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Abstract

Introduction and hypothesis Pregnancy in women with spinal-cord injury (SCI) poses a clinical challenge. We hypothe-
sized that changes in the management of neurogenic bladder during pregnancy are commonly required and should receive
more attention.

Methods Data were collected by retrospective analysis of medical records and via cross-sectional survey of 52 women
with SCI, representing 67 pregnancies, at ten Italian neurourological clinics. All participants provided informed
consent.

Results Between 1976 and 2013, 39 participants had one child, 11 had two children, and two had three children. Mean age
at the time of SCI was 18 years and at the time of first pregnancy was 30 years. Delivery occurred from weeks 32 to 40 in
98% of first and second pregnancies, and 94% of neonates were healthy. Oxybutynin was used by four women during five
pregnancies, which resulted in delivery of healthy babies. Intermittent catheterization was used before 54% of first
pregnancies and 39% of second pregnancies. Bladder management was altered during 45% of these pregnancies, and
the most common changes were increased use or frequency of intermittent catheterization or use of an indwelling catheter.
Urinary tract infections occurred in 48% of pregnancies, and an irregular course was reported in 13% of pregnancies
mainly related to tetraplegia and urological complications.

Conclusions Pregnancy in women with SCI generally has good outcomes and limited risks but frequently necessitates
changes in the management of neurogenic bladder. High levels of awareness and focused monitoring of bladder issues are
recommended.
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Abbreviations Introduction

LUTS lower urinary tract symptoms

SCI spinal-cord injury Spinal-cord injury (SCI) is survivable and mainly affects indi-
UTI urinary tract infection viduals in the prime of their lives, including women of repro-

ductive age [1]. Worldwide, ~250,000-500,000 new cases of
SCI occur annually [1, 2]. In the USA, an estimated 0.08% of
the population [2], including ~20,000 women of childbearing
age, presently have SCI, and the annual incidence of SCI
among women of reproductive age is ~2000 [3]. Among other
effects, SCI causes neurologic bladder dysfunction requiring
lifetime management and follow-up; it also causes transient
amenorrhea. However, sustaining an SCI is not a contraindica-
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pregnancy in these women is associated with age, marital sta-
tus, motor function, mobility, and occupation [8].

Current literature indicates primarily good pregnancy out-
comes in women with SCI [4, 7, 9—12], but limited data are
available. Nevertheless, pregnancies in women with SCI pose
a clinical challenge, both for patients and their health-care
professionals [9]. Reports in the literature describe barriers
and unmet needs related to pregnancy in women with SCI
[13—15], suggesting that standardization of treatment pro-
grams, guidelines, and policies is needed [13, 14], particularly
those that involve a multidisciplinary approach [7, 12].
Recently, a one-page guidance form was established by
McLain et al. [16], highlighting important information for
pregnancy and delivery in women with SCI. Several initia-
tives are also available on the Internet.

In general, women with SCI are likely to experience
the same medical problems as able-bodied women but
may additionally experience specific problems related to
their injuries, including autonomic dysreflexia, increased
tendency of pressure sores [9], worsening of spasticity,
lower urinary tract symptoms (LUTS), and constipation
[5, 9]. Autonomic dysreflexia (resulting in acute hyperten-
sion) could be a significant medical complication for
pregnant women with a high-level SCI [9, 17], but the
most common complications are urinary [3, 12, 17].
Urinary tract infections (UTIs), in particular, have been
reported as common complications in several studies
[3-5, 7, 9, 12, 18, 19], and methods for their prevention
have been investigated [20]. In 1992, Cross et al. pub-
lished the results of a study on the relationship between
bladder-management methods and UTI frequency in preg-
nant women with SCI in which the risk of UTI related to
the use of an indwelling catheter was 100%; however, the
risk was lower in patients who did not use (or who only
intermittently used) a catheter [19]. Despite confirmation
of this finding, definitive evidence of a correlation be-
tween catheterization and UTI in these patients is insuffi-
cient to enable general recommendations to be made [5].
Continued management of neurogenic bladder is neces-
sary [9] in the context of reported changes in bladder
and bowel function during pregnancy, including increased
urinary frequency and new or worsening urinary inconti-
nence (UI) [10]. However, it remains unclear how many
women with SCI change bladder management strategies
during pregnancy.

The aim of this study was to further describe changes to
bladder management that occur during pregnancy in women
with SCI. We hypothesized that changes in the management of
neurogenic bladder during pregnancy are common in these
women and should receive an appropriate level of attention.
Our results will also contribute to the previously insufficient
body of general outcome data related to pregnancy in women
with SCI [4, 8, 9].

@ Springer

Materials and methods

This was a retrospective, cross-sectional, single-cohort,
observational study involving ten Italian neurourological
clinics. A retrospective analysis of medical records be-
tween 1976 and 2014 was performed to identify and col-
lect data from women with SCI, including reported parity.
Women with any type or severity of SCI who had under-
gone pregnancy and delivery and who agreed to partici-
pate in the study by signing an informed consent form
were provided with a self-reporting questionnaire describ-
ing pregnancy-related outcomes. Data were extracted
from completed questionnaires and medical records into
a database for analysis and evaluation. Data from medical
records (e.g., type and level of SCI, urodynamic findings,
bladder management) were collected by urologists and
SCI specialist physicians. Data from the cross-sectional
survey (e.g., pregnancy course, delivery, birth) were de-
rived from participants’ recall at a specified time point,
meaning that for some individuals, the survey was taken
soon after pregnancy, and for others, there was a longer
time span between pregnancy and survey. All applicable
institutional and governmental regulations concerning eth-
ical use of human volunteers were complied with during
the course of this research.

Descriptive and inferential statistics were used to analyze
data and present results, including number of study partici-
pants, means, medians, standard deviations (SD), minimum
(min) and maximum (max) values for continuous data and
frequencies, and percentages for categorical data. When ap-
propriate, nonparametric statistical tests were used for descrip-
tive and explorative purposes. P values <0.05 were considered
statistically significant. To avoid confounding factors based
on individual variations, data were presented and based on
individual rather than event level (i.e., number of pregnan-
cies). This—as were individual factors such as type and level
of SCI—were considered to have high impact on observed
pregnancy/bladder-related outcomes.

Results
Demography

A total of 52 women, with a median age of 43 years at the time
of the study and a median age at injury of 20 years, were
included in the study. Most (75%) women had a traumatic
SCI, and the most common injury was paraplegia caused by
thoracic lesion, with an American Spinal Injury Association
(ASIA) Impairment Scale classification of A, indicative of a
complete SCI. Details relating to SCIs are listed in Table 1.
During the study period, 39 women (75%) had one
child, 11 (21%) had two children, and two (4%) had three
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Table 1 Ages and details of spinal-cord injuries (SCIs) of study Table2  Pregnancy and delivery data
participants
Variables First Second Third
Variables Mean (SD) Median (min—max) pregnancy pregnancy pregnancy
Age, years (N=50) 42 (10) 43 (19-69) Pregnancy, N (%) 52 (100%) 13 (25.0%) 2 (3.8%)
Age at injury, years (N=51) 18 (9) 20 (0-36) Age at pregnancy, years
Lesion (N=52) N (%) Mean (SD) 30 (5) 33 (5)
Traumatic SCI 39 (75.0%) Median (min—max) 30 (17-42) 34 (21-42)
Nontraumatic SCI 5(9.6%)
Spina bifida 6 (11.5%) Pregnancy course’, N (%)
Transverse myelitis 2 (3.8%) Regular 46 (88.5%) 9 (81.8%)
Lesion type (N=51) N (%) Irregular 6 (11.5%) 2 (18.2%)
Paraplegia 32 (62.7%) Week of delivery®, N (%)
Paraplegia incomplete 4 (7.8%) <32 0 1(8.3%)°
Tetraplegia 5(9.8%) 32-<37 24 (48.0%) 5 (41.6%)
Tetraplegia incomplete 6 (11.8%) 37-40 26 (52.0%) 6 (50.0%)
Cauda equina syndrome 4 (7.8%) Birthweight, kg
Level of lesion (N = 48) N (%) Mean (SD) 2.82(0.49) 2.92(0.43)
Cervical C1-C7 11 (22.9%) Median (min—max)  2.84 (1.7-3.9)  2.70 (2.5-3.8)
Thoracic T1-T12 29 (60.4%) Delivery®, N (%)
Lumbar L1-L5 6 (12.5%) Cesarean section 43 (89.6%) 10 (83.3%)
Sacral S1-S5 2 (4'2%) Vaginal delivery 5 (10.4%) 2 (16.7%)
ASIA Impairment Scale (N= 43) N (%) Healthy Childf, N (%) 48 (96.0%) 13 (100%)
A: complete 22 (512%) Feeding®, N (%)
B: incomplete 12 (27‘9%) Breastfed 27 (64.2%) 4 (57.1%)
C: incomplete 5 (11.6%) Formula fed 13 (31.0%) 1 (14.3%)
D: incomplete 4(93%) Combined 2 (4.8%) 2 (28.6%)

ASIA American Spinal Injury Association, SD standard deviation

children, in each case after the occurrence of the SCI. Data
from third pregnancies were omitted because they were too
few to enable statistical comparison. Mean age at the time
of first pregnancy was 30 years, and age of the child at data
collection ranged between 4 months and 36 years. Delivery
occurred between weeks 32 and 40 in 98% of pregnancies,
and 94% of neonates were healthy. Table 2 shows patient-
reported data related to pregnancy and delivery. Seven pa-
tients had pelvic organ prolapse (POP) after delivery, three
had perineal lacerations during vaginal delivery, and one
required subsequent surgical correction of a high-degree
genital prolapse. Eight pregnancies (13%) had an irregular
course (as defined by patients and verified by reported
complications): four (50%) occurred in women with
tetraplegia, three (38%) in women with paraplegia, and
on irregular course (12%) occurred in a woman with cauda
equina syndrome. Causes of irregular courses were recur-
rent UTI (N =2), recurrent renal colic (N=1), recurrent
episodes of autonomic dysreflexia secondary to bladder
overactivity (N=1), placental abruption (N =1), deep-
vein thrombosis (N =1), bleeding and risk of abortion
(N =1), and premature delivery (N =1).

SD standard deviation
* Data missing from two patients from second pregnancy (N=11)

° Data missing from two patients from first pregnancy (N = 50).; data
missing from one patient from second pregnancy (N = 12)

¢ Premature delivery occurred in week 25
9 Data missing from one patient from first pregnancy (N =51)

°Data missing from four patients from first pregnancy (N =48).; data
missing from one patient from second pregnancy (N = 12)

"Data missing from two patients from first pregnancy (N = 50); one re-
ported case of clubfoot and one of lung immaturity

€ Data missing from ten patients from first pregnancy (N = 42); data miss-
ing from six patients from second pregnancy (N =7).

Urodynamics and bladder management
before pregnancy

Forty-six of the 52 women had findings from urodynamic
studies that indicated most had normal bladder compliance;
only three individuals reported reduced compliance (data not
shown). Detrusor—sphincter dyssynergia was present in 52%
of patients, with mean bladder overactivity of 63 cmH,0O (SD
33 emH,0); overactive bladder (OAB) was present in 13%,
with mean activity of 30 cmH,O (SD 12 cmH,0). Detrusor
areflexia was seen in 23% of patients, and vesicoureteral re-
flux was reported in 6%.
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Before the first pregnancy, 54% of women used intermit-
tent catheterization, but reflex triggering (25%) and bladder
expression (23%) were also reported. Ul was common (38%).
Pharmaceutical treatments were used for bladder overactivity
by 42% of women, mainly oxybutynin immediate release (IR;
38%), which is the most commonly reimbursed anticholiner-
gic agent in Italy. Table 3 describes details of bladder manage-
ment methods before pregnancy.

Bladder management methods and complications
during pregnancy

One or more methods were practiced for bladder voiding,
and methods changed during 45% of first and 55% of
second pregnancies. The most common changes were in-
creased use of intermittent catheterization and use of an
indwelling catheter. Most reported changes occurred early
in the pregnancy, particularly the first trimester (data not
shown). Of women who used antimuscarinics (N= 22),

Table 3  Bladder management before pregnancy
Variables First Second
pregnancy pregnancy
N=52 N=13
Bladder-management method, N (%)*
Bladder reflex triggering 13 (25.0%) 3 (23.1%)
Bladder expression 12 (23.1%) 4 (30.8%)
Intermittent catheterization 28 (53.8%)° 5 (38.5%)
1-3 times per day 4 (14.3%) 1 (20.0%)
4-6 times per day 21 (75.0%) 4 (80.0%)
7-8 times per day 2 (7.1%) -
Other 3 (5.8%)°
Incontinence, N (%) 20 (38.5%) 7 (53.8%)
Urgency 10 (19.2%) 2 (28.6%)
Stress 6 (11.5%) 4 (57.1%)
Other 5(9.6%)
Pads per day
1-3 5(9.6%) 1 (7.7%)
>4 7 (13.5%) 3 (23.1%)
Drug treatment, N (%) 22 (42.3%) 5 (38.5%)
Oxybutynin 20 (38.5%) 5 (38.5%)
Trospium chloride 1 (1.9%) -
Botox injections 5(9.6%) 1 (7.7%)
Sacral neuromodulation 1 (1.9%) -

# Multiple-choice question enabled >1 response for women who voided in
amixed manner (e.g., bladder expression and intermittent catheterization)

® Clean intermittent self-catheterization was performed by 27 individuals;
one had assisted clean intermittent catheterization

¢ Unspecified by two patients; specified as total incontinence by one pa-
tient before first pregnancy
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most (N= 18) discontinued therapy during pregnancy,
whereas four continued on oxybutynin IR (two pregnan-
cies in one case) and delivered healthy babies. Details
related to change in bladder management are reported in
Table 4.

Among the 65 pregnancies, 31 UTIs were reported (48% of
pregnancies). Recurrent UTIs, defined as three or more epi-
sodes, were common, occurring in 21% of women during their
first pregnancy and 15% during their second. Details related to
complications are reported in Table 5. The number of UTIs
was evaluated in relation to SCI severity. Recurrent cystitis
and acute pyelonephritis were common in association with
cervical and thoracic SCls; during first pregnancies, acute py-
elonephritis was reported in 36% of tetraplegic patients with
cervical SCI but only 7% of paraplegic patients with thoracic
SCI (two-tailed P value =0.0385, Fisher’s exact test)
(Table 6).

In addition to UTI, new or worsening Ul was reported
during 46% of pregnancies (Table 5). Most problems relating
to incontinence occurred in the second half of pregnancy.
Participants also reported other injury-related complications,
such as breathing difficulties, autonomic dysreflexia, worsen-
ing of bowel dysfunction, worsening of spasticity, and loss of
independence (Table 5).

For some (N= 16) women in the study, a gynecologist
worked in collaboration with the SCI unit. Only a few women

Table 4 Bladder management during pregnancy

Variables First Second
pregnancy pregnancy
N=52 N=13
Change in bladder management®, N (%) 23 (45.1%)" 6 (54.5%)"
Intermittent catheterization 10° (43.5%) 4° (66.7%)
Indwelling catheter 521.7%) 1 (16.7%)
Bladder reflex triggering 3 (13.0%) -
Bladder expression 2 (8.7%) 1 (16.7%)
Other 4 (17.4%) 29 (33.3%)
Drug treatment, N (%)
No drugs 30 (57.7%) -
Stopped 18 (34.6%) 4 (30.8%)
Partially stopped 1(1.9%) -
Continued use 3 (5.8%) 1(7.7%)

# Data missing from one patient from first pregnancy (N=51), and two
patients from second pregnancy (N = 11).; multiple-choice question en-
abled >1 response for women who voided in a mixed way (e.g., bladder
expression and intermittent catheterization)

®Increased frequency was reported by eight patients, i.e., 6.25 (5-8)
catheters per day

Increased frequency was reported by two patients, with five and seven
catheters per day

9 Two patients reported stopping bladder expression
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Table 5 Complications during pregnancy

Variables First Second
pregnancy pregnancy
N=52 N=13

UTL, N (%)

Events 25 (48.1%) 6 (46.2%)

Recurrent (>3 events) 11 (21.2%) 2 (15.4%)

With fever >38 °C (i.e., pyelonephritis) 8 (154%) 2 (15.4%)

Antibiotic treatment 19 (36.5%) 2 (15.4%)

Incontinence, N (%)

New or worsened 24 (46.2%) 6 (46.2%)
Urgency 11 (45.8%) 4 (66.7%)
Stress 5(20.8%)  3(50.0%)
Uncertain 8(333%) -

General, N (%)

Autonomic dysreflexia 3 (7.9%)*
Pressure ulcers 1 (2.6%)"
Breathing difficulties 4(10.3%)°
Edema of lower limbs 12 (31.6%)*
Pressure stockings 10 (26.3%)*

Bowel management

Worsening 16 (41.0%)°
Spasticity

Worsening 7 (18.4%)*
Loss of autonomy 19 (50.0%)*

UTI urinary tract infection
? Data missing from 14 patients (N = 38)
° Data missing from 13 patients (N = 39)

(N= T7) reported follow-up by a gynecological expert in the
SCI unit. Few patients reported having received information
on the risks and complications associated with pregnancy—
such as autonomic dysreflexia (N = 4), deep-vein thrombosis
(N=10), and breathing difficulties (N= 5)—or on delivery
alternatives (N = 30).

Discussion
Summary of main findings

In this study, we analyzed real-life data from 67 pregnancies in
52 women with SCI, covering a period of almost 40 years
(1976-2013). Most pregnancies were associated with a rea-
sonable level of risk and the delivery of healthy neonates,
confirming previous conclusions that sustaining an SCI is
not a contraindication for pregnancy. However, complications
do occur in these pregnancies. This study focused and data on
specific complications related to bladder dysfunction. Results
showed that bladder dysfunction complications are common
and often warrant changes in the management of neurogenic
bladder during pregnancy: half of the women participating
had to change their bladder voiding method, and the most
common solution was to initiate/increase use of intermittent
catheterization or use an indwelling catheter.

Previously published literature

Our results confirm a number of findings reported in previous
publications and also raise new questions. Pregnancy affects
LUTS, as shown by van Brummen et al. that 74% of able-
bodied women report pollakiuria during pregnancy and 63%
report urinary urgency from week 12 onward, as well as an
increase in UI with increasing gestational age [21]. LUTS in
pregnancy are considered to have a multifactorial origin, and
the underlying causes include pressure exerted by the uterus on
the bladder, alteration of urine production, and changes in
bladder capacity [22]. Pregnancy-related LUTS is expected
to affect women with SCI to a wider extent than healthy wom-
en. This is especially true for those with overactive neurogenic
bladder who discontinue use of antimuscarinics to avoid fetal
exposure/toxicity. However, limited information is available
relating to bladder management during pregnancy in women
with SCI [5]. Our results seem to provide evidence that new or

Table 6 Subgroup analysis by
level of injury

Level of injury 1st pregnancy 2nd pregnancy
N (%) N (%)
UTI UTI (pyelonephritis) UTI UTI (pyelonephritis)
Cervical C1-C7 (N=11) 4 (36%)* 4 (36%)° 1 -
Thoracic T1-T12 (N=29) 15 (52%) 2 (7%) 5 2
Lumbar L1-L5 (N=06) 3 (50%) 1 (17%) - -
Sacral SI-S5 (N=2) 1 (50%) 1 (50%) - -
Missing (N=4) 2 (50%) - - -

UTT urinary tract infection

# Comparison of cervical versus thoracic two-tailed p value 0.4882, Fisher’s exact test

® Comparison of cervical versus thoracic two-tailed p value 0.0385, Fisher’s exact test
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worsening Ul can be expected in 46% of pregnant women with
SCI and that this worsening requires changes in bladder-
management methods. Despite these complications, 25% of
women in our study had more than one pregnancy, demonstrat-
ing acceptance of the associated symptoms and risks.

Approximately half of the women in our study experienced
UTI during pregnancy, which is consistent with rates reported
in the literature. Pregnancy in itself increases the risk of UTT;
in women without SCI, UTI is generally the most common
complication of pregnancy, and bacteriuria is associated with a
1-2% increase in the risk of developing acute pyelonephritis,
which is associated with adverse maternal and fetal outcomes
[23]. The risk of UTI in pregnancy is higher in women with
SCI than without owing to neurogenic bladder [9]. Consistent
with this, many patients in our study also had recurrent UTIs.
Importantly, a high proportion of women who experienced
UTIs developed pyelonephritis (~15% in first and second
pregnancies), confirming that this common complication must
be taken seriously with appropriate precautions and/or
monitoring.

Continuation of antimuscarinic treatment during pregnancy
in women with SCI needs to be further investigated. In our
study sample, four women continued to use antimuscarinics
during five pregnancies, and none of their babies experienced
adverse effects. However, we recommend that clinicians con-
tinue to carefully consider all relevant pros and cons. For
example, continued treatment of an OAB to avoid recurrent
UTI needs to be weighed carefully against the potential harm
that a drug might cause to the fetus [24].

Preterm delivery (before 37 completed weeks of gestation)
can be expected in women with SCI. In keeping with previ-
ously reported results [3, 4, 10—12], preterm delivery occurred
in 48% of pregnancies in our study, including a single, very
preterm, delivery before week 32. Although this is higher than
the normal rate of preterm delivery, these observations may
question the general notion of high rates of preterm delivery in
patients with SCI. Notably, neonates were generally healthy,
and breastfeeding was possible for most mothers. Median
birthweight (2.8 kg) was consistent with previous reports [4]
and was lower than the average birthweight in the general
population, as would be expected with this level of preterm
birth.

Delivery mode in women with SCI is unpredictable. The
number of Cesarean deliveries is known to be relevant in the
SCI population [4, 10, 12], with estimates ranging from 20 to
69% [4]. Cultural differences between countries may affect
this rate [10]. In our patient sample, the number of Cesarean
deliveries was as high as 83-90%, even though relevant
guidelines and published results support vaginal delivery as
an option for women with SCI [9, 16, 17]. The number of
Cesarean sections in our study may be related to the historical
timeframe of data collection (1976-2013) and the lack of re-
ports of specific care of pregnant women with SCI prior to the
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1990s; notably, only 23 women in our study received follow-
up from a gynecologist who had experience of patients with
SCIs. Another contributing factor to the high number of
Cesarean sections may have been the goal of controlled deliv-
ery for these potentially frail women to avoid autonomic
dysreflexia and to lower the risk of prolapse and UI [25].

Significance and implications for clinical practice

Our results highlight the importance of increasing awareness
of and focus on bladder management in pregnant women with
SCI. Approximately half of the women in this study experi-
enced UTI during pregnancy and had new or worsening UL In
general, we agree with previous proposals for a multidisciplin-
ary approach to managing pregnancy in patients with SCI and
to the use of standardized treatment programs [7, 12—14].
Findings with our cohort suggest considerable scope for im-
provement in areas such as providing information to patients
regarding risks associated with pregnancy, as well as collabo-
ration between gynecologist experts and SCI unit, when car-
ing for pregnant women with SCI.

Because approximately half the patients in our study expe-
rienced UTI during pregnancy, and many had recurrent UTIs,
measures for preventing infection need to be considered both
before and during pregnancy. First, all pregnancies in patients
with SCI should be monitored by referring physicians to en-
sure the patient receives personalized care adapted to specific
neurological conditions and types of injury. Second, given the
association between the use of indwelling catheters and UTI,
both for neurogenic bladder in general [26] and for pregnant
women with SCI in particular [5, 19], we recommend
avoiding indwelling catheters in favor of intermittent catheter-
ization whenever possible. Initiation or increased frequency of
intermittent catheterization can be considered for treatment of
pregnancy-related polyuria and storage LUTS. Revision of the
catheterization technique or changing catheter type may be
necessary. Owing to the increasing risk of infection by
antibiotic-resistant bacteria, especially among the common
pathogens that cause UTIs [27], a focus on prevention rather
than antibiotic treatment is important. Proposals include
weekly oral cycling of antibiotics [20], botulinum-toxin injec-
tions to reduce bladder overactivity before pregnancy [28],
and the use of intravesical aminoglycosides can be considered
in some cases [29]. Catheters with hydrophilic coatings have
been identified as a cost-effective contribution toward the pre-
vention of infection among intermittent-catheter users [30].
These procedures are part of standard care in the Italian clinics
in our study and should also be considered in other settings.

Limitations

This study was limited by its observational design, so that any
conclusions relating to causality should only be considered as
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hypothetical, requiring further verification in prospective,
controlled trials. The study design also limited the amount of
available data, because retrospective collection prevented as-
certainment of missing variables, which may potentially have
affected the final interpretation of results. In spite of these
limitations, we believe that our results provide valuable infor-
mation given the limited availability of data in this field and
the challenges of systematic research in the target population.

Conclusion

In conclusion, our results support previously published data
indicating that pregnancies in patients with SCI generally have
good outcomes with acceptable levels of risk. Our results sug-
gest the importance of increased awareness of (and focus on)
bladder issues, which are the most common complications
seen these patients. Bladder-management changes during
pregnancy occurred in approximately half of our cohort and
mainly consisted of initiation or increased use of intermittent
catheterization. In general, there is room for improvement in
standardized care for pregnant women with SCI.
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