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Review Article
Maternal and fetal acid-base metabolism in severe preeclampsia. Experience from a single center of high specialty in Mexico City.

ABSTRACT
	Alterations in maternal and fetal acid-base metabolism in pregnant patients with severe preeclampsia (SP) have been a topic of international research for many years. A state of maternal and fetal metabolic acidosis has been found which in the most severe cases is associated with multiple organ failure and maternal death in addition to adverse effects for the newborn.
This review analyzes data on maternal and fetal acid-base metabolism in pregnant patients with SP, SP with maternal obesity as the main morbidity and fluid therapy as a therapeutic alternative. The objective was to share information from all clinical studies conducted at a single center of high specialty in Mexico City. The results were compared with those of other similar studies that are considered classics in the international literature.

SP presents with shock-like symptoms with arterial hypertension, true or relative hypovolemia and maternal and fetal tissue hypoperfusion (metabolic acidosis). Therefore, the strategy of fluid management as an option is being reviewed. The analysis includes the most relevant results from the studies conducted by our group at the host hospital. 

Fluid replacement is proposed prior to antihypertensive therapy or simultaneously with monitoring of maternal radial artery and umbilical artery blood gases during delivery. Rational and careful fluid infusion is not a solution to the problem, but it is an option to improve maternal and fetal well-being during delivery. 
The optimal fluid management strategy to ensure best outcomes in preeclamptic patients remains a controversial issue with little evidence to support any one approach. Cause-and-effect protocols are needed to document the benefit to acid-base metabolism.
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1. INTRODUCTION 
Preeclampsia is the hypertensive state that most frequently complicates human pregnancy. It usually presents from week 20 (or even earlier) including the intrapartum and postpartum periods. It is classified as mild preeclampsia, severe preeclampsia (SP), and eclampsia. Mild preeclampsia is identified when blood pressure is ≥140/90 mmHg in the absence of chronic hypertension, secondary hypertension or systemic conditions, without stigmata of maternal organ damage and without evidence of deterioration in fetal condition. SP is characterized by the presence of systolic blood pressure ≥160 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 changes, 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 alanine aminotransferase (ALT) and aspartate aminotransferases (AST)), enzymes, and thrombocytopenia (≤100,000 platelets/µL). Eclampsia is the appearance of generalized tonic-clonic seizures (“grand mal type”) in a patient with preeclampsia that cannot be explained by any other cause. (ACOG, 2020).

Preeclampsia continues as the disease of theories. It is a disease of placental origin, involving several complex pathophysiological mechanisms -inflammatory, immunological, hematological, hemorheological, oxidative and acid-base metabolism- that cause alterations in the maternal and fetal internal environment.  (Abramova, 2021) (Jung, 2022) (Dimitriadis, 2023). 

2. ACID-BASE METABOLISM IN PREGNANCY

Acid-base metabolism is the system that allows the body to maintain a stable acidity level (pH) in body fluids which is essential for normal cellular function. Most enzymes are proteins that enable chemical reactions in the body and only function properly within a narrow acidity range. Alterations in acid-base metabolism during pregnancy can be studied with maternal arterial and umbilical artery blood gas analysis. Maternal blood is obtained by puncturing a radial artery and fetal blood is obtained by puncturing the umbilical artery after birth and prior to delivery of the placenta without clamping the cord. (Olofsson, 2023).
The blood obtained from the umbilical artery is a valuable resource for identifying the acid-base metabolism status of high-risk newborns, allowing for initial therapy and early prognosis. 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, while 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, while arterial sampling more accurately reflects fetal acid-base metabolism. (Malin, 2010) (Olofsson, 2023).
Maternal and umbilical cord blood samples should be processed immediately (within the first five minutes of collection). (Olofsson, 2023). The parameters of interest and normal values reported by blood gas analysis are shown in Table 1. 
	Table 1. Normal values ​​of maternal 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


3. ACID-BASE METABOLISM IN SEVERE PREECLAMPSIA 

Wheeler et al. (Wheeler, 1996) reported in 1996 the results of a study that aimed to evaluate the relationship of anaerobic metabolism as represented by BE in 40 patients with SP. They found that an initial BE greater than -8.0 mmol/L (Wheeler criterion) consistently predicted fetal metabolic acidosis, fetal death, and maternal end-organ complications. In subsequent studies a maternal state of metabolic acidosis has also been found. (Cao, 2008).
In 2021, 2022, 2023 and 2025, studies on maternal acid-base metabolism were conducted in the Intensive Care Unit (ICU) of our hospital. (Vázquez, 2021) (Vázquez, 2022) (Vázquez, 2023) (Vázquez, 2025). The four studies included a total of 270 pregnant patients with SP. The general data are shown in Table 2.
	Table 2. Studies of maternal and fetal acid-base metabolism in the Intensive Care Unit

	Parameters
	Publications

	
	2021 
	2022 
	2023 
	2025 

	Number of patients
	100
	30
	73
	67

	Weeks of pregnancy
	33.21±3.43 
	33.89±3.43
	32.60±4.33
	33.8±3.11

	Blood pressure mmHg
	
	
	
	

	              systolic
	161.54±23.13
	168.37±19.26
	164.26±17.44
	152±23.71

	              diastolic
	99.94±14.07
	102.82±13.78
	101.50±14.42
	95.5±14.01

	Creatinine mg/dL
	nr
	0.97±0.61
	0.79±0.24
	0.84±0.56

	Uric acid mg/dL
	nr
	6.19±1.64
	5.52±1.61
	6.94±1.61

	Uresis ml//K/hour
	nr
	nr
	1.17±0.77
	1.38±1.02

	Admission-delivery hours
	nr
	nr
	9.10±2.62
	3.11±2.28

	Fluids admission-delivery ml
	nr
	nr
	1137±327
	388.75±285

	ICU stay days
	nr
	2.01±1.44
	2.04±1.64
	1.74±0.65

	Mortality % (n)
	nr
	0
	0
	0

	nr = no reported


In all investigations, a maternal blood sample was taken upon admission to the ICU and the blood gas analysis was performed within the first five minutes after collection using an automated device available 24 hours a day in the ICU (GEM® Premier 3000. Blood Gas/Electrolyte Analyzer Model 5700. Instrumentation Laboratory Company. Bedford MA  01730-2443, USA). The results are shown in Table 3. When the data from each study were interpreted, it was concluded that there is a pattern of compensated maternal metabolic acidosis. Very negative values for BE ecf and BE(B) were repeated in all studies. The Wheeler criterion (Wheeler, 1996) was present ranging from 6% to 38.79% with a mean of 27.94%.
	Table 3. Results of arterial blood gas analysis in 270 pregnant patients with severe preeclampsia in the Intensive Care Unit

	Parameters
	Publications

	
	2021 
	2022 
	2023 
	2025

	Number of pacientes
	100
	30
	73
	67

	pH
	7.41±0.05
	7.41±0.08
	7.36±0.6
	7.41±0.05

	PaCO2 mmHg
	25±4.49
	25.51±6.12
	24.6±4.68
	25±4.49

	PaO2 mmHg
	86.08±30.19
	85.24±41.81
	85.94±50.43
	86.08±30.19

	Lactate mmol/L
	1.21±0.48
	1.1±0.32
	1.29±0.87
	1.21±0.48

	HCO3 mmol/L
	16.52±2.86
	16.95±5.13
	16.09±3.06
	16.52±2.86

	HCO3 std mmol/L
	19.27±2.50
	19.04±2.50
	19.31±2.45
	19.27±2.50

	TCO2 mmHg
	16.84±3.63
	16.94±2.51
	16.69±3.31
	16.84±3.63

	BE ecf mmol/L 
	- 7.55±-5.53
	-7.72±-5.60
	- 8.38±-3.5
	-7.55±-5.53

	BE (B) mmol/L
	- 6.78±-5.19
	-7.36±-3.07
	-6.79±-3.71
	-6.78±-5.19

	Wheeler criterion % (n) *
	6 (6)
	30 (9)
	36.98 (27)
	38.79 (13)

	O2 Sat %
	94.54±6.12
	93±8.29
	94.16±5.62
	94.54±6.12

	Interpretation
	Compensated metabolic acidosis

	* Wheeler criterion: BE (B) base deficiency exceeding the cut-off point of -8.0 mmol/L


4. ACID-BASE METABOLISM IN SEVERE PREECLAMPSIA WITH OBESITY

Acid-base metabolism in pregnant patients with SP and obesity has also been studied at the host hospital. A review on the role of Lactate dehydrogenase (LDH) enzyme and L-lactate in preeclampsia was published in 2023. (Vázquez, 2023). That same year, the results of a study on the LDH enzyme and acid-base status in obese patients with SP were published. (Vázquez, 2023). This study included a case group of 34 pregnant patients with SP and pregestational obesity who remained obese throughout pregnancy (Body Mass Index BMI >30) and a control group of 39 pregnant patients with SP matched by gestational age who remained non-obese (BMI <25) throughout pregnancy. Blood levels of the LDH enzyme were determined and arterial blood gases were performed to assess acid-base status upon admission to the ICU. Similar blood levels of the LDH enzyme and a pattern of compensated metabolic acidosis were found in both groups. The “Wheeler criterion” was found at approximately 40% in both groups. Comparison of acid-base status data showed no intergroup differences; that is, obesity made no difference. 

In 2025, the results of a cross-sectional study (Vázquez, 2025) were published which aimed to compare maternal and fetal acid-base metabolism in 36 non-obese pregnant patients (BMI <25) and 31 obese pregnant patients (BMI >30) with measurements of maternal arterial blood gases when the patients were admitted to the ICU and of the umbilical artery during cesarean section. Significantly negative values for BE ecf and BE (B) were found in both groups, but with a significant intergroup difference only for BE ecf (P=.011), favoring the obese group. The Wheeler criterion was found in approximately 38% of both groups. The interpretation of the maternal findings concluded that they correspond to a state of compensated metabolic acidosis. When umbilical artery blood gas parameters were studied, a gasometric pattern of compensated metabolic acidosis was found in both groups. Negative BE ecf and BE (B) values were documented without intergroup difference (BE ecf P=.50, BE (B) P=.21) and pH and lactate within the normal range. In this study, obesity did not affect fetal metabolism. 

In this same investigation, when the fetal findings were compared it was found that the BE ecf values were more negative than those of Chalouhi et al. (Chalouhi, 2013) published in 2013. In both studies no significant intergroup difference was found, i.e. obesity did not make a difference. Table 4
	Table 4. Historical comparison of maternal and fetal results

	Parameters
	Chalouhi 

New York 2013 
	Vázquez 

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
	.95
	7.28 ± 0.07
	7.24 ± 0.13
	.10

	PaCO2 mmHg
	54.61 ± 10.3
	55.12 ± 13.9
	.83
	40 ± 9.71
	45.90 ± 16.95
	.08

	PaO2 mmHg
	25.7 ± 9.8
	23.7 ± 8.9
	.48
	18.71 ± 10.72
	15.48 ± 9.95
	.21

	BE ecf mmol/L 
	-3.74 ± -1.8
	-3.77 ± -2.4
	.79
	-7.37 ± -3.94
	- 8.02 ± -3.76
	.50

	BMI = Body Mass Index


5. DATA INTERPRETATION

Abnormalities in maternal and fetal acid-base metabolism in pregnant patients with SP 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, 2021) (Vázquez, 2022) (Vázquez, 2023) (Vázquez, 2025) 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 complicating maternal diseases, placental disorders 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. 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 treatment, experts from international organizations (ACOG, 2020) have prioritized 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 effects on the acid-base metabolism of the binomial. 
6. FLUIDS MANAGEMENT IN PREECLAMPSIA 

In our hospital, uncontrolled blood pressure during pregnancy is considered a maternal and fetal hypertensive emergency. Maternal hypertension is associated with complications such as stroke, eclampsia, HELLP syndrome and ruptured subcapsular hepatic hematoma. Furthermore, because the placenta lacks resistance vessels and is subject to systemic vascular pressure, it poses a high risk of bleeding and placental abruption which can lead to fetal death. (Abramova, 2021) (Jung, 2022) (Dimitriadis, 2023). Patients with SP are considered critically ill and are admitted to the ICU while fetuses are candidates for the neonatal ICU. In all maternal cases, intravenous fluids are the first line of intensive management and are considered pharmacological agents. 

The optimal fluid management strategy to ensure best outcomes in preeclamptic patients remains a controversial issue with little evidence to support any one approach. (Pretorius, 2018). Fluid restriction may increase the risk of acute kidney injury and fluid overload may facilitate acute pulmonary edema and capillary leak syndrome. (da Silva, 2021). In our hospital, intravenous administration of hypertonic solution containing 10% glucose in 1000 mL has been discontinued since 2012 because it has been found to cause significant maternal hyperglycemia with a high fetal mortality rate. (Vázquez, 2012). We studied the effect of exogenous albumin in pregnant patients with SP and found that it does not correct plasma colloid osmotic pressure nor does it show evidence of plasma volume expansion. Based on these findings, albumin replacement in SP is only performed in selected cases. (Vázquez Arredondo, 2018) (Vázquez, 2023) (Vázquez, 2023).
Synthetic agents for intravascular volume expansion have been avoided during pregnancy due to their adverse maternal and fetal effects. The therapeutic option that remains in force in our ICU over the years is the use of 0.9% saline solutions. The usual treatment regimen is 0.9% saline solution 1000 ml infused during 8 hours) (125 ml/hour). (Vázquez, 2025). Acute fluid loading is only used in very limited cases. 

In patients with preeclampsia, capillary leakage of water and solutes (electrolytes, proteins and albumin) into the interstitial space has been demonstrated due to alterations in the glycocalyx, injury to endothelial cells and rupture of their basement membrane. (Weissgerber, 2019) (Dull, 2022). There is also evidence of tissue stagnation (interstitial washdown) and a deficiency of lymphatic flow to return fluid and solutes back to the plasma. (Hahn, 2024). The final result of the imbalance of hydrostatic pressure and colloid osmotic pressure of the compartments (Starling forces) is clinically translated as the prolonged accumulation of fluids and solutes in the interstitial space (edema) with hypoalbuminemia, hypovolemia and tissue hypoperfusion (metabolic acidosis) in a patient with arterial hypertension due to SP. (Woodcock, 2012).
Microcirculation and interstitial space alterations have clinical implications when crystalloid fluids are prescribed. (Drobin, 2014) (Hahn, 2021). The “normal” capillary leak rate of crystalloid solutions observed in women with preeclampsia means that distribution of the infused fluid between plasma and the interstitial space is complete within 25 to 40 minutes. Therefore, crystalloid fluid is expected to expand plasma volume by approximately half the infused volume as the infusion continues. Discontinuation of the crystalloid infusion results in a reduction in intravascular volume and increased fluid and solutes in the interstitium (interstitial washdown). (Anthony, 2013).
Contrary to expectations, a slight increase in urine volume has been found in preeclampsia compared to women without the disease. This finding has been consistently explained by the "pressure-diuresis" mechanism, a nonspecific phenomenon related to hypertension (Roman, 1986). This is a condition unrelated to intravascular fluid volume status that facilitates the development of acute kidney injury in preeclampsia with normal or high urine volumes, as found in our patients. Table 2
7. ANTIHYPERTENSIVE MANAGEMENT AND FLUID REPLACEMENT
A healthy woman of reproductive age has normal blood pressure and 100% intravascular volume. In an uncomplicated pregnancy, she experiences physiological changes associated with pregnancy including a reduction in systemic vascular resistance (blood pressure) and an expansion of intravascular volume that exceeds 100% without impairing tissue, placental, and fetal perfusion.

When preeclampsia (SP) develops, systemic vascular resistance increases (arterial hypertension), and damage to the glycocalyx, endothelium and basement membrane occurs with capillary leakage syndrome, true or relative hypovolemia, and maternal organ hypoperfusion (maternal metabolic acidosis), placental hypoperfusion (the villain, now the victim), and fetal hypoperfusion (metabolic acidosis). The most serious complications of preeclampsia can occur. 
Successful antihypertensive management results in a reduction of systemic vascular resistance, but worsens hypovolemia and hypoperfusion if not accompanied by expansion of intravascular volume and the possibility of maternal, placental, and fetal complications remains. In this situation, controlled blood pressure does not guarantee the absence of complications during labor and delivery.
In theory, if rational and cautious fluid resuscitation precedes or is simultaneous with blood pressure control, then systemic vasodilation will be accompanied by intravascular volume without deficit, with a lower likelihood of maternal and fetal metabolic acidosis and its complications.
Based on the evidence generated by Wheeler et al., (Wheeler, 1996) Chalouhi et al., (Chalouhi, 2013) Vázquez et al., (Vázquez, 2021) (Vázquez, 2022) Vázquez, 2023) (Vázquez, 2025) and expert opinion (Olofsson, 2023) it can be speculated that 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 maternal and fetal 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, 2019).
8. CONCLUSION
Research conducted at the host hospital has found maternal and fetal metabolic acidosis in pregnant patients with SP. The data are similar to international reports. Because intravascular volume correction is the first line of management for any type of acidosis, fluid replacement is proposed prior to antihypertensive therapy or simultaneously with monitoring of maternal radial artery and umbilical artery blood gases during delivery. 
Rational and careful fluid infusion is not a solution to the problem, but it is an option to improve maternal and fetal well-being during delivery. The optimal fluid management strategy to ensure best outcomes in preeclamptic patients remains a controversial issue with little evidence to support any one approach. Cause-and-effect protocols are needed to document the benefit to acid-base metabolism.
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