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Objective: To evaluate whether thin and thick meconium-stained amniotic fluid are risk factors for increased rates of cesarean
delivery, both for fetal and non-fetal distress indications, as well as for operative vaginal delivery.

Methods: A retrospective cohort study was conducted on low-risk singleton pregnancies. They were divided into three groups for
comparisons of outcomes: the control group (clear amniotic fluid), the thin meconium group, and the thick meconium group.
Results: A total of 12,171 women met the inclusion criteria, comprising 10,341 with clear amniotic fluid and 1,730 (15.0%) with
meconium-stained amniotic fluid, of which 1,159 (9.5%) had thin meconium and 671 (5.5%) had thick meconium. Most labor
outcomes in the thin meconium group were comparable to those in the control group. However, in the thick meconium group, the
overall rate of cesarean delivery, including those indicated for both fetal distress and non-fetal distress, as well as the rate of operative
vaginal delivery, were significantly increased after adjustment for potential confounders, with adjusted odds ratios of 1.93, 2.25, 1.72,
and 1.95, respectively. Additionally, the rate of low Apgar scores was significantly higher in the thick meconium group.
Conclusion: Thick meconium-stained amniotic fluid was identified as a risk factor for an increased rate of cesarean delivery, both for
fetal distress and non-fetal distress indications. The latter may be related to a lower threshold for decision-making, as physicians may
fear potential fetal compromise, leading to unnecessary cesarean deliveries. Stricter criteria for cesarean section indications in cases of
thick meconium should therefore be emphasized.
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Introduction
Meconium-stained amniotic fluid has been associated with an increased risk of fetal distress or non-reassuring fetal heart

rate patterns, as well as lower Apgar scores,'

consistent with the understanding that fetal hypoxia precipitates
meconium passage. In the presence of fetal hypoxia, the release of arginine vasopressin stimulates colonic smooth
muscle to contract and relax the anal sphincter, leading to the passage of meconium.’ Nevertheless, although meconium-
stained amniotic fluid can partly reflect fetal hypoxia or non-reassuring fetal well-being, meconium passage in utero can
also occur in normal fetuses.®’ Accordingly, meconium-stained amniotic fluid is not always indicative of fetal distress;
rather, it reflects an increased risk of adverse outcomes. In line with clinical practice guidelines, its presence warrants

closer surveillance with electronic fetal monitoring to detect fetal distress or non-reassuring fetal heart rate patterns,
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which may necessitate cesarean section or urgent delivery. However, meconium-stained amniotic fluid alone is not
considered a standalone indication for cesarean section.

Meconium-stained amniotic fluid occurs in 5-20% of parturients® and is consistently reported to be associated with
an increased risk of cesarean section and operative vaginal delivery.”'® This increase is presumably attributable to the
higher incidence of fetal distress among women complicated by meconium-stained amniotic fluid, as mentioned earlier.
However, it remains unclear whether the rates of cesarean section and operative vaginal delivery due to non—fetal
distress indications are also elevated. Furthermore, most previous studies have evaluated the overall impact of
meconium-stained amniotic fluid without stratifying cases by severity. However, in clinical practice, thin meconium
staining often appears not to be associated with adverse outcomes, a question that remains insufficiently investigated.
The severity of staining may therefore have differential effects on perinatal outcomes. Accordingly, this study
examined the effects of thin (defined as light or yellow-green, translucent amniotic fluid without particulate matter)
and thick meconium-stained amniotic fluid (dark green, opaque, or highly viscous fluid containing particulate material
or clumps) separately, focusing on low-risk pregnancies to minimize confounding from other risk factors. The primary
objective of this study was to determine whether thin and thick meconium-stained amniotic fluid are independent risk
factors for increased rates of cesarean section, both for fetal distress and non-fetal distress indications, as well as for
operative vaginal delivery.

Patients and Methods

A retrospective cohort study was carried out, using data from the obstetric electronic database and complete medical
records of the Department of Obstetrics and Gynecology, Chiang Mai University, Thailand. The database contains
prospectively collected data of pregnant women who delivered at Maharaj Nakorn Chiang Mai Hospital, a tertiary care
medical school and referral center, with entries recorded on the day of discharge. This study was ethically approved by
the Institutional Review Board, Faculty of Medicine, Chiang Mai University (Research Ethics Committee Panel 5;
Research ID: OBG-2568-0061; Date of Approval: 6 February 2025). The database was then accessed to retrieve all
consecutive records of women who gave birth at our hospital between 2014 and 2024. During the study period, labor
management followed a uniform institutional protocol. For example, the diagnosis of labor arrest or failed induction was
based on the American College of Obstetricians and Gynecologists (ACOG) guidelines,'' and non-reassuring fetal heart
rate patterns were classified according to the National Institute of Child Health and Human Development (NICHD)
criteria.'? The inclusion criteria were as follows: (1) singleton pregnancies; (2) low-risk pregnancies; (3) vertex
presentation; (4) clearly documented condition of amniotic fluid during labor (clear, thin, or thick meconium-stained);
and (5) planned vaginal delivery, either spontaneous or induced. The exclusion criteria were as follows: (1) multifetal
pregnancies; (2) pregnancies at high risk of obstetric or medical complications (eg, heart disease, connective tissue
diseases, chronic hypertension, pregestational diabetes mellitus or preeclampsia); (3) fetal structural or chromosomal
abnormalities; (4) elective cesarean section (mostly for previous cesarean delivery); (5) antepartum non-reassuring fetal
status; (6) non-vertex fetal presentation; and (7) obstetric emergencies such as umbilical cord prolapse or placental
abruption.

Demographic and obstetric data (eg, maternal age, parity, chronic medical conditions) and pregnancy outcomes (eg,
gestational age at birth, obstetric complications, mode of delivery, and neonatal outcomes) were validated, extracted from
the medical records, and digitally recorded. The primary outcomes were the rates of cesarean section (overall and by
specific indications) and operative vaginal delivery. The secondary outcomes were low Apgar scores at 1 and 5 minutes,
defined as a score of <7 at 1 and 5 minutes, respectively. The parturients were classified into three groups: (1) clear
amniotic fluid, (2) thin meconium-stained amniotic fluid, and (3) thick meconium-stained amniotic fluid. Severity was
subjectively assessed intrapartum by the attending obstetrician based on color, viscosity, and particulate content. Thin
meconium-stained amniotic fluid was defined as light or yellow-green, translucent fluid without particulate matter. Thick
meconium-stained amniotic fluid was defined as dark green, opaque, or highly viscous fluid containing particulate
material or clumps. Cases with intermediate features were classified by the predominant characteristic; for analysis, any
moderate or particulate meconium was grouped as thick meconium-stained amniotic fluid.
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Statistical Analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 26.0 (IBM
Corp., 2019; IBM SPSS Statistics for Windows, Version 26.0, Armonk, NY, USA). Descriptive statistics are presented as
mean + standard deviation (SD) or as median with interquartile range, depending on variable distribution, and as
percentages for categorical variables. Baseline data between the study groups (meconium-stained amniotic fluid) and
the control group (clear amniotic fluid) were compared using Student’s #-test for continuous variables and the chi-square
test for categorical variables. For outcome comparisons, relative risks with 95% confidence intervals were analyzed.
Univariable and multivariable analyses were conducted to adjust for potential confounding factors associated with
adverse outcomes, using logistic regression analysis. A p-value < 0.05 was considered statistically significant. Based
on a large previous study by Hiersch et al,” which reported an odds ratio of 1.48 (95% CI, 1.31-1.69) for cesarean section
among women with meconium-stained amniotic fluid, the required sample size for this study was calculated to be at least
428 cases with thick meconium staining and 4,280 controls (assuming a prevalence of 10%) to achieve 90% statistical
power at a 95% confidence interval.

Results

During the study period, there were a total of 15,254 deliveries. After excluding elective cesarean sections, multiple
pregnancies, cases of placenta previa, breech presentations, and fetal anomalies, 12,171 cases remained available for
analysis. Among these, the prevalence of meconium-stained amniotic fluid was 15.0% (1,730 cases), comprising thin
meconium in 9.5% (1,159 cases) and thick meconium in 5.5% (671 cases), as shown in Figure 1. Most baseline
characteristics of women in the meconium-stained amniotic fluid group were comparable to those in the control group,

Total parturients

N: 15,254

Elective cesarean section
(1,420)

Vaginal delivery trial
N: 13,834

Exclusion (twins, medical
diseases, anomaly, etc.) |

(1,663)

Available for analysis
N: 12,171

|
Control group Study group Study group

(clear amniotic fluid) (thin meconium) (thick meconium)
N: 10,341 (85.0%) N: 1,159 (9.5%) N: 671 (5.5%)

Figure | Flowchart of patient recruitment.
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as presented in Table 1. However, the proportion of nulliparous women in the thick meconium group was significantly
higher than in the control group.

Most obstetric outcomes were comparable between the control group (clear amniotic fluid) and the thin meconium-
stained amniotic fluid group, except that gestational age and placental weight were slightly, but significantly, lower in the
thin meconium group, as presented in Table 2.

Most adverse labor outcomes were significantly more frequent in the thick meconium group compared with the
control group, as presented in Table 3. The overall cesarean section rate (CSR) was significantly higher in the thick
meconium group (relative risk, 1.54; 95% CI, 1.35-1.76). Notably, not only CSRs due to fetal distress but also those due

Table | Demographic Data of the Patients with Meconium Stained Amniotic Fluid Compared with Those with
Clear Amniotic Fluid

Clear Amniotic | Thin Meconium | P-value | Thick Meconium | P-value
Fluid (N: 10,341) (N: 1159) (N: 671)
Continuous variables; mean+SD
Maternal age (years) 29.245.6 29.3+6.3 0.398 29.31£5.9 0.724
Maternal weight (Kg) 56.3+10.9 56.9+10.6 0.095 56.9+10.6 0.207
Maternal height (cm) 156.94+5.4 156.9+5.4 0.864 157.1£5.3 0.461
Categorical variables; n (%)
Parity: 0.331 0.003
o Nulliparous 4,988 (48.3%) 576 (49.8%) 364 (54.2%)
e Parous 5,344 (51.7%) 581 (50.2%) 307 (45.8%)
Induction of labor 925 (8.94%) 106 (9.15%) 0.820 66 (9.84%) 0.434
Epidural analgesia 59 (0.57%) 3 (0.26%) 0.169 7 (1.04%) 0.124
Neonatal sex 0.128 0.422
e Male 5,315 (51.5%) 621 (53.8%) 334 (49.9%)
o Female 5,015 (48.5%) 533 (46.2%) 336 (50.1%)

Table 2 Comparisons of the Main Adverse Outcomes Between the Group of Clear Amniotic Fluid and Thin

Meconium Stained Amniotic Fluid

Clear Amniotic | Thin Meconium | P-value Relative
Fluid (N: 10,341) (N: 1159) Risk (95% CI)
Continuous variables; mean£SD
Gestational age at delivery (weeks) 38.3+2.2 37.9+49 <0.001
Birthweight (g) 2947+568 2913+899 0.065
Placental weight (g) 579+130 548+161 <0.001
Estimated blood loss (mL) 249+173 247221 0.689
Categorical variables; n (%)
Cesarean delivery 1,782 (17.2%) 204 (17.6%) 0.753 1.02 (0.89-1.16)
Cesarean delivery due to fetal distress 328 (3.2%) 39 (3.4%) 0.723 1.06 (0.76—1.47)
(Continued)

https:

International Journal of Women’s Health 2026:18



Kaewthong et al

Table 2 (Continued).

Clear Amniotic | Thin Meconium | P-value Relative
Fluid (N: 10,341) (N: 1159) Risk (95% ClI)
Cesarean delivery, not due to fetal distress 1454 (14.1%) 165 (14.7%) 0.849 1.0l (0.87-1.18)
e Cephalo-pelvic disproportion 858 (8.3%) 109 (9.4%) 0.198 1.13 (0.94-1.37)
e Failed induction of labor 97 (0.9%) 7 (0.6%) 0.255 0.64 (0.30-1.38)
o Other indication for cesarean 499 (4.8%) 50 (4.3%) 0.439 0.89 (0.67-1.19)
Vaginal operative delivery 555 (6.6%) 67 (7.7%) 0.229 1.16 (0.91-1.48)
Low Apgar scores at | min 709 (6.9%) 99 (8.5%) 0.033 1.25 (1.02-1.52)
Low Apgar scores at 5 min 195 (1.9%) 31 (2.7%) 0.066 1.42 (0.97-2.06)

Table 3 Comparisons of the Main Adverse Outcomes Between the Group of Clear Amniotic Fluid and Thick
Meconium Stained Amniotic Fluid

Clear Amniotic Thick Meconium | P-value Relative
Fluid (N: 10,341) (N: 671) Risk (95% CI)
Continuous variables; mean+SD
Gestational age at delivery (weeks) 38.3+2.2 38.9+2.1 <0.001
Birthweight (g) 29471568 3021+524 0.001
Placental weight (g) 579130 602131 <0.001
Estimated blood loss (mL) 249+173 285+202 <0.001
Categorical variables; n (%)
Cesarean delivery 1,782 (17.2%) 178 (26.5%) <0.001 1.54 (1.35-1.76)
Cesarean delivery due to fetal distress 328 (3.2%) 40 (5.9%) <0.001 1.88 (1.37-2.59)
Cesarean delivery, not due to fetal distress 1454 (14.1%) 138 (21.9%) <0.001 1.51 (1.29-1.76)
® Cephalo-pelvic disproportion 858 (8.3%) 74 (11.0%) 0.014 1.32 (1.06—1.66)
e Failed induction of labor 97 (0.9%) 15 (2.2%) 0.001 2.38 (1.39-4.08)
o Other indication for cesarean 499 (4.8%) 49 (7.3%) 0.004 .51 (1.14-2.01)
Vaginal operative delivery 555 (6.6%) 62 (12.8%) <0.001 1.94 (1.51-2.48)
Low Apgar scores at | min 709 (6.9%) 93 (13.9%) <0.001 2.02 (1.65-2.47)
Low Apgar scores at 5 min 195 (1.9%) 25 (3.7%) 0.001 1.97 (1.31-2.97)

to cephalopelvic disproportion, failure of induction, and other indications were significantly higher in the thick meconium
group. Gestational age, fetal weight, placental weight, and estimated blood loss showed only minimal differences
between the groups, although the differences reached statistical significance. Additionally, the rate of operative vaginal
delivery was nearly two-fold higher in the thick meconium group (relative risk, 1.94; 95% CI, 1.51-2.48).

After adjustment for potential confounding factors, thick meconium-stained amniotic fluid remained a risk factor for
an increased total CSR, with a nearly two-fold higher rate than that observed in the control group (adjusted odds ratio,
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Table 4 Odds Ratio of Thick Meconium Stained Amniotic Fluid as a Risk Factors for Adverse Delivery Outcomes
Based on Univariable and Multivariable Analysis, Compared to the Group of Clear Amniotic Fluid

Delivery Outcomes Univariable Analysis Multivariable Analysis
Odds Ratio (95% CI) | P-value | Adjusted Odds Ratio* | P-value
Cesarean delivery 1.32 (1.20-1.44) <0.001 1.93 (1.59-2.33) < 0.001
® Cesarean delivery, due to fetal distress 1.39 (1.17-1.65) < 0.001 2.25 (1.57-3.23) < 0.001
® Cesarean delivery, not due to fetal distress 1.28 (1.16—1.41) <0.001 1.72 (1.40-2.12) < 0.001
o Cephalo-pelvic disproportion 1.17 (1.03-1.32) 0.014 1.19 (0.91-1.57) 0.211
o Failed induction of labor 1.55 (1.18-2.04) 0.002 241 (1.26-4.61) 0.008
o Other indication for cesarean 1.25 (1.07-1.45) 0.005 2.03 (1.48-2.80) < 0.001
Vaginal operative delivery 1.44 (1.25-1.66) < 0.001 1.95 (1.46-2.60) < 0.001
Low Apgar scores at | min 1.48 (1.32-1.66) < 0.001 2.83 (2.19-3.67) < 0.001
Low Apgar scores at 5 min 1.41 (1.15-1.75) 0.001 3.37 (2.05-5.54) < 0.001

Notes: *Adjusted for maternal age, maternal weight, maternal height, parity, gestational age, birth weight and neonatal sex, epidural analgesia, and
induction of labor.

1.93; 95% CI, 1.59-2.33), as presented in Table 4. The adjusted odds ratios of CSR for various indications were also
significantly higher in the thick meconium group, except for CSR due to cephalopelvic disproportion, which showed
a tendency to be higher but did not reach statistical significance. Additionally, thick meconium-stained amniotic fluid was
a significant independent risk factor for operative vaginal delivery and low Apgar scores in newborns.

Discussion

The main insights gained from this study are as follows: 1) Thick meconium-stained amniotic fluid in labor is a risk factor for
an increased rate of cesarean section and operative vaginal delivery. 2) Thick meconium-stained amniotic fluid is signifi-
cantly associated with low Apgar scores in newborns, even after adjustment for confounding factors. 3) Thin meconium does
not have a significant impact on most delivery outcomes; although the rate of low Apgar scores at 1 minute was slightly but
significantly increased. Unlike most previous studies, which reported only the overall rate of cesarean section,®*'>™'* this
study also examined subgroups of cesarean section according to their indications. This approach allowed us to assess the
impact of meconium-stained amniotic fluid on decision-making for cesarean section within each subgroup, thereby providing
insights that may guide clinicians in appropriate management. Importantly, we analyzed thin and thick meconium-stained
amniotic fluid separately and found that these two groups differed substantially in their impact on labor outcomes, whereas
most previous studies did not stratify by the severity of meconium staining.”'?"'>-1¢

In terms of the increased rates of cesarean section and operative vaginal delivery, our findings are consistent with
those reported by Hiersch et al,” who demonstrated in a multivariate analysis of a large retrospective cohort study that
meconium-stained amniotic fluid was associated with operative vaginal delivery (adjusted odds ratio, 1.82; 95% CI,
1.63-2.09; p < 0.001) and cesarean section (odds ratio, 1.48; 95% CI, 1.31-1.69; p < 0.001). However, their analysis
included all cases with meconium-stained amniotic fluid without differentiating between thin and thick meconium, as was
done in our study, and they did not stratify by the indications for cesarean section. Consequently, direct comparison of
their results with ours should be interpreted with caution.

In both our practice and standard guidelines, meconium-stained amniotic fluid is an indication for electronic fetal
monitoring but not for cesarean section. Thus, theoretically, the CSR for indications other than fetal distress or non-
reassuring fetal status would not be expected to increase. However, our findings demonstrate that the rate of cesarean
section for all indications other than fetal distress was also significantly higher, with an adjusted odds ratio of 1.73 (95%
Cl, 1.41-2.14). In other words, pregnancies with thick meconium-stained amniotic fluid were associated with an
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increased risk of cesarean section due to both fetal distress and non-fetal distress indications. The rise in cases without
fetal distress was largely attributable to a significant increase in cesarean sections performed for failed induction and
other indications. Although cesarean section due to cephalopelvic disproportion did not reach statistical significance in
the multivariable analysis, it showed a tendency toward increase and was significantly higher in the univariable analysis.
The reasons for the increased rate of cesarean section in the absence of fetal distress remain unclear and cannot be fully
explained by scientific evidence. One possible explanation is that physicians managing pregnancies complicated by thick
meconium-stained amniotic fluid may have a lower threshold for deciding on cesarean delivery out of concern for
potential fetal distress, thereby increasing the likelihood of subjective over-diagnosis of failed induction or cephalopelvic
disproportion. Therefore, this study suggests that thick meconium-stained amniotic fluid may be a risk factor for an
increased rate of unnecessary cesarean section, unrelated to fetal distress. Accordingly, greater awareness is needed in
decision-making regarding cesarean delivery in the absence of fetal distress, with closer attention paid to ensuring that
the procedure is performed only for appropriate indications. Such awareness is expected to contribute to a reduction in
unnecessary cesarean sections.

Similarly, the rate of operative vaginal delivery was significantly higher in cases of thick meconium-stained amniotic
fluid. As with the increase in cesarean section, physicians may have been more inclined to perform the procedure out of
concern for fetal distress or by interpreting meconium-stained amniotic fluid as evidence of distress despite the absence
of true compromise. Unnecessary operative vaginal deliveries might have been avoided if greater attention had been paid
to accurately diagnosing fetal distress or non-reassuring fetal status in the second stage of labor.

Clinical Implication

Our findings suggest that stricter criteria for diagnosing fetal distress, cephalo-pelvic disproportion, failed induction, or
other indications should be more rigorously applied in the management of pregnancies complicated by thick meconium-
stained amniotic fluid to avoid unnecessary cesarean section and operative vaginal delivery.

Research Implication

Prospective cohort studies comparing delivery outcomes between pregnancies complicated by thick meconium-stained
amniotic fluid and those without should be conducted in settings where indications for cesarean section are rigorously
audited.

Strengths and Weaknesses

The main limitation of this study is its retrospective design, as the recorded data may not have been entirely reliable or
complete. For example, some variables, such as oxytocin use, were not fully documented in sufficient detail and were
therefore not included in the analysis. Importantly, the classification of thin and thick meconium-stained amniotic fluid
was based on the subjective judgment of the attending physicians, without assessment of inter-observer variability. This
may have introduced bias, and reproducibility in other settings may be limited. The strengths of this study include the
large sample size, which provided sufficient power to draw conclusions with high confidence. Furthermore, the findings
reflect real-world clinical practice in a service setting rather than results derived from controlled research environments.
Therefore, the results can be applied to guide and improve clinical management of pregnancies complicated by
meconium-stained amniotic fluid.

Conclusion

This study demonstrated that thin meconium-stained amniotic fluid did not affect most delivery outcomes, whereas thick
meconium-stained amniotic fluid significantly increased the risk of low Apgar scores as well as higher rates of cesarean
section and operative vaginal delivery. Importantly, thick meconium-stained amniotic fluid was identified as a risk factor
for cesarean section performed for non-fetal distress indications, reflecting a low threshold for deciding on cesarean
delivery, likely driven by concerns about potential fetal compromise. Our findings suggest that stricter criteria for
diagnosing fetal distress, failed induction, and other indications should be more rigorously applied in the management of
pregnancies complicated by thick meconium-stained amniotic fluid, in order to reduce unnecessary cesarean sections and
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operative vaginal deliveries. For example, diagnoses such as cephalopelvic disproportion or failed induction should
adhere to the ACOG guidelines,'" and the diagnosis of non-reassuring fetal heart rate patterns should follow the NICHD

criteria.'?
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