Eur Spine J
DOI 10.1007/s00586-017-5203-7

=
@ CrossMark

REVIEW

The influence of pregnancy on women with adolescent idiopathic

scoliosis

Michael C. Dewan’ - Nishit Mummareddy' - Christopher Bonfield'

Received: 16 March 2017 /Revised: 18 June 2017/ Accepted: 24 June 2017

© Springer-Verlag GmbH Germany 2017

Abstract

Purpose The study’s aim was to address three fundamental
questions related to pregnancy and adolescent idiopathic
scoliosis (AIS), and provide clinically applicable answers
to spine specialists and general practitioners alike.
Methods The authors performed a systematic literature
review using MEDLINE, EMBASE, Google Scholar, and
Cochrane Database of Systematic Reviews to identify
articles published between 1980 and 2015 that described
pregnancy-related characteristics and outcomes in AIS
patients. The search was conducted using PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines and evidence was classified according
to the Oxford CEBM (Centre for Evidence-Based Medi-
cine) appraisal tool.

Results Twenty-two articles incorporating more than 3125
AIS patients were included. All studies concluded level 2b
evidence or lower. Nulliparity rates were slightly higher
among AIS patients, and more frequent infertility treatment
was required. Pregnancy-related back pain was common,
and while non-disabling, may have been more severe than
in healthy women. Minor curve progression often occurred
during pregnancy, though its permanence was questioned
and significance unknown. Back pain and curve progres-
sion occurred independent of AIS treatment modality. With
modern technology, anesthetic and obstetric complications
in the perinatal period were not elevated in AIS mothers.
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Conclusions Women with AIS experience slightly ele-
vated rates of nulliparity, infertility treatment, prepartum
back pain, and peripartum curve progression. However,
most women are able to have children and are not at
increased risk of pregnancy-related complications. Higher
quality evidence is needed to better define these relation-
ships and allow more guided counseling and treatment.
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Introduction

Idiopathic scoliosis is the most common type of scoliosis
with adolescent idiopathic scoliosis (AIS) representing the
vast majority of cases [1-3]. AIS affects 2-4% of patients
between 10 and 18 years of age [4-6]. Because the vast
majority (>85%) of AIS patients are female, issues related
to women’s health are of specific concern in this condition
[7-11]. Naturally, as the age presentation of young females
with AIS immediately precedes the childbearing age, the
impact of scoliosis on pregnancy is particularly relevant.

In this study, we sought to outline a practical guide for
pediatric spine specialists counseling young patients with
AIS. Motivation for this endeavor arose from the authors’
own experience in clinic and from the absence of a singular
resource addressing this important problem. Commiserate
with the frequency of patient inquiries, a focus was placed
on studies describing the spinal changes surrounding
pregnancy and delivery-related challenges in these patients.
By means of a systematic review, the best available evi-
dence was identified and related to each of the questions
below:
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1. How does scoliosis affect the timing and success of
pregnancy?

2. What spine-related changes occur during and after
pregnancy?

3. What anesthetic and obstetric considerations are rele-
vant to AIS mothers delivering a child?

Methods

A comprehensive literature search was performed using
MEDLINE, EMBASE, Google Scholar, and the Cochrane
Database of Systematic Reviews. Relevant combinations of
the following MeSH terms were searched in articles pub-
lished between the years 1980-2015: “adolescent idio-

pathic scoliosis”, “idiopathic scoliosis”, “adolescent
scoliosis”, “pregnancy”, “pregnant”, “childbearing”,
“children”, “mother”, “parent”, “marriage”, “married”,
“marital”, “delivery”, “labor”, “cesarean”, “parity”,
“anesthesia”, “anesthetic”, and “analgesia”. Inclusion

criteria were original science manuscripts published in
english between 1980 and 2015, which related AIS with
one or more pregnancy-related conditions or outcomes
measures, including parity, pain, spine curvature, and
delivery characteristics. Review articles, case reports, and
case series with less than five subjects were excluded.
Records were then screened for topic relevance, specifi-
cally whether subjects with AIS were assessed in relation
to the pregnancy-related conditions, attributes, or outcome
measures. Full-text articles are assessed for eligibility and
excluded for one or more reasons outlined in the lower
right box within Fig. 1. The remaining articles were
included in the qualitative analysis. A recursive search of
the bibliography of target manuscripts was also performed
to identify potential articles of interest.

The literature search and screening were conducted in
accordance with the guidelines outlined by the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses statement [12]. Two reviewers independently extrac-
ted data and discussed disagreements before including/
excluding manuscripts. An arbiter resolved any relevant
discrepancies before final tables were constructed and data
reported. The study methodology within each article was
examined and assigned a level of evidence based upon the
Oxford Centre for Evidence-Based Medicine 2011 guide-
lines [13]. The sum of the quality of evidence addressing
each of the three posed questions was determined using the
GRADE system of evidence classification [14, 15].
Records across study populations were not pooled, as the
heterogeneous and often insubstantial nature of the avail-
able data would have rendered such an endeavor mis-
guided, if not misleading. Our aim was to objectively
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synthesize available data and present principal findings in a
clinically useful manner. Key study findings of each
manuscript are summarized within Tables 1, 2 and 3.
Descriptive statistics are reported as proportions of a
population. Where appropriate (and when made available
by the article of origin) comparisons between populations
are described with a significance statistic as explicitly
reported within the manuscript.

Results
Study selection

A total of 22 studies were identified that met inclusion and
exclusion criteria, representing more than 3125 AIS
patients. Eighty-two studies were identified via database
query after filtering out reviews, case reports, and dupli-
cates. After screening for topical relevance, 41 full-text
articles were reviewed for direct applicability to the 3
clinical questions posed. Finally, 19 studies are excluded
for the specific reasons outlined within the lower right box
of Fig. 1.

Retrospective and observational studies predominated,
with only three studies utilizing a prospective design. Many
authors compared AIS patients (pregnant and non-preg-
nant) against healthy controls, utilizing either patient-
matched subjects or population-based controls for com-
parisons. Reported treatment approaches were widely
heterogeneous, from simple observation to bracing to sur-
gical correction. Limited numbers and vague operative
descriptions precluded any reasonable comparisons
between different surgery types (Harrington rods vs. seg-
mental fusion). Rather, when appropriate, all surgical
treatment was combined and qualitatively compared
against more conservative treatment approaches (bracing,
observation).

Clinical questions

1. How does scoliosis affect the success and timing of
pregnancy?

One or more aspect of this question was addressed by 16
studies (Table 1). Three studies incorporating controls
identified a higher rate of nulliparity in AIS (41-68%)
relative to healthy women (20-44%) [16-18]. Combining
these three populations, AIS patients were 10-24% more
likely than controls to be nulliparous. Falick-Michaeli et al.
on the other hand, found a 21% higher rate of nulliparity
among controls [19]. In the only study specifically com-
paring controls and AIS patients treated conservatively and
surgically, the rate of nulliparity was similar across all
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Fig. 1 PRISMA flow diagram delineating the literature search process

groups [15.6% (controls) vs. 18.4% (AIS-surgery) vs.
14.4% (AIS-bracing)]. Cochran and authors found that
56% of scoliotic women in Sweden were nulliparous—a
rate that did not differ significantly from age-matched
population controls at that time [20]. Among studies that
lacked a non-AIS control comparator arm, the rates of
nulliparity in AIS women ranged widely from 13 to 70%
[20-25]. The largest study was a retrospective cohort
analysis of 1292 AIS and 1178 control subjects by Gold-
berg et al. which demonstrated a 10% higher rate of nul-
liparity within the AIS cohort (49 vs. 39%, p = NR) [18].
This figure roughly matches the joint results of the smaller
studies: a modestly higher rate of nulliparity among
patients with AIS (14-68%) compared to healthy controls

dl (n=50)

Full-text articles excluded
(n=19)

- (3) Unable to distinguish female from
male subjects

- (4) Unable to distinguish adolescent
idiopathic scoliosis from other
scoliosis causes

- (4) Unable to relate pregnancy —
related conditions/outcomes with
spine pathology

- (8) Original data missing or not
interpretable

(16-44%) [16, 18, 19, 24, 26]. Still, given the overlapping
rates and non-significance between comparison groups in
the majority of studies, a higher nulliparity rate among AIS
patients—while suggested—is not concluded with cer-
tainty. Interestingly, Lebel and coauthors described a
higher rate of fertility treatment among women with scol-
iosis (7.1 vs. 1.6%, p < 0.001) [17].

Four studies described the number of offspring among
AIS mothers. Danielsson et al. published a series of 136
surgically treated women and 111 brace-treated women
and found no difference in the number of children born
compared to non-AIS controls (1.8 vs. 2.0, p = 0.25) [26].
Akazawa and coauthors, on the other hand, did show a
reduced number of offspring in 80 patients with idiopathic
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Table 1 AIS effects on success and timing of pregnancy

Author Year Study design Patient  Treatment Findings Level of
number evidence®
Falick- 2015 Cohort, 40 AIS  Surgery First pregnancy an average of 7.3 years after AIS-surgery. 4
Michaeli retrospective 4 Average maternal age was 31. 64% of AIS group nulliparous
et al. CTR vs. 85% in controls (SNR)
Bauchat 2015 Case—control, 41 AIS Surgery Average maternal age was 33 years, similar to controls. Average 3b
et al. prospective 41 gestation was 39 weeks, similar to controls. 68% of AIS group
CTR nulliparous vs. 44% of controls (NS)
Akazawa 2012 Case—control, 56 non- Surgery AIS mothers had significantly lower average number of children 3b
et al. retrospective 1S (1.7) compared to control mothers (2.2)
80 AIS
80
CTR
Lebel et al. 2012 Population- 98 AIS Average maternal age (29 years), and average gestation age 4
based, (39 weeks) similar to population controls. Higher nulliparity in
retrospective AIS group vs. population (41 vs. 20%, p < 0.001). 7.1% of the
AIS group received fertility treatment
Lange etal. 2011 Case series, Boston brace 13% of the patients nulliparous 4
retrospective
Lange et al. 2009 Case series, 102 Boston brace 13% of the patients nulliparous 4
retrospective AIS
Takayama 2009 Case series, 15 AIS  Surgery 40% of the patients nulliparous 4
et al. retrospective
Smith et al. 2003 Cobhort, 40 AIS 24 Gestation ranged from 35 to 42 weeks. 70% of the patients were 2b
prospective (uncorrected)  nulliparous
16 (surgery)
Danielsson 2001 Case—control, 247 136 (surgery)  Relative to CTR, age at first delivery higher for BT group (28 vs. 3b
et al. retrospective AIS 111 (brace) 26 years, p = 0.01) but not ST group (27 years). Nulliparity
90 similar across groups (ST: 18%, BT: 14%, CTR: 16%). The
CTR mothers of all three groups (ST, BT, CTR) had similar average
number of children (1.8, 1.9, 2.0)
Goldberg 1998 Case—control, 1292 Higher rate of spontaneous abortion in AIS vs. controls (12.8 vs. 4
et al. retrospective AIS 9.7%, p < 0.05). Lower rate of stillbirths in AIS vs. controls
1134 0.5 vs. 1.5%, p < 0.05)
CTR
Orvomaa 1997 Case series, 146 Surgery Gestation >38 weeks in 90% of subjects. 9% suffered 4
et al. retrospective AIS miscarriages
To et al. 1996 Cohort, 8 AIS 7 (untreated) Average gestation 37 weeks 4
retrospective 1 (fusion)
Goldberg 1994 Comparative 1292 Mixed 49% of AIS cohort nulliparous vs. 39% of control (unknown 4
et al. cohort, AIS significance)
retrospective 1178
CTR
Betz et al. 1987 Cohort, 355 Mixed 51% nulliparity among AIS cohort. 69 pregnancies ended in 4
retrospective AIS spontaneous or elective abortion. Average of 1.4 children per
mother
Ascani 1986 Case series, 151 Observation Nulliparity ranged from 24 to 41%; dependent upon curve 4
et al. retrospective AIS location
Cochran 1985 Case series, 81 AIS Milwaukee 56.3% were nulliparous. Average of 1.4 children per mother 4
et al. retrospective brace

AIS adolescent idiopathic scoliosis, BT brace treatment, CTR control, NS not significant (p > 0.05); SNR statistical significance not reported, ST
surgical treatment

? Levels of evidence follow the system of grading outline by the Oxford CEBM levels of evidence
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Table 2 Spine-related changes during and after pregnancy

Author Year Study design  Patient Treatment Findings Level of
Number evidence®
Falick- 2015 Cohort, 40 AIS Surgery 35% of AIS patients had severe back pain during pregnancy, and 4
Michaeli retrospective 4 76% had sustained back pain even after child delivery.
et al. Control Minimal back pain in controls
Lange etal. 2011 Case series, Boston brace  Back pain in 50%, similar to age-matched controls. Of these, 4
retrospective 60-90% reported moderate to severe—but non-debilitating—
back pain
Lange et al. 2009 Case series, 102 AIS  Boston brace ~ 55% of the patients had back pain 4
retrospective
Bjerkreim 2007 Cobhort, 76 AIS Surgery 62% of patients had increased back pain during pregnancy 2b
et al. prospective
Danielsson 2001 Case—control, 247 AIS 136 (surgery) Lower back pain similar across ST, BT, and CTR groups (35, 3b
et al. retrospective g9 CTR 111 (brace) 43, and 28%). No correlation between number of pregnancies
and curve progression
Orvomaa 1997 Case series, 146 AIS  Surgery 14% of patients took ~2 weeks sick leave during first 4
et al. retrospective pregnancy due to back pain. 12% took leave during second
pregnancy due to back pain
Daley et al. 1990 Cohort, 18 AIS Surgery 17% of people had intermittent back pain since surgery. 17% 4
retrospective had back pain only during pregnancy
Betz et al. 1987 Cohort, 355 AIS  Mixed 77% reported back pain during pregnancy; severe in 12%. Curve 4
retrospective severity predicted curve progression
Ascani 1986 Case series, 151 AIS  Observation Pregnancy-related back pain varied from 16 to 37% depending 4
et al. retrospective upon curve location. Curve progression increased with
increased number of pregnancies, independent of curve
location
Cochran 1985 Case series, 81 AIS Milwaukee All patients who became pregnant at age younger than 23 had 4
et al. retrospective brace progression of curve
Berman 1982 Case series, 8 AIS 4 (Milwaukee Improvement in curve after pregnancy in 2 patients, no change 4
et al. retrospective brace) in 3 patients, and progression (>5°) in 3 patients
4 (untreated)
Blount 1980 Case series, 10 AIS Milwaukee Mild curve progression in 30% after initial pregnancy (but no 4
et al. retrospective brace progression when stable curve antepartum). Unchanged curve

in 70%. Stability of curve unrelated to age. Curve progression
not correlated with curve severity

AIS adolescent idiopathic scoliosis, BT brace treatment, CTR control, ST surgical treatment

* Levels of evidence follow the system of grading outline by the Oxford CEBM levels of evidence

scoliosis relative to healthy controls (1.7 vs. 2.2 children,
p = 0.006) [27]. Two other groups both reported child
delivery rates of 1.4 children per mother, though a com-
parison against controls was not conducted [20, 24].

In the question stem, ‘timing’ refers both to maternal
age and gestational age. The mean maternal age at time of
first delivery ranged from 26 to 33 years, and did not differ
between AIS mothers and healthy mothers [16, 17, 19, 26].
In one study, women treated with a brace were on average
1.4 years older at the time of first pregnancy than surgically
treated patients [26].

Gestational age at the time of birth was similar in
patients with and without AIS. Both Lebel and Bauchat
reported a mean gestation age at birth of 39 weeks, sug-
gesting that differences do not exist between patients

treated conservatively and those treated with surgery
[16, 17]. In the Orvomaa population of surgically corrected
patients, 90% of mothers delivered at 38 weeks and
beyond, matching the population average [28, 29]. Others
also reported gestation ages that did not differ from the
general population [23, 30].

Finally, in a single questionnaire-based study including
more than 1200 patients with AIS, spontaneous abortions
were more common among women with scoliosis (12.8 vs.
9.7%), while stillbirths rates were slightly higher in non-
AIS controls (1.5 vs. 0.5%) [31].

The quality of available evidence for this clinical
question was low (Table 1).

1.  Summary of findings:
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Table 3 AIS effects on anesthesia and obstetrics

Author Year Study design  Patient Treatment  Findings Level of

number evidence®

Falick- 2015 Cohort, 40 AIS Surgery Epidural anesthesia given in 70% of AIS vs. 100% of CTR. 4

Michaeli retrospective 4 C-section rate: 24% in AIS
etal. Control

Bauchat 2015 Case—control, 41 AIS Surgery Epidural anesthesia given in 39% of AIS with spinal 3b

et al. prospective 41 instrumentation vs. 5% of CTR. Longer epidural procedure
Control duration in AIS (6.5 min) vs. CTR (4.6 min). Neuraxial failure
in12% of AIS vs. 0% of CTR. Similar anesthesia consumption,
labor duration, and C-section rate (12%)

Lebel et al. 2012 Population- 98 AIS Use of epidural anesthesia was similar to the control population 4
based, (17.3%). C-section rate greater AIS vs. CTR (21 vs. 13%). AIS
retrospective patients had similar rates of preeclampsia, polyhydramnion, and

premature rupture of membranes as compared to the population

Takayama 2009 Case series, 15 AIS Surgery 19% of AIS patients had C-sections 4

et al. retrospective

Smith et al. 2003 Cohort, 40 AIS 24 (obs.) Vaginal delivery: 59%. No anesthetic requirement in 9 uncorrected 2b
prospective 16 and 2 corrected AIS patients. Epidural catheters were placed in 7

(surgery) uncorrected AIS patients successfully. Unsuccessful continuous
spinal infusion in 1/6 patient
C-section delivery: 41%. Successful combined spinal and epidural
anesthesia in 2/2 uncorrected AIS patients. Single shot spinal
anesthesia in 2. Continuous spinal infusion in 13 (8 successful, 3
moderate, 2 failed)
Danielsson 2001 Case—control, 247 AIS 136 C-section rate by treatment: Harrington rod—15.2%, brace— 3b
et al. retrospective g (surgery) 12.1% and control—15.2%
Control 111 (brace)

Orvomaa 1997 Case series, 146 AIS  Surgery C-section rate was 23% 4

et al. retrospective

To et al. 1996 Chart review, 8 AIS 7 (obs.) C-section rate was 13% 4
retrospective 1 (surgery)

Daley et al. 1990 Chart review, 18 AIS 18 Successful epidural anesthesia in 18/19 pregnancies. 20/21 4
retrospective (surgery) epidural attempts successful (single attempt in 10, patchy/

excessive sedation in 11). Low back pain after multiple attempts
in 2
Crosby 1989 Chart review 14 AIS Surgery 8 (57%) of patients received epidural anesthesia: adequate sedation 4
et al. retrospective in 7, single attempt in 5. General anesthesia for C-section in 3,
while remaining 3 declined regional anesthesia

Betz et al. 1987 Chart review, 355 AIS  Mixed 1.2% of deliveries had failed spinal anesthesia. C-section delivery 4
retrospective rates were 7.4% (all AIS) and 2.5% (spinal fusion patients). No

scoliosis-related problems identified during delivery

Cochran 1985 Case series, 81 AIS Milwaukee  C-section rates were similar to population 4

et al. retrospective brace

Hubbert 1985 Cobhort, 17 AIS Surgery 12% of AIS patients received spinal anesthesia. 53% of patients 4

et al. retrospective received successful epidurals. Higher epidural success rate when
lower vertebrae unfused

Weinstein 1981 Case series, 194 AIS  Obs. 1.4% of patients had C-sections, which were associated with major 4

et al. retrospective complications

AIS adolescent idiopathic scoliosis, BT brace treatment, CTR control, Obs observation, ST surgical treatment

? Levels of evidence follow the system of grading outline by the Oxford CEBM levels of evidence

e Women with AIS may be slightly less likely to e Independent of surgery or bracing, mothers
become pregnant than their age-matched controls, affected by AIS can expect to have a similar

and may be more likely to require fertility
treatment.
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2. What spine-related changes occur during and after
pregnancy?

Spine-related changes are divided herein into those
relating to back pain and those relating to curve progres-
sion. Twelve studies specifically examined the relationship
between pregnancy and one or both of these entities
(Table 2).

A significant proportion of scoliosis patients reported
new back pain related to pregnancy; however, whether the
incidence and severity differed from healthy women varied
from study to study. In two reports of patients with AIS
treated with bracing, Lange and coauthors found that
50-55% experienced new back pain during pregnancy
[21, 32]. While the vast majority described moderate to
severe pain, the pain was not debilitating and did not
otherwise influence the performance of daily functions
[21]. Similarly, in a study of 76 women treated with sur-
gical instrumentation, 62% of those who became pregnant
reported increased back pain, though the severity and
duration was not described [33]. Betz et al. found that more
than three-quarters of pregnant women reported pain dur-
ing pregnancy relative to half of non-pregnant women who
reported back pain during this age period [24]. Severe pain
was reported in 12% of the former group and in 3% of the
latter. In this study, AIS patients treated surgically were not
more likely to experience back pain during or after preg-
nancy than those treated conservatively. Comparably,
Danielsson et al. found no difference in pregnancy-related
back pain between patients treated surgically and those
treated with a brace [26]. Moreover, when both groups
were compared to healthy controls, a significant difference
in incidence of back pain was not detected. Likewise, in the
Betz cohort at the time of last follow-up, the prevalence
and severity of back pain was not different between AIS
mothers and AIS women who had never been pregnant
[24]. Others reported a pregnancy-related increase in back
pain in 16-37% of patients [25, 34]. Ascani et al. correlated
curve pattern with pain and found that women with tho-
racic curves were least likely to experience back pain,
while those harboring a thoracolumbar curve reported the
highest rates of pregnancy-related pain [25].

While most studies describe non-debilitating back pain
that resolves following delivery, two exceptions are noted.
In a report of 146 patients treated with Harrington instru-
mentation, more than 10% mandated sick leave during
their first and/or second pregnancy specifically due to back
pain [28]. Falick-Michaeli et al. describe a small cohort
(n = 17) of pregnant AIS patients who required hospital-
ization for severe back pain and back pain that persisted
beyond pregnancy in 76% of women [19].

The occurrence and degree of curve progression during
pregnancy varied across studies. Betz et al. found that roughly

25% of patients experience curve progression greater than 5°
and about 10% greater than 10° [24]. Pre-pregnancy curve
severity also predicted curve progression: 6% of patients with
a curve <30° experience 10° or more of curve progression,
relative to 29% of patients with a pre-pregnancy curve >50°.
The use of orthosis did not mitigate these observed changes.
In a small series (n = 7), Berman et al. found that 3 (43%)
patients with a primary curve >25° experienced a small, but
detectable progression of at least 5° [35]. Betz and colleagues
also noted that the age of the patient at the time of first
pregnancy had no influence on the risk of curve progression
[24]. This finding is distinct from the report by Cochran et al.
of 81 brace-treated women, which found that all patients who
became pregnant before the age of 23 experienced late curve
progression [20]. Sparse and heterogeneous reporting within
source manuscripts precluded correlating curve classification
(e.g., Lenke, King) with pregnancy-related curve progression
or back pain.

Ascani and authors have also correlated the number of
pregnancies with degree of curve progression. In this large
observational study, patients were subdivided into curve
type and a stepwise progression in deformity was observed.
Upon reaching adulthood, the curve had progressed 10°—
13° before pregnancy, 13°-16° (cumulative) after the first
pregnancy, and 16°-23° after multiple pregnancies [25].
Reports by Blount and Danielsson, on the other hand,
demonstrated no relationship between number of preg-
nancies and curve progression [26, 36].

The quality of evidence for AlS-related spinal changes
during pregnancy was low (Table 2).

2. Summary of findings:

e Many patients can expect to experience non-
disabling back pain during their pregnancy, which
typically resolves following delivery.

e Some women will experience a minor, but statis-
tically significant curve progression during and
after pregnancy; however, the clinical significance
of these changes is unclear.

3.  What anesthetic and obstetric considerations are rele-
vant in AIS mothers delivering a child?

This question investigates: (1) anesthetic considerations,
including type and effectiveness, and (2) delivery details,
including route and complications. Eight studies provide
insight into the former, while 11 address the latter
(Table 3).

Bauchat et al. compared 41 surgically corrected females
with AIS to 41 controls and found differences in the type
and effectiveness of peripartum anesthesia [16]. Traditional
epidural anesthesia was delivered in 39% of patients with
spinal instrumentation relative to 5% of controls—the
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remainder receiving the preferred combined spinal anes-
thesia. Additionally, the time required to achieve neuraxial
anesthesia was 40% longer among instrumented patients.
Despite these drawbacks, the failure rate of neuraxial
anesthesia in this population remained modest (12%), and
no serious complications were reported.

In a cross-sectional comparison by Falick-Michaeli and
coauthors, 70% of surgically corrected AIS women were
refused spinal anesthesia (citing an absence of catheter
access site), relative to 0% of non-AIS controls [19]. Two
older articles demonstrated relatively discouraging success
rates for regional anesthesia in surgically corrected AIS
patients. In 1985, Hubbert et al. reported a 53% success
rate for epidural anesthesia [37]. In 1989, Crosby et al.
reported a 75% success rate, though three minor compli-
cations were noted (2 unsuccessful attempts and 1 dural
puncture) [38]. A separate report by Daley and coauthors in
1990 showed successful infusion of epidural anesthesia in
18 of 19 pregnancies; however, results were tempered
somewhat by the fact that 8 (42%) required multiple
attempts and only 9 (47%) patients reported adequate
levels of anesthesia [34].

More recently, Smith and colleagues described an 81%
success rate of spinal anesthesia among patients with an
instrumented fusion. Of note, in scoliotic patients without
prior instrumentation, successful spinal analgesia was
achieved in all patients for whom it was attempted [23]. In
2012, a study by Lebel et al. found an equivalent rate of
epidural anesthesia administration between 98 conserva-
tively treated scoliotic women and matched controls [17].

Regarding delivery modality, four studies compared the
rate of cesarean section between patients with AIS and
controls. Three studies found no difference in cesarean
delivery rate (12-15%) [16, 20, 26], while the other by
Lebel et al. did report an elevated rate in AIS relative to
controls (21 vs. 13%) [17]. The remaining studies report
frequency of C-section delivery, however, a comparison
with controls was not conducted. Generally, lower rates of
C-section are reported across the older studies, while more
recent publications describe higher rates. Overall, the range
of C-section deliveries was 2-41%
[19, 22-24, 28, 30, 37, 39, 40] (Table 3).

No differences were reported in rates of preeclampsia,
polyhydramnios, or premature rupture of membranes
[17, 24]. Additionally, the duration of labor among AIS
patients was similar to that of healthy controls [16].

The quality of available evidence for this clinical
question was low to moderate (Table 3).

3. Summary of findings:

e Successful spinal analgesia can be achieved in
patients with instrumented scoliosis correction,
though failed attempts and minor, reversible
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complications occur with greater frequency than
in non-instrumented patients and healthy controls.
e AIS patients can expect similar rates of cesarean
delivery as their non-AIS counterparts.
e Perinatal complication rates are not elevated in
patients with AIS.

Discussion

In this report, we provide a broad and comprehensive
examination of the relationship between adolescent idio-
pathic scoliosis and pregnancy. After screening 134 arti-
cles, 22 studies were reviewed, incorporating over 3125
AIS patients.

The psychosocial impact of the diagnosis of a major
medical condition on young women has been well descri-
bed for many conditions, including scoliosis generally and
AIS specifically [29, 41-45]. Accordingly, a patient with
AIS weighing treatment options can be expected to
demonstrate concern about her ability to conceive, carry,
and deliver a child. The physical strain placed on a
woman’s body during gestation and delivery, makes this
skeletal abnormality especially troubling for hopeful
mothers.

The intersection between pregnancy and AIS is as
complex as it is important, and pediatric spine specialists
should be equipped to fluently discuss the topic with
patients and their families. In this review, we offered three
fundamental questions encountered by spine surgeons
consulting on patients with AIS. In a stepwise fashion, the
literature was interrogated, and evidence was coalesced to
produce concise, direct answers, while remaining mindful
of the quality of evidence available to draw such
conclusions.

Pregnancy outcome

Young women with AIS hoping to have children can be
reassured that their diagnosis does not preclude them from
becoming a mother, but should be cautioned that their
chances of pregnancy may be slightly less than that of their
peers. As with nearly every conclusion drawn by this
review, such counseling should be delivered while
acknowledging that the best available medical evidence is
non-definitive. Several important qualifiers are to be con-
sidered when interpreting this data: (1) most studies did not
indicate whether AIS women were attempting or desiring
to become pregnant, (2) whether all patients were followed
until menopause is unclear, and (3) marital rates were not
uniform across studies (and often unreported). Ignoring
these three considerations risks misinterpretation of higher
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nulliparity figures among AIS women and incorrectly
counseling hopeful mothers.

Since the mid-twentieth century, baseline nulliparity
rates among women surviving childbearing age have
remained stable over time and across populations, hovering
near 20% [46, 47]. It is worth emphasizing that all but two
authors [21, 26] reported higher rates of nulliparity in AIS
populations. And given that AIS mothers utilized signifi-
cantly higher rates of infertility treatment, it is possible that
nulliparity rates may have been higher among the AIS
cohorts in the absence of such technology. Nonetheless, the
number of children delivered between AIS and non-AIS
mothers was equivalent in all but one report.

Importantly, the effect of scoliosis on twin and triplet
pregnancy was not encountered in this review and, there-
fore, remains unclear. Conservatively, these pregnancies
may be considered high-risk and followed closely by
obstetricians and spine specialists alike. Considering the
skeletal changes sustained during normal gestation and
childbirth, it may be reasonably hypothesized that women
with scoliosis are at higher risk of premature delivery.
However, our findings do not support this theory and
women with single-fetus pregnancies can be cautiously
reassured that their diagnosis alone is not accompanied by
a higher likelihood of prematurity.

Spinal changes

The role of physical strain and other biomechanical forces
on the pathogenesis of non-adolescent and degenerative
scoliosis has been well described [48, 49]. While some
features overlap, the pathophysiology of AIS is distinct,
incorporating genetic and hormonal factors [50, 51]. The
physical burden that a fetus places on the spine of a mother
with underlying AIS might be expected to promote curve
progression in a similar fashion to adult spinal deformity.
The results from this review offer little insight into how
such structural changes occur; only that small changes do
occur with varying degrees of permanence.

Back pain is common in pregnancy; between 25 and
65% of healthy, pregnant women report moderate or severe
back pain [52, 53]. Our results indicate that AIS mothers,
on average, experience somewhat higher rates of back pain
during their pregnancy. However, in the majority of
patients, the pain does not impair the patient’s ability to
conduct daily activities. Interestingly, patients requiring
surgical correction did not experience more back pain
during pregnancy than those treated conservatively or with
bracing (though, the comparisons did not correct for orig-
inal curve severity). This is particularly important to note
when counseling an anxious patient with a severe or pro-
gressive curve facing the prospect of long-segment
instrumentation. As with the general population, our

review indicates that the majority of pregnancy-related
back pain in AIS patients resolves following delivery.

Major changes in curve progression were not observed
across studies. However, minor to moderate curve pro-
gression was described in four studies [20, 24, 25, 35, 36],
and related to distinct entities: baseline curve severity >50°
[24], age <23 years at first pregnancy [20], and instability
of curve antepartum [36]. Importantly, disagreement exis-
ted across studies regarding whether, and the degree to
which these entities contribute to curve progression. While
intriguing, the quality of the data is too fragile to endorse
firm recommendations for women falling into one or more
of these categories [54]. Nonetheless, the observations
should serve as motivation for the design and implemen-
tation of larger, prospective studies examining such vari-
ables. The designation of a ‘high-risk’ subgroup more
susceptible to significant curve progression—or even per-
manent back pain—would be tremendously useful for
surgical counseling.

Anesthetic and obstetric considerations

Pain and discomfort are among the principle concerns of
women approaching childbirth, and neuraxial anesthesia is
accepted as the most effective form of labor analgesia [55].
Historically, rates of successful neuraxial analgesia in
patients with spinal instrumentation lingered near 50%
[37, 38]. Within the last two decades, however, the com-
bination of improved spinal surgical methods and more
advanced anesthetic techniques has been met with superior
analgesic outcomes [16, 17]. While procedure duration is
somewhat longer and multiple attempts are more frequent,
the vast majority of AIS women with spinal instrumenta-
tion do achieve similar pain control as their peers.

This review also discounts the notion that women with
AIS—surgically corrected or otherwise—are more likely to
undergo cesarean delivery. Except for a single retrospec-
tive, population-based cohort, all studies comparing AIS
with normal women found equivalent c-section rates.
Between, 1965 and today, the c-section rate nationally has
increased more than sixfold to 32%, likely secondary to the
casual perception of surgery, efforts to maximize efficiency
and optimize timing, and the litigious healthcare environ-
ment [56, 57]. Our results, however, demonstrated rates
much lower (12-24%) among AIS patients in the modern
era [16, 17, 19, 22, 28]. Additionally, perinatal complica-
tion rates matched those of the general population.

Limitations and future directions
As with any systematic review, the strength of our con-

clusions relied heavily upon the quality of evidence
available for analysis. We encountered a preponderance of
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retrospective case series and cohort studies as well as
poorly matched case—control studies. No study met CEBM
criteria for Level 1 status. Patient heterogeneity across
studies and inconsistent data reporting precluded data
merging for quantitative comparisons. This was especially
true for variables related to curvature and surgical
approach—both of which certainly influence obstetric and
anesthetic considerations. As a result, while subjective
consistencies germane to the three study questions per-
mitted coherent conclusions, the quality of evidence
underlying each conclusion itself was low.

Nonetheless, our findings offer clarity on this subject
and provide a framework on which future studies might
expand. As we consider the treatment options available to
these young women, it will be important to look beyond the
patient’s post-op and recovery period and toward their role
as potential mothers in the not-so-distant future. Prospec-
tive cohort studies as well as larger registry-based collab-
oratives must incorporate these patient-reported quality
metrics as key endpoints. Moreover, if we are to learn
about the influence of curve classification and surgical
approach (e.g., posterior long-segment fusion, selective
thoracic fusion) on obstetric and quality of life outcomes,
surgeon-scientists must include these factors among the
analyzed covariates. Only then will pediatric spine spe-
cialists be armed with higher quality evidence to more
assuredly guide these patients and confidently answer these
important questions with greater certainty.

Conclusions

The literature relating pregnancy with adolescent idio-
pathic scoliosis is thin and varied, however, important
clinical patterns are observed. While most women with AIS
are able to have children, they may encounter more diffi-
culty conceiving than do their peers. Non-disabling back
pain is common in AIS women during pregnancy, but
spinal changes as a result of pregnancy are typically minor
and transient. Perinatal complications—including failed
neuraxial anesthesia—are not more common in AIS
patients. Future high-quality studies are needed to better
elucidate these relationships to help guide the delivery of
care in this important population.
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