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Summary 

Introduction. Intra-abdominal pressure (IAP) is the pressure in the abdominal cavity, 

it  depends on the volume of the visceral organs, their anatomical relationship, physical 

activity, and the compliance of the abdominal wall. In mechanically ventilated patients, obese 

patients, severely ill patients, patients with polycystic kidney disease and pregnant women, 

intra-abdominal pressure may increase and cause various clinical consequences. In pregnant 

women, the abdominal cavity increases its compliance as pregnancy progresses, and thus 

usually compensates increasing intra-abdominal pressure. Despite this, some women develop 

the syndrome of intra-abdominal hypertension, which may lead to organ dysfunction and 

impaired maternal-fetal circulation. Elevated IAP values affect, among others, function of, the 

circulatory, respiratory, digestive and endocrine systems. Current hypotheses suggest 

a  possible relationship between increased intra-abdominal pressure and the occurrence 

of  eclampsia and pre-eclampsia. The influence of changes in intra-abdominal pressure during 

cesarean section on electrocardiographic and vectorocardiographic parameters has not been 

studied so far. A more complete understanding of the changes which take place during 

cesarean section could contribute to better perinatal care and improve the safety of the 

cesarean section procedure. 

Pregnancy is a physiological state which lead to many important adaptive changes in the 

female body. The changes mainly affect the circulatory system. The heart rate and cardiac 

output increase. As pregnancy progresses, the electrocardiogram (ECG) also changes. The 

individual ECG leads provide information about specific parts of the heart muscle. The 

myocardium is generally a heterogeneous group of cells whose regions are characterized 

by  regional differences in both repolarization and depolarization time. Disturbances in the 

homogeneity of repolarization are an established risk factor for the development of life-

threatening arrhythmias. 

Vectorocardiography is a method of evaluating changes in the size and direction of the 

resultant electrical vector of the heart in time and space. As a result of the measurement, we 

obtain a vectorocardiogram, which is a graphic representation of the curve drawn by the 



vector of the resultant electromotive force during depolarization and repolarization of the 

heart muscle. Unlike a standard ECG test, it records changes in the resultant electromotive 

force in three-dimensional space. Vectorocardiography provides data proven to be of 

significant importance in predicting cardiovascular events. Currently, there are no reports in 

the literature on the analysis of changes in vectorocardiographic parameters in patients 

undergoing cesarean section. 

Objective. 

1. Determination of IAP values before and after cesarean section and the factors that may 

affect them; 

2. Comparison of electro- and vector-cardiographic parameters in patients undergoing 

cesarean section before and after the procedure; 

3. Identification of factors that may affect the examined electro- and vectorocardiographic 

parameters in women undergoing cesarean section; 

4. Establishing possible relationships between the IAP and selected electro- and 

vectorocardiographic parameters in patients undergoing cesarean section. 

Material and methods. The study was planned and performed as an observational, non-

interventional, and cross-sectional study. It was approved by the Bioethics Committee at the 

Medical University of Lublin - Resolution No.KE-0254/65/2017. All patients enrolled in the 

study gave informed oral and written consent to participate in it. Patients undergoing cesarean 

section in the Department of Perinatology and Pathology of Pregnancy and in the 3rd 

Department of Gynecology at the Medical University of Lublin were qualified for the study. 

Patient recruitment took place in 2019 and 2020. Of the 66 patients undergoing cesarean 

section in the study period, 36 were enrolled in the study. 

A detailed history of comorbidities and previous pregnancies was taken. All patients 

underwent  physical examination  including height and weight measurements. Blood pressure 

and heart rate were monitored immediately before and after the cesarean section. Each of the 

patients underwent basic biochemical tests (as a part of the routine preparation for cesarean 

section). Immediately before and after the cesarean section, intra-abdominal pressure 

measurements were performed. The study patients constituted a control group for themselves 

(self-control study). IAP was measured in the urinary bladder using a Foley's catheter (Kron's 

technique). 



Electrocardiographic and vectorocardiographic measurements were obtained using the 

Cardiax device (IMED Co., Ltd., Budapest, Hungary) in the digital form of a 10-second 

fragment of a 12-lead ECG. The recording was automatically averaged into a single heart 

evolution (single beat) and then transformed to cardiographic vector recording using an 

inverted Dover matrix.  

Results. The intra-abdominal pressure in the studied group of women, measured at the 

beginning of the procedure, ranged from 6 to 15 mmHg (mean 9,6 ± 2,4 mmHg). After 

cesarean section (CC), its values dropped significantly to the values from 0 to 7 mmHg (mean 

3,1 ± 1,5 mmHg; p=0,001). In all pregnant women, IAP returned to normal after surgery (IAP 

<7 mmHg, according to the criteria of the World Society for Intra-abdominal Cramps 

syndrome (WSACS). 

In the studied group of women, BMI (body mass index) (p=0,003) and body weight 

(p=0,006) correlated with the values of intra-abdominal pressure before and after cesarean 

section. Systolic and diastolic blood pressure were significantly higher in pregnant women 

with elevated IAP before the procedure (p=0,008; p=0,012, respectively). The concentration 

of fibrinogen also correlated with the values of intra-abdominal pressure, both before and 

after the cesarean section (p=0,031 and p=0,013, respectively). There was no relationship 

between IAP before cesarean section and other biochemical parameters. 

Most of the examined electro- and vectorocardiographic parameters underwent significant, 

dynamic changes. The spatial QRS-T angle after cesarean section decreased significantly 

(before CC (I) 42,44 ° ± 29,4 ° vs after CC (II) 31,22 ° ± 16,17 °; p=0,0026 and 24 hours after 

(III) 22,88 ° ± 12,51 °; p=0,00009). 

The duration of the QRS (QRSd) complex increased after the procedure (QRSd before 88,6 ± 

5,9 ms vs QRSd after 91,4 ± 6,0 ms; p=0,0004). 24 hours after the procedure, QRSd was 

further extended, however, these values were not significant (QRSd (III) = 92,0 ± 5,1 ms; 

p=0,29). 

QTc was slightly prolonged immediately after CC (QTc before 441,1 ± 18,9 ms vs QTc after 

446,5 ± 28,6 ms; p=0,18), and then after about 24 hours its value decreased significantly, to 

431,6 ± 12,1 ms; p=0,0009). 

The spatial QRS-T angle before cesarean section was related to maternal BMI (p=0,016). In 

the studied population of women, creatinine concentration correlated with the values of the 



spatial QRS-T angle, both before (p=0,003) and after the procedure (p=0,025). There was no 

significant effect of other biochemical parameters, including lymphocyte-neutrophilic (NLR) 

and platelet-lymphocyte (PLR) indices, on the spatial QRS-T angle. 

 The number of platelets (p=0,049), the concentration of CRP (p<0,001) and fibrinogen 

(p=0,006) were statistically significantly correlated with the duration of the QRS complex 

(QRSd). The number of pregnancies was also related to the prolongation of the QRS complex 

(QRSd, p=0,038). 

The neutrophil count (p=0,012) and blood sodium concentration (p=0,008) correlated with the 

QTc prior to cesarean section. Out of anthropometric parameters, BMI was related to the 

length of the corrected QT interval (p=0,012) 

In the study group, no significant relationships were found between the spatial QRS-T angle 

and its change during cesarean section and IAP. 

Conclusions. 

1. During the cesarean section, the intra-abdominal pressure is suddenly and significantly 

lowered to the values considered normal in the general population; 

2. Obesity is a risk factor of higher IAP values before cesarean section; 

3. The values of vector and electrocardiographic parameters before cesarean section depend 

on the mother's individual characteristics, as well as on the weight of the fetus and some 

biochemical parameters. It proves the complex influence of various factors on the 

development of the action potential in this group of patients; 

4. During caesarean section and in the early puerperium, the values of the pre-spatial QRS-T, 

QRSd, QTc and the majority of other vector and electrocardiographic parameters undergo 

significant changes. This indicates a change in the bioelectrical activity of the heart muscle at 

the time of surgery. Further research is required to establish the significance of the observed 

changes; 

5. In the period immediately after cesarean section, there is a transient prolongation of the 

QTc interval. This may indirectly suggest a higher risk of postpartum arrhythmias. 

Consequently, routine ECG monitoring in the post-cesarean period, even in completely 

healthy patients, appears to be clinically warranted; 



6. The lack of correlation between the spatial QRS-T angle and the IAP suggests that the 

reduction of the spatial QRS-T angle after surgery occurs in a different mechanism than the 

decrease in IAP. However, at this stage of research, it is not possible to precisely determine it. 

 

 


