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Abstract. – OBJECTIVE: Postpartum hemor-
rhage (PPH) is a major cause of maternal mor-
tality and morbidity worldwide. The purpose of 
this study was to evaluate if meconium-stained 
amniotic fluid (MSAF) is a risk factor for PPH af-
ter vaginal delivery.  

PATIENTS AND METHODS: We retrospective-
ly analyzed medical records of all patients who 
had a vaginal delivery at Fujian Provincial Mater-
nity and Children’s Hospital, between 1st January 
2013 to 31st December 2018. Women with cesar-
ean deliveries, multiple pregnancies, abnormal 
coagulation profile, and those with concomitant 
liver or kidney disorders were excluded. Patients 
were classified into MSAF (n=13686) and clear 
amniotic fluid (AF) (n=41511) groups.  

RESULTS: The incidence of PPH was significant-
ly higher at 2.7% (370/13686) in the MSAF group 
as compared to 2.18% (904/41511) in the clear AF 
group (p=0.0004). There was no difference in the 
incidence of severe PPH between the two groups. 
Statistically significant difference in the incidence 
of PPH between MSAF and clear AF was seen in the 
maternal age groups of 30-34 and 35-39 years, ges-
tational age>40weeks and >3 gravidity (p<0.05).   

CONCLUSIONS: Our study demonstrates that 
MSAF is a significant risk factor for minor and 
moderate PPH. Presence of meconium could 
therefore alert clinicians to expect PPH and 
make arrangements for further patient manage-
ment. Further basic research is required to eval-
uate the mechanism by which meconium influ-
ences the incidence of PPH.  
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Abbreviations

PPH: Postpartum haemorrhage; AF: Amniotic fluid; 
MSAF: Meconium-stained amniotic fluid; USG: ultraso-
nographic; OR: Odds ratio; CI: Confidence interval; SD: 
Standard Deviation.

Introduction

Postpartum hemorrhage (PPH) is a major cause 
of maternal mortality and morbidity worldwide. 
It is commonly defined as loss of more than 500 
ml of blood following vaginal delivery and more 
than 1000 ml of bleeding following cesarean sec-
tion in the first 24 hours1. PPH is a crippling prob-
lem affecting public healthcare systems worldwide 
contributing to increased healthcare costs2. The 
magnitude of the problem is not restricted to de-
veloping countries alone as data suggests even 
high-income countries have a significant incidence 
of PPH3,4. According to a study in China, approx-
imately 7.45% of maternal deaths every year are 
because of PPH5. WHO research suggests 661,000 
maternal deaths worldwide from 2003-2012 could 
be attributed to PPH6. Trends of PPH from different 
studies indicate that incidence of PPH has been in-
creasing worldwide. Bateman et al4 have reported 
a 27.5% increase of PPH rates from 1995 to 2004 
in the USA. Ford et al7 from Australia indicated a 
significant increase in PPH rates from 6.1% in 2003 
to 8.3% in 2011. 

The “Four T’s”; tone, trauma, tissue, and 
thrombin, are used to describe the causes of PPH. 
According to literature, poor uterine tone (70%), 
trauma (20%), remnant placental tissue and coagu-
lation disorders can all lead to PPH8. Studies have 
identified several risk factors for development of 
PPH including higher maternal age, prior history of 
PPH, multiple pregnancies, pre-eclampsia, cesare-
an delivery, amnionitis, uterine rupture, and pla-
cental rupture9.  Bouchè et al10 showed that meco-
nium-stained amniotic fluid (MSAF) is also a risk 
factor for PPH after vaginal delivery. MSAF was 
shown to be significantly associated with higher 
risk of moderate and severe PPH than clear amni-
otic fluid (AF). In the absence of any other research 
on this subject, we therefore attempted to explore 
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the relationship of MSAF and incidence of PPH in 
our patient population by a retrospective study.

Patients and Methods

Patients
We retrospectively analyzed medical records of 

all patients who had a vaginal delivery at Fujian Pro-
vincial Maternity and Children’s Hospital, between 
1st January 2013 to 31st December 2018. Women with 
multiple pregnancies, abnormal coagulation profile, 
and those with concomitant liver or kidney disorders 
were excluded. Patients with cesarean sections were 
not included in the study to avoid possible bias in the 
results. The study was approved by the Institutional 
Ethics Committee. Informed written consent was ob-
tained from all patients prior to deliveries. However, 
since records were retrospectively analyzed for this 
study with blinding of patient’s identity, further con-
sent for participation in the study was not necessary. 

The following data was collected from the ob-
stetric record of each patient: age, gestational age, 
gestational complications, gravidity, parity, mode 
of delivery, blood loss, neonatal birth weight, and 
placental weight. Based on the color of AF, patients 
were classified into two groups: MSAF and clear 
AF. We classified AF by its color and character. 
MSAF was defined as AF with any meconium 
i.e., fresh, old, thick, or thin; diagnosed during the 
first stage of labor. Gestational age was determined 
from patient provided details of last menstrual pe-
riod and ultrasonographic (USG) examination. 

Outcomes
Obstetric blood loss was measured using a cal-

ibrated patient drape for all women. Following de-
livery, the drape was placed under the patient for 
drainage of the AF. In all patients, blood loss was 
assessed for at least 60 mins or till active bleeding 
stopped. PPH was defined as a cumulative postpar-
tum blood loss of ≥500 mL. We further classified 
PPH, according to the guidelines of the Royal Col-
lege of Obstetricians and Gynecologists1, as minor 
(blood loss of 500-1000 ml) or major (blood loss of 
>1000 ml). Major PPH was further sub-divided into 
moderate PPH (blood loss of 1000-2000 mL) and 
severe PPH (blood loss of >2000 mL). We classified 
maternal age (on 5-year intervals), gestational age 
and gravidity into different sub-groups to assess the 
influence of these variables on the incidence of PPH. 
The amount of bleeding in the two groups at differ-
ent time points (30 mins, 45 mins, 60 mins, 90 mins, 
120 mins) post-delivery was also compared. 

Statistical Analysis
SPSS 19.0 (SPSS IBM, Armonk, NY, USA) 

was used to perform the statistical analysis. Con-
tinuous data are presented as means ± standard de-
viation (SD) and were analyzed with the Student’s 
t-test. Categorical data are presented as number 
(percentage, %), and were compared using χ2-
tests or Fisher exact test as appropriate. Odds ra-
tios (OR) and 95% confidence intervals (CI) were 
calculated. Results were considered statistically 
significant for p<0 .05.

Results

A total of 87,452 women delivered children at 
our institute during the study period. After ex-
cluding 29,987 caesarean deliveries and further 
2268 patients based on the exclusion criteria, a 
total of 55,197 patients with vaginal deliveries 
were included in this study. 13,686 were classified 
in the MSAF group while 41511 in the clear AF 
group. The baseline characteristics of included 
patients are presented in Table I. There was no 
statistical difference in the maternal age of the 
two groups (p=0.10). The mean gestational age of 
MSAF group was significantly less as compared 
to the clear AF group (p <0.0001). The incidence 
of gestational hypertension and diabetes mellitus 
was higher in the MSAF group (p <0.05). Prema-
ture rupture of membrane was seen in 19.55% of 
women in MSAF group as compared to 32.6% of 
clear AF group (p<0.0001). There were statistical-
ly significant differences in gravidity and parity 
between the two groups (p<0.0001). Instrumental 
vaginal delivery, episiotomy and regional anes-
thesia were more frequently used in the MSAF 
group (p <0.05). The mean neonatal birth weight 
and placental weight was significantly higher in 
the clear AF group (p <0.0001).

The incidence of PPH was significantly higher 
at 2.7% (370/13686) in the MSAF group as com-
pared to 2.18% (904/41511) in the clear AF group 
(p =0.0004). The odds of PPH were higher with 
the presence of meconium [OR: 1.25, 95% CI: 1.10, 
1.41). Data on incidence of PPH in the two groups 
stratified on the basis of maternal age is presented 
in Table II. Statistically significant difference in 
the incidence of PPH between MSAF and clear AF 
was seen in the maternal age groups of 30-34 and 
35-39 years (p<0.05). Similarly, data on the inci-
dence of PPH stratified on the basis of gestational 
age is presented in Table III. Statistically significant 
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difference was seen in incidence of PPH between 
MSAF and clear AF groups only with gestational 
age of ≥40 weeks. The incidence of PPH based on 
gravidity is presented in Table IV. The risk of PPH 
was statistically significant in patients with prior 
history of pregnancies (>3 pregnancies). 

The amount of bleeding at different time 
points from delivery in the two groups is present-
ed in Table V. Total bleeding in MSAF was sig-
nificantly greater as compared to clear AF group 

(p<0.0001). Bleeding during delivery and 30 min-
utes after delivery was significantly reduced in 
the clear AF group (p<0.0001), with no difference 
in the amount of hemorrhage after 45 mins. Data 
based on the classification of PPH is presented in 
Table VI. The incidence of minor and moderate 
PPH was significantly higher in MSAF group as 
compared to clear AF group (p<0.05). However, 
there were no differences in the incidence of se-
vere PPH. 

Table I. Baseline characteristics of study population.

AF, amniotic fluid; MSAF, Meconium-stained AF. Data presented as mean ± standard deviation or number (percentage).

  Characteristics MSAF (n=13686) Clear AF (n=41511) p-value

  Maternal age (years) 29.35 ± 4.34 29.28±4.23 0.10
  Gestational age (weeks) 38.24 ± 5.07 39.04±3.21 <0.0001
Gestational complications
  Hypertensive disorders of pregnancy 335 (2.45%) 880 (2.12%) 0.04
  Preeclampsia 153 (1.12%) 327 (0.79%) 0.0003
  Gestational diabetes mellitus 1822 (12.31%) 6890 (16.60%) <0.0001
  Premature rupture of membranes 2676 (19.55%) 13533 (32.60%) <0.0001
Gravidity   <0.0001
  =1 6077 (44.40%) 16685 (40.19%) 
  =2 6894 (50.37%) 22422 (54.01%) 
  >3 715 (5.23%) 2404 (5.8%) 
Parity   <0.0001
  =0 537 (3.92%) 2405 (5.79%) 
  =1 8281 (60.51%) 22837 (55.02%) 
  >1 4868 (35.56%) 16269 (39.19%) 
Mode of delivery
  Instrumental vaginal   474 (3.46%) 724(1.74%) <0.0001
  Episiotomy 4050 (29.59%) 9446(22.76%) 0.005
  Regional analgesia 148 (1.08%) 335(0.81%) <0.0001
  Birth weight (g) 3024±903.48 3196.19±539.93 <0.0001
  <3000 3774 (27.58%) 10047 (24.20%) <0.0001
  3000-3499 5920 (43.25%) 18695 (47.81%) 
  3500-3999 3585 (26.19%) 9195 (23.51%) 
  ≥4000 407 (2.97%) 3574 (9.14%) 
  Placental weight (g) 570.40±146.74 598.21±120.86 <0.0001
  Birth weight/Placental weight 5.4±7.07 5.55±6.56 =0.03

Table II. The incidence of PPH in different maternal age.

AF, Amniotic fluid; MSAF; meconium-stained AF; PPH: Postpartum hemorrhage.

 Maternal age (years)                                   No. (%) of PPH  p-value

 MSAF (n=13686) Clear AF (n=41511)

     18-19 1/26 (3.84%) 5/190 (2.63%) 0.72
     20-24 20/1097 (1.82%)  78/4363 (1.79%) 0.88
     25-29 163/6818 (2.39%)    397/19764 (2.01%) 0.05
     30-34 134/4529 (2.95%)    291/12447 (2.34%) 0.002
     35-39 48/1126 (4.26%)   109/3999 (2.73%) 0.008
     40-44 4/90 (4.44%) 24/748 (3.21%) 0.59
     Total 370 /13686 (2.70%)    904/41511 (2.18%) 0.00038
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Discussion

Our study demonstrates that the presence of 
MSAF significantly increases the risk of PPH 
after vaginal delivery. Risk is higher for minor 
(500-1000 ml) and moderate (1000-2000 ml) PPH 
but not for severe PPH (>2000 ml). 

The exact etiology of MSAF is not clear. 
However, several risk factors of MSAF are re-
ported in literature including obstetric factors 
like prolonged labor, post-term pregnancy, low-
birth weight babies, oligohydramnios, intrauter-
ine growth retardation, hypertensive disorders 
of pregnancy; medical factors like cholestasis 

Table III. The incidence of PPH in different stage of gestational age.

AF, Amniotic fluid; MSAF; meconium-stained AF; PPH: Postpartum hemorrhage.

 Gestational age                                      No. (%) of PPH  p-value
  (weeks)
 MSAF (n=13686) Clear AF (n=41511)

     34-35 3/157 (1.91%) 11/969 (1.14%) 0.4159
     36-37 7/384 (1.82%) 76/3488 (2.18%) 0.6476
     38-39 112/4805 (2.33%)   405/19644 (2.06%) 0.245
     ≥40 248/8340 (2.97%)   412/17410 (2.36%) 0.0039*
     Total 370/13686 (2.70%)   904/41511 (2.18%) 0.00038*

Table IV. The incidence of PPH in different Gravidity.

 Gravidity                                                   No. (%) of PPH  p-value
  
 MSAF (n=13686) Clear amniotic fluid (n=41511)

   1  142/6077 (2.34%)  329/16685 (1.97%) 0.08
   2 162/6894 (2.34%) 443/22422 (1.97%) 0.056
  >3 66/715 (9.23%) 132/2404 (5.49%) 0.0003
Total    370 /13686 (2.70%)  904/41511 (2.18%) 0.0004*

Table V. Blood bleeding of different stages in MSAF and clear amniotic fluid group.

MSAF: Meconium-stained amniotic fluid.

Blood bleeding of MSAF Clear amniotic p-value
 different stages (n = 13686) fluid (n = 41511) 

During delivery 109.84 ± 77.57 103.40 ± 68.26 <0.0001*
30 min after delivery 43.29 ± 63.28 39.6 ± 47.74 <0.0001*
45 min after delivery 19.09 ± 24.28 19.07 ± 22.07 0.93
60 min after delivery 12.64 ± 21.99 12.64 ± 19.11 0.99
90 min after delivery 8.82 ± 28.13 8.77 ± 21.7 0.85
120 min after delivery 6.93 ± 21.34 6.61 ± 14.82 0.10
Total 200.62 ± 149.99 190.06 ± 118.91 <0.0001*

Table VI. Classification of PPH in MSAF and clear amniotic fluid group.

AF, Amniotic fluid; MSAF; meconium-stained AF; PPH: Postpartum hemorrhage; OR, Odds ratio; CI, confidence interval.

PPH classification Amount MSAF Clear amniotic OR (95% CI) 
  (n=13686) fluid (n=41511)

Minor 500-999 mL  290/13686 (2.18%) 747/41511 (1.92%) 1.18 (1.03-1.35)
Moderate 1000-2000 mL 71/13686 (0.51%) 138/41511(0.33%) 1.56 (1.17-2.08)
Severe ≥ 2000 mL 9/13686 (0.066%) 19/41511 (0.046%) 1.43 (0.65-3.17)
 Total  370/13686 (2.77%) 904/41511 (2.30%) 1.25 (1.10, 1.41)
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of pregnancy, anemia; and socio-demographic 
risk factors like higher maternal age and mater-
nal drug abuse11. While there was no difference 
in maternal age between the two groups in our 
study, the percentage of hypertensive disorders 
was higher (2.45% vs. 2.12%) in the MSAF group 
and the birth-weight in the MSAF group was 
significantly lower as compared to the clear AF 
group. There were other baseline differences in 
the two groups owing to the retrospective nature 
of the study. 

MSAF is known to be an independent risk 
factor of perinatal complications12. Rodríguez 
Fernández et al13 have demonstrated that MSAF 
is associated with pathological fetal heart rate 
patterns, intrapartum fevers, cesarean section 
deliveries, neonatal resuscitation, low Apgar 
scores and higher fetal-neonatal mortality. In 
another study by Hiersch et al14, MSAF was 
reported to be an independent risk factor for 
operative delivery, respiratory morbidity and 
short-term neonatal morbidity. However, liter-
ature on the role of MSAF as a risk factor for 
PPH is limited. In our study, the odds of minor 
PPH and moderate PPH were significantly high-
er in the presence of MSAF. The findings of our 
study concur with the results of Bouchè et al10 
which also demonstrated higher odds of PPH in 
the presence of MSAF. However, in their study 
the difference was significant only for moderate 
[OR:1.3 (1.2-1.5)] and severe [OR:2.5(1.5-4.2)] 
PPH. The variation in the results may be ex-
plained by the overall lower incidence of severe 
PPH in our study population (0.08% vs. 0.05%) 
and the differences of definition of PPH between 
the two studies. Bouchè et al10 did not analyze 
data of minor PPH but presented combined data 
of any blood loss <1000 ml. In another study, 
Mazor et al12 have demonstrated no significant 
difference in PPH between MSAF and clear AF 
groups. Their non-significant result may be at-
tributed to the small sample size of their study 
with an overall incidence of PPH only 0.5% as 
compared to 2.9% in our study population. 

Like the previous study, lack of data on the ef-
fect of MSAF on the coagulation systems limits 
our ability to explain the role of MSAF in increas-
ing PPH. Petroianu et al15 in a study on pregnant 
mini-pigs have shown that infusion of native AF 
with meconium led to reduced platelet counts, 
prolonged PTT and reduced fibrinogen & protein 
C. Similar effects were seen after infusion of clear 
AF but the effects were much less pronounced. 
The authors concluded that unknown factors con-

tained in meconium probably resulted in disor-
ders of coagulation as meconium-free AF is not 
life-threatening despite infusion of very high 
volumes. With data reporting MSAF to be a risk 
factor for PPH, we believe our study will provide 
impetus to further basic research on the effect of 
meconium on coagulation profile.

On stratifying the incidence of PPH in the 
MSAF and clear AF groups based on maternal 
age, we found the significant difference between 
the incidence of PPH for the older age group 30-
39 years but not for younger age groups (18-29 
years). This was expected as increased maternal 
age is a known risk factor for PPH16,17. The lack of 
statistical difference for the age group >40 years 
may be due to insufficient sample size. Classify-
ing our results based on gestational age and gra-
vidity we found significant differences between 
the two groups for higher gestational age and pre-
vious history of pregnancies. The risk of PPH in 
the MSAF group was higher for gestational age 
of >40 weeks and gravidity of >3. A WHO mul-
ticounty survey on maternal and newborn health 
has reported higher gestational age and multipari-
ty to be an independent risk factor for PPH18. 

Our study has some limitations. First, this is a 
single-center study retrospective study. Therefore, 
the influence of potential confounding factors on 
our results cannot be negated. Second, evaluation 
of AF and its characteristics was subjective across 
a long span of time which may have led to evalu-
ation bias. Third, data on the amount of bleeding 
was assessed from the calibrated drapes by differ-
ent nursing staff, which could have led to minor 
errors in reporting. 

There are some novelties of our study. Our 
study is only the second one to assess the effects 
of MSAF on minor and moderate PPH. The large 
sample size of our study adds strength to our con-
clusions. Furthermore, we assessed the amount of 
bleeding at different time-points to provide clear 
evidence to clinicians.

Conclusions

Our study demonstrates that MSAF is a sig-
nificant risk factor for minor and moderate PPH. 
Presence of meconium could therefore alert cli-
nicians to expect PPH and make arrangements 
for further patient management. Further basic 
research is required to evaluate the mechanism 
by which meconium influences the incidence of 
PPH.
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