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Objective. To analyze the course of pregnancy and delivery that occurred before and after surgical correction of idiopathic scoliosis with
instrumented fixation of the spine.

Material and Methods. The paper presents a retrospective randomized study of 100 patients of reproductive age (18—35 years) with Len-
ke type 2—6 idiopathic scoliosis. The following aspects of pregnancy were analyzed: the possibility of independent conception, the pain
severity according to VAS during each of the three trimesters of pregnancy, and the mode of delivery (naturally or by C-section). A com-
parative analysis of the data of patients operated on for the spine deformity correction before and after pregnancy and delivery was car-
ried out. Data was collected using a questionnaire survey of patients. Detection and analysis of differences between groups were carried
out using the 2 criterion.

Results. A statistical relationship was found between the presence of instrumentation installed before delivery (during or before preg-
nancy) and the need for C-section. It was revealed that the lower the caudal end of instrumentation within the L3—S1 region, the higher
the C-section occurrence. Predominantly thoracic scoliosis (Lenke types 2—4) is characterized by higher likelihood of independent con-
ception and lower lumbar pain intensity during pregnancy than predominantly lumbar scoliosis (Lenke types 5—6). There are also certain
difficulties in conducting spinal anesthesia in patients with installed instrumentation, which negatively affects the possibility of its use.
Conclusion. The issue of the course of pregnancy and delivery in idiopathic scoliosis continues to be very significant for both patients
and spine surgeons who supervise them. The solution to this issue is impossible without cooperation with obstetrician gynecologists and

anesthetists planning and administering anesthetic management during delivery (which is especially important in case of impossibility or

significant restriction of spinal anesthesia use in such patients).
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In recent decades, there have been some
significant changes in the technique for
correcting idiopathic scoliosis, which
have made it possible to improve the
quality of patients’ life [1, 2]. The advent
of segmental instrumentation played the
key role in this event.

The incidence of idiopathic scolio-
sis in adolescents ranges from 0.3 % to
5.2 %. It is a well-known fact that these
deformities develop very slowly during a
long period of time [3], with the patients
usually becoming adults during this peri-
od. Thus, the epidemiology of idiopathic
scoliosis in adolescents largely reflects
the epidemiology in adults. According
to the available data [2], the sex ratio
(female : male) ranges from 1.5:1t03: 1
and gradually increases with age. Further-
more, more severe scoliosis is more com-
mon in women than men: the ratio is
1.4 : 1 for deformities with the Cobb

angle of 10° to 20° and exceeds 7.2 : 1 for
scoliosis with a curve over 40° [2].

The annual number of surgeries for
scoliosis reaches 29,000 only in the USA,
while the number of people with similar
clinically significant deformities (30° or
more) is about 500,000 [4].

Patients often ask spinal surgeons
about the further prognosis of their
life from the standpoint of clinical and
social outcomes, including the possibil-
ity of carrying a pregnancy and delivering
a baby. This issue has not been studied
well enough vet, and there is a need for
a multicenter research and analysis with
the involvement of obstetrician-gyne-
cologists. To date, the medical commu-
nity does not have data on the course of
pregnancy and delivery in patients with
spinal deformities that occurred before
or after deformity correction and instru-
mented fixation of the spine.
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The aim of the study is to analyze the
course of pregnancy and delivery that
occurred before and after surgical cor-
rection of idiopathic scoliosis with instru-
mented fixation of the spine.

Material and Methods

This study included patients with grade
IV idiopathic scoliosis who had a success-
ful delivery.

The inclusion criteria were as follows:

1) thoracic or lumbar idiopathic sco-
liosis (Lenke types 2-4);

2) the age of 18-35 years at the time
of delivery (international standard of
reproductive age, 15-49 years),

3) the absence of chronic gynecologi-
cal and therapeutic diseases;

4) Cobb angle of >40°.

We selected patients with Lenke type
2-06 scoliosis for the study due to the fol-
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lowing reasons: patients with Lenke type
1 scoliosis have less pronounced devia-
tions in the biomechanics of the spinal
column in the lumbar and lumbosacral
segments, while the compensatory lum-
bar curve, as a rule, is not structural and
characterized by a relatively small angle
of deformity; type 1 scoliosis is expected
to have the smallest effect on the bio-
mechanics of the lumbar spine during
pregnancy and delivery.

The strategy for patient selection and
inclusion in the study is schematically
presented in the Figure.

Using the randomization technique,
we selected 100 patients who were asked
to undergo a questionnaire survey on
the key aspects of the course of preg-
nancy and delivery (questionnaire ques-
tions are presented in the supplementary
material). The mean age at the time of
delivery was 24.2 + 4.2 years (range, 18
to 35 years).

Patients were divided into subgroups
according to the scoliotic curve type
(Table 1): Lenke type 2—4 curves were
classified as thoracic scoliosis with lum-
bar compensatory curve (hereinafter
referred to as thoracic scoliosis), Lenke
type 5-6 curves were classified as lum-
bar scoliosis with thoracic compensatory
curve (hereinafter referred to as lumbar
scoliosis).

The patients were divided into two
groups based on the time point of
delivery relative to the time of surgery.
Group 1 (n=42) included patients who
had delivery before surgical treatment.
Thoracic scoliosis was diagnosed in 27
(64.28 %) of these individuals, lumbar
scoliosis was noted in 15 (35.72 %) cases.
The mean age was 22.50 + 3.67 (18-31)
years at the time of delivery and 26.10
+ 4.12 (20-33) years at the time of sur-
gery. The mean curve angle was 87.9° +
15.7° (57-11%°) for thoracic scoliosis and
05.3° + 18.1° (49-98°) for lumbar scolio-
sis. Group 2 (n = 58) included patients
who had delivery after surgery (instru-
mented fixation of the spine). Mean age
at the time of delivery was 25.80 + 248
(21-35) years; mean age at the time of
surgery was 21.30 + 3.10 (18-24) years.

The patients were divided into two
groups in order to assess the effect of the

installed instrumentation on the severity
of pain during pregnancy and mode of
delivery. Accumulation of such data will
make it possible to provide patients with
recommendations on the preferred time
of surgety for scoliosis (before pregnancy
and delivery or after, with taking into
consideration some other factors).

The following parameters were con-
sidered to be most important during
questionnaire survey:

- mode of delivery (vaginal or
C-section);

- non-orthopedic comorbidities
(gynecological and endocrinological dis-
orders preventing conception) and con-
comitant orthopedic diseases (severe spi-
nal pain);

- presence or lack of epidural
anesthesia.

In addition to the questionnaire,
patients were asked to evaluate the
severity of pain in the lumbar spine,
which was presumably associated with
increased load and known from empiri-
cal medical practice. No biomechanical
studies on determining the nature and
severity of this load have been carried
out yet; this field remains open for fur-
ther study. Evaluation was carried out
according to the VAS score in each tri-
mester of pregnancy; the average value,
standard deviation, and range were cal-
culated. The presence of significant pain
was defined as 4 or more VAS score.

The search for a possible relation-
ship between the deformity score (Cobb
angle) and the mode of delivery was not
a part of the current study.

Statistical processing was performed
using the SPSS Statistics 22 software. The
¥% method was used to find differences
between the groups in the possibility of
independent conception and the mode
of delivery; the data are presented in the
tables in the “Results” section. A relation-
ship between the position of the low-
er level of instrumentation in Group 2
patients and the mode of delivery was
also revealed using the y? method.

Pain severity was compared accord-
ing to VAS scale in patients of the same
group in different trimesters of preg-
nancy using the Wilcoxon test for paired
samples and in patients of different
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groups in the same trimesters of preg-
nancy using the Mann — Whitney test.
Other data were processed and pre-
sented using descriptive statistics.
Literature for the period of February
2019 to March 2019 was analyzed using
the keywords “scoliosis” and “pregnancy”
in the PubMed and other databases with
inclusion of English- and Russian-lan-
guage results. Articles on the topic of the
current study were included in analysis.

Results

Comparison of the modes of deliv-
ery between the groups using the y?
criterion revealed statistically signifi-
cant (p < 0.01) differences. The exact
quantitative data are presented in Table 2.

The following conclusion can be
made: cesarean section was more often
performed in Group 2 patients who
had instrumented fixation (operated on
before delivery), while patients without
fixation (operated on after delivery) are
more likely to have vaginal delivery.

When discussing this issue, it should
be noted that traumatology and ortho-
pedic management of pregnant patients
with spinal instrumentation, including
the lumbar spine, is currently based
mainly on the empirical practice of an
orthopedic traumatologist.

Patients were informed by the attend-
ing physician about the possibility of
delivery both vaginally and by C-section.

Appeals from obstetricians to ortho-
pedic doctors on this issue were repeat-
ed and did not have the nature of a for-
mal consultation. The main issue was
the possibility of vaginal delivery itself
in the presence of spinal instrumenta-
tion. This possibility was confirmed by
the experience of successful pregnancy
outcomes in patients who had been pre-
viously treated at the department. The
high frequency of C-section in patients
may be associated with a fear of birth
injury due to severe pain in the last tri-
mester of pregnancy (which is to be dis-
cussed below), as well as little knowledge
on this topic on the part of obstetrician-
gynecologists due to the absence or rarity
of highly reliable data.
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Reproductive-age patients (18—35 years)
with idiopathic scoliosis treated in the clinic during
the period of 2010 to 2019 (n = 2,137)

v

Patients remained under supervision (n = 932)

v

Patients who met the inclusion criteria and gave consent
to participate in the study (n = 535)

v

Patients who had a successful delivery (n = 438)

v

Patients who were selected randomly for the study
(n = 100)

Fig.

The algorithm for patient selection and inclusion in the study

Table 1
Distribution of the studied patients by the type of scoliosis (n = 100)
Lenke type Patients, n (%)
Thoracic scoliosis
Type 2 38 (38.00)
Type 3 4 (4.00)
Type 4 0 (0.00)
Lumbar scoliosis
Type 5 58 (58.00)
Type 6 0 (0.00)

Scientific justification for the need for
a C-section in the presence of lumbosa-
cral spine fixation is beyond the scope of
this study because the opinions and data
provided not by orthopedic traumatolo-
gists but obstetrician-gynecologists are of
prime importance on this issue, consid-
ering the specifics of their work and that
they are the ones determining the mode

of delivery. This is a promising area for
future research.

An additional task was set during the
study, namely to analyze the pregnancy
outcome in the low level of instrumenta-
tion placement in Group 2 patients. The
data are presented in Table 3.

The y2-based evaluation revealed a
high (p < 0.01) degree of statistical sig-
nificance for the relationship between
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the level of spinal fusion and the need
for a C-section. The following conclusion
can be made: the lower the caudal end of
instrumentation within the L3-S1 region
is, the higher the risk of the C-section is,
and, conversely, the higher the lower end
of the instrumentation is, the higher the
patient’s chance for a vaginal delivery is.

The possibility of independent con-
ception was also evaluated. In addition,
the relationship between independent
conception, deformity localization and
the chronological ratio of delivery to
surgical treatment was analyzed using
the y2 method. In this case, no statisti-
cally significant relationship was noted
(p > 0.05). However, it is noteworthy that
a total of 48.57 % (17 out of 35) of the
patients with the major lumbar curve
and only 30.77 % (20 of 65) of women
with the major thoracic curve required
medicated help for conception. Com-
plete data are presented in Table 4.

The survey results indicated the most
severe pain in the presence of the follow-
ing factors: the last trimester of pregnan-
cy and the presence of spinal deformity
in the lumbar spine.

Moreover, pain was more pronounced
in Group 1. Complete data are presented
in Tables 5 and 0.

Thus, the following conclusions can
be made:

— the average pain severity in each sep-
arately considered trimester of pregnancy
(with the exception of the first trimester)
is lower in Group 2 than in Group 1;

- both Group 1 and Group 2 patients
with thoracic scoliosis have less pro-
nounced pain than patients with lumbar
scoliosis.

In addition, the questionnaire allowed
obtaining data on the use of epidural
anesthesia: it was used in 4 (9.53 %) out
of 42 patients of the Group 1 (all of these
individuals had thoracic curve); epidural
anesthesia was not used in Group 2.

Discussion

The mutual influence of idiopathic sco-
liosis and surgical interventions for
it, as well as the course of pregnancy
and delivery, has not been studied
well enough, and the studies available
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on this topic are sparse. At the same
time, there have been attempts to fill
this gap in the literature. One of the
first works [5] was on the course of
pregnancy and delivery in 146 patients
operated on for idiopathic scoliosis
using the Harrington’s distractor with
a follow-up period of up to 19 years
after surgery. The authors investigated
in detail the nature of complications
during pregnancy and delivery, as well
as provided their characterization. The
authors noted that, out of 146 patients
with idiopathic scoliosis, 79 (54 %) had
two or more successful deliveries, 90 %
of the pregnancies were delivered on
time, while premature births (less than
38-week gestation) constituted 10 %
of the pregnancies. Complications of
pregnancy and delivery were noted
in four children: rubella, multiple
hereditary anomalies of development
(chromosomal disorder), congenital
scoliosis due to abnormal spine
development, and bilateral congenital
hip dislocation (one complication per
each child). According to the authors,
the indicated frequency rate (about
3 %) corresponded to the incidence of
similar complications in the population
in general, which illustrates the fact
that mother’s scoliosis does not affect
her child [6]. Severe pain in the lumbar
spine was detected in 14 % of the
patients, which required their temporary
suspension from work in the first
trimester of pregnancy. These data do
not differ statistically from the general
population [7]. The mean residual
deformity angle according to Cobb is
44° (range, 21° to 86°). The frequency
of caesarean section is 23 %, which is
consistent with the previously obtained
data on the increased frequency of this
mode of delivery in women with spinal
deformities [8—13].

Among recent works, studies pub-
lished by Chan et al. [14] and Dewan
et al. [15] in 2017 attract the most atten-
tion. The first study included data on 51
patients with < IV scoliosis: the mean
deformity angle during surgery was 257,
the median angle was 31°. A total of 55
(65.5 %) patients had vaginal delivery;
29 (34.5 %) women underwent cesarean

Table 2

Delivery mode in the studied patients

Mode of delivery

Vaginal

C-section

Group 1 (n = 42)

27 (64.28 %)
15 (35.72 %)

Percentages are calculated separately for each group.

Group 2 (n = 58)

20 (34.48 %)
38 (65.52 %)

section. It is noteworthy that the study
reported a 99 % success rate of spinal
anesthesia. In conjunction with the data
obtained, it is possible to assume that
grade IV idiopathic scoliosis is associated
with significantly greater anesthesiologi-
cal difficulties compared to similar sco-
liosis of lesser degrees. Dewan et al. [15]
published a review of 22 studies avail-
able on this topic, the structure of which
confirms the low level of research on the
issue: of 22 articles, only 3 (13.6 %) works
had level 2b of evidence, 6 (27.3 %) stu-
dies had evidence level 3b, while others
had evidence level 4. According to the
authors, one can state that idiopathic
scoliosis (as well as the condition after
surgery for it) is accompanied by severe
pain in the lumbar spine, and there is no
qualitative and quantitative difference
in the complications from the fetus/
child and mother in the presence of this
disease.

In our opinion, the statistical relation-
ship between the low level of instrumen-
tation placement and the incidence of
C-section can be explained by the desire
of obstetrician-gynecologists and the
patients themselves to reduce the poten-
tial risks of vaginal delivery. The follow-
ing aspects and factors are regarded as
risk factors due to the extremely little
knowledge of them:

— increased load on the instrumenta-
tion and the bone-tissue fixation system
in general during delivery, which does
not exclude the risk of damage to the
instrumentation and/or loss of its fixa-
tive propetties;

— changes in the biomechanics of the
lumbar spine compared to that without
fixation; it is currently extremely diffi-
cult to evaluate the biomechanics of the
lumbosacral spine and adjacent muscle
groups during delivery in patients with
idiopathic scoliosis.

Conclusion

The issue on the course of pregnancy
and delivery in patients with idiopathic
scoliosis remains very relevant for both
patients and spine surgeons supervis-
ing them. The issue cannot be solved
without cooperation with obstetrician-
gynecologists and anesthetists planning
and administering anesthetic manage-
ment during delivery, which is especially
important in case when it is impossible
to significantly restrict the use of spinal
anesthesia in such patients. Thus, this is
a multidisciplinary problem that requires
further research.

Based on the data obtained, the fol-
lowing conclusions can be made:

Table 3

Delivery mode in Group 2 patients with the low level of instrumentation placement

Mode of delivery L3

Vaginal 10 (71.42 %)

C-section 4 (28.58 %)

5(83.33 %)

6 (16.67 %)

Percentages are calculated separately for each group.

L4 L5 S1

4(18.18 %) 1(9.09 %)

18 (81.82%) 10 (90.91 %)

18
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1) surgical correction of spinal defor-
mity with instrumentation before preg-
nancy results in increased probability of
C-section delivery;

2) the lower the caudal end of instru-
mentation within the L3-S1 region is,

the higher the chance of C-section deliv-
ery is;

3) no statistically significant differenc-
es were found in the incidence of inde-
pendent (non-medicated) conception
between patients with thoracic scoliosis
and patients with lumbar scoliosis;

Table 4

Data on conception in the studied patients

Mode of conception Group 1
T

Independent 20 (74.07 %)

Medical 7(25.93 %)

(Lenke type 5—6).

7 (46.67 %)
8 (53.33 %)

T — predominantly thoracic scoliosis (Lenke type 2—4), L — predominantly lumbar scoliosis

Group 2

25 (65.79 %)
13 (34.21 %)

11 (55.00 %)
9 (45.00 %)

4) severe (4 VAS score) pain syn-
drome is more common in patients who
have not been operated on for scoliosis,
who also have lumbar scoliosis, are in the
last trimester of pregnancy, as well as in
a combination of these factors;

5) anesthetic management in idio-
pathic scoliosis (both in the post-opera-
tive period and in the absence of surgery)
has certain limitations, namely, the diffi-
culty of spinal anesthesia.

The study was not supported by a specific funding.
The authors state that there is no conflict of interest.

Table 5

VAS pain assessment in different trimesters of pregnancy

Group (spine department)

1 11

1 (thoracic)
1 (lumbar)
2 (thoracic)
2 (lumbar)

Mean values are marked in bold, data corresponding to severe pain (4 points or more) are indicated in blue color. Data are presentated as follows: M + o

(min — max), M stands for the average value, ¢ is the standard deviation, min and max are the minimum and maximum values of the studied parameter.

1.600 + 0.495 (0—2)
3.300 + 1.800 (1—5)
1.400 + 0.500 (0—2)
2.300 + 1.380 (0—5)

2.400 + 1.010 (0—3)
5.500 + 1.430 (2—7)
1.600 + 0.950 (0—3)
2.900 + 1.830 (1—6)

111

3.200 + 1.340 (1—5)
6.800 + 2.150 (4—9)
2.100 + 0.931 (1—4)
4.700 + 2.210 (2—8)

Table 6

P-values for comparison of pain severity according to the VAS in the groups of patients from the Table 5

1-TI 2-TI  1-TIO 1-LI 1-LII  1-LII0  2-TI 2-TII 2-TIII 2=IL1 2-LI1I  2-LIII
(=TT

1-TII 0.352

1—T III 0.089 0.271 |

=TT 0.003

1-TII 0.016 | 0.068

1-TIII | 0.019 0.004 0.115

2-TI W

2-TII 0.389 0.385

2—-T I 0.193 0.124 0.169

2-LI 0.063 0.089

2-L1I 0.001 0.012 0.098

2—L1II 0.031 0.003 0.002 0.041 |

The Wilcoxon test (green frames) was used for comparing patients of the same group (at different time points); the Mann — Whitney test (blue frames)
was used for comparing patients of different groups and departments at the same time points. The comparison was carried out either between different

trimesters in the same group of patients or between different groups examined during the same trimester. Statistically significant values are highlighted

in yellow.

1, 2 — groups; T, L — thoracic and lumbar scoliosis, respectively; I, I1, IIT — the corresponding trimesters of pregnancy.
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Supplementary material

The following questionnaire was offered to the patients participating in the study

1. Pregnancy after surgery for scoliosis. Yes/no. No. of pregnancy?
2.

Pregnancy before surgery. Yes/no. No. of pregnancy?

Note. If there were pregnancies both before and after surgery, both questions should be answered.
If there were more than one pregnancy before or after surgery, they all should be mentioned.
3. Were there any concomitant gynecological or endocrinological disease and/or severe pain

in the spine, preventing conception? Yes/no.

4. Mode of delivery: vaginal delivery, cesarean section, episiotomy (undetline as necessary).

5. Were there any complications, cesarean section, stillbirth, abortions, hormone therapy? Yes/no.
0. Was there lumbar pain during pregnancy? (score, 1 to 10 points).

7. Was there lumbar pain in the postpartum period? (score, 1 to 10 points).

8. Was spinal anesthesia performed during delivery? Yes/no.

9. Was an orthopedic belt used during pregnancy and in the postpartum period? Yes/no.
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