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Major adaptations occur in the maternal cardiovascular system during pregnancy and after delivery; knowledge of these changes is
essential to the health management of pregnant women. This paper presents a longitudinal study and proposes a methodology to
monitor daily pulse rates (PRs) and characterize the weekly changes in maternal PRs before and after delivery. PRs were recorded
during nightly sleep using an automatic monitoring system. PRs of the nonpregnant woman were taken as a reference. Weekly
PR properties were characterized by histogram and a two-Gaussian mixture model. A coupling use of sample entropy and pulse
rate was applied to cluster the stages during recovery period after delivery. Results depicted a profile of individual’s cardiac recovery
process in late pregnancy and after delivery.The results reveal thatmaternal PRs showdifferent patterns in various stages of recovery.
Later stages of recovery seemed to require a much longer period.The present study introduced a convenient approach in long-term
maternal cardiac condition monitoring.

1. Introduction

The maternal cardiovascular system undergoes remarkable
changes during pregnancy before and after delivery to
meet the increased metabolic demands of pregnancy [1–
5]. Recent laboratory studies have reported some specific
turning points during restoration when significant changes
of cardiac dynamics can be observed [1–3, 6–9]. However,
so far, the extent and the timing of cardiac recovery have
been a subject of debate. Heart rate (HR) was reported to
return slowly to baseline levels by 2–6 weeks postpartum
in some studies [1, 2, 6, 9–11]. In other studies, a continued
decrease in cardiac output was observed to last over the next
24 weeks [9]. However, there has also been concern that
the changes in cardiac function associated with pregnancy
might not ultimately return to prepregnancy levels [8, 9, 11].
The controversy was probably caused by different cohort
and protocols used in data collection. Apart from cardiac
adaptation, postpartum recovery can be influenced by many
other factors, such as physical and age differences, mode
of delivery, sufficient rest, appropriate exercise, and ample

supplies of nutrients. Besides, if sympathetic-predominant
autonomic balance is not smoothly recovered, postpartum
women might become vulnerable to external stressors and
may develop mental disorders which can inversely postpone
the cardiac recovery [12–14].

Previous studies on maternal HR were mostly based on
short durations [8, 15–17]. Few longitudinal analyses were
performed to assess continuous HR changes individually
during pregnancy. Even less information is available on how
these changes in the HR develop during the postpartum
period. The knowledge of these changes is essential to the
management of women with cardiovascular disease and
also helpful in health monitoring during and after normal
pregnancy [7, 8, 18, 19].

Conventional noninvasive techniques of electrocardio-
gram (ECG), echocardiography, and echo Doppler methods
can be used for the measurement of maternal cardiac activity
without risk or discomfort to the subject. However, they are
not suitable for daily application over a long-term period
because of high cost and complexity. In the current study,
we conducted a long-term observation of maternal pulse rate
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Figure 1: Experiment setting for long-term automatic data collection during sleep.

(PR) using a simple and low-cost sleep monitoring system
during late pregnancy and up to 1 year after delivery. Pulse
signal has been found as effective as ECG in measuring
the parameters of heart rate variability (HRV) [20], widely
applied for clinical physiological measurements [21–23], but
its application for maternal cardiology during pregnancy is
still rarely reported up to date. In this paper, the combined
use of histogram and a two-Gaussian mixture model was
applied to characterize weekly PR property. A coupling of
nonlinear dynamical analysis by sample entropy (SampEn)
and PR was used to classify stages after delivery. Some novel
information about maternal cardiac recovery can be revealed
by the introducedmodel and the combination of the features.
This study serves to introduce a convenient protocol in daily
PRmonitoring and explore the potential applications of daily
PR in revealing the progression of cardiac functions during
pregnancy and its restoration after parturition.

2. Materials and Methods

2.1. Subjects. A 30-year-old healthy nulliparous woman (BMI
before pregnancy: 21.2) with a singleton pregnancy was
enrolled in this study. One year of PR data from a healthy
nonpregnant female volunteer (BMI: 20.0) in her thirties
was studied for reference. She did not have a history of
pregnancy. Both subjects were free of any cardiac pathology
or smoking or drinking habits or suffered from anxiety. The
pregnant woman was in the absence of pregnancy induced
hypertension and did not take any medicine during the
recording period. She had a vaginal delivery and chose a
mixed feeding (breast and bottle) after delivery. From 35th
week postpartum, the baby had not lived with the mother.
Informed consents were obtained from both subjects.

2.2. Experiment Setting andData Collection. Both PR record-
ings were performed at each volunteer’s home during their

nightly sleep. Pulse signal was acquired by our own designed
sleep monitoring system as shown in Figure 1, and the details
of the system had been described in previous publications
[24, 25]. In order to facilitate usability in daily data collection,
the system was developed based on Internet for daily mea-
surement which causes neither restriction nor discomfort
and brings no intervention to users’ daily life. It can send
the data automatically to a database server through Internet
without any operations by the user so that a high rate in
daily data collection can be achieved over long term. This
system consisted of a sensor board, a bedside box, and a
network database server. The sensor board was installed
under the subject’s pillow to measure the occipital pressure
signals caused by heartbeats and respiratory movements.The
bedside box amplified the analog pressure signal, digitized
the signal at a sampling rate of 100Hz, and transmitted the
data stream continuously to a database server via an Internet
connection. This monitoring system was always in standby
state. It was switched on 30 s after the subject lay down in the
bed and was terminated and went back into standby mode
5min after the subject rose in the morning.

Digital signal processing for pulse wave peak detection
was implemented using a wavelet-based algorithm [26].
Figure 2 shows a sample of a raw pressure signal and the
corresponding reconstructed pulse waveform. The pulse
interval (PI) series was obtained as the sequence of the
times occurring between each pair of consecutive pulse wave
peaks.The corresponding PR (with unit of “beat perminute”)
can be computed by PR = 1 (minute) × 60 (s) × 1000
(ms)/PI (in ms) = 60000/PI (beat per minute). Performance
of PR detection from the pressure signal was evaluated on
the beat-by-beat basis using manual method by visually
comparing with detections from finger photoplethysmogram
measured simultaneously.The sensitivity and positive predic-
tivity of PR detection were 98.91% and 98.47%, respectively
[26].
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Figure 2: An example of fully detected beat-by-beat pulse rate in one minute from the pregnant woman. (a) The raw pressure signal, (b) the
reconstructed pulse-related waveform. Open circles “∘” indicate the detected characteristic points for pulse rate determination.

Data recording from the pregnant woman started from
the late trimester (in the 30th week after conception, July 1,
2010) and ended on the 63rd week postpartum (November
30, 2011). Delivery occurred in the 40th week plus 2 days of
gestation (September 14, 2010). A total of 373 nights of data
were available for analysis. The woman stayed in the hospital
for the first week after delivery; so the data was not recorded
during that period. From the 2nd week to the 6th week, she
returned home but did not sleep regularly in her original bed
for taking care of the baby in another bed. Only sporadic data
were collected during that period. A second lost period was
from the 26th week to the 34th week postpartum because the
subject was absent. Other sporadic data losses were because
the subject was away from home. In the nonpregnant control
individual, PR data were taken from April 1, 2004, to April
1, 2005; data were available for a total of 332 nights. Only PR
data segmentsmeasured from01:00 am to 07:00 amwere used
in this analysis.

2.3. Weekly Pulse Rate Modeling. We applied histograms
graphically to represent the distribution of weekly PR data.
A two-Gaussian mixture model was used to fit each weekly
histogram to detect its two modes. Since weekly PR distribu-
tionsmay present different patterns throughout the recording
period, they might be unimodal (single peak), flat (no peak),
or bimodal (two distinct peaks). Different patterns might
indicate different stages of PR development during pregnancy
and recovery.Thus, a mixture model can better describe each
distribution and help in understanding PR development and
locating the transitions points of PR changes. The Gaussian
model can be described by the following formula:

𝑓 (𝑥) =

2

∑

𝑖=1

𝑎
𝑖
𝑒
−(𝑥−𝑏𝑖)

2
/𝑐
2

𝑖
, 𝑖 = 1, 2, (1)

where 𝑎
𝑖
was the peak value of the 𝑖th model, indicating the

percentage of the PR mean value in the 𝑖th Gaussian compo-
nent, 𝑏

𝑖
was the peak position of the 𝑖thmodel referring to the

mean value of PR in the 𝑖th Gaussian component, and 𝑐
𝑖
was

related to the standard deviation (SD) of the PR data series
fitted by the 𝑖th model. All the signal processing and data
analysis were implemented using MATLAB and its “Curve
Fitting Toolbox.”

2.4. Sample Entropy. Sample entropy (SampEn), a refinement
of the approximate entropy (ApEn) of statistics introduced by

Pincus [27], is one of the nonlinear analysis methods which
has been widely used in both cardiovascular research and
clinical applications. Here, we applied SampEn coupled with
PR to prove whether the stages that we defined based on
characteristics observed from the weekly PR models can be
well clustered or not. SampEn was defined as the negative
natural logarithm of the conditional probability that, within
a data set of length 𝑁, two sequences similar to 𝑚 points
(within a given tolerance 𝑟) will remain similar when the
next point is included, without counting self-matches. It
reduced the bias of ApEn and has closer agreement with
theory for datasets with known probabilistic content. Lower
value of SampEn indicates more self-similarity and regular
time series (less complexity), whereas higher value indicates
more irregularity (high complexity) and therefore is difficult
to predict. SampEn can be calculated as follows.

For a given time series 𝑋 = 𝑥
1
, 𝑥
2
, . . . , 𝑥

𝑁
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], where 𝑖 = 1, 2, . . . , 𝑁−
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where 𝑑(𝑋
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, 𝑋
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) is defined as the maximal absolute differ-

ence between 𝑋
𝑖𝑚

and 𝑋
𝑗𝑚

and 𝑟 specifies the threshold for
similarity (tolerance).

The total average probability can be calculated as

𝐵
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𝐵
𝑚+1
(𝑟) can be calculated in a similar process for an embed-

ded dimension𝑚 + 1.
Finally, SampEn, given𝑚 and 𝑟, can be calculated by

SampEn (𝑚, 𝑟) = log [
𝐵
𝑚
(𝑟)

𝐵
𝑚+1
(𝑟)

] . (5)

To calculate SampEn, 𝑚 and 𝑟 are critical and may differ
in different types of datasets. So far, no guidelines exist for
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Figure 3: Daily and weekly fluctuations of PR in both the pregnant subject ((a) and (c)) and the nonpregnant control individual ((b) and
(d)). (a) and (b) show the daily variations, while (c) and (d) present weekly changes of PR throughout the entire recording period.

optimizing their values; recommended values are the use of 𝑟
between 0.1 and 0.25 and𝑚 of 1 or 2 for data length𝑁 ranging
from 100 to 5,000 [27, 28].

3. Results

3.1. Daily and Weekly Pulse Rate Fluctuations. Daily mean
PR and its SD were obtained from PR data series measured
during one-night sleep. Weekly mean PR and its SD were
calculated based on all data measured in the week. Figure 3
depicts the daily and weekly profiles of PR fluctuations
of both subjects throughout the recording period. In the
pregnant woman, daily PR changed in both its mean level
and its SD throughout the whole period. The weekly mean
PR (74 ± 2 bpm) increased from the 30th week of gestation
and reached a peak (80 ± 3 bpm) on the 36th week. It then
declined slightly during the 39th week (77 ± 4 bpm) at 2
weeks before childbirth. A sudden increase in PR mean
level (81 ± 2 bpm) was observed on the day of delivery.
It dropped within 6 weeks after delivery accompanied by

a remarkable increase in the SD of the mean compared with
that on the date of parturition.The PR raised in the following
4 weeks to 79 ± 6 bpm by the 10th week. A sudden drop
occurred in the 11th week postpartum to around 68 bpm.
Thereafter, this declination slowed and the PR kept stable
with only small variations over the following 44 weeks.There
was a significant increase (by 9%) in PR mean level on the
37th week postpartum. Another notable decrease in the PR
happened on the 55th week postpartum (by 12% compared
with the previous week, to around 63 bpm), accompanied by
a reduction in the SD. Conversely, both daily and weekly PR
dynamics of the nonpregnant control subject remained stable
throughout the recording period, with only small variations.
On average, she had amean PR of 60±6 bpmwith occasional
higher PRs during sleep.

3.2. Weekly Pulse Rate Properties. To characterize the PR
properties, weekly histograms and their skewness values
for both subjects are plotted in Figures 4 and 5. In the
healthy nonpregnant woman, the PR histogram presented
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Figure 4: Characteristics of weekly PR distributions in the pregnant subject. (a)Weekly PR histograms, (b) weekly variations of the skewness
index.

an approximately asymmetrical or a slightly positive skewed
unimodal pattern as shown in Figure 5. In contrast, the
pregnant woman demonstrated obvious weekly changes in
the PRdistributionwith the progress of pregnancy (Figure 4).

In Figure 4, the data presented an approximately asym-
metric but rather leptokurtic distribution from the 30th
week indicating that most PRs were within a limited high
level. The PR values quickly changed to wide and platykurtic
distributions from the 2nd week after delivery indicating a
severe increase in pulse rate variability. From the 2nd to
10th weeks postpartum, the PR presented a negatively skewed
distribution (Figure 4(b)). In the 11th week postpartum, the
PR distribution suddenly skewed to the right. A bimodal and

positively skewed distribution was first detected within this
period, indicating a transition point of the PR’s development.
This positive reversion of skewness suggested that the accel-
eration of PR was decreasing. The positively skewed distri-
bution as well as the mean level of weekly PR waved around
70±2 bpm from the 11th week for the following 15 weeks.The
weekly PR histograms in the 20th week changed from a wide
platykurtic pattern back to a high and narrow distribution.
This was during the transition time in which a previous
study reported a restoration of the cardiovascular activities
postpartum [9, 30]. Indeed, the pattern of PR distribution
after the 20th week was similar to that of the nonpregnant
woman, as shown in Figure 4(b). However, the average PR
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Figure 5: Characteristics of weekly PR distributions in the nonpregnant subject. (a) Weekly PR histograms, (b) weekly variations of the
skewness index.

level was still high around 68 bpm and the PR pattern was
observed to remain unstable (Figure 4(a)). In other words,
the recovery of cardiac function was still underway at the
20th week postpartum. This was confirmed by the 37th
week, when the PR distribution gradually became wide and
platykurtic again. This period lasted a long time until the
55th week postpartum, when there was a second significant
reduction (from 72 to 63 bpm) in PR mean level. Meanwhile,
the shape of the histogram changed from a wide-base,
platykurtic pattern back to a leptokurtic pattern as shown in
Figure 4(a). Most of the PR data declined to around 64 bpm
with only a few higher PRs creating skewness to the right.
This transformation indicated a deceleration of the increased
PR and both the pattern and PR level entered a stable state.

By this time, both the skewness and histogram pattern of PR
distribution appear similar to that of the healthy nonpreg-
nant woman, which may be inferred that the subject’s PR
dynamics had readjusted and recovered to a normal physical
condition.

3.3. Weekly Indexes of the Gaussian Model. The weekly
indexes of the fitted Gaussian model are shown in Figure 6.
In the pregnant woman (a, c), the mean PRs of the two com-
ponents were rather close to each other in the late trimester
after the 30th week of gestation. A departure between the
two peaks was detected after delivery. After the 6th week
postpartum, themean PR of themain component stayed high
while the adjoining mean PR of the subcomponent headed
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Figure 6: Changes in the two components of the weekly PR in both the pregnant ((a) and (c)) and nonpregnant ((b) and (d)) subjects. (a)
and (b) show fluctuations of the mean PR values of the two components. (c) and (d) present variations in the respective percentage of each
mean PR.

down to a significantly low level accompanied by an increase
in the SD. A reversal of the two peaks took place on the
subsequent 11th week, when the main mean PR dropped and
left the mean PR of the subcomponent at a high level. The
percentage of themain peak also increased. On the 37th week
postpartum, the main mean PRs increased remarkably (by
12 bpm) accompanied by a decrease in the mean PR of the
subcomponent (by 7 bpm) and a sharp reduction in the main
peak percentage as shown in Figure 6(a). The percentages
of both peaks approached each other at the 55th week after
delivery and the main peak percentage rose back. Compared
with that in the pregnant woman, the two components in the
weekly PR data of the control subject appeared to be in a
steady state throughout the whole period (Figures 6(b) and
6(d)). The mean PR of both components maintained a stable
distance with each other and undulated at their own level
(58 ± 5 bpm versus 64 ± 9 bpm). The percentages of the two
peaks also remained stable with no apparent changes (8 ± 1%
versus 2 ± 1%).

3.4. Clustering the Stages. Based on above observations, we
found some specific turning points during PR dynamic
recovery, such as 6th, 11th, 20th, 37th, and 55th weeks. Some
of them have been reported in previous publications to
indicate specific point of time when significant physiological
changes take place, while others have not yet been revealed.
We segmented the whole period recorded after delivery into
six stages divided by the specific weeks as mentioned above
(Table 1). A coupling of weekly SampEn and PR was used
to approve our hypothesis of whether the six stages can be
well clustered. Figures 7 and 8 show the weekly SampEn
versus weekly PR extracted from pulse signal of the pregnant
woman. It can be observed that the distributions of weekly
SampEn and PR representing different stages are presented
in much more compact and well-defined clusters when using
the main (Figure 8(a)) or subpeaks (Figure 8(b)) of weekly
PRs than using only themean PRs (Figure 7). Centers of each
cluster are listed in Table 2. It further proves that the recovery
of cardiac functions underwent different stages, and the use
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Table 1: Segmentation of recorded data and main features of each stage.

Stage Period (week) PR (bpm)
(mean ± SD) Histogram Two peaks of

Gaussian model
SampEn (mean ±

SD)
APa 30th∼41th 78 ± 2 Asymmetric, leptokurtic Similar High 3.15 ± 0.17

PPb 1 +1th∼+5th 77 ± 2 Negatively skewed, platykurtic Similar High 3.35 ± 0.22

PP 2 +6th∼+10th 76 ± 2 Negatively skewed, platykurtic
Main peak stays
high; subpeak
drops down

3.96 ± 0.03

PP 3 +11th∼+19th 70 ± 2 Positively skewed, platykurtic, and bimodal
Main peak
drops down;
subpeak

reverses high

3.63 ± 0.07

PP 4 +20th∼+36th 70 ± 2 Positively skewed, leptokurtic
Main peak stays
low; subpeak
stays high

3.43 ± 0.09

PP 5 +37th∼+54th 69 ± 2 Positively skewed, platykurtic Both decrease 3.62 ± 0.08

PP 6 +55th∼+63rd 64 ± 2 Positively skewed, leptokurtic Both come close
together 3.30 ± 0.08

Nonpregnant
woman Whole period 60 ± 2 Positively skewed, leptokurtic Both stay close

together 2.40 ± 0.20

“+” indicates weeks after delivery.
aAntepartum.
bPostpartum.

Table 2: The center of each cluster.

Stage SampEn versus weekly mean PR SampEn versus main peak of
weekly PR model

SampEn versus
subpeak of weekly PR

model
APa (3.15, and 74) (3.15, and 79) (3.15, and 78)
PPb 1 (3.35, and 77) (3.35, and 75) (3.35, and 80)
PP 2 (3.96, and 76) (3.96, and 81) (3.96, and 75)
PP 3 (3.63, and 70) (3.63, and 65) (3.63, and 78)
PP 4 (3.43, and 70) (3.43, and 67) (3.43, and 77)
PP 5 (3.62, and 69) (3.62, and 62) (3.62, and 72)
PP 6 (3.30, and 64) (3.30, and 61) (3.30, and 66)
aAntepartum.
bPostpartum.

of Gaussian model can better reveal the characteristics of the
under dynamics of PR development.

4. Discussion

Late pregnancy is associated with dramatic cardiovascular
adaptations. Increased cardiac output, hormonal changes,
increased circulation burden, and aortocaval compression as
a result of the gravid uterus are responsible for an increased
PR when supine and right lateral decubitus positions are
assumed during sleep [29]. The rise in cardiac output in
late pregnancy is mostly caused by a rise in the HR for
maintaining an elevated cardiac output as term approaches
[6, 7, 30–32]. We observed that the mean PR increased after
the 31stweek during pregnancy comparedwith the 30thweek.
This significant rise might have been because of the fetus’s
weight gain after the 31st week.This could increase aortocaval
compression as well as the circulation burden. Another

possible reason could be the rise in plasma volume through
increased aldosterone levels. The PR rose apparently during
the late phase of the last trimester but began to decrease 2
weeks before term. This declination was in accordance with
previous reports that the HR decreases slightly in the final
weeks of pregnancy [2]. Greater aortocaval compression was
expected to interfere with autonomic nervous activity with
induced higher sympathetic activation and greater vagal sup-
pression. Therefore, the relief from aortocaval compression
after delivery might have contributed to an increase in HRV.

The PR declined shortly after delivery and reached a
relatively low level. This was in accordance with a report
that most of the decrease, including cardiac output and HR,
occurs within 2 weeks after delivery [2, 6, 7, 9]. However,
the PR of our subject did not return to normal within
6 weeks, as asserted in previous studies [1, 2, 6, 9–11].
Conversely, it increased from the 7th week to the 11th week
postpartum. SampEn also increased significantly during this
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Figure 7: Plot of weekly PRs versus weekly SampEn features of different stages before and after delivery.
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Figure 8: Plots of main peaks of weekly PRs versus weekly SampEn features (a) as well as subpeaks of weekly PRs versus weekly SampEn
features (b) of different stages during before and after delivery.

stage (Figures 7 and 8) indicating an increase in HR non-
linearity. Possible reasons for this rebound might be that
although the circulation burdenwas released postpartum, the
subject’s body still needed time to readjust to a newphysiolog-
ical state and to recover from postpartum exhaustion, uterine
contraction, “after-pains,” perineal pain, and general edema.
In one report, the recovery periodwas around 20weeks [7, 9].
However, other studies indicated that cardiac activities might
not return to original levels even after 1 year [8, 11].

Previous studies reported different times or even an
indefinite time for recovery by recording heart rate changes.
Possible reasons might be due to different data collection and

analysis methods. Most of previous conclusions were based
on data collected from regular physical examinations at inter-
mittently rather than on a daily continuous base. Therefore,
it is difficult to obtain a complete profile. In our study, the
sleep monitoring system enabled a longitudinal study over
a long period. Compared with conventional measurements,
it seemed to be more effective in monitoring PR dynamics
over time. In addition, signals were recorded during the
restful state of nighttime sleep periods while the subject was
unconscious, which could avoid interference from the outside
environment and the subject’s daily activities. Therefore, it
can better reflect the underlying biorhythms. This similar
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protocol had been proved to success in detection of health
changes in a patient with cardiac disorder in our previous
research [24].

HR and HRV are two of the most important parameters
in evaluating cardiac function. Previous studies usually cal-
culated HR or HRV within limited recording period. Even
the averaged HR have dropped to a reference baseline, the
cardiac system may be still not fully recovered. A combined
use of histogram and a two-Gaussian mixture model can
visually reveal the dynamic transition of PR by decomposing
weekly PR into two components. In Figure 7, stages 3 and
4 during postpartum period cannot be classified well when
using only the weekly mean PR. But after decomposing
them into two components, stages can be clustered and
distinguished better with each other as shown in Figure 8.
Thus, the introduced model enables a better capture of
the characteristics in adaptations and the restorations pro-
cess of the cardiac function during normal pregnancy. We
have summarized the main features of different stages in
Table 1.

Although only one pregnant woman was included in the
current study, it is worth noting that our observations are in
quite accordance with some previous reports regarding the
time point for significant PR changes during pregnancy and
after delivery [2, 6, 7]. Particularly, one study [8] depicted
a cardiovascular data profile before, during, and 52 weeks
after normal pregnancy based on intermittent collected data
from 30 women. The profile was quite similar with our
results obtained from daily measurement of a single subject.
However, whether the PRdynamics return to a preconception
level cannot be concluded. We still need the prepregnant
or early pregnant data for reference. Possible time and
stages required for recovery have been also suggested by
our study; even though conclusive results cannot be given
before more subjects can be included, at least it can be
derived from our findings that recovery from pregnancy
may take longer time than previously reported 6 or 20
weeks.

5. Conclusions

We have introduced a feasible approach to characterize daily
PR dynamics during pregnancy and after delivery. In this
study, the PR did not decline steadily after delivery but
differed in stages. Relief of circulation burden and aortocaval
compression as a result of deliverymight be themain cause of
a significant return to normal PR values during an early stage
after delivery. Postpartum changes in hormones—including
readjustments of aldosterone, estrogen, and progesterone
levels—might also contribute to the return to normal cardiac
activity after delivery. However, the later stages of recovery
seemed to require a much longer period. In our study, the
pregnant woman underwent five stages in recovery and it
took about one year for the PR dynamics to readjust to a
normal physical condition.We hope the findings can provide
helpful applications in maternal cardiac monitoring and
studying the maternal cardiac progression during pregnancy
and after delivery.
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