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Abstract

Background: Diseases of the gall bladder have been reported to be the most common cause for non-obstetrical hospitalizations during
the first year postpartum. Therefore we designed a prospective study to evaluate the incidence and natural outcome of pregnancy-related
biliary sludge and stones, and to define the potential risk factors in a population of pregnant women in Sari, Iran.

Methods: A total of 380 pregnant women were scheduled for three ultrasound assessments: 1) during the first trimester of pregnancy
(9 — 12 weeks), 2) during the early third trimester (26 — 32 weeks), and 3) during the fourth to sixth weeks postpartum. The incidence of
biliary sludge, new stones and progression from sludge to stones in addition to the probable risk factors were analyzed with the t-test and
chi-square test as appropriate (SPSS software, version 15).

Results: According to the first ultrasonography, 14 (3.7%) participants had evidence of biliary sludge and 3 (0.7%) had gallstones. Among
those with normal baseline ultrasound findings, 28 (7.7%) developed biliary sludge and 7 (1.9%) formed stones by their second ultrasound
examination (P < 0.05). Among the 14 participants with biliary sludge in their first ultrasound assessment, 1 (7.1%) developed gall stone
and sludge remained in the other 13 as seen on the third trimester ultrasound results. According to the third ultrasound (performed postpar-
tum), out of 41 participants with prior biliary sludge, 16 (39%) had no evidence of sludge, 22 (53.7%) had persistent sludge, and 3 (7.3%)
developed stones. Out of 11 participants with prior gallstones, 1 had a normal ultrasound postpartum, but stones persisted in the other 10
(P <0.05). In those with stones, 9.1% underwent cholecystectomies postpartum. The incidence of sludge and stones significantly correlated
with the number of pregnancies and higher age at pregnancy.

Conclusion: Since the annual rate of pregnancy is high in Iran, pregnancy-related biliary disorders are important in this country. Accord-
ing to our results, the number of parities and age at pregnancy are potentially modifiable risk factors for lowering pregnancy-related biliary

disorders.
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Introduction

holesterol gallstones are more prevalent in women than
C men and are primarily related to sex steroids, particularly
progesterone.* Diseases of the gall bladder have been re-
ported to be the most common cause of non-obstetrical hospital-
izations during the first year postpartum.®
According to epidemiologic studies, pregnancy is associated
with a significant risk for gallstones.*® Both the frequency and
number of pregnancies are strongly associated with higher risk
for biliary sludge or gallstones.®"*2 During pregnancy, there are
changes in bile composition and gall bladder motility that pro-
mote gallstone formation.>* Progesterone, besides changing the
lipid composition of bile, inhibits the mobilization of intracellu-
lar calcium within smooth muscle cells which leads to smooth
muscle relaxation and therefore, lowers the motility of the gall
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In a literature review, the prevalence of biliary sludge was re-
ported to be as high as 36%, whereas gallstones were reported as
11%.Y7 A prospective study has also reported the development of
new biliary sludge in 31% and new gallstones in 2% of the stud-
ied women during one year postpartum.® This risk remained high
during five years after pregnancy.*®

Most women with biliary sludge remain asymptomatic. How-
ever those with stones may experience pain or serious compli-
cations such as cholecystitis, choledocholithiasis or pancreatitis
which may have a high morbidity or mortality for both mother
and fetus.1%2

There is no study that has evaluated the incidence of biliary
sludge or gallstone development during pregnancy in Iran. There-
fore we have designed a prospective study to evaluate the inci-
dence and natural out-come of pregnancy-related biliary sludge
and stones, as well as to define the potential risk factors in a popu-
lation of pregnant women who referred to Imam Hospital in Sari,
Iran.

Patients and Methods
A total of 380 preghant women entered the study during their

first trimester of pregnancy. The exclusion criteria were age un-
der 18 years or the presence of gallstones at entry. The study was



approved by the Ethics Committee of Mazandaran University of
Medical Sciences and written informed consents were obtained
from all participants.

At entry, data that included the subject’s age, body mass index
(BMI), number of previous pregnancies that reached to at least 20
gestational weeks, previous use of oral contraceptive pills (OCP),
history of diabetes mellitus, previous history of biliary sludge, and
familial history of gallstones were recorded in a questionnaire. In
addition, serum levels of triglycerides and cholesterol were tested;
levels less than 200 mg/dl were considered normal.

All participants were scheduled for three ultrasound assess-
ments: 1) during the first trimester of pregnancy (9 — 12 weeks),
2) during the early third trimester (26 — 32 weeks), and 3) at the
fourth to sixth weeks postpartum. If biliary sludge was found on
the first ultrasound, the participant was followed for the probable
progression to gallstones. The remaining participants were fol-
lowed for probable development of new biliary sludge or gall-
stones.

All clinical data was obtained by the same examining physician
and all ultrasounds were performed by the same sonographer who
was blinded to the results of the patients’ previous ultrasonograph-
ic findings. Ultrasounds were performed using a 3.5 MHz convex
transducer (GE, Alpha 200, USA) and subjects were instructed to
fast when the ultrasounds were performed. Sludge was defined as
low-level echoes without post-acoustic shadowing which shifted
by a change in position. Stones were defined as high-level echoes
larger than 2 mm in diameter with post-acoustic shadowing.

According to serial ultrasounds, those with new biliary sludge or
gallstones or those with progression of biliary sludge to gallstones
were considered as having pregnancy-related gall bladder disease.
Risk factors for gall bladder disease were analyzed and compared
between different subgroups using the t-test, chi-square test and
ANOVA as appropriate (SPSS software, version 15). Multivari-
ate analysis was performed to identify independent risk factors.
P-values less than 0.05 were considered statistically significant.

Results

Atotal of 380 pregnant women entered the study. The mean age
was 26.26 + 5.03 years. According to the initial ultrasonography
performed during the first trimester, 14 (3.7%) had evidence of
biliary sludge and 3 (0.7%) had gallstones. Prior to performing the
second ultrasonography, three participants were excluded from
the remainder of the study: two due to abortion before the 20
gestational week and one due to premature rupture of membranes
(PROM) and labor. However, these three participants had normal
sonographic findings.

Among those with normal baseline ultrasound findings, 28
(7.7%) developed biliary sludge and 7 (1.9%) formed stones by
their second ultrasound examinations. There was a significant
increase in the rate of developing biliary sludge or stones with
increased gestational age (P < 0.05).

Among those 14 participants with biliary sludge noted on their
first ultrasound assessments, 1 (7.1%) developed gallstones and
sludge remained in 13. This showed a significant progression
from sludge to stones as the gestational age increased (P < 0.05).

Therefore, according to the second ultrasound assessment (per-
formed during the third trimester), 41 (10.8%) had biliary sludge
and 8 (2.1%) formed new gallstones.

According to the third ultrasound (performed post-partum), of

T. Galyani Moghaddam, H. Fakheri, R. Abdi, et al.

41 patients with prior biliary sludge, 16 (39%) had no evidence
of any remaining sludge; this occurred mainly in those whose
first ultrasound assessments were normal (P < 0.05). There was
persistent sludge in 22 (53.7%) patients and 3 (7.3%) developed
gallstones. Gallstones resolved in 1 (12.5%) out of 8 patients with
prior gallstones and persisted in the remaining 7 patients (P <
0.05; Table 1).

The cumulative incidence of new sludge was 7.7% and the cu-
mulative incidence of new stones was 1.9%, whereas progression
from sludge to stones was 7.1%.

Complications

Out of 11 participants with gallstones visualized during their
third trimester, 3 (27.3%) experienced biliary pain. One (9.1%)
experienced acute cholecystitis in the 34™ gestational week, which
led to premature labor in the 36" gestational week. This patient
underwent a cholecystectomy postpartum. All participants had
normal gall bladder wall thicknesses during their three ultrasound
assessments, with the exception of the patient who experienced
cholecystitis.

Risk factors

The mean age of those with normal ultrasound results during
the third trimester was 25.5 + 4.78 years and the mean age of
those with biliary sludge/stones was 31.04 + 3.8 years, which
was significant (P < 0.05; Table 2). The mean duration of OCP
use among all participants was 0.6 + 1.1 years. The mean dura-
tion among those with biliary sludge/stones was 0.71 + 1.3 years,
whereas it was 0.59 + 1.08 years in the normal population, which
was not statistically significant (P = 0.47). Cholesterol (P = 0.92)
and triglyceride (P = 0.87) levels did not show significant differ-
ences between those with sludge/stones and normal population.
The mean parity number was significantly higher among those
with biliary sludge/stones (1.73 + 0.8) than normal participants
(0.71£0.9; P < 0.05).

Among 325 pregnant women with normal ultrasound findings
during the third trimester, only 4 (1.2%) had previous histories of
biliary sludge or gallstones, however 2 (4.9%) of those with bili-
ary sludge and 1 (9.1%) of the 11 participants with gallstones had
previous histories of gall bladder disease. These rates were higher
than normal participants (P < 0.05).

Familial history of gall bladder disease was not statistically dif-
ferent between those with or without biliary sludge/stones (P =
0.229).

We stratified BMI of participants into normal or higher than nor-
mal (BMI > 25),% but no significant difference was noted between
those with normal ultrasound findings and those with new biliary
sludge/stones (P = 0.71). The prevalence of diabetes mellitus was
not statistically different between those with normal ultrasound
findings and those with biliary sludge/stones (P = 0.33).

Since every pregnant woman has been routinely tested for
hepatitis B infection, in this study there were 8 (2.1%) HBS-Ag
positive pregnant women. However there was no significant cor-
relation between HBS-Ag positivity and the incidence of biliary
sludge/stones (P = 0.24)

Multivariate analysis of the risk factors showed a strong asso-
ciation between patient’s age and the number of parities with the
occurrence of new biliary sludge/stones (Table 3).
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Table 1. Incidence and regression of biliary sludge and stones from first trimester until 4-6 weeks postpartum.

. . Third trimester Postpartum

First trimester
Ultrasound findings n Normal Sludge Stoneszsludge
Normal 325* 325 0 0

Normal (n=363) Sludge 28 13 15 0
Stones 7 1 0 6
Normal 0 0 0 0

Sludge (n=14) Sludge 13 3 7 3
Stones 1 0 0 1
Normal 0 0 0 0

Stones (n= 3) Sludge 0 0 0 0
Stones 3 0 0 3

*Three patients with normal first ultrasound results were excluded from the remainder of study due to abortion and premature rupture of membranes (PROM).

Table 2. Potential risk factors for developing biliary sludge/stones.

Variables No sludge/stones New sludge/stones p*
Age (years) 31.4+38 25547 <0.05
Duration of OCP** use (years) 1.3+£0.7 1.08 £0.5 0.47
Triglyceride level (mg/dl) 156 + 28 163+ 24 0.87
Cholesterol level (mg/dl) 204 + 36 187 +£31 0.92
Number of parity 1.73+0.8 0.9+ .07 <0.05
Previous history of biliary disease (%) 1.2 9.1 <0.05
Familial history of biliary disease (%0) 4.3 2.4 0.22
BMI >25 (%) 249 253 0.71
Diabetes mellitus 25 2.4 0.33

*P-values less than 0.05 were considered significant. **OCP: Oral contraceptive pills.

Table 3. Multivariate analysis of potential risk factors for the incidence of biliary sludge/stones.

Variable QOdds ratio 95% confidence interval (ClI) p*
Age (years)

<30 0.9 1.86-0.44 0.786
>30 3.96 5.68-2.24 <0.001
Duration of OCP** use 0.9 1.03-0.97 0.839
Hypertriglyceridemia 1.05 2.91-0.38 0.918
Hypercholesterolemia 2.44 7.14-0.83 0.105
Number of parities 4.42 6.24-2.60 <0.001
Previous history of biliary disease 1.07 1.17-0.98 0.115
Familial history of biliary disease 0.58 1.30-0.26 0.189
BMI 1.83 3.99-0.37 0.458
Diabetes mellitus 0.83 1.71-0.4 0.607

*P-values less than 0.05 were considered significant. **OCP: Oral contraceptive pills.

Discussion

During pregnancy, changes in bile composition and gall bladder
stasis can lead to nucleation of bile acids, sludge formation or the
development of gallstones.?>?” In the third trimester, the changes
in bile composition are mainly due to the effects of estrogen.?

However, after delivery, bile composition and gall bladder
movement return to normal and therefore, sludge or gallstones
may resolve.1*2325-% On the other hand, during the postpartum pe-
riod, restoration of gall bladder motility may lead to biliary pain
or other complications due to passage of sludge or stones from the
gall bladder.

According to our results, the cumulative incidence of new
sludge was 7.7% and the cumulative incidences of new stones
or progression from sludge to stones were 1.9% and 7.1%, re-
spectively. These results were similar to two studies performed
on 3254 pregnant women in the United States and 69 pregnant
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women in Turkey, according to which the cumulative incidences
of new sludge until 4 — 6 weeks postpartum were 5.1% in the
United States and 10.9% in Turkey. The cumulative incidences
of new stones were 2.8% in the United States and 6.3% in Tur-
key.®:32 However a study performed on 272 pregnant women in
Italy reported a higher (31%) incidence of new sludge until 2 — 4
weeks postpartum. 8

During our study, one woman (0.26%) underwent a cholecys-
tectomy due to gallstone and cholecystitis. Since more than
1,300,000 women give birth in Iran annually,® it has been esti-
mated that about 3380 cholecystectomies are performed postpar-
tum each year. Therefore, pregnancy-related biliary disorders are
considerable in Iran and can lead to significant morbidity.

Possibly, the real incidence of biliary sludge or gallstones could
have been higher than reported by our study, as some cases of
sludge or stones might have been transient and not detected at
the ultrasound assessment. The sensitivity of ultrasound in detect-
ing microsludge is about 50% — 60%, which therefore, lowers the



rate of sludge reports.®3 We have excluded pregnant women with
previous cholecystectomies from our study, which also lowered
the reported incidence of biliary sludge/stones.

According to our results, sludge resolved in 39% and stones
in 9% of patients postpartum, which occurred mostly in those
who had normal ultrasound findings during their first trimesters.
One study has reported the spontaneous disappearance of biliary
sludge and stones even in non-pregnant women.* This phe-
nomenon was mainly due to passage of sludge or stones into the
small bowel or a result of medical treatments.®*° However the
results of our study showed a higher incidence of sludge disap-
pearance compared with the abovementioned study.

In the current study, independent risk factors for the develop-
ment of biliary sludge/stones were the mother’s age and number
of parities. A positive correlation between mother’s age and the
risk of sludge/stone formation was also shown in a study per-
formed in Italy, but not in the United States.!®% Also, a correlation
between number of parities and gallstones has been shown both in
the general population*~ and in pregnant women.34

In contrast to the results of a previous study performed in the
United States and reports from the general population, the results
of our study did not show a significant correlation between higher
BMI and sludge/stone formation.!2314:4 Qur results were similar
to studies performed in Turkey and Italy.’#32 This was possibly
due to the lower BMI of our patients compared with studies per-
formed in the United States and the general population and also, it
might have been due to not considering the amount of weight loss
or weight gain as a possible risk factor for sludge/stone forma-
tion during pregnancy. On the other hand, the low sensitivity of
ultrasound could be another explanation for the low prevalence of
stones in obese patients since obesity has been shown to interfere
with ultrasound accuracy.*’

Although the correlation between duration of OCP use and in-
cidence of biliary sludge/stones has been shown in a number of
previous studies,>**?>% the current study did not show a signifi-
cant correlation.

In the general population, the correlation between hyperlipid-
emia and incidence of biliary sludge/stones has been reported
and is mostly attributed to high triglyceride, but not cholesterol
levels.?*4-% However the correlation between hyperlipidemia and
pregnancy-related biliary sludge/stone is controversial. According
to a study from the United States, pregnancy-related sludge/stones
has been correlated with elevated triglyceride levels,® however
this was not confirmed by our study or other studies.*

Previous studies have not shown any relation between the moth-
er’s blood glucose levels and incidence of biliary sludge/stones,*
which was consistent with the results in our study.

A limitation of our study is the short duration of postpartum
patient follow up. Longer durations of follow up might show a
higher incidence of pregnancy-related biliary complications.

In conclusion, although most patients remained asymptomatic
during pregnancy and two months postpartum, 9.1% needed
surgical intervention. Since the annual rate of pregnancy is high
in Iran, pregnancy-related biliary disorders are important in this
country. According to our results, the number of parities and
mother’s age are potentially modifiable risk factors for lowering
pregnancy-related biliary disorders. Further intervention to con-
trol the number of parities and educate mothers about the safe age
for pregnancy may be beneficial.
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