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Abstract

Background: Water immersion during the first stage of labor can reduce the length of the first stage and epidural/
spinal analgesia use; however, there is limited information regarding other outcomes. Our purpose was to compare
maternal and neonatal outcomes of women who underwent water immersion during the first stage of labor with
those who underwent conventional labor and delivery.

Methods: Healthy primipara with singleton pregnancies and cephalic presentation were included in the study.
Patients were allowed to choose water immersion during labor or conventional labor and delivery. For water
immersion, the water temperature was maintained at 35-38°C and subjects left the tub on complete cervical
dilatation. A visual analogue scale (VAS) was used to assess pain during labor. Other outcome measures included
duration of labor, type of delivery, blood loss, pelvic floor dysfunction and symptoms of stress urinary incontinence
(SUI) at 42 days after delivery, infant Apgar scores, and need for transfer of the infant to the neonatal intensive
care unit.

Results: Thirty eight subjects (mean age, 28.66 ± 3.08 y) received water immersion and 70 (mean age, 27.89 ± 2.99 y)
underwent conventional labor and delivery. There were no differences in maternal height, weight, age,
gestational age, gravidity, and newborn weight between the groups (all, p>0.05). VAS pain scores were significantly
greater in the conventional labor group at 30 min and 60 min after a cervical dilatation of 3 cm (30 min: 10 [9, 10]
vs. 6 [5, 8]; 60 min: 10 [10, 10] vs. 7 [6, 8], respectively, both, p<0.001). The duration of labor and postpartum
bleeding were similar between the groups (all, p>0.05). The cesarean section rate was higher in the conventional
labor group (32.9% vs. 13.2%, p=0.026). The 1-minute and 5-minute Apgar scores were similar between the groups.
Maternal and neonatal culture results were similar between the groups. SUI symptoms at 42 days after delivery was
significantly higher in the conventional labor group (25.5% vs. 6.1%, respectively, p=0.035).

Conclusions: Water immersion can reduce labor pain, and is associated with a lower rate of cesarean delivery and SUI
symptoms at 42 days.

Keywords: Water birth, Water immersion during labor, Analgesia, Labor duration, Puerperal infection
* Correspondence: zjp2570@126.com
†Equal contributors
1Department of Obstetrics and Gynecology, Sun Yat-sen Memorial Hospital
of Sun Yat-sen University, No 107, Yanjiang West Road, Guangzhou, Guangdong
510120, China
2Key Laboratory of malignant tumor gene regulation and target therapy of
Guangdong Higher Education Institutes, Sun Yat-sen University, Guangzhou,
Guangdong, China
Full list of author information is available at the end of the article

© 2014 Liu et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

mailto:zjp2570@126.com
http://creativecommons.org/licenses/by/2.0
http://creativecommons.org/publicdomain/zero/1.0/


Liu et al. BMC Pregnancy and Childbirth 2014, 14:160 Page 2 of 7
http://www.biomedcentral.com/1471-2393/14/160
Background
In a water birth, the woman labors and delivers in a
tub of warm water. Studies have shown that water birth
is associated with shorter labor, less use of analgesics,
and less severe vaginal and perineal lacerations [1-6].
Warm water reduces the release of catecholamines in
the body, increases uterine perfusion, enhances uterine
rhythmic contractions, accelerates cervical dilation, and
shortens the duration of labor [7,8]. Warm water can
also increase the flexibility of the birth canal and peri-
neum, facilitate the extension of the perineum and the
birth canal, and reduce the pain of uterine contractions
[1,7,9]. The disadvantages of water birth are that the
perineum cannot be protected and episiotomy cannot
be performed, the risk of perineal laceration is high,
and continuous fetal heart rate monitoring cannot be
performed in water. The newborn may also inhale con-
taminated water, which may increase the risk of neonatal
aspiration syndrome and neonatal asphyxia [10].
Water immersion during the labor refers to immersion

in water during only the first stage of labor; the delivery
is not performed in the water. Water immersion may
provide the advantages described above without the po-
tential risks associated with water birth. This purpose of
the study was to compare the maternal and neonatal
outcomes of women who underwent water immersion
during the first stage of labor with those who underwent
conventional labor and delivery.

Methods
Subjects
Healthy primipara with singleton pregnancies and ceph-
alic presentation who were hospitalized at Obstetrical
Department of Sun Yat-sen Memorial Hospital, Sun
Yat-sen University for delivery from June 2009 to February
2011 were included in the study. The hospital is a tertiary
care hospital that performs approximately 2,000 deliveries
per year. At our hospital, water immersion is an option
for all patients, However, because of traditional Chinese
believe that mother should avoid water and based on
our rather restrict inclusion and exclusion criteria listed
below, less than 100 cases choose water immersion ser-
vice. Patients were allowed to choose water immersion
during labor or conventional labor and delivery. Inclu-
sion criteria were 1) regular prenatal examinations at
the outpatient clinic; 2) between 20 to 35 years of age;
3) gestation age ≥ 37 weeks and < 42 weeks; 4) estimated
fetal weight ≥ 2,500 g and < 3,500 g; and 5) no contrain-
dications to vaginal delivery. Exclusion criteria were 1)
pelvis stenosis; 2) complications of pregnancy making
vaginal delivery contraindicated; 3) infectious diseases
including hepatitis B, hepatitis C, syphilis, and HIV
infection); and 4) untreated vaginal infection. This study
was approved by the Institutional Review Board of
the hospital and all patients provided written in-
formed consent.

Water immersion during labor
A vaginal examination was performed to 1) assess cervical
dilation, cervical hardness, and cervical edema; 2) deter-
mine fetal position, fetal presentation, and whether overlap-
ping cranial sutures were present; 3) to determine if
rupture of membranes had occurred and 4) to perform
internal pelvic measurements to assess for the possibility
of cephalopelvic disproportion. If a subject chose water
immersion and there were no contraindications, a soapy
water enema was administered and the patient showered
before the cervix was dilated to 3 cm. After the cervix di-
lated to 3 cm, the subject entered the warm water tube.
During water immersion the subject was accompanied by
her spouse or significant other and the obstetrician or mid-
wife, and she was encouraged to drink water. Attention was
paid to symptoms of dehydration (including rapid heart
rate, hidrosis, dizziness, and nausea and vomiting) to avoid
circulatory failure. The water temperature was maintained
at 35-38°C. The subject was encouraged to leave the tub
and rest for 30 minutes after every 2 hours of water
immersion. Patients were not allowed to enter the water
until they were dilated 3 cm in order to reduce the time in
the warm water. Bathing in warm water results in dilation
of blood vessels on the body surface, which can potentially
result in tachycardia and hypotension, as well as dehydra-
tion. Patients were required to leave the tub intermittently
to minimize the possibility of this. The patient was removed
from the tub if she experienced abnormal discomfort, felt
too hot or cold, if their heart rate or blood pressure were
abnormal, or if the fetal heart rate tracing was abnormal.
The fetal heart rate was measured once every 15 min

during water immersion, and maternal blood pressure,
pulse, respiration, and blood oxygen were measured once
every 30 minutes. Fetal heart rate was monitored in one of
2 ways. The first is the use of a waterproof Doppler probe.
Second, the water immersion tub has different depth levels
and thus the abdomen can be exposed out of the water
and a standard fetal heart rate monitor can be used. At
our hospital, a waterproof Doppler probe is more com-
monly used. For determination of blood pressure, the
woman’s arm can be rested on the edge of the tub and
blood pressure can be measured with a standard elec-
tronic sphygmomanometer. This also applies to measuring
oxygen saturation. Vaginal examinations were performed
when deemed necessary by the obstetrician or midwife.
After full cervical dilatation the subject left the tub and
was placed on a normal delivery bed.

Outcome measures
A visual analogue scale (VAS) was used to assess pain
during labor. Pain was scored on a scale of 0 to 10 with



Table 1 Subject demographic and clinical characteristics
and neonatal outcomes

Variables Water Immersion
(n = 38)

Conventional
Labor (n = 70)

p-value

Age, y 28.66 ± 3.08 27.89 ± 2.99 0.207

Height, cm 159.66 ± 4.41 160.24 ± 4.4 0.513

Weight, kg 66.09 ± 7.48 65.17 ± 7.77 0.553

Gestational age, wk 39.73 ± 1.02 39.59 ± 1.00 0.492

Gravidity 1.39 ± 0.64 1.57 ± 0.81 0.247

Delivery method 0.026*

Vaginal 33 (86.8) 47 (67.1)

Cesarean 5 (13.2) 23 (32.9)

Transfer to pediatrics unit 0.568

Yes 4 (10.5) 11 (15.7)

No 34(89.5) 59 (84.3)

Newborn weight, g 3266.71 ± 317.52 3230.71 ± 356.53 0.604

Newborn Apgar score

1 minute 10 (9 , 10) 10 (9 , 10) 0.333

5 minute 10 (10 , 10) 10 (10 , 10) 0.231

Continuous data were summarized as mean ± standard deviation (SD) for
normally distributed data and median (interquartile range [IQR] for non-normally
distributed data; categorical data were summarized as number (percentage).
*p < 0.05, indicates statistically significant difference between groups.
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0 = no pain and 10 = worst pain imaginable. Pain scores
were assessed when the cervical dilatation was 3 cm be-
fore entering the tub, and 30 and 60 minutes after enter-
ing the tub. Pain scores were measured at 30 and
60 minutes after entering the tub for 2 reasons. 1) It takes
about 30 minutes for the analgesia effect of the warm
water to occur. 2) As suggested by the results of a prior
study, the analgesic effect of the water immersion is stable
after 30 minutes, and the effect didn’t change dramatically
after immersion, therefore a 30-minute interval (60 mi-
nutes in the tub) was chosen for statistics analysis.
Culture specimens were obtained from the posterior

fornix of the vagina 24 hours after delivery for subjects
in both groups that delivered vaginally. Culture speci-
mens from all neonates were collected from the poster-
ior pharyngeal wall. Specimens were immediately placed
in a sterile culture tube and sent for routine bacterial
culture and identification. If no colony growth was ob-
served at 48 hours, the culture was considered negative.
Other outcome measures included duration of labor,
type of delivery, blood loss, pelvic floor dysfunction and
symptoms of stress urinary incontinence (SUI) at 42 days
after delivery, infant Apgar scores and need for transfer
of the infant to the neonatal intensive care unit. After
childbirth, the subjects who chose water immersion
completed a survey on maternal satisfaction, and they
were asked whether they would choose water immersion
during labor again for their next delivery.

Statistical analysis
Continuous data were summarized as mean ± standard de-
viations (SD) for normally distributed data and median
(interquartile range [IQR]: 1st and 3rd quartiles) for non-
normally distributed data. Categorical data were summa-
rized as number (percentage). Differences between groups
were compared using two-sample t-test for continuous
data with a normal distribution and Mann–Whitney U test
for non-normally distributed data. Pearson Chi-square
test or Fisher’s exact test, as appropriate, was used to com-
pare categorical data. All statistical assessments were
two-tailed, and a value of p < 0.05 was considered to in-
dicate statistical significance. Statistical analyses were
performed using SPSS 17.0 statistics software (SPSS
Inc., Chicago, IL, USA).

Results
A total of 108 subjects who met the inclusion criteria
were enrolled in this study; 38 received water immersion
during labor and 70 underwent conventional labor and
delivery (Table 1). The mean maternal age in the water
immersion group was 28.66 ± 3.08 y and in the conven-
tional labor group was 27.89 ± 2.99 y (p > 0.05). There
were no differences in maternal height, weight, gestational
age, gravidity, and newborn weight between the groups
(all, p > 0.05). The cesarean section rate was significantly
higher in the conventional labor group (32.9% vs. 13.2%,
respectively, p = 0.026) (Table 1). The indications for
cesarean delivery in the water immersion group were
fetal distress (n = 3), persistent occiput transverse position
(n = 1), and prolonged second stage of labor (n = 1), and
the indications in the conventional labor group were
requested caesarean section for pain or social reasons
(n = 8), fetal distress (n = 6), prolonged second stage (n = 5),
and persistent occiput transverse position (n = 4) (data
on file). The 1-minute and 5-minute Apgar scores were
similar between the 2 groups (p = 0.333 and 0.231, re-
spectively). Four (10.5%) infants in the water immersion
group and 11 (15.7%) required transfer to the pediatrics
unit after delivery (p = 0.568).
Intra- and postpartum data of the 80 subjects that de-

livered vaginally (33 in water immersion group and 47 in
the traditional group) are shown in Table 2. VAS pain
scores were significantly greater in the conventional
labor group at both 30 min and 60 min after a cervical
dilatation of 3 cm (30 min: 10 [9, 10] vs. 6 [5, 8]; 60 min:
10 [10] vs. 7 [6, 8], respectively, both, p < 0.001). The
duration of each stage of labor was similar between the
2 group, as was the amount of intra- and postpartum
bleeding (all, p > 0.05). The rate of SUI symptoms at
42 days after delivery was significantly higher in the con-
ventional labor group than in the water immersion
group (25.5% vs. 6.1%, respectively, p = 0.035).



Table 2 Intra- and postpartum outcomes of 80 subjects
that had vaginal deliveries

Variables Water Immersion
(n = 33)

Conventional
Labor (n = 47)

p-value

Duration of labor, min

First stage 596.55 ± 249.71 552.30 ± 241.85 0.429

Second stage 58.79 ± 31.37 56.04 ± 35.15 0.720

Third stage 10.88 ± 6.14 9.94 ± 5.24 0.463

Total 666.55 ± 259.70 618.32 ± 252.30 0.408

Bleeding, mL

Intrapartum 188.79 ± 107.03 205.32 ± 152.37 0.593

24 h postpartum 324.39 ± 125.84 367.02 ± 239.72 0.353

VAS pain score

Cervical dilation of 3 cma 10 (7 , 10) 10 (8 , 10) 0.776

30 min after cervical
dilation of 3 cmb

6 (5 , 8) 10 (9 , 10) <.001*

60 min after cervical
dilation of 3 cmc,d

7 (6 , 8) 10 (10, 10) <.001*

Pelvic floor dysfunction

SUI symptoms during
pregnancy

6 (18.2) 15 (31.9) 0.169

SUI symptoms 42 days
postpartum

2 (6.1) 12 (25.5) 0.035*

POP 42 days postpartum 8 (24.2) 12 (25.5) 0.896

Pelvic floor muscle
strength 42 days
postpartum

0.766

0 3 (9.1) 4 (8.5)

1 6 (18.2) 8 (17.0)

2 11 (33.3) 15 (31.9)

3 12 (36.4) 18 (38.3)

4 1 (3.0) 2 (4.3)

VAS, visual analogue scale; SUI, stress urinary incontinence; POP, pelvic
organ prolapse.
Continuous data were summarized as mean ± standard deviation (SD) for
normally distributed data and median (interquartile range [IQR]) for non-
normally distributed data; categorical data were summarized as
number (percentage).
aExperimental group, VAS evaluation when cervical dilation of 3 cm before
entering the tub; conventional group, VAS evaluation when cervical dilation
of 3 cm.
bExperimental group, VAS evaluation 30 min after cervical dilation of 3 cm and
in the tub; conventional group, VAS evaluation 30 min after cervical dilation
of 3 cm.
cExperimental group, VAS evaluation 60 min after cervical dilation of 3 cm and
in the tub; conventional group, VAS evaluation 60 min after cervical dilation
of 3 cm.
dComplete data were not available for 12 subjects (5 in water immersion
group and 7 in conventional labor group) due to the subject leaving the water
tank or completing delivery.
*p < 0.05, indicates statistically significant difference between groups.
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Maternal vaginal and neonatal oral culture results are
shown in Table 3. Maternal vaginal cultures were positive
in 5 patients in the water immersion group and 7 in the
conventional labor group. In the water immersion group,
2 cultures were positive for Gram-positive bacilli and one
was positive for Streptococcus agalactiae, Escherichia coli/
Enterococcus faecalis, and fungi, respectively. In the con-
ventional labor group 3 cultures were positive for
Gram-positive bacilli, 2 for fungi, and 1 for Staphylococcus
lugdunensis and Group B Streptococcus, respectively. Neo-
natal oral swab culture results were positive in 1 infant
in the water immersion group and 2 in the conven-
tional labor group. The culture in the water immersion
group was positive for Escherichia coli/Enterococcus
faecalis, and the 2 in the conventional labor group were
positive for Gram-positive bacilli.
After childbirth, the subjects who experienced water

immersion completed a survey on maternal satisfaction;
2 of the 38 subjects were very satisfied and 36 were sat-
isfied with the effect of water immersion during labor
(data not shown).

Discussion
The results of this study comparing water immersion
during labor with conventional labor and delivery
showed that water immersion during the labor can re-
duce the labor pain and is associated with a lower rate
of cesarean delivery. Water immersion does not increase
the rate of maternal or neonatal infections, but is associ-
ated with a lower rate of SUI symptoms at 42 days post-
partum. At our hospital, all patients know about the
water immersion service and based on the inclusion and
exclusion criteria used in this study they are allowed to
decide if they want to undergo water immersion.

Analgesic effect of water immersion during labor
An ideal analgesic technique can significantly reduce
pain during labor and childbirth, and have minimal im-
pact on the fetus and the labor process, and there are
both pharmacological and non-pharmacological methods
available [8]. Regional anesthesia (epidural analgesia, spinal/
epidural block, and continuous subarachnoid anesthesia)
is the most effective labor analgesic method with the
least sedative effects [8,11,12]. Of the regional anesthetic
methods, epidural analgesia is safe and has little impact
on the mother and child. Its administration relatively
simply, its onset of action is rapid and the effects are
reliable effects, the motor nerve block is mild, uterine
contractions are not affected, and it allows cesarean delivery
and assisted delivery when necessary. In 2006, American
College of Obstetrics and Gynecology (ACOG) and the
American Society of Anesthesiologists (ASA) reached a
consensus that labor analgesia can be given as long as the
patient has requested analgesia, and epidural anesthesia
is the preferred method. However, the use of regional
anesthesia and other pharmacological methods is affected
by varying concepts of labor analgesia in different
countries [13]. Although pharmacological methods of
analgesia (regional anesthesia and systemic drugs such



Table 3 Maternal and neonatal bacterial culture results

Maternal vaginal swab 24 h after delivery Neonatal oral swab

Water immersion
(n = 33)

Conventional
labor (n = 47)

p-value Water immersion
(n = 33)

Conventional
labor (n = 47)

p-value

Total positive 5 7 1.000 1 2 1.000

Gram-positive bacilli 2 (6.1) 3 (6.4) 0 (0) 2 (4.3)

Streptococcus agalactiae 1 (3.0) 0 (0) 0 (0) 0 (0)

Escherichia coli/Enterococcus faecalis 1 (3.0) 0 (0) 1 (3.0) 0 (0)

Fungi 1 (3.0) 2 (4.3) 0 (0) 0 (0)

Staphylococcus lugdunensis 0 (0) 1 (2.1) 0 (0) 0 (0)

Group B Streptococcus 0 (0) 1 (2.1) 0 (0) 0 (0)

Data were summarized as number (percentage).
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as meperidine) have a rapid onset of action and prominent
analgesic effects, their side effects and complications can-
not be ignored [12]. Non-pharmacological methods of
labor analgesia include Doula support during labor and
delivery, music therapy, postural changes, water immersion
and birth, and acupuncture [8,12]. Non-pharmacological
analgesic methods are simple to administer and have no
side effects or adverse effects on the mother and child. They
have gradually become popular; however, their efficacy still
requires more comprehensive and in-depth research.
Cluett et al. [9] collected and analyzed the data of ran-

domized controlled trials on water immersion during
labor, and the results showed that water immersion during
labor can alleviate labor pain and reduce the use of analge-
sics. Other studies have also indicated that immersion in
water during labor and delivery can reduce the analgesic
requirements of the mother without adverse effects on
the neonate [2-4,14,15]. Our results also showed that
VAS pain scores were significantly lower in the water
immersion group than in the conventional labor group.
Various theories have been postulated to explain why
water immersion can reduce the pain of labor. The body's
average specific gravity is less than that of water, thus the
patients is in a relative state of weightlessness which
allows the patient to assume various positions that are
relaxing and comfortable. This, combined with the warmth
of the water can produce a sedative effect which can allevi-
ate stress and anxiety [7,8]. In addition, water immersion
has been shown to decrease the secretion of catechol-
amines and other stress-related hormones [1]. Compared
with regional analgesia, water immersion during the labor
is convenient, comfortable, and has no side effects. No
anesthesiologist is required, and there is no risk of trauma
or the complications of anesthesia. Thus, water immersion
during the labor is a relatively ideal method for providing
analgesia during labor.

Water immersion and birth outcomes
Unnecessary cesarean deliveries increase medical costs
and as a major surgical procedure are associated with
complications. Social factors such as searching for a fas-
ter and pain-less way to delivery due to the labor pain
have been cited as one of the main reasons for the high
rate of cesarean deliveries [16]. Since water immersion
during the labor can alleviate labor pain and provide
more personalized services for the mother during labor,
it may reduce the number of cesarean deliveries per-
formed for social factors, thereby reducing the cesarean
section rate. Studies of water immersion during labor
and water birth have shown that water immersion dur-
ing labor is associated with a shorter labor as compared
with conventional labor and delivery in a bed [4,5,15,17]
as well as a lower cesarean delivery rate [15]. Cluett
et al. [18] also reported water immersion may reduce the
need for obstetrical interventions in women experien-
cing slow progress of labor (cervical dilatation < 1 cm/h
in the active phase of labor). Though our results did
not show a difference in the duration of labor between
the 2 groups, the cesarean delivery rate in the water
immersion group was significantly lower than that in the
conventional labor group (13.2% vs. 32.9%, respectively,
p = 0.026). Moreover, no cesarean deliveries in the water
immersion group were performed for social factors. In
our country, it is acceptable for a patient to request a
cesarean delivery during labor. This is not a standard
worldwide, but is part of our culture. In most cases pa-
tients request a cesarean section because of labor pain.
The lower number of cesarean deliveries in the water
immersion group supports the hypothesis that water
immersion reduces labor pain as there were no cesarean
deliveries performed for social reasons in the water
immersion group.
Our results showed that neonatal outcomes were not

different between the water immersion group and the
conventional labor group. The potential for adverse
neonatal outcomes has been an argument against water
immersion and water births [19]. However, a number of
studies have reported equivalent or better neonatal out-
comes (Apgar scores, requirement for neonatal intensive
care unit admission) for women that have undergone
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water immersion and water births as compared with those
who have undergone conventional labor and delivery
[2-4,20].

Protective effect of water immersion during labor on
pelvic floor function
Female pelvic floor dysfunction mainly includes pelvic
organ prolapse (POP) and SUI, and there are no studies
specifically examining the potential protective effects of
water immersion during labor on pelvic floor function.
Warm water immersion can reduce the pressure differ-
ence between the inside and outside vagina and improve
the elasticity of the perineum, thereby reducing the pos-
sibility of damage to the birth canal [1,7]. Warm water
can also increase the perineal blood circulation and may
reduce damage caused by ischemia and hypoxia. Thus,
theoretically water immersion during the labor can reduce
pelvic floor tissue injury and subsequent pelvic floor dys-
function. Studies have shown that water immersion and
water birth are associated with a lower use of episiot-
omy and less severe vaginal and perineal injuries than
conventional labor and delivery [2-4,17]. The results of
this study showed that the incidence of SUI symptoms
at 42 days after childbirth in the water immersion group
was significantly lower than that in the conventional
labor group (6.1% vs. 25.5%, respectively, p = 0.035),
suggesting that water immersion during the labor pro-
vides a protective effect on pelvic floor function at an
early stage postpartum.

Infections and water immersion
During water immersion, the water in the tub cannot be
completely sterile and thus there is concern that water
immersion during labor and water birth may increase
the rate of maternal and neonatal infections. Thoeni
et al. [5] reviewed 1,600 water births at a single institu-
tion over an 8 year period and reported that the neo-
natal infection rate of water births was similar to that of
conventional labor and deliver (1.22% vs. 2.64%, respect-
ively). Zanetti-Daellenbach et al. [21] compared the ma-
ternal and neonatal outcomes of women who received a
water birth, water immersion and then conventional va-
ginal delivery, and labor and deliver without immersion
and found that the maternal and neonatal infection
rates were similar in the 3 groups. Cluett et al. [9]
retrospectively studied 11 randomized controlled clin-
ical trials and concluded that water immersion during
the labor does not increase the rate of maternal and
neonatal infections. The results of this study showed
the positive rates of postpartum vaginal cultures and
neonatal pharyngeal cultures were not different be-
tween the 2 groups. These results indicated that water
immersion during the labor did not increase the risk of
maternal and neonatal infections.
Staff training for water immersion
Before beginning the service of water immersion during
labor, trained labor and delivery staff at our hospital re-
ceived 1 month of training at Urogynecology Center, C. H
Saint-Philibert Lille and Clinique Adassa at Strasbourg in
France. The staff obtained a certificate after passing the
examination, and mastering the key techniques. Experts
from the French hospital also came to our hospital for
training sessions with all of the staff which included lec-
tures, video presentations, and hands on training ses-
sions. Also, staff with infectious diseases or with any
type of skin lesion or dermatitis is excluded from caring
for patients undergoing water immersion. In addition,
those with physical conditions that prohibit them from
assisting patients into and out of the tub, such as joint
or spine diseases, do not care for patients undergoing
water immersion.
There are a number of limitations to this study that

should be considered. First, patients were allowed to choose
water immersion or conventional labor, thus they were not
randomized. Patients that choose water immersion may
have had a bias towards believing that water immersion
would be beneficial. However, the 2 groups were similar
with respect to baseline demographic and clinical char-
acteristics. In addition, the number of patients in the
water immersion group was small. There are a number
of reasons for this. 1) Water immersion is new and has
not been widely promoted, and Chinese women are not
familiar or trusting of it. The majority of mothers and
their families still prefer conventional delivery methods.
2) The exclusion criteria are strict. For example, hepa-
titis B virus carriers are excluded, and this condition is
common in the Chinese population. 3) The main ad-
vantage of water immersion before delivery is the anal-
gesia effect, however, other methods of analgesia, such
as Doula delivery, are available and patients are more
familiar with these methods. A post hoc power analysis
showed that the statistical power for detecting a differ-
ence in VAS pain score at both 30 min (traditional
vs water immersion: 9.43 ± 0.91 vs. 6.29 ± 1.39) and
60 min (traditional vs. water immersion: 9.86 ± 0.40 vs.
7.03 ± 1.18) was 99.9%. Thus, although the sample size
was small, the confidence is high that the difference
was significant.

Conclusions
In summary, the results of this study suggest that water
immersion during the labor can reduce labor pain and is
associated with a lower rate of cesarean delivery. Water
immersion does not appear increase the rate of maternal
or neonatal infections, but is associated with a lower rate
of SUI symptoms at 42 days postpartum. Water immersion
during the labor is an intrapartum service model that is
worthy of promotion and application.



Liu et al. BMC Pregnancy and Childbirth 2014, 14:160 Page 7 of 7
http://www.biomedcentral.com/1471-2393/14/160
Competing interests
The authors declare that they do not have any conflict of interest.

Authors’ contributions
We declare that all the listed authors have participated actively in the study
and all meet the requirements of the authorship. Yinglin Liu, Yukun Liu and
Jianping Zhang designed the study and wrote the protocol, Yinglin Liu,
Yukun Liu, Xiuzhi Huang and Peixian Huang performed research/study,
Chuying Du and Jing Peng managed the literature searches and analyses,
Xiuzhi Huang, Chuying Du and Peixian Huang undertook the statistical
analysis, Yinglin Liu, Yukun Liu wrote the first draft of the manuscript. All
authors read and approved the final manuscript.

Acknowledgement
This study was supported by grant of Science and Technology Project of
Guangdong Province (ID: 2010B080701011). Project name: The study of
pelvic floor muscle exercise during pregnancy and the protective effect of
water immersion before delivery for pelvic floor.

Author details
1Department of Obstetrics and Gynecology, Sun Yat-sen Memorial Hospital
of Sun Yat-sen University, No 107, Yanjiang West Road, Guangzhou, Guangdong
510120, China. 2Key Laboratory of malignant tumor gene regulation and target
therapy of Guangdong Higher Education Institutes, Sun Yat-sen University,
Guangzhou, Guangdong, China. 3Department of Obstetrics and Gynecology,
HuiZhou Municipal Central Hospital, Huizhou, PR, China. 4Department of
Obstetrics and Gynecology, GuangDong Women and Children Hospital,
Guangzhou, PR, China.

Received: 21 October 2013 Accepted: 26 April 2014
Published: 6 May 2014

References
1. Mackey MM: Use of water in labor and birth. Clin Obstet Gynecol 2001,

44:733–749.
2. Zanetti-Dällenbach R, Lapaire O, Maertens A, Holzgreve W, Hösli I: Water

birth, more than a trendy alternative: a prospective, observational study.
Arch Gynecol Obstet 2006, 274:355–365.

3. Geissbühler V, Eberhard J: [Experience with water births: a prospective
longitudinal study of 9 years with almost 4,000 water births].
Gynakol Geburtshilfliche Rundsch 2003, 43:12–18 [Article in German].

4. Otigbah CM, Dhanjal MK, Harmsworth G, Chard T: A retrospective
comparison of water births and conventional vaginal deliveries.
Eur J Obstet Gynecol Reprod Biol 2000, 91:15–20.

5. Thoeni A, Zech N, Moroder L, Ploner F: Review of 1600 water births. Does
water birth increase the risk of neonatal infection? J Matern Fetal
Neonatal Med 2005, 17:357–361.

6. Young K, Kruske S: How valid are the common concerns raised against
water birth? A focused review of the literature. Women Birth 2013,
26:105–109.

7. Schorn MN, McAllister JL, Blanco JD: Water immersion and the effect on
labor. J Nurse Midwifery 1993, 38:336–342.

8. Rooks JP: Labor pain management other than neuraxial: what do we
know and where do we go next? Birth 2012, 39:318–322.

9. Cluett ER, Burns E: Immersion in water in labour and birth. Cochrane
Database Syst Rev 2009, 2:CD000111.

10. Pinette MG, Wax J, Wilson E: The risks of underwater birth. Am J Obstet
Gynecol 2004, 190:1211–1215.

11. Schrock SD, Harraway-Smith C: Labor analgesia. Am Fam Physician 2012,
85:447–454.

12. Jones L, Othman M, Dowswell T, Alfirevic Z, Gates S, Newburn M, Jordan S,
Lavender T, Neilson JP: Pain management for women in labour: an
overview of systematic reviews. Cochrane Database Syst Rev 2012,
3:CD009234.

13. Mingjun X: Hot issues related to vaginal labor analgesia. Chin J Pract
Gynecol Obstet 2012, 2:110–115.

14. Eberhard J, Stein S, Geissbuehler V: Experience of pain and analgesia with
water and land births. J Psychosom Obstet Gynaecol 2005, 26:127–133.

15. Chaichian S, Akhlaghi A, Rousta F, Safavi M: Experience of water birth
delivery in Iran. Arch Iran Med 2009, 12:468–471.
16. Chang Y: Change in cesarean section rate and reasons for cesarean
section. Chin Mat Child Health 2009, 24:394–395.

17. Moneta J, Oknińska A, Wielgoś M, Przyboś A, Chrostowska J, Marianowski L:
[The influence of water immersion on the course of labor]. Ginekol Pol
2001, 72:1031103–1031106 [Article in Polish].

18. Cluett ER, Pickering RM, Getliffe K, St George Saunders NJ: Randomised
controlled trial of labouring in water compared with standard of
augmentation for management of dystocia in first stage of labour.
BMJ 2004, 328(7435):314.

19. Simpson KR: Underwater birth. J Obstet Gynecol Neonatal Nurs 2013,
42:588–594.

20. Eckert K, Turnbull D, MacLennan A: Immersion in water in the first stage
of labor: a randomized controlled trial. Birth 2001, 28:84–93.

21. Zanetti-Daellenbach RA, Tschudin S, Zhong XY, Holzgreve W, Lapaire O,
Hösli I: Maternal and neonatal infections and obstetrical outcome in
water birth. Eur J Obstet Gynecol Reprod Biol 2007, 134:37–43.

doi:10.1186/1471-2393-14-160
Cite this article as: Liu et al.: A comparison of maternal and neonatal
outcomes between water immersion during labor and conventional
labor and delivery. BMC Pregnancy and Childbirth 2014 14:160.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Water immersion during labor
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Analgesic effect of water immersion during labor
	Water immersion and birth outcomes
	Protective effect of water immersion during labor on pelvic floor function
	Infections and water immersion
	Staff training for water immersion

	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


