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ABSTRACT 

 

Background: Cesarean delivery is one of the most commonly performed obstetric procedures 

worldwide. Anaesthetic technique plays a crucial role in determining maternal perioperative 

outcomes, particularly hemodynamic stability. The placenta reflects maternal and fetal physiological 

conditions and may provide insights into vascular and perfusion-related changes occurring during 

pregnancy. Limited data are available regarding the relationship between anaesthetic techniques used 

during cesarean delivery and placental histopathological findings. 

 

Objectives: To compare maternal outcomes and placental histopathological changes among women 

undergoing cesarean delivery under spinal and general anaesthesia and to evaluate the association 

between maternal hemodynamic response and placental pathology. 

 

Methods: A hospital-based comparative observational study was conducted at a tertiary care hospital 

in North India from August 2020 to November 2020. Forty-two women undergoing cesarean delivery 

were enrolled using consecutive sampling. Thirty women received spinal anaesthesia and twelve 

received general anaesthesia. Maternal demographic, obstetric, and perioperative data were recorded. 

Placental specimens were collected following delivery and subjected to standardized gross and 

histopathological examination. Data were analyzed using SPSS version 25.0. Continuous variables 

were compared using Student’s t-test, while categorical variables were analyzed using Chi-square or 

Fisher’s exact test. A p-value <0.05 was considered statistically significant. 

 

Results: Baseline maternal and obstetric characteristics were comparable between the two groups. 

Intraoperative hypotension occurred significantly more frequently in women receiving spinal 

anaesthesia than in those receiving general anaesthesia (40.0% vs. 8.3%; p=0.04). Vasopressor 

requirement was more common in the spinal anaesthesia group, although the difference was not 

statistically significant. Estimated blood loss, postoperative nausea and vomiting, and duration of 

hospital stay were similar between groups. Histopathological examination demonstrated increased 

syncytial knot formation, intervillous fibrin deposition, villous congestion, calcification, fibrinoid 
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necrosis, and placental infarction in both groups without significant intergroup differences. Maternal 

intraoperative hypotension showed a significant association with increased syncytial knot formation 

(p=0.04). 

 

Conclusion: Spinal anaesthesia was associated with a higher incidence of intraoperative hypotension 

during cesarean delivery, whereas most maternal outcomes and placental histopathological findings 

were comparable between anaesthetic techniques. The association between maternal hypotension and 

increased syncytial knot formation suggests a potential relationship between maternal hemodynamic 

status and placental adaptive changes. Further large-scale prospective studies are warranted to 

validate these findings. 

 

Keywords: Cesarean delivery; Spinal anaesthesia; General anaesthesia; Placental histopathology; 

Maternal outcomes; Intraoperative hypotension; Syncytial knots. 

INTRODUCTION 

 

Cesarean delivery is one of the most frequently performed surgical procedures worldwide and plays 

a critical role in reducing maternal and neonatal morbidity and mortality when vaginal delivery is not 

feasible or safe. The global rate of cesarean section has increased substantially over the past two 

decades, with considerable variation across regions and healthcare systems. Alongside this rise, the 

choice of anesthetic technique for cesarean delivery has gained increasing importance because it 

directly influences maternal hemodynamic stability, perioperative outcomes, postoperative recovery, 

and neonatal well-being [1,2]. 

 

The two principal anesthetic approaches for cesarean delivery are regional anesthesia, including 

spinal and epidural techniques, and general anesthesia. Regional anesthesia has become the preferred 

modality for most elective and emergency cesarean deliveries because it allows the mother to remain 

conscious during childbirth, minimizes fetal exposure to anesthetic drugs, and is associated with 

lower maternal morbidity compared with general anesthesia [3,4]. However, spinal anesthesia may 

cause significant maternal hypotension due to sympathetic blockade, which can adversely affect 

uteroplacental perfusion if not adequately managed. Conversely, general anesthesia provides rapid 

induction and airway control but carries risks such as difficult intubation, aspiration, and increased 

maternal morbidity [5]. 

 

Adequate uteroplacental circulation is essential for fetal growth and survival throughout pregnancy. 

The placenta serves as the primary interface between maternal and fetal circulations and reflects 

various maternal physiological and pathological conditions. Histopathological examination of the 

placenta provides valuable insights into maternal vascular perfusion, fetal vascular integrity, 

inflammatory processes, and adaptive responses occurring during pregnancy and delivery [6]. 

Alterations in placental morphology and microscopic architecture have been associated with maternal 

hypertension, diabetes, anemia, placental insufficiency, and other obstetric complications that may 

influence both maternal and fetal outcomes [7]. 

 

Anesthetic techniques can potentially affect maternal cardiovascular responses during cesarean 

delivery, thereby influencing uteroplacental blood flow and placental perfusion. Maternal 

hemodynamic fluctuations such as hypotension, hypertension, or altered vascular resistance may 

contribute to changes in placental circulation and subsequent histopathological findings. Although 

the immediate effects of different anesthetic techniques on maternal and neonatal outcomes have been 
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extensively studied, limited attention has been directed toward their possible relationship with 

placental histopathological characteristics [8]. 

 

In India, cesarean section rates have increased steadily in both public and private healthcare 

institutions. Tertiary care centers frequently manage high-risk pregnancies requiring individualized 

anesthetic approaches based on maternal condition, obstetric indication, and available resources [9]. 

Despite the growing utilization of regional anesthesia, evidence regarding the association between 

anesthetic technique, maternal perioperative outcomes, and placental histopathological changes 

remains limited, particularly in the North Indian population. Most available studies have focused 

either on anesthetic outcomes or placental pathology separately, creating a gap in understanding the 

interplay between these factors [10]. 

 

 

A better understanding of the relationship between anesthetic technique and placental 

histopathological findings may provide additional insights into maternal physiological responses 

during cesarean delivery and may help optimize perioperative management strategies. Furthermore, 

identifying specific placental changes associated with different anesthetic approaches could 

contribute to improved risk stratification and clinical decision-making in obstetric anesthesia. 

 

Therefore, the present study was undertaken to compare maternal outcomes and placental 

histopathological changes among women undergoing cesarean delivery under different anesthetic 

techniques at a tertiary care hospital in North India. The specific objectives were to evaluate maternal 

perioperative outcomes under different anesthetic techniques and to assess and compare the 

histopathological characteristics of placental specimens obtained following cesarean delivery. 

 
METHODOLOGY 

 

Study Design: This hospital-based comparative observational study was conducted to evaluate 

maternal outcomes and placental histopathological changes among women undergoing cesarean 

delivery under different anaesthetic techniques. 

 

Study Setting: The study was conducted in the Department of Obstetrics and Gynaecology in 

collaboration with the Department of Anaesthesiology and Department of Pathology at a tertiary 

care teaching hospital in North India. 

 

Study Duration: The study was conducted over a period of four months from August 2020 to 

November 2020. 

 

Study Population: The study population comprised pregnant women undergoing cesarean delivery 

during the study period and their corresponding placental specimens submitted for histopathological 

examination. 

 

Inclusion Criteria 

1. Pregnant women aged 18–40 years undergoing elective or emergency cesarean delivery. 

2. Singleton pregnancy with gestational age ≥37 weeks. 

3. Women receiving either spinal anaesthesia or general anaesthesia for cesarean delivery. 

4. Women willing to participate and provide written informed consent. 

5.  
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Exclusion Criteria 

1. Women with known placental abnormalities diagnosed antenatally (placenta accreta 

spectrum, placenta previa with morbid adherence). 

2. Multiple gestations. 

3. Severe maternal systemic illness likely to independently affect placental histopathology, 

including chronic renal disease, autoimmune disorders, and severe cardiac disease. 

4. Intrauterine fetal demise. 

5. Inadequately preserved placental specimens unsuitable for histopathological examination. 

6. Women unwilling to participate in the study. 

7.  

Sample Size: The sample size was calculated based on feasibility, patient availability during the 

study period, and the exploratory comparative nature of the study. Assuming a two-sided confidence 

level of 95%, anticipated proportion of placental histopathological abnormalities of approximately 

50% in cesarean deliveries, and an absolute precision of 15%, the minimum sample size was 

estimated using the formula: 

 

𝑛 =
𝑍2𝑝𝑞

𝑑2
 

Where: 

• (Z) = 1.96 at 95% confidence level 

• (p) = 0.50 

• (q) = 1 − p = 0.50 

• (d) = 0.15 

 

𝑛 =
(1.96)2 × 0.50 × 0.50

(0.15)2
 

 

n = 42 

 

Accordingly, a sample size of 42 participants was included in the study. 

 

Sampling Technique: A consecutive sampling technique was employed. All eligible women 

undergoing cesarean delivery during the study period who fulfilled the inclusion criteria and provided 

informed consent were recruited until the required sample size of 42 was achieved. 

 

Data Collection Tools and Procedure: After obtaining informed consent, demographic, obstetric, 

clinical, and perioperative information was collected using a predesigned structured case record form. 

Data recorded included maternal age, parity, gestational age, indication for cesarean delivery, type of 

anaesthetic technique administered, intraoperative hemodynamic parameters, occurrence of 

hypotension, vasopressor requirement, estimated blood loss, postoperative complications, and 

duration of hospital stay. 

 

Participants were categorized according to the anaesthetic technique used for cesarean delivery, 

namely spinal anaesthesia and general anaesthesia. Maternal perioperative outcomes were recorded 

by the attending anaesthesiology team. 

 

Immediately following delivery, placental specimens were collected and transported to the pathology 

laboratory in 10% buffered formalin. Gross examination included assessment of placental weight, 
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dimensions, cord insertion, and visible lesions. Representative tissue sections were processed, 

embedded in paraffin, stained with hematoxylin and eosin, and examined microscopically by an 

experienced pathologist blinded to the anaesthetic technique. Histopathological evaluation included 

assessment of infarction, syncytial knot formation, fibrinoid necrosis, intervillous fibrin deposition, 

calcification, villous maturation abnormalities, congestion, and other relevant placental lesions 

according to standard pathological criteria. 

 

Study Variables: The primary independent variable was the anaesthetic technique used for cesarean 

delivery (spinal anaesthesia or general anaesthesia). Additional independent variables included 

maternal age, parity, gestational age, indication for cesarean section, and obstetric characteristics. 

 

Dependent variables comprised maternal perioperative outcomes, including intraoperative 

hypotension, vasopressor requirement, estimated blood loss, postoperative nausea and vomiting, 

duration of hospital stay, and perioperative complications. Histopathological outcomes included 

placental infarction, syncytial knots, calcification, intervillous fibrin deposition, villous congestion, 

fibrinoid necrosis, and other microscopic placental changes. 

 

Statistical Analysis: Data were entered into Microsoft Excel and analyzed using Statistical Package 

for the Social Sciences (SPSS) software version 25.0 (IBM Corp., Armonk, NY, USA). Continuous 

variables were summarized as mean  ±standard deviation (SD) or median with interquartile range, 

depending on data distribution. Categorical variables were expressed as frequencies and percentages. 

The independent Student’s t-test was used for comparison of normally distributed continuous 

variables between groups, while the Mann–Whitney U test was applied for non-normally distributed 

data. The Chi-square test or Fisher’s exact test was used for comparison of categorical variables. A 

p-value <0.05 was considered statistically significant. 

 

Ethical Considerations: Written informed consent was obtained from all participants after 

explaining the purpose, procedures, potential benefits, and risks of the study in their preferred 

language. Confidentiality and anonymity of participant information were strictly maintained 

throughout the study. Participation was entirely voluntary, and participants were free to withdraw 

from the study at any stage without affecting their medical care. The study was conducted in 

accordance with the ethical principles outlined in the Declaration of Helsinki and its subsequent 

amendments. 

 
RESULTS 

 

A total of 42 women undergoing cesarean delivery were included in the study. Of these, 30 received 

spinal anaesthesia and 12 received general anaesthesia. Baseline demographic and obstetric 

characteristics were comparable between the two groups, with no statistically significant differences 

observed in maternal age, parity, gestational age, or type of cesarean delivery (Table 1). 

 

Table 1. Baseline Maternal and Obstetric Characteristics of Study Participants According to 

Anaesthetic Technique 

Variable 
Spinal Anaesthesia 

(n=30) 

General Anaesthesia 

(n=12) 

p-

value 

Maternal age (years), Mean ± SD 27.8 ± 4.2 28.6 ± 4.7 0.58 

Primigravida, n (%) 16 (53.3) 6 (50.0) 0.84 
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Multigravida, n (%) 14 (46.7) 6 (50.0) 0.84 

Gestational age (weeks), Mean ± 

SD 
38.4 ± 1.1 38.1 ± 1.3 0.42 

Elective cesarean section, n (%) 18 (60.0) 5 (41.7) 0.27 

Emergency cesarean section, n (%) 12 (40.0) 7 (58.3) 0.27 

 

 

Maternal perioperative outcomes demonstrated a significantly higher incidence of intraoperative 

hypotension among women receiving spinal anaesthesia compared with those receiving general 

anaesthesia. Although vasopressor use was more frequent in the spinal anaesthesia group, the 

difference did not reach statistical significance. Estimated blood loss, postoperative nausea and 

vomiting, and duration of hospital stay were comparable between groups (Table 2). 

 

Table 2. Comparison of Maternal Perioperative Outcomes Between Anaesthetic Techniques 

Variable 
Spinal Anaesthesia 

(n=30) 

General Anaesthesia 

(n=12) 

p-

value 

Intraoperative hypotension, n (%) 12 (40.0) 1 (8.3) 0.04* 

Vasopressor requirement, n (%) 10 (33.3) 1 (8.3) 0.09 

Estimated blood loss (mL), Mean ± SD 690 ± 120 760 ± 150 0.12 

Postoperative nausea/vomiting, n (%) 5 (16.7) 1 (8.3) 0.48 

Duration of hospital stay (days), Mean 

± SD 
4.3 ± 1.0 4.8 ± 1.2 0.18 

 

*Statistically significant (p < 0.05) 

 

Gross placental examination revealed similar placental weights and frequencies of infarction, 

calcification, and cord insertion abnormalities in both anaesthetic groups. None of these differences 

were statistically significant (Table 3). 

 

Table 3. Gross Placental Characteristics in the Study Groups 

Variable 
Spinal Anaesthesia 

(n=30) 

General Anaesthesia 

(n=12) 

p-

value 

Placental weight (g), Mean ± SD 515 ± 68 501 ± 72 0.55 

Placental infarcts on gross examination, 

n (%) 
6 (20.0) 4 (33.3) 0.35 

Focal calcification, n (%) 8 (26.7) 4 (33.3) 0.66 

Marginal cord insertion, n (%) 2 (6.7) 1 (8.3) 0.84 
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Histopathological examination showed that increased syncytial knot formation, intervillous fibrin 

deposition, villous congestion, fibrinoid necrosis, and microscopic placental infarction were 

observed in both groups. These lesions tended to occur more frequently among placentas from 

women who underwent cesarean delivery under general anaesthesia; however, no statistically 

significant intergroup differences were identified (Table 4). 

 

Table 4. Histopathological Findings in Placental Specimens According to Anaesthetic 

Technique 

Histopathological Finding 
Spinal Anaesthesia 

(n=30) 

General Anaesthesia 

(n=12) 

p-

value 

Increased syncytial knots, n (%) 10 (33.3) 6 (50.0) 0.31 

Intervillous fibrin deposition, n (%) 8 (26.7) 5 (41.7) 0.34 

Villous congestion, n (%) 9 (30.0) 6 (50.0) 0.22 

Fibrinoid necrosis, n (%) 4 (13.3) 3 (25.0) 0.35 

Placental infarction (microscopic), n 

(%) 
5 (16.7) 4 (33.3) 0.24 

Calcification, n (%) 7 (23.3) 4 (33.3) 0.50 

 

 

Analysis of the overall cohort demonstrated a significant association between maternal 

intraoperative hypotension and increased syncytial knot formation. Other placental lesions, 

including intervillous fibrin deposition, villous congestion, and placental infarction, were more 

frequent among women experiencing hypotension but did not achieve statistical significance.    

(Table 5). 

 

Table 5. Association Between Maternal Intraoperative Hypotension and Selected Placental 

Histopathological Changes (Overall Cohort, n=42) 

Histopathological Finding 
Hypotension Present 

(n=13) 

Hypotension Absent 

(n=29) 

p-

value 

Increased syncytial knots, n (%) 8 (61.5) 8 (27.6) 0.04* 

Intervillous fibrin deposition, n 

(%) 
6 (46.2) 7 (24.1) 0.16 

Villous congestion, n (%) 7 (53.8) 8 (27.6) 0.10 

Placental infarction, n (%) 5 (38.5) 4 (13.8) 0.07 

 

*Statistically significant (p < 0.05) 
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DISCUSSION 

 

The present comparative observational study evaluated maternal outcomes and placental 

histopathological changes among women undergoing cesarean delivery under different anaesthetic 

techniques at a tertiary care hospital in North India. The principal findings of the study were that 

spinal anaesthesia was associated with a significantly higher incidence of intraoperative hypotension 

compared with general anaesthesia, while most other maternal perioperative outcomes remained 

comparable between groups. Histopathological examination of placental specimens demonstrated the 

presence of lesions such as increased syncytial knot formation, intervillous fibrin deposition, villous 

congestion, fibrinoid necrosis, calcification, and placental infarction in both groups. Although these 

lesions were observed more frequently in the general anaesthesia group, the differences were not 

statistically significant. Additionally, maternal intraoperative hypotension showed a significant 

association with increased syncytial knot formation. 

 

Regional anaesthesia, particularly spinal anaesthesia, is currently regarded as the preferred technique 

for cesarean delivery because of its favorable maternal safety profile and reduced neonatal exposure 

to anaesthetic agents [3,4]. However, sympathetic blockade induced by spinal anaesthesia is well 

known to cause maternal hypotension. The significantly greater frequency of intraoperative 

hypotension observed in the spinal anaesthesia group in the present study is consistent with previous 

reports describing hypotension as the most common adverse effect of spinal anaesthesia during 

cesarean section [4,8]. Reynolds and Seed demonstrated that maternal hemodynamic fluctuations 

remain an important consideration in obstetric anaesthesia despite advances in vasopressor therapy 

and perioperative monitoring [8]. The higher vasopressor requirement observed in our spinal 

anaesthesia cohort further supports this physiological relationship, although statistical significance 

was not achieved, possibly because of the limited sample size. 

 

Estimated blood loss and duration of hospitalization were similar between groups. These findings 

suggest that when appropriately administered and monitored, both anaesthetic techniques can provide 

acceptable perioperative outcomes in cesarean delivery. Similar observations have been reported in 

previous obstetric anaesthesia studies, where maternal recovery and postoperative outcomes were 

influenced more by underlying obstetric factors and surgical complexity than by anaesthetic 

technique alone [3,5]. 

 

The placental histopathological findings observed in the present study are consistent with lesions 

commonly described in term placentas. Increased syncytial knots, intervillous fibrin deposition, focal 

infarction, and calcification are recognized indicators of placental maturation and varying degrees of 

maternal vascular stress [6,7]. Although a greater proportion of placentas from women receiving 

general anaesthesia demonstrated these abnormalities, no statistically significant differences were 

identified. This finding suggests that the choice of anaesthetic technique itself may not be a major 

determinant of placental microscopic architecture. Instead, placental morphology likely reflects 

cumulative maternal, fetal, and pregnancy-related influences operating throughout gestation rather 

than perioperative events occurring immediately before delivery. 

 

The significant association between maternal hypotension and increased syncytial knot formation is 

noteworthy. Syncytial knots represent aggregates of syncytiotrophoblastic nuclei and are frequently 

regarded as markers of placental aging, hypoxia, or altered uteroplacental perfusion [6,10]. The 

observed relationship may indicate that women experiencing greater hemodynamic instability during 

cesarean delivery also possess placentas demonstrating evidence of adaptive responses to altered 
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perfusion. Although causality cannot be established in an observational study, this finding supports 

the concept that maternal vascular dynamics and placental morphology are interconnected. Similar 

associations between impaired maternal perfusion and placental vascular lesions have been described 

in placental pathology literature [6,7]. 

 

The absence of significant differences in other histopathological lesions between anaesthetic groups 

may be explained by several factors. First, placental lesions generally develop over weeks or months 

during pregnancy, whereas anaesthetic exposure occurs over a relatively short period immediately 

before delivery. Second, the relatively small sample size may have limited the statistical power to 

detect subtle differences. Third, the distribution of obstetric risk factors between groups was broadly 

comparable, thereby reducing confounding attributable to underlying maternal disease.[11-13] 

 

From a clinical perspective, the findings reinforce the importance of vigilant hemodynamic 

monitoring during spinal anaesthesia for cesarean delivery. Early recognition and prompt treatment 

of maternal hypotension remain essential to maintain adequate uteroplacental perfusion and optimize 

maternal outcomes. Furthermore, placental histopathological examination may provide useful 

supplementary information regarding maternal vascular adaptation and pregnancy-related 

physiological stress, particularly in high-risk obstetric populations. 

 

The strengths of this study include the simultaneous evaluation of maternal perioperative outcomes 

and placental histopathological characteristics within the same cohort, standardized pathological 

assessment of placental specimens, and inclusion of women managed under routine tertiary-care 

conditions. Such an approach provides a broader understanding of the relationship between 

anaesthetic management and placental morphology. 

 

Several limitations should be acknowledged. The study was conducted at a single tertiary care center, 

which may limit generalizability. The sample size was relatively small, particularly in the general 

anaesthesia group, reducing the ability to detect small intergroup differences. Potential confounding 

factors such as indication for cesarean delivery and individual obstetric risk profiles could not be 

completely eliminated. In addition, the observational design precludes causal inference regarding the 

relationship between anaesthetic technique, maternal hemodynamics, and placental histopathological 

changes. 

 

Overall, the present study suggests that while spinal anaesthesia is associated with a higher incidence 

of intraoperative hypotension, major placental histopathological findings are broadly comparable 

between anaesthetic techniques. The observed association between maternal hypotension and 

increased syncytial knot formation warrants further investigation in larger prospective studies to 

clarify the potential relationship between perioperative maternal hemodynamics and placental 

morphology. 

 
CONCLUSION 

 

This comparative observational study evaluated maternal perioperative outcomes and placental 

histopathological changes among women undergoing cesarean delivery under spinal and general 

anaesthesia. Spinal anaesthesia was associated with a significantly higher incidence of intraoperative 

hypotension compared with general anaesthesia, highlighting the importance of vigilant 

hemodynamic monitoring and timely management during cesarean delivery. Other maternal 

outcomes, including estimated blood loss, postoperative recovery, and duration of hospital stay, were 
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comparable between the two anaesthetic techniques.Histopathological examination revealed common 

placental lesions such as increased syncytial knot formation, intervillous fibrin deposition, villous 

congestion, calcification, and placental infarction in both groups. However, no significant differences 

in placental histopathological patterns were observed according to anaesthetic technique. Maternal 

intraoperative hypotension demonstrated a significant association with increased syncytial knot 

formation, suggesting a possible relationship between maternal hemodynamic status and placental 

adaptive changes.The findings indicate that while anaesthetic technique influences maternal 

hemodynamic response, its impact on placental histopathology appears limited. Larger multicentric 

prospective studies are recommended to further explore the interaction between maternal 

perioperative physiology and placental morphology and to enhance evidence-based obstetric 

anaesthetic practice. 
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