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Comparison of maternal-fetal acid-base metabolism in pregnant patients with severe preeclampsia without and with obesity

ABSTRACT
	Aims: To identify and compare maternal and fetal acid-base metabolism in pregnant patients with severe preeclampsia (SP) without and with obesity.
Study design:  Cross-sectional, descriptive and analytical study.
Place and Duration of Study: Intensive Care Unit (ICU) of the High Specialty Medical Unit, Gynecology and Obstetrics Hospital No. 3. National Medical Center "La Raza", Mexican Institute of Social Security, Mexico City, between January 1 and December 31, 2024. Methodology: This study was conducted in pregnant patients with SP in ICU: 36 patients without obesity Body Mass Index ((BMI) <25 and 31 patients with obesity (BMI >30). Acid-base metabolism was compared with maternal arterial blood gas measurements upon admission to the ICU and umbilical artery measurements during cesarean section. Statistical analysis: descriptive statistics, Mann-Whitney U test, and chi-square test. A value P <.05 was considered significant. SPSS™ version 22 statistical software was used. 

Results: Maternal arterial blood gas showed changes in BE ecf (-6.08±-5.38 vs -9.41±-3.46 mmol/L, P=.01) and BE (B) (-6.62±-2.68 vs -8.11±-3.11, P=.68). The remaining data were normal with no intergroup differences. Umbilical artery blood gas: pH 7.28±0.07 vs 7.24±0.13, P=.10; PaCO2 40±9.71 vs 45.90±16.95 mmHg, P=.08; PaO2 18.71±10.72 vs 15.48±9.95 mmHg, P=.21; Lactate 2.86±4.16 vs 2.89±2.24 mmol/L, P=.97; -HCO3 19.06±3.81 vs 17.58±7.92 mmol/L, P=.33; -HCO3 std 17.33±3.11 vs 16.64±3.31 mmol/L, P=.39; TCO2 20.42±3.77 vs 20.38±2.68 mmHg, P=.96; BE ecf -7.37±-3.94 vs -8.02±-3.76 mmol/L, P=.50; BE (B) -6.48±-4.4 vs -7.78±3.93 mmol/L, P=.21; O2 Saturation 25.82±22.83 vs 20.35±18.69%, P=.29.
Conclusion: A pattern of compensated maternal and fetal metabolic acidosis was found in both groups. Obesity did not affect the findings.
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1. INTRODUCTION
Severe preeclampsia (SP) is the leading reason for pregnant patients to visit the emergency department. (Wolf, 2025). It is a hypertensive state that complicates pregnancy from week 20 onward, including the intrapartum and postpartum periods. It is characterized by the presence of systolic blood pressure ≥160 mmHg and diastolic blood pressure ≥110 mmHg documented in at least two measurements 4 to 6 hours apart and accompanied by pathological proteinuria (≥2 g in a 24-hour sample or 3 crosses on dipstick urinalysis), oliguria (uresis <500 ml in 24 hours), serum creatinine ≥1.1 mg/dL, severe headache refractory to usual analgesics, persistent visual disturbances, hyperreflexia, acute pulmonary edema, epigastric or right upper quadrant abdominal pain, liver dysfunction (elevation to twice the normal value or blood concentrations >70 U/L of the enzymes alanine aminotransferase (ALT) and aspartate aminotransferase (AST)) and/or thrombocytopenia (≤100,000 platelets/µL). (ACOG, 2020).
The severity of preeclampsia may be increased by the cumulative effect of morbidities such as obesity. (Olson, 2019). According to the American College of Obstetricians and Gynecologists (ACOG) of the United States of America, a patient is diagnosed with obesity when their Body Mass Index (BMI) is ≥30. BMI is calculated using the Quetelet formula (BMI = weight in K / (height in m)2. (ACOG, 2023).
Obesity increases the maternal risk of pregnancy loss due to miscarriage and preterm birth, gestational diabetes, hypertensive complications, infections, post-term pregnancy, need for cesarean section for birth care, prolonged labor, failed induction of labor, surgical complications such as bleeding, visceral injuries and infections, difficult airway for intubation, anesthetic complications and venous thromboembolism. (Wanaditya, 2023) (Kaye 2022) (Navaee, 2024). Additionally, obesity has been associated with numerous fetal risks, including congenital anomalies, macrosomia, prematurity, in utero growth restriction, and increased perinatal morbidity and mortality. (Shirvanifar, 2024).
Obesity and preeclampsia share several inflammatory, immunological, hematological, hemorheological, oxidative and acid-base pathophysiological mechanisms that cause alterations in the maternal and fetal internal environment. These alterations are responsible for placental damage (which in turn becomes both the "villain and the victim"), deterioration of fetal condition, and functional and structural damage to maternal organs (brain, heart, lungs, kidneys, liver). (Abraham, 2022) (Lopez-Jaramillo, 2018).
General practitioners, family physicians and obstetricians should always include preeclampsia and obesity as high-risk factors at any stage of pregnancy including delivery and the postpartum period. (Akselsson, 2024). Critically ill patients should be treated in secondary care hospitals and highly specialized centers with an experienced medical team and an intensive care unit (ICU) for the mother and fetus. (Lam, 2017). Initially, a series of laboratory and imaging studies provide relevant data to the initial exploratory findings. (Vázquez Rodríguez, 2019).
Maternal arterial blood gas analysis is considered the "gold standard" for assessing the acid-base status of the maternal internal environment. It allows for establishing management strategies with drugs, parenteral fluids, blood fractions, and other support for critically ill pregnant patients. It is also useful for evaluating the effectiveness of prepartum management and determining whether maternal stability has been achieved, in order to choose the optimal time to terminate the pregnancy. (Vázquez Rodríguez, 2021).
Additionally, umbilical artery blood gas analysis is a valuable resource for identifying the newborn's acid-base status, allowing for initial therapy and early prognosis. (Malin, 2010). The umbilical vein is easier to sample due to its large diameter. However, umbilical artery blood gas analysis provides more accurate information on fetal metabolic status and better correlates with neonatal outcomes. This is because oxygenated blood is transported from the placenta to the fetus through the umbilical vein, whereas carbon dioxide-rich blood eliminated by the fetus returns to the placental circulation through the umbilical arteries. Consequently, umbilical cord venous blood gas analysis primarily reflects placental metabolism, whereas arterial sampling more accurately reflects fetal acid-base metabolism. (Malin, 2010). 
The hospital hosting this study is a highly specialized care center for critically ill pregnant patients. Maternal and fetal acid-base metabolism in pregnant women with obesity as the main morbidity was the focus of this report. 
1.1 Objective: To identify and compare maternal and fetal acid-base metabolism in pregnant patients with SP without and with obesity.
2. material and methods 
This was a cross-sectional, descriptive, and analytical study in a prospective cohort of pregnant patients with SP treated in the ICU of the High Specialty Medical Unit, Gynecology and Obstetrics Hospital No. 3 of the National Medical Center "La Raza," part of the Mexican Institute of Social Security, Mexico City.

All patients consecutively admitted to the ICU between January 1 and December 31, 2024, with a pregnancy ≥20 weeks complicated by SP identified according to the ACOG recommendations of the United States of America published in 2020 (ACOG, 2020) and who met the following selection criteria were recruited.

Patients aged 18 years and under 40 years of age with any parity, singleton pregnancy, admitted to the ICU for pharmacological management, and pregnancy termination by cesarean section at the host hospital were included. Patients with vaginal delivery, a history of chronic essential or secondary hypertension, heart failure, chronic kidney failure, patients on dialysis of any type or with a kidney graft, chronic lung diseases such as those caused by COVID, acute respiratory conditions such as pneumonia or bronchial asthma, diabetes mellitus of any type, sepsis of any origin, cancer, and autoimmune conditions with potential lung involvement (e.g., systemic lupus erythematosus) were excluded.

In all cases, the study information was provided to each patient or their directly responsible family member. Written informed consent was obtained from a physician not involved in the research to review the information in the medical records and to perform the maternal radial artery and umbilical cord artery puncture. Patients who declined the invitation to participate in the study were excluded.

A cohort of 100 patients met the selection criteria. Their medical records were reviewed for weight and height to calculate BMI using the Quetelet formula. Thirty-six patients had a normal BMI (BMI 18.5 to 25), 33 were overweight (BMI 25 to 29.9), and 31 were obese (BMI ≥30). Overweight patients were not included in the study in order to clearly delineate the two categories of normal BMI versus obese BMI and to avoid any confusion that might arise from an intermediate category. The study included 67 patients: 36 patients with a normal BMI and 31 obese cases. The study began when the patients were admitted to the ICU and ended when they were discharged of ICU.
The patients' general data and obstetric condition were recorded. The severity of preeclampsia upon admission to the ICU was identified by blood pressure measurement, physical examination, clinical laboratory parameters, and obstetric ultrasound upon admission following the international recommendations. (ACOG, 2020). 

Maternal blood sampling for arterial blood gas analysis is a routine procedure in the ICU. However, maternal authorization was obtained before the procedure in all cases. The technique adhered to expert recommendations. (Contreras Perea, 2022). Figure 1 None of the patients in the study received supplemental oxygen before or during maternal and umbilical cord blood sample collection. 
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	Figure 1(a,b). Top: Maternal radial artery puncture technique in the Intensive Care Unit. Bottom: Umbilical artery puncture technique during cesarean section.


All patients in the study were managed according to the established protocol for SP in the ICU of the host hospital. (Vázquez Rodríguez, 2020). Table 1
	Table 1. Pharmacological management for patients with pregnancy and severe preeclampsia in the Intensive Care Unit

	All patients:

Sodium chloride solution 0.9% 1000 ml IV every 8 hours 

Omeprazole 40 mg IV every 24 hours

Methyldopa 500 mg PO every 8 hours.

Hydralazine 50 mg PO every 6 hours

Metoprolol 100 mg PO every 8 hours 

Additional management of hypertension refractory to initial medications:

Nifedipine 10 mg PO every 8 hours

Prazosin 1 to 2 mg PO every 6 to 8 hours 

Management of hypertensive crises:

Hydralazine 5 to 10 mg IV bolus every 30 minutes until blood pressure is controlled or;

Nifedipine 10 mg sublingually every 30 minutes until blood pressure is controlled 

Cases with HELLP syndrome class 1 and 2 (Mississippi Classification):

Dexamethasone 10 mg IV every 12 hours

Eclampsia: prevention and management:
Magnesium sulfate 4 g IV over 60 minutes as a starting dose, then 1 g/hour as a continuous IV infusion, or

Phenytoin sodium 10 to 15 mg/kg body weight IV over 30 minutes as a starting dose, then 125 mg IV every 8 hours 

Management of hyperglycemia (glucose >160 mg/dL):

Rapid-acting insulin 5 to 10 U IV every hour until the level normalizes.

Management of low plasma colloid osmotic pressure (≤20 mmHg in pregnant patients or ≤16 mmHg in the postpartum period):

Human albumin solution 20% 50 ml IV over 30 minutes every 8 hours.

	IV = Intravenous. PO = Oral route. HELLP = Acronym for Hemolysis, Elevated Liver enzymes and Low Platelets. 


Termination of pregnancy was an independent decision of the study and was carried out when the ICU medical team considered that maternal stabilization had been achieved based on the therapeutic goal of hypertensive state (mean arterial pressure), fluid status (central venous pressure, uresis), metabolic condition (blood glucose, arterial pH), hematological status (hemoglobin, platelet count, plasma colloid osmotic pressure) and neurological compromise (hyperreflexia, seizures, stroke). (Vázquez Rodríguez, 2020). Table 2
	Table 2. Antepartum management goals for patients with pregnancy and severe preeclampsia in the Intensive Care Unit.

	Parameters
	Therapeutic goal

	Mean blood pressure mmHg
	≤95

	Central Venous Pressure cm water
	6 to 10

	Uresis ml/weight K/hour
	1.5 to 2

	Blood glucose mg/dL
	≤160

	Plasma colloid osmotic pressure mmHg*
	24 ± 2

	Arterial blood pH
	7.37 to 7.44

	Hemoglobin g/dL
	10 to 14

	Platelets /µL
	≥100,000

	Hyperreflexia, seizures, stroke
	absent

	* Plasma colloid osmotic pressure (mmHg) = (serum albumin g x 5.54) + serum globulins g x 1.43)


For pregnancy termination, cesarean section was performed under regional anesthesia in all cases. Blood from the umbilical artery was obtained after birth and prior to delivery without clamping the cord. Basically, the same technique as maternal arterial puncture was used. (Contreras Perea, 2022). Figure 1 Thus, maternal arterial blood gas analysis was obtained in the prepartum period, and umbilical blood gas analysis was obtained at the time of delivery. 
Blood samples were processed immediately (within 5 minutes of collection) in the ICU facility where an automated 24-hour blood gas analyzer (GEM® Premier 3000, Blood Gas/Electrolyte Analyzer Model 5700, Instrumentation Laboratory Company, Bedford MA 01730-2443, USA) is available. The parameters used in the study and their normal values in maternal arterial and umbilical cord blood are shown in Table 3.
	Table 3. Normal values ​​of maternal arterial blood gas and umbilical artery blood gas parameters 

	Parameters
	Description
	Normal value

	
	
	Maternal
	Umbilical

	    pH
	Logarithmic scale for measuring the degree of acidity or alkalinity of a substance or solution
	7.35-7.45
	7.18-7.38

	PaCO2 mmHg
	Arterial partial pressure of CO2
	35-48
	32-66

	PaO2 mmHg
	Arterial partial pressure of O2
	75-100
	6-31

	Lactato mmol/L
	Blood lactate concentration 
	<2
	≤4.1

	- HCO3 mmol/L
	Serum bicarbonate concentration
	22-28
	17-27

	- HCO3 std mmol/L
	Standard bicarbonate concentration
	22-26
	17-27

	TCO2 mmHg
	Total CO2
	23-29
	17-27

	BE ecf mmol/L
	Excess base of extracellular fluid
	0 to +4
	-8 to 0

	BE (B) mmol/L
	Blood base excess
	-2 to +2
	-8 to 0

	O2 Sat %
	O2 saturation percentage 
	95 to 100
	10 to 40


2.1 Statistical analysis

Descriptive statistics were used for data analysis with measures of central tendency (mean, median) and dispersion (standard deviation, range). The Kolmogorov-Smirnov test was applied to determine the distribution of quantitative variables. The distribution was not found to be normal, so the data were analyzed using the Mann-Whitney U test. The chi-square test was used to analyze qualitative variables. A P value <0.05 was considered significant. Data were processed using Excel 2016 for Windows® and SPSS® version 22.
3. results 

3.1 Maternal and fetal data

When comparing maternal and perinatal data, no differences were found except for weight (P=.04) and BMI (P=.01). These data were expected given that BMI was the primary criterion for group formation. When comparing fetal data, no significant differences were found. Table 4
	Table 4. Comparison of maternal and fetal data 

	Parameters
	Normal

BMI <25

n=36
	Obesity

BMI >30

n=31
	P value

	Maternal data

	Age (years)
	28.69 ± 5.98
	34 ± 4.54
	.80

	Parity (median)
	2
	2 
	-----

	Gestational weeks
	33 ± 2.85
	34.61 ± 3.37
	.34

	Weight (K)
	54.86 ± 6.92 
	85.45 ± 10.91
	.04

	Height (m)
	1.56 ± 0.06 
	1.60 ± 0.07
	.05

	BMI 
	22.31 ± 1.82
	33.94 ± 3.67
	.01

	ICU stay (days)
	2.04 ± 0.59
	1.45 ± 0.71
	.22

	Admission-delivery (hours)
	3.34 ± 2.88
	2.89 ± 2.28
	.15

	Admission-delivery fluids (ml)
	417 ± 360
	361 ± 360
	.16

	Blood pressure (mmHg)
	
	
	

	              systolic
	147 ± 23.31
	157 ± 24.11
	.09

	              diastolic
	94 ± 13.65 
	97 ± 14.37
	.29 

	CVP (cm water)
	6.5 ± 2.76
	6.94 ± 2.75
	.31 

	Uresis (ml/K/hour)
	1.26 ± 1 
	1.5 ± 1.04 
	.34

	Mortality % (n)
	0
	0
	-----

	Fetal data

	Weight (g)
	1966.87 ± 718.88 
	2239.31 ± 1053.35
	.23

	Height (cm)
	43.56 ± 5.44 
	44.72 ± 5.71
	.41

	Capurro score (weeks)
	34.21 ± 3.48 
	34.55 ± 3.08
	.69

	Apgar score 

minute 1/minute 5  
	7/8
	6/7 
	------

	Prematurity (<37 weeks) % (n)
	86.11 (31)
	74.19 (23)
	.11

	Hospital stay (days)
	18.61 ± 17.83
	14.76 ± 15.53
	.39

	Mortality % (n)
	13.88 (5)
	16.12( 5)
	.61

	BMI = Body Mass Index. ICU = Intensive Care Unit. CVP = Central venous pressure.


3.2 Clinical laboratory

When comparing clinical laboratory parameters, a significant difference was found in serum albumin concentrations (P=.03) and the enzyme aspartate aminotransferase (AST) (P=.04) in favor of the obese group, as well as a borderline difference of lactic dehydrogenase enzyme (LDH) (P=.05). The remaining parameters were similar. Table 5 As can be seen, the difference in blood albumin concentration had no effect on the calculated plasma colloid osmotic pressure in obese patients (P=.17).
	Table 5. Comparison of clinical laboratory data

	Parameters
	Normal

 BMI <25

n=36
	Obesity

BMI >30

n=31
	P value

	Hemoglobin g/dL
	12.69 ± 1.92
	12.43 ± 1.50
	.55

	Platelets/µL
	182,060 ± 67,081 
	164,661 ± 67,850
	.29

	Uric acid mg/dL
	6.05 ± 1.83
	5.83 ± 1.38
	.85

	Glucose mg/dL
	88.16 ± 28.74
	90.48 ± 27.94
	.74

	Creatinine mg/dL 
	0.98 ± 0.96
	0.70 ± 0.17
	.18

	Albumin g/dL 
	3 ± 0.41
	2.77 ± 0.43
	.03

	PCOP mmHg 
	20.26 ± 2.54
	19.08 ± 2.79
	.17

	AST U/L 
	55 ± 74.13
	128.13 ± 194.25
	.04

	ALT U/L
	47.80 ± 56.40
	106.3 ± 181.87
	.09

	LDH U/L
	414.77 ± 167.50 
	534.27 ± 302.89
	.05

	BMI = Body Mass Index. PCOP = Plasma Colloid Osmotic Pressure. AST = Aspartate aminotransferase enzyme. ALT = Alanine aminotransferase enzyme. LDH = Lactic dehydrogenase enzyme.


3.3 Maternal arterial and umbilical artery blood gases

In all cases, the maternal blood sample was obtained following the technique described by the experts. (Contreras Perea, 2022). No local or systemic complications from the arterial puncture were recorded. 
When the maternal arterial blood gas parameters were studied, very negative values for the BE ecf and BE (B) were found in both groups, but with a significant intergroup difference only for the BE ecf (P=.01). Comparison of the other blood gas parameters showed no significant differences. The findings correspond to a state of compensated metabolic acidosis since the pH, bicarbonate, std bicarbonate and lactate concentrations remained within the normal range. Table 6
When the umbilical artery blood gas parameters were studied, a gas pattern of compensated metabolic acidosis was found in both groups as negative values for the BE ecf and BE (B) were documented, with a maintained pH and lactate within the normal range. Table 3 There were no significant intergroup differences (BE ecf P=.50, BE (B) P=.21). Table 6 
	Table 6. Comparison of maternal and umbilical arterial blood gas parameters

	Parameters
	Normal

BMI <25

n=36
	Obesity

BMI >30

n=31
	P value

	Maternal arterial blood gas analysis

	pH
	7.41 ± 0.05
	7.42 ± 0.04
	.62

	PaCO2 mmHg
	24 ± 5.36 
	25.46 ± 2.97
	.35

	PaO2 mmHg
	97.10 ± 31.64 
	75.2 ± 18.84
	.24

	Lactate mmol/L
	1.22 ± 0.43 
	1.27 ± 0.40 
	.77

	- HCO3 mmol/L
	15.72 ± 3.49
	17 ± 2.57
	.24

	- HCO3 std mmol/L
	18.72 ± 2.42
	19.92 ± 2.25 
	.19

	TCO2 mmHg
	16.27 ± 3.65
	16.2 ± 4.58 
	.96

	BE ecf mmol/L
	- 6.08 ± - 5.38 
	- 9.41 ± - 3.46
	.01

	BE (B) mmol/L
	- 6.62 ± - 2.68
	- 8.11 ± - 3.11 
	.68

	Wheeler criterion % (n) * 
	38.88 (14) 
	38.70 (12)
	.98

	O2 saturation %
	95.15 ± 7.01 
	95 ± 3.55
	.94

	Interpretation
	  Compensated metabolic acidosis

	Umbilical artery blood gas analysis

	pH 
	7.28 ± 0.07
	7.24 ± 0.13
	.10

	PaCO2 mmHg
	40 ± 9.71 
	45.90 ± 16.95
	.08

	PaO2 mmHg
	18.71 ± 10.72 
	15.48 ± 9.95 
	.21

	Lactate mmol/L
	2.86 ± 4.16
	2.89 ± 2.24
	.97

	- HCO3 mmol/L
	19.06 ± 3.81
	17.58 ± 7.92
	.33

	- HCO3 std mmol/L
	17.33 ± 3.11 
	16.64 ± 3.31
	.39

	TCO2 mmHg
	20.42 ± 3.77 
	20.38 ± 2.68
	.96

	BE ecf mmol/L

    Range
	- 7.37 ± - 3.94

- 0.7 to - 15.2 
	- 8.02 ± - 3.76

- 2.1 to - 20.7
	.50

-------

	BE (B) mmol/L
	- 6.48 ± - 4.4
	-7.78 ± - 3.93
	.21

	O2 saturation %
	25.82 ± 22.83
	20.35 ± 18.69 
	.29

	Interpretation
	 Compensated metabolic acidosis

	* Wheeler criterion: base deficit exceeding the cut-off point of - 8.0 mmol/L 22


4. DISCUSSION

The patients in both groups had similar general characteristics except for their weight and BMI values. Table 4 These findings were expected because they were the fundamental parameters for clearly establishing the study groups. 

Patients with obesity did not have greater severity of preeclampsia than patients with normal BMI; obesity did not make a difference. Table 4 In this regard, the same criteria for severity of preeclampsia have been documented in non-obese and obese patients in previous investigations from the same host hospital. (Vázquez Rodríguez, 2024). In the present study, fetal outcomes were similar in both groups including the Apgar score at one and five minutes after birth, the percentage of prematurity, hospital stay, and mortality. Table 4
At the biochemical level, a reduction in blood albumin concentration (P=.03) and an increase in the AST enzyme (P=.04) were found in obese patients. The low albumin concentration was not reflected in the calculation of the plasma colloid osmotic pressure value for the group and the elevation of the AST enzyme was not accompanied by a significant increase in the blood concentration of other liver enzymes. Table 5 Thus, the changes in the clinical laboratory tests were practically irrelevant. 

Maternal arterial blood gas parameters were consistent with a state of compensated metabolic acidosis. Table 6 These findings are similar to those of Vázquez et al. (Vázquez Rodríguez, 2021) (Vázquez Rodríguez, 2022) who also reported a pattern of metabolic acidosis in pregnant patients with SP in 2021 and 2022. Additionally, fetal blood gas parameters were also consistent with a state of compensated metabolic acidosis. Table 6 These findings are similar to those of Chalouhi et al. (Chalouhi, 2013) who found a pattern of compensated metabolic acidosis in the umbilical artery blood of 50 non-obese pregnant patients and 50 obese pregnant patients studied in 2013. Table 7 When comparing the BE ecf values of the patients studied (normal BMI versus obesity), they were found to be more negative than the data found by Chalouhi et al. (Chalouhi, 2013). However, in both studies no significant intergroup difference was found, i.e. obesity did not make a difference. 
	Table 7. Historical comparison of results

	Parameters
	Chalouhi

New York 2013 
	Vázquez current
Mexico City 2025

	
	Normal 

BMI <25
	Obesity

BMI >30
	p value
	Normal 

BMI <25
	Obesity

BMI >30
	P value

	Number of cases
	50
	50
	-----
	36
	31
	-----

	Maternal BMI
	20.9 ± 2.1
	35.7 ± 5
	-----
	22.31 ± 1.82
	33.67 ± 3.94
	.01

	Apgar score 

minute 1

minute 5
	8

9
	8

9
	------

------
	7

8
	6

7
	-----

-----

	Umbilical artery gasometry

	pH 
	7.26 ± 0.06
	7.26 ± 0.08
	0.95
	7.28 ± 0.07
	7.24 ± 0.13
	.10

	PaCO2 mmHg
	54.61 ± 10.3
	55.12 ± 13.9
	0.83
	40 ± 9.71
	45.90 ± 16.95
	.08

	PaO2 mmHg
	25.7 ± 9.8
	23.7 ± 8.9
	0.48
	18.71 ± 10.72
	15.48 ± 9.95
	.21

	BE ecf mmol/L 
	-3.74 ± -1.8
	-3.77 ± -2.4
	0.79
	-7.37 ± -3.94
	- 8.02 ± -3.76
	.50

	BMI = Body Mass Index


Previously, Wheeler et al. (Wheeler, 1996) reported the results of a study that aimed to evaluate the relationship of anaerobic metabolism represented by BE in 40 patients with SP. They found that an initial BE greater than -8.0 mmol/L consistently predicted fetal metabolic acidosis, fetal death, and maternal end-organ complications. In the present investigation, an BE (B) greater than -8.0 mmol/L (Wheeler criterion) was present in 40% of patients with no intergroup differences (P=.50). Table 6
As is known, the diagnosis of fetal metabolic acidosis is commonly defined as a pH <7.00 combined with a BE equal to or more negative than –12.0 mmol/L in umbilical cord arterial blood. When studying fetal acid-base metabolism, it is recommended to consider the BE (B) calculated in umbilical arterial blood rather than the pH because a high partial pressure of CO2 (hypercapnia) is common in newborns without concomitant hypoxia and hypercapnia has a strong influence on the pH value whose reduction to a greater degree is termed respiratory acidosis. In turn, an increase in the partial pressure of CO2 causes a smaller increase in the BE (B) in blood, so the BE (B) better represents the metabolic component of fetal acidosis. (Olofsson, 2023). This is the pathophysiological explanation for the usefulness of the BE (B) and the reason why it was taken into account to document fetal metabolic acidosis in the present study.

Abnormalities in maternal and fetal acid-base metabolism in preeclampsia have been consistent and do not appear to be related to the geographic location of the different research centers. Wheeler et al. (Wheeler, 1996) studied patients from Nashville, Tennessee in the United States of America located at 182 m above sea level. Chalouhi et al. (Chalouhi, 2013) conducted their research on patients from Albuquerque, New Mexico in the United States of America located at 1619 m above sea level and Vázquez et al. have reported their previous data (Vázquez Rodríguez, 2021) (Vázquez Rodríguez, 2022) and the data of the present study on patients residing in Mexico City, Mexico located at 2240 m above sea level. Abnormalities in maternal and fetal acid-base metabolism in preeclampsia appear to be the result of complex pathophysiological mechanisms of hypertensive disease unrelated to the altitude of the geographic area. 
Maternal metabolic acidosis with fetal metabolic acidosis in utero is not exclusive to preeclampsia; it can also occur by complicating maternal diseases, alterations of placental origin, and primary fetal pathology. (Olofsson, 2023). Specifically, in SP, arterial hypertension is the cardinal finding and damage to the mother's target organs reflects the severity of the hypertensive disease secondary to multiple complex mechanisms that are also responsible for maternal-fetal metabolic acidosis. (Abramova, 2021) (Jung, 2022) (Dimitriadis, 2023). In this sense, the clinical and metabolic behavior of SP resembles a state of shock with elevated peripheral resistance, but with generalized tissue metabolic distress in which the fetus behaves biologically as a target organ.

Regarding therapeutics, experts from international organizations (ACOG, 2020) have given priority to the pharmacological management of maternal hypertension because the evidence has shown good results, but they have not clearly established the role of the parenteral fluid regimen and its specific effects on the acid-base metabolism of the binomial. In this regard, it is possible that the hydroelectrolytic intake with crystalloid solutions received by the patients in this study (admission-delivery fluids: patients with normal BMI <25 417 ± 360 ml versus obese patients BMI >30 361 ± 360 ml, P =.16, Table 4) was not sufficient in quantity, quality, or infusion time to improve the perfusion of the maternal and fetal internal environment and thus avoid the metabolic acidosis that occurred in both groups. Thus, intensive management did not correct maternal metabolic acidosis or metabolic acidosis in utero, regardless of obesity. Table 6
Based on the evidence generated by previous studies (Wheeler, 1996) (Chalouhi, 2013), the data from the present research and the opinion of experts (Olofsson, 2023) it can be speculated that the parenteral fluid administration should precede or at least be administered concurrently with pharmacological control of arterial hypertension in SP since the first line of therapy for any type of metabolic acidosis is to ensure correction of circulating volume with the rationalized administration of crystalloid solutions. The fundamental objectives of implementing this therapeutic measure would be to improve maternal metabolic status and reduce, to the extent possible, the number of newborns with in utero metabolic acidosis. Parenteral fluids are not the solution to the problem but can improve maternal and fetal conditions. 
The study of the acid-base metabolism of this binomial is very complicated. In daily maternal practice, the analysis of maternal blood gases and fetal arterial gases can facilitate the evaluation of the effectiveness of both therapeutic interventions (control of high blood pressure and fluid intake). Until now, blood gas analysis has demonstrated the presence of severe alterations in acid-base metabolism that cannot be identified from physical data, imaging studies, and conventional clinical laboratory tests (Vázquez Rodríguez, 2019).
The main strength of this study was the identification of maternal arterial and umbilical artery blood gas parameters in pregnant patients with SP with and without obesity which allowed for the documentation of maternal and fetal compensated metabolic acidosis in both study groups. Obesity did not make a difference. The current findings and those of previous literature allow for the recommendation of parenteral fluid administration prior to or concurrent with pharmacological control of maternal arterial hypertension with periodic blood gas monitoring to assess the patient's acid-base metabolic response.

The research has weaknesses due to its cross-sectional nature, its small sample size, and its analysis of data from patients residing in only one geographic region. These factors limit the generalizability of the findings.
5. CONCLUSION

In maternal and umbilical artery blood a gasometric pattern of compensated metabolic acidosis was found in patients with normal BMI and obesity alike. Obesity did not affect the findings. Current evidence and that of previous research warrant a review of the strategy for administering parenteral fluids prior to or simultaneously with the pharmacological management of arterial hypertension and its effect on maternal and fetal acid-base metabolism.
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