parturients who are likely to have a difficult post-
partum recovery with respect to pain, opioid use, and recovery
of function. The aim of this analysis was to identify de-
mographic, obstetrical, and psychological risk factors for being
in the worst 20 percentile for a composite endpoint of pain and
opioid-free functional recovery to allow for future individu-
alised intervention.

Methods

We conducted a prospective, daily, longitudinal, observational
cohort study of three study endpoints (pain resolution, opioid
cessation, and self-reported functional recovery to predelivery
level) in nulliparous parturients. For functional recovery
outcome, we defined predelivery as the last week of pregnancy
before the delivery while the patients were not in pain. A
participant’s completion of the study was predefined as the
completion of the composite outcome (‘pain and opioid-free
functional recovery’; i.e. when all three of the above-
mentioned study endpoints were attained). We considered
that attainment of all three individual recovery endpoints (i.e.
pain resolution, opioid cessation, and functional recovery) are
equally important with regard to length of medical leave after
childbirth, and related employment and social policy. There-
fore, we opted to use the composite outcome as the primary
endpoint, which is the time to all three endpoints are met. We
obtained institutional review board approval from Stanford

University (Protocol #30758, approved on July 11, 2014) for this
study. Written informed consent was obtained from all par-
ticipants. This manuscript adheres to the applicable Equator
guidelines.

We attempted daily contact with women to determine pain
scores, analgesic use, and functional status after both vaginal
and Caesarean delivery. A detailed description of the outcome
inter-individual variability has been published previously.! In
this work, we identified that some patients have prolonged
recovery associated with severe pain and continued need for
opioids. The construction of a prediction model was planned a
priori, was part of the original institutional review board pro-
tocol and the neuropsychological testing was conducted
before delivery. The descriptive data was reported previously;
this predictive modelling was a planned subsequent analysis.
The current manuscript investigates prediction of these severe
outliers using demographic, obstetric and neuropsychological
testing administered prepartum.

Participants

Nulliparous women planning vaginal delivery at Lucile Pack-
ard Children’s Hospital, Stanford University between August
2014 and June 2016 were approached and enrolled in this
prospective cohort study. This was a convenience sample in
that women who were admitted to the hospital during nights
and weekends were not approached. Women provided written
informed consent, and were enrolled before induction, in early
labour when they were not in pain, or after labour analgesia
had been established. Inclusion criteria were: age >18 yr,
gestational age >35 weeks, absence of severe maternal or fetal
comorbidities, and ability to understand English to provide
consent and complete questionnaires. Patients with multiple
pregnancy, diabetes mellitus (pre-existing or gestational)
requiring pharmacological treatment, hypertension (chronic
or gestational) or pre-eclampsia requiring pharmacological
treatment, or treatment for depression or anxiety were
excluded from participation. Patients with chronic pain or
ongoing opioid use were also excluded.

Procedures

Baseline demographic and obstetric data was obtained after
enrolment. Starting on postpartum day 1, the subjects were
contacted daily by one of two investigators (the first author or
a research assistant), either in person during their hospital-
isation, and by telephone after discharge. Using a standardised
questionnaire (Supplementary Appendix S1), women were
asked about their pain (average daily pain using a 0—10 verbal
numeric rating scale (NRS) where 0 is no pain and 10 is the
worst possible pain), analgesic use and functional recovery.
The subjects who underwent Caesarean delivery were spe-
cifically instructed to report pain levels in the perineum,
pelvis, and surgical site, and those who underwent vaginal
delivery were instructed to report pain levels in the perineum
and pelvis. All reported medications used on each postpartum
day were reviewed by a study physician to ascertain whether
opioid, non-opioid analgesic, or both medications were taken.
To assess functional recovery, the subjects were asked, “Do
you feel you have functionally recovered to the level you were
during the last week of pregnancy before delivery?” Daily
follow-ups were continued until the participants met all three
study endpoints; an additional 5 days after zero average pain
and opioid cessation were attained to ascertain there was no
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recurrence. If participants had not met all study endpoints
after 3 months post-delivery, they were contacted weekly
thereafter until they met the study endpoints. Daily assess-
ment via phone took approximately 2—3 min per contact.

Caesarean delivery patients received scheduled oral
ibuprofen 600 mg if they tolerated oral intake (otherwise i.v.
ketorolac 15 mg) every 6 h for 48 h after surgery during their
hospitalisation. In addition, they received scheduled oral
paracetamol 650 mg every 6 h for 48 h after surgery. Break-
through pain was managed with oxycodone 5 mg; for pain <4
out of 10, and 10 mg for pain >4 out of 10. Patients were
allowed up to 10 mg oral oxycodone every 4 h. If pain control
was inadequate with oral medications or a patient was unable
to tolerate an oral medication for breakthrough pain, i.v.
morphine boluses of 4 mg were offered with a maximum of
20 mgin 6 h. Vaginal delivery pain during the hospital stay was
managed with ibuprofen 600 mg and oral opioids (hydro-
codone 5 mg with paracetamol 325 mg or oxycodone 5 mg with
paracetamol 500 mg) as needed according to patient and ob-
stetrician’s preference.

Most of Caesarean delivery patients received discharge
prescription of 30 opioid pills, typically hydrocodone 5 mg/
paracetamol 325 mg or oxycodone 5 mg/paracetamol 325 mg
with instructions to take one or two pills every 4—6 h as
needed, and a prescription for ibuprofen 600 mg tablets. There
was no standardised regimen used for vaginal delivery pa-
tients. The majority of vaginal delivery patients received
discharge prescription of ibuprofen and some received opioids
at the obstetrical provider’s discretion.

The protocol for induction of labour included either miso-
prostol 50 mg orally then 100 mg orally every 4 h, or dinopro-
stone vaginal insert 10 mg for cervical ripening, followed by
increasing doses of oxytocin (starting at 1 mU min~! and
increasing by 2 mU min~? every 30 min to a maximum of
30 mU min~? as necessary).

Demographic, obstetric, and neonatal predictor
variables

Baseline demographic variables were collected by both an
interview with the woman, and a chart review of medical re-
cords before the delivery. Maternal obstetrical and neonatal
predictor variables were collected from electronic medical
records after delivery.

Psychological and health-related quality of life
assessment

Baseline psychological status was assessed in-person before the
delivery using several well validated questionnaires (detailed
information provided as Supplementary material). Instruments
used include the Patient-Reported Outcomes Measurement In-
formation System (PROMIS) Anxiety Scale 8a short form (http://
www.rehabmeasures.org/Lists/RehabMeasures/Attachments/

1112/PROMIS SF v1.0—ED-Anxiety-SF8a.pdf), PROMIS Depres-
sion Scale 8a short form (https://ortho.duke.edu/sites/ortho.
duke.edu/files/u18/PROMIS SF v1.0—Depression 8a Participant
Version.pdf), and Posttraumatic Stress Disorder Check-
list—Civilian version (PCL-C; http://www.mirecc.va.gov/docs/
visn6/3_PTSD_CheckList_and_Scoring.pdf). The PROMIS Anxi-
ety Scale 8a short form and PROMIS Depression Scale 8a short
form each consists of eight questions, each question has five
response options ranging from 1 to 5. Total raw score was

calculated by summing the values of response to each question.
The lowest possible and highest possible total raw scores are 8
and 40, respectively. The total raw score was transformed to
standardised T-score distribution as suggested by the scoring
manual (http://www.assessmentcenter.net/documents/PROM
IS Scoring SF Anxiety 4a, 6a, 8a.pdf, https://www.assessment
center.net/documents/PROMIS Depression Scoring Man-
ual.pdf). This distribution has been established such that the
mean value for the healthy US population is 50 and variation of
10 represents a standard deviation (sp). PCL-C is a standardised
17-item self-report rating scale for post-traumatic stress disor-
der, with each item response options ranging from 1 to 5. A total
symptom severity score was calculated by summing the values
of response to each item with lowest and highest possible total
raw scores of 17 and 85, respectively. Baseline health-related
quality of life assessment was performed using RAND 36 Item
Health Survey 1.0 (SF-36; http://www.rand.org/health/surveys_
tools/mos/36-item-short-form/survey-instrument.html). The
SF-36 consists of 36 items that measure the following eight
scales: physical functioning, role limitations because of physical
health, role limitations because of emotional problems, energy
or fatigue, emotional well-being, social functioning, pain, and
general health. The numericresponse value of each item was re-
coded to a score ranging from 0 to 100 according to the scoring
manual. The score for each subscale was transformed to create
standardised T-score for each scale, and physical and mental
health composite T-scores with a mean of 50 and a sp of 10 as
described by Hays and colleagues (http://www?2.sas.com/procee
dings/sugi22/POSTERS/PAPER244.PDF).

Study endpoint

Time to ‘pain and opioid-free functional recovery’, the primary
outcome variable, was defined a priori at study registration as
the time from delivery until the first day a woman met all of the
following three endpoints: (1) the first day the postpartum
woman reported functionally recovery to predelivery level; (2)
the first of 5 consecutive days of zero average pain (‘pain-free’);
and (3) the first of 5 consecutive days of no opioid use (‘opioid
cessation’). Secondary endpoints evaluated were the three in-
dividual components of primary composite endpoint described
above. Further, time to complete analgesic cessation, defined
by time from delivery until the first day of no requirement for
any analgesic drugs including non-steroidal anti-inflamma-
tory drugs and paracetamol was added as a secondary endpoint
as all patients had stopped taking all analgesics by the time
they attained the planned primary composite endpoint.

Statistical analysis

Statistical analyses were performed using the R statistical
software package, version 3.1 (The R Foundation for Statistical
Computing, Vienna, Austria), and SAS Enterprise Guide,
version 6.1 (SAS, Cary, NC, USA). The Shapiro—Wilk test was
used to assess for normal distribution of continuous variables.
As none of continuous variables were normally distributed, all
continuous variables were expressed as medians, 25 (Q1), 75
(Q3) percentiles and ranges. Pain burden was calculated as
area under the daily pain level curve (AUC), and was computed
for subjects who attained the ‘pain-free’ endpoint, using the
trapezoid rule (AUC=AUCH(X[i]-X[i—1])x((Y[i]+Y[i—1])/2),
where X is the number of days since delivery and Y is the re-
ported pain NRS score.
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Fig 1. Flow diagram for participant’s inclusion and data completion. Among 213 women enrolled in the study, 134 completed the primary
endpoint, while 79 lost to follow-up before completing the primary endpoint. The numbers of participants who completed (data complete)
and did not complete (data incomplete) each secondary endpoint (that are components of the composite primary outcome) are shown in
the boxes labelled ‘Data complete’ and ‘Data incomplete’, respectively.

The sample size for the descriptive study was based on a
previous study using similar methodology that investigated
pain resolution and opioid cessation after non-obstetric sur-
gery with the sample size of 134 (with 109 useable for anal-
ysis),” in which time to opioid cessation was successfully
separated between the surgical types. We therefore enrolled
134 patients with successful completion of all study end-
points,’ and the predictive modelling analysis was applied to
this sample size.

On the days we failed to reach a patient during the follow-
up process, we assumed the patient took same pain medica-
tions as the previous day that the patient was contacted and
assumed the same status in terms of pain resolution and
functional recovery (last observation carried forward).

To identify poorly preforming individuals for each of the
study outcomes, the study subjects were divided into two
categories (i.e. those who were in the worst 20 percentile vs the
rest of those in the top 80 percentile) for the primary and
secondary outcomes (i.e. time to pain and opioid-free func-
tional recovery, time to pain resolution, time to opioid cessa-
tion, time to functional recovery, time to all analgesic drug
cessation). We chose the 20th percentile cut-off to define poor

outcomes in line with previous studies that investigated pre-
dictors for acute pain after Caesarean delivery.®? This cut-off
would allow for direct comparison between studies.
Screening of potential predictors for being in the worst 20th
percentile for primary and secondary outcomes and pain
burden (AUC) were performed with univariate logistic regres-
sion modelling. Delivery type and degree of perineal laceration
were highly correlated (i.e. no patients with Caesarean de-
livery had perineal laceration), and as the majority (73%) of
patients who had vaginal delivery had second degree lacera-
tion, consideration of perineal laceration as a predictor vari-
able would have created a situation of model overfitting. The
level of neonatal care and postpartum day 1 breast feeding
success were strongly correlated (i.e. breast feeding may not
be feasible for neonates who required higher level of care).
Therefore, degree of perineal laceration and level of neonatal
care were not included in candidate predictor variables.
Multivariate logistic regressions were constructed using
stepwise variable selection, initially with all potential predictive
variables available for inclusion. Criteria for entry into the
multivariate model was P<0.2 and a P<0.05 was required for
retention in the multivariate model. Internal validation and
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assessment for overfitting was performed by bootstrapping
with 200 iterations. Optimism for the multivariate model was
assessed by the difference in the AUC for the receiver operating
characteristic (ROC) of the best model fitted in the training
dataset and that of the bootstrap validation. The overall model
performance was assessed with a Brier score. The Brier score
measures the total difference between the event (being in the
worst 20th percentile for outcome) and the forecast probability
of thatevent as an average squared difference. As a bench mark,
a perfect forecaster would have a Brier score of 0, and a perfect
misforecaster would have a Brier score of 1. The smaller the
Brier score, the better the model’s performance.

To demonstrate the accuracy of the multivariate models
over the range of predicted probabilities in the models that
only had labour type (induction or no induction) as predictor,
we stratified the study subjects by labour type (induction vs
non-induction), and the predicted and actual probabilities of
being in the worst 20th percentile for the outcome for each
labour type. For the multivariate models that had more than
two predictors, the subjects were stratified into quartiles of
predicted probability, and the predicted and actual probabili-
ties of being in the worst 20th percentile for the outcome were
demonstrated for each quartile. The final models were
assessed for multicollinearity by performing a linear regres-
sion with the same variables and obtaining the variance
inflation factor for each variable. The variance inflation factor
values ranged from 1.008 to 1.065, all below the threshold of 10,
which indicates a low risk of multicollinearity.

Results

The study flow diagram is shown in Fig. 1. We made a total of
3343 daily phone call attempts to the 213 enrolled patients,
and successfully reached patients 1610 times (48% overall
success rate). Among 213 women enrolled in the study, 134
women continued to complete the composite primary
outcome of ‘pain and opioid-free functional recovery’ while 79
did not complete the primary endpoint (i.e. lost to follow-up
before completing the composite primary endpoint; Fig. 1).
For secondary endpoints, 135, 188, 134, and 136 subjects
remained in the study to report pain resolution, opioid
cessation, functional recovery, and complete analgesic
cessation, respectively. Demographic, obstetric, neonatal
characteristics, results of the psychological assessments, and
SF-36 results for all participants are reported in Table 1. Sub-
jects who did not complete the study differed from completers
with respect to race (Asian 58 vs 31%, Caucasian 29 vs 55%),
and being shorter (160 vs 163 cm, P=0.05), lighter (72 vs 77 kg,
P=0.03) and less likely to have ever smoked tobacco (4% vs 14%,
P=0.02). There was no difference in other reported factors.!
Among all enrolled patients, 97% received neuraxial anal-
gesia, and all patients who underwent Caesarean delivery
received neuraxial morphine for postoperative analgesia pur-
pose. Among 81 patients whose labour was induced, 91% were
medically indicated rather than elective induction.

The primary endpoint of ‘pain and opioid-free functional
recovery’ was attained after {median (Q1, Q3) [range]} 21 (13,
31) [3—85] days after delivery. Pain resolution was reported
after 17 (9, 26) [0—85] days. Opioid cessation was reported at
0 (0, 4) [0—39] days, complete analgesic cessation at 11 (7, 18)
[0—=77] days, and functional recovery at 21 (13, 31) [3—85] days
postpartum. Pain burden (AUC, NRSxdays) among those who
reported pain resolution was 29.0 (14.0, 47.0) [0.5—140.0]
NRSxdays.

Table 1 Demographic, obstetric, psychological, and neonatal
characteristics. Summary statistics were presented as num-
ber (% of patients), or median [interquartile range; range].
Data may not add up to total number of patients because of
missing values. Data may not add up to 100% because of
rounding.

Characteristic n=213
Age (y1) 32 [29—34; 20—44]
BMI (kg m~?) 28 [26—30; 19—43]
Gravidity (%)

1 179 (84)

>2 34 (16)
Ethnicity (%)

Caucasian 97 (46)

Asian 87 (41)

Others 29 (14)
Educational status (%)

Graduate degree 121 (57)

Four-year college degree or less 90 (43)
Labour type (%)

Induced 81 (38)

Not induced” 132 (62)
Delivery type (%)

Vaginal delivery 157 (74)

Caesarean delivery 56 (26)
Degree of perineal laceration (%)

None and first degree 85 (40)

Second degree or higher 128 (60)
Neonatal outcome

Level of neonatal care (%)

Well baby nursery 181 (85)
Intermediate care 32 (15)

nursery/neonatal ICU
Psychological profile
PROMIS Anxiety-8a T-score'
PROMIS Depression-8a T-score!
PCL-C total score’
SF-36'
Physical health composite T-score
Mental health composite T-score
Postpartum outcomes

52 [48—56; 37—67]
38 [38—48; 38—60]
21 [18—25; 17—47]

39[32-47; 17—63]
54 [42—59; 20—68]

Day 1 pain-NRS (0—10) 3 [2—5, 0—10]
Day 1 breast feeding success (%)"

Less than half 18 (10)

More than half 160 (90)

BMI, body mass index; ICU, intensive care unit.

" Spontaneous labour with and without labour augmentation;

 Patient-Reported Outcomes Measurement Information System
(PROMIS) Anxiety Scale 8a short form. T-score was calculated by trans-
formation of sum score into t values suggested by the scoring manual
(http://www.assessmentcenter.net/documents/PROMIS Scoring SF Anx-
iety 4a, 6a, 8a.pdf).

# PROMIS Depression Scale 8a short form. T-score is transformation of
sum score into t values suggested by the scoring manual (https://www.
assessmentcenter.net/documents/PROMIS Depression Scoring
Manual.pdf).

Y Post-traumatic Stress Disorder Checklist—Civilian version.

§ RAND 36 Item Health Survey 1.0. Physical and mental health com-
posite T-scores were calculated as shown by Hays and colleagues (http://
www2.sas.com/proceedings/sugi22/POSTERS/PAPER244.PDF).

Il postpartum day 1 pain level numeric rating scale.

# Postpartum day 1 breast feeding success was assessed by proportion
of breast milk in relation to total daily nutrition of the neonate.

The median (Q1, Q3) of the time to the primary endpoint,
pain resolution, opioid cessation, complete analgesic cessa-
tion, and functional recovery for the subjects in the worst 20th
percentile were 45 (40, 47), 38 (31, 47), 10 (8, 12), 30 (24, 39), and
45 (40, 47) days, respectively. The median (Q1, Q3) of the time
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Table 2 Univariate prediction of outcomes. Odds ratio and 95% confidence interval (CI) of univariate logistic regression between each predictor and outcome variable is shown. Odds

ratios for continuous predictor variables represent odds ratios associated with 1 unit increase in the variables.

Predictors

Outcomes

Time to pain
and opioid-free
functional
recovery

Time to pain
resolution

Time to opioid
cessation

Time to
functional
recovery

Time to all
analgesic
cessation

Pain burden—AUC

Age

BMI

Gravidity (vs 1)
>2

Ethnicity (vs Caucasian)
Asian
Others

Educational status
(us <4-year college degree)
Graduate degree

Labour type (us not induced)
Induced

Delivery type (vs VD)
CD

PROMIS Anxiety-8a T-score'

PROMIS Depression-8a T-score’

PCL-C total score’

SF-36 Physical health
composite T-score’

SF-36 Mental health
composite T-score’

Day 1 pain-NRS (0—10)/

Day 1 breast feeding success
(us less than half)”
More than half

1.05 (0.94—1.18)
0.98 (0.87—1.11)

0.32 (0.04—2.57)
0.72 (0.25—2.07)
0.55 (0.11-2.71)
1.57 (0.56—4.35)
3.65 (1.36-9.77)"
1.91 (0.71-5.13)*
1.02 (0.95-1.10)
0.98 (0.91—1.06)
0.96 (0.87—1.06)
0.97 (0.92—1.02)*
0.99 (0.95—1.02)

1.29 (1.01—1.64)"

0.86 (0.22—3.36)

1.03 (0.91—1.16)
1.05 (0.93—1.18)

0.84 (0.17—4.09)
1.19 (0.42—3.38)
0.75 (0.15—3.79)
1.31 (0.46—3.69)
2.36 (0.89-6.29)"
0.99 (0.33—2.98)
1.01 (0.94—1.09)
0.96 (0.87—1.05)
0.97 (0.89—1.07)
0.97 (0.93—1.02)
1.04 (0.99—1.08)"

1.26 (0.98—1.61)"

0.75 (0.19-2.93)

1.02 (0.93—1.13)
1.11 (1.01-1.22)*

0.86 (0.27—2.74)
0.48 (0.19-1.18)
0.50 (0.13—1.87)
1.20 (0.53-2.71)

4.44 (1.91-10.32)"

15.78 (6.21—40.10)"

1.06 (0.99—1.13)"
0.96 (0.89—1.03)
0.99 (0.92—1.07)
0.96 (0.92—1.00)"
0.99 (0.96—1.02)

1.17 (0.95—1.45)"

0.36 (0.12—1.08)

1.05 (0.94—1.18)
0.98 (0.86—1.11)

0.32 (0.04—2.57)
0.72 (0.25—2.07)
0.55 (0.11-2.71)
1.57 (0.56—4.35)
4.74 (1.70-13.19)
2.46 (0.93-6.49)"
1.03 (0.95—1.10)
0.98 (0.91—1.06)
0.96 (0.87—1.06)
0.98 (0.93—1.03)
0.99 (0.95—1.02)

1.35 (1.05—1.72)"

0.86 (0.22—3.36)

1.11 (0.99-1.25)"
1.05 (0.94—1.18)

1.52 (0.45—5.20)
0.81 (0.29—2.22)
0.69 (0.14—3.48)
0.48 (0.19-1.22)"
2.33 (0.91-5.97)"
1.96 (0.73—5.26)"
1.07 (0.99-1.16)"
1.02 (0.95—1.10)
1.05 (0.97—1.13)
1.00 (0.95—1.04)
1.04 (0.99—1.08)"

1.13 (0.90—1.43)

0.84 (0.22—3.29)

1.09 (0.97—1.22)*
1.06 (0.95—1.19)

1.38 (0.35—5.44)
1.19 (0.42—3.38)
1.22 (0.30—4.99)
0.85 (0.32—2.24)
3.37 (1.25-9.08)"
2.1 (0.78—5.71)*
0.98 (0.91—1.05)
0.97 (0.89—1.06)
0.99 (0.90—1.08)
1.00 (0.96—1.05)
1.03 (0.98—1.07)

1.76 (1.31—2.37)"

0.80 (0.21—3.13)

(4474

‘b 32 nsj}ewoly]

" Univariate associations with P<0.20; AUC, area under the curve; BMI, body mass index; VD, vaginal delivery; CD, caesarean delivery.

T Patient-Reported Outcomes Measurement Information System (PROMIS) Anxiety Scale 8a short form. T-score was calculated by transformation of sum score into t values suggested by the scoring manual
(http://www.assessmentcenter.net/documents/PROMIS Scoring SF Anxiety 4a, 6a, 8a.pdf).

¥ PROMIS Depression Scale 8a short form. T-score is transformation of sum score into t values suggested by the scoring manual (https://www.assessmentcenter.net/documents/PROMIS Depression Scoring
Manual.pdf).

Y Posttraumatic Stress Disorder Checklist—Civilian version.

¥ RAND 36 Item Health Survey 1.0. Physical and mental health composite T-scores were calculated as shown by Hays and colleagues (http://www2.sas.com/proceedings/sugi22/POSTERS/PAPER244.PDF).

Il postpartum day 1 pain level numeric rating scale.

# postpartum day 1 breast feeding success was assessed by proportion of breast milk in relation to total daily nutrition of the neonate.
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to the primary endpoint, pain resolution, opioid cessation,
complete analgesic cessation, and functional recovery for the
rest of subjects (top 80th percentile) were 18 (11, 24), 14 (7, 20),
0 (0, 2), 9 (5, 14), and 19 (11, 24) days, respectively. The median
(Q1, Q3) of the pain burden (AUC, NRS xdays) for the subjects in
the worst 20th percentile, and the rest of subjects (top 80th
percentile) were 72.0 (57.0, 118.0) and 25.5 (11.5, 38.5),
respectively.

Prediction model development

Univariate predictors for being in the worst 20th percentile for
the outcomes identified by univariate logistic regressions are
shown in Table 2. The predictors that describe the final
multivariate logistic regression models, their beta coefficients,
multivariate odds ratios, 95% confidence intervals (Cls), and P-
values are shown in Table 3.

Performance of prediction model

The AUC for the ROC, the AUC for the ROC after bootstrapping,
and the Brier score for the prediction model for each outcome
are reported in Table 4. Overall, the AUCs for the ROC were 0.66
or larger, and the Brier scores were 0.14 or less, that suggest

moderate to good performance of the probability model. The
optimism of developed models was <0.02, suggesting that the
predictions are not overly optimistic.

The predicted and actual probabilities of being in the worst
20th percentile for the primary composite outcome among
subjects with induced labour were 28.8% and 28.9%, and
amongst subjects with non-induced labour were 10.0% and
10.0%, respectively. For the time to opioid cessation, functional
recovery, and pain burden (AUC) outcomes, mean predicted
probability for being in the worst 20th percentile among sub-
jects in each predicted probability stratum, and the actual
probability of are demonstrated in Table 5.

Discussion

Labour induction (vs spontaneous onset of labour) was a
strong predictor for being in the worst 20th percentile in the
primary composite endpoint, pain burden (AUC), opioid
cessation, and functional recovery. Labour induction has been
found to be a risk factor for Caesarean delivery.’® Importantly,
adjustment for delivery type in our final multivariate predic-
tion models did not the change the odds ratio for labour type
by >10% suggesting that confounding by delivery did not
mediate the association between labour induction and

Table 3 Multivariate prediction of outcomes. p-coefficients, odds ratios with 95% confidence intervals (CI), and P-values of multivariate
logistic regression model for each outcome variable are shown. Predictive variables not left in any of multivariate models are not
shown in the table. No predictors are left in the final models for time to pain resolution outcome and time to all analgesic cessation
outcome. The constants (intercepts) of multivariate logistic regression models for pain and opioid-free functional recovery, pain
resolution, opioid cessation, functional recovery, all analgesic cessation, and pain burden AUC were —1.506, —1.599, —4.565, —2.628,

—1.484, and —3.987, respectively.

Predictors Outcomes
Time to pain and Time to opioid Time to Pain
opioid-free functional cessation functional burden—AUC
recovery recovery
Labour type
Induced vs not induced P coefficient 0.659 0.887 0.759 0.611
Odds ratio (95% CI) 3.74 (1.39—10.04) 5.89 (1.84-18.88)  4.56 (1.60—12.98) 3.39 (1.14—10.09)
P-value 0.009 0.003 0.004 0.028
Delivery type
Caesarean us B coefficient 1.523
vaginal delivery Odds ratio (95% CI) 21.02 (6.50—67.96)
P-value <0.001
PROMIS Anxiety-8a B coefficient 0.13
T-score’ Odds ratio (95% CI) 1.14 (1.04—1.25)
P-value 0.007
SF-36 Physical health B coefficient —0.063
composite T-score' Odds ratio (95% CI) 0.94 (0.88—0.99)
P-value 0.043
Day 1 pain-NRS (0—10)! B coefficient 0.269 0.565
Odds ratio (95% CI) 1.31(1.01-1.70)  1.76 (1.29-2.41)
P-value 0.046 <0.001
Day 1 breast feeding
success'
More than half vs B coefficient —1.239
less than half Odds ratio (95% CI) 0.08 (0.02—0.47)
P-value 0.005

AUC, area under the curve; CI, confidence interval.

‘Patient-Reported Outcomes Measurement Information System (PROMIS) Anxiety Scale 8a short form. T-score was calculated by transformation of
sum score into t values suggested by the scoring manual (http://www.assessmentcenter.net/documents/PROMIS Scoring SF Anxiety 4a, 6a, 8a.pdf).
fRAND 36 Item Health Survey 1.0. Physical health composite T-scores were calculated as shown by Hays and colleagues (http://www2.sas.com/

proceedings/sugi22/POSTERS/PAPER244.PDF).
fPostpartum day 1 pain level numeric rating scale (NRS).

TPostpartum day 1 breast feeding success was assessed by proportion of breast milk in relation to total daily nutrition of the neonate.
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Table 4 Receiver operating characteristic area under the curve data for the performance of multivariate prediction models for the

outcomes.

AUC for model (95% CI)

Bootstrap validation Brier score

Time to pain and opioid-free functional recovery 0.66 (0.55—0.77) 0.65 0.14
Time to opioid cessation 0.90 (0.85—0.96) 0.88 0.09
Time to functional recovery 0.76 (0.63—0.89) 0.75 0.13
Pain burden—AUC 0.80 (0.70—0.90) 0.79 0.12

AUC, area under the curve. CI, confidence interval.

Table 5 Performance of multivariate prediction models for the worst 20th percentile of outcomes. Probabilities are expressed as %.
Predicted probability is shown as mean of predicted probability for each quartile stratum. Thresholds for the worst 20th percentile:
time to opioid cessation >5 days, time to functional recovery >36 days, and pain burden AUC >51 NRSxdays.

Predicted probability stratum (quartile)

Time to opioid cessation

Time to functional recovery Pain burden—AUC

Predicted Observed Predicted Observed Predicted Observed
1st 1.0 0.0 4.4 9.1 2.2 4.4
2nd 3.7 2.6 8.7 2.6 7.4 5.0
3rd 13.3 18.0 17.7 16.7 18.6 20.5
4th 60.5 57.9 33.6 37.2 48.9 47.6

AUC, area under the curve.

recovery (i.e. associations between labour induction and out-
comes were independent of increased rate of Caesarean de-
livery in labour induction patients). Proinflammatory
cytokines and prostaglandins cause sensitisation of noci-
ceptors leading to hyperalgesia.’! As prostaglandin E; is often
used for labour induction, the inflammatory process may be
accentuated in induced compared with spontaneous labour.
Greater labour pain has been reported after labour induction
compared with spontaneous onset of labour.’’ However,
mediation of prolonged poor recovery by cytokines and pros-
taglandins after labour remains speculative and merits repli-
cation and future study.

Studies assessing persistent pain after 2—3 months (corre-
sponding to the duration of follow-up in our study) have
identified lower body weight,’> omission of intrathecal
morphine for Caesarean delivery,'® preoperative depression,**
longer duration of surgery,'* pre-existing pain problems,
non-private insurance status,'® and severe acute postpartum
pain>?*'® to be predictive of persistent post-Caesarean de-
livery pain. In our study, all Caesarean delivery patients
received neuraxial morphine, and the vast majority of patients
had private insurance. Postpartum day 1 pain NRS score was
an independent predictor for being in the worst 20th percen-
tile for pain burden (AUC), and for every one-point increase in
the 0—10 pain NRS on day 1 the odds of being in the worst 20th
percentile increased by 76%. These results are consistent with
previous studies,”'*'®> where every point increase in acute
pain NRS increased the odds of having pain at 2—3 months
after the delivery by 13—140%.

Few studies have evaluated psychological factors as pre-
dictors for recovery after childbirth. Jin and colleagues®*
demonstrated that depression defined by Edinburgh Depres-
sion Scale >12 increased the odds of persistent pain at 3
months after Caesarean delivery by 360%, while anxiety
assessed by the State Trait Anxiety Inventory was not pre-
dictive. In our study, depression and anxiety were evaluated as

continuous variables with the PROMIS Depression Scale 8a
short form and the Anxiety Scale 8a short form scores. Anxiety
was predictive of delayed opioid cessation but not for being in
the worst 20th percentile for pain burden (AUC) or time to pain
resolution. A larger proportion of patients who had vaginal
deliveries (74%), and different instruments used for depression
evaluation may explain discordant results between our study
and the study by Jin and colleagues.* We specifically excluded
patients with depression and anxiety that required treatment,
and may have missed a relationship driven by more severe
psychological disease.

The greater degree of tissue injury accompanying
Caesarean delivery compared with vaginal delivery has been
identified as a predictor for acute postpartum pain, while de-
livery type (Caesarean vs vaginal) explained only 17% of vari-
ability in pain level at 24 h after the delivery.'® Our results
suggest that the contribution of delivery type to pain lasting
months after the delivery is less significant than might be
expected. Undergoing Caesarean delivery compared with
vaginal delivery predicted opioid use postpartum, but not
postpartum pain or functional recovery. This finding suggests
that Caesarean and vaginal delivery both result in similar
functional recovery profiles, and pain (at the expense of more
opioid use) is managed as effectively after Caesarean
compared with vaginal delivery in our study cohort. These
findings are concordant with results reported by Eisenach and
colleagues.”

Predictors for prolonged opioid use have been previously
evaluated, however the analysis by Bateman and colleagues?
used an administrative database and was limited to
Caesarean delivery. In our study, we identified multiple pre-
dictors: delivery type, labour type, PROMIS Anxiety Scales T-
scores, SF-36 physical health composite T-score, and post-
partum day 1 breastfeeding success were found to be inde-
pendent predictors for prolonged opioid use after the delivery.
Caesarean delivery (us vaginal delivery) was a strong predictor
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of being in the worst 20th percentile for time to opioid cessa-
tion with odds ratio of 21, despite being non-predictive for
other pain outcomes. This could be partially explained by a
non-linear relationship between pain intensity and opioid
requirement suggested in a non-obstetric surgical popula-
tion.' It may also be explained by practitioner prescription
practices, patient expectations, or both. Perception of vaginal
delivery as a natural physiological phenomenon and
Caesarean delivery an invasive traumatic procedure may
impact practitioners’ willingness to prescribe opioids and
affect parturients’ willingness to take opioids for pain relief
after vaginal delivery.

Women who successfully breastfed (defined as more than
half of the newborn’s daily nutrition obtained from breast-
feeding) on day one postpartum had a 92% decreased odds of
delayed opioid cessation in comparison with those whose
breast feeding was less successful (less than half of the new-
born’s daily nutrition obtained from breastfeeding). The
mechanism underlying this association between early
breastfeeding and remote opioid cessation is unclear and may
not be direct. However, animal studies have shown that
oxytocin administered intrathecally exerts analgesic ef-
fects.’®° In humans, oxytocin administered intrathecally
resulted in improvement of chronic and acute back pain.?’
Nipple stimulation during breastfeeding causes release of
endogenous oxytocin from the posterior pituitary gland lead-
ing to surges in oxytocin levels.”>?” Therefore, the association
between breastfeeding success and reduced opioid require-
ment is biologically plausible. Breastfeeding success failed to
predict other metrics of pain (postpartum day 1 pain NRS was
3.8 with and 3.4 without reported breastfeeding success). One
possible explanation is that women who successfully breast-
feed avoided opioids for fear of sedating their infants.

There are several limitations intrinsic to our population
and study design. We chose to study a healthy nulliparous
cohort to limit the number of variables that require consider-
ation. Our cohort was opioid-naive without ongoing pain
problems. The vast majority of our study participants had
private insurance and >60% held a graduate degree. We
acknowledge that results may differ in sicker, opioid-exposed,
less educated, and under-resourced populations. With rela-
tively the small sample size of the study, only robust
predictor—outcome association could have been detected, and
there remains a possibility that subtle, but clinically mean-
ingful associations may have been missed. Further, as the
reported incidence of chronic pain after childbirth is rare,'®%*
we may not have identified those cases because of small
sample size, the generally healthy nature of our sample, and
exclusion of patients with other chronic pain syndromes.

Thirty-seven percent of participants did not complete all
endpoints of the study and only partially contributed to the
outcome data. We do not know whether subjects with more or
less difficult postpartum courses were more likely to drop out,
and if dropouts had different pain, opioid use, or functional
recovery to those who did not drop out. Furthermore, we only
evaluated demographic, psychological, and health-related
quality of life measures as candidate predictors, and did not
evaluate genetic factors that have been shown to impact pain
perception, including haplotypes of catecholamine-O-meth-
yltransferase,?* f 2 adrenergic receptor®” and others.

In summary, we have identified several risk factors and
have developed prediction models to identify parturients
who will experience more severe postpartum pain, pro-
longed opioid use and delayed recovery after delivery that

can be evaluated as future targets for intervention. Labour
induction and severe postpartum day 1 pain were identified
predictive risk factors that allow for early prophylactic
intervention. Labour induction is a strong predictor of pro-
longed postpartum pain and protracted opioid requirement
that has not been previously reported and requires further
evaluation.
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