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1. ABSTRACT 
 

Background: Preeclampsia is one of the most common complications in pregnancy and it affects 

between 1-2% of pregnant women in our environment and is a major cause of both maternal 

and perinatal mortality and morbidity worldwide. The incidence has reduced in recent years 

because of implementation of the prevention strategies. Nowadays we only have symptomatic 

treatment while the only cure for preeclampsia is childbirth. Despite the increase in research 

works in this field, the cause of preeclampsia is not yet entirely clear. Some studies propose the 

association between infections and preeclampsia through placental injury. For this reason, and 

taking into account, the global pandemic of SARS-CoV-2 infection that we are living in, this study 

is designed to learn more about the effects of COVID-19 in pregnant women and contribute to 

the knowledge of the physiopathology of preeclampsia.  

 

Objective: the aim of this study is to determinate if SARS-CoV-2 infection is a risk factor for 

preeclampsia. 

 

Design: this is an observational retrospective case-control study. 

 

Participants: pregnant women with a preeclampsia diagnosis, who will be included in the case 

group, and pregnant women without preeclampsia who will be assigned to the control group.  

 

Methods: the data will be obtained mainly from the patient’s medical record where all the 

screening information for preeclampsia will be recruited on the 1st trimester visit. In both groups, 

we will obtain a blood sample and a PCR to determine if they have a current or passed SARS-

CoV-2 infection. We will collect all the information in each group to perform a statistical analysis 

and confirm the association between SARS-CoV-2 infection and development of preeclampsia.  

 

Keywords: preeclampsia, SARS-CoV-2 infection, hypertensive disorders. 
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2. ABBREVIATIONS 
 

ART: assisted reproductive treatment 

ASPRE: Combined Multimarker Screening and Randomized Patient Treatment with Aspirin for 

Evidence-Based Preeclampsia Prevention 

BMI: body mass index 

BP: blood pressure 

CEIC: comitè ètic d’investigació clínica 

CI: confidence interval 

CLIA: chemiluminescence assay 

COVID-19: coronavirus disease 2019 

DBP: diastolic blood pressure 

DIC: disseminated intravascular coagulation 

GOT: glutamic-oxaloacetic transaminase 

GPT: glutamic-pyruvic transaminase 

HELLP: haemolysis, elevated liver enzymes and low platelets 

HJT: Hospital Josep Trueta 

IgG: immunoglobulin G 

IgM: immunoglobulin M 

IUGR: Intrauterine growth restriction 

IVF: in vitro fertilization 

LDH: lactate dehydrogenase 

MCA: middle cerebral artery 

OBAR: high-risk obstetrics consultation 

PAPP-A: pregnancy-associated plasma protein A 

PE: preeclampsia 

PI: pulsatility index 

PIGF: placental growth factor 

RDTs: rapid diagnostic tests 

RNA: ribonucleic acid 

RR: relative risk or risk ratio 

rRT-PCR: real time reverse transcription- polymerase chain reaction 

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2 

SBP: systolic blood pressure 

SFlt-1: soluble fms-like tyrosine kinase 



SARS-CoV-2 infection as a risk factor for preeclampsia 

 3 

SGA: small for gestational age fetus 

SLE: systemic lupus erythematosus 

UA: umbilical artery 

VEGF: vascular endothelial growth factor 

WG: weeks of gestation 

WHO: World Health Organization 
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3. INTRODUCTION 
 

3.1. PREECLAMPSIA 
 

3.1.1. Concepts  
 
Preeclampsia (PE) is one of the hypertensive disorders of pregnancy. We diagnosed 

hypertension in pregnancy, when the patient presents with a systolic BP ≥ 140 mmHg and a 

diastolic BP ≥ 90 mmHg(1). 

 

Pregnancy related hypertensive disorders 

 

Hypertensive disorders of pregnancy affect around 10% of pregnant women all around the world 

and there are an important cause of morbidity, disability and death amongst mothers and 

babies(1). Preeclampsia is one of the pregnancy related hypertensive disorders.  

 

To diagnose preeclampsia, first we have to know all the other hypertensive disorders to 

differentiate them from our study variable. 

 

We can classify the hypertensive disorders in different types(1)(2): 

 

 Chronic hypertension: is defined as a hypertension present before the pregnancy or 

diagnosed before the 20th week of pregnancy. If we diagnose the hypertension after the 20th 

week, but it stays after childbirth (persists longer than 12 weeks postpartum),  is considered 

to belong into this category.  

 

 Gestational hypertension: is defined as a hypertension without proteinuria or other 

signs/symptoms of preeclampsia after 20 weeks gestation. 

 

 

 Preeclampsia: The WHO defines it as hypertension and proteinuria after 20 weeks gestation 

or hypertension plus the involvement of at least one organ or system failure. It’s important 

to know if the woman has had high blood pressure before these 20 weeks.  
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o Eclampsia: refers to the occurrence of a seizure in a woman diagnosed with 

preeclampsia. We will always have to discard a pre-existing neurological condition, 

like for example, an epilepsy. 

o HELLP syndrome: stands for hemolysis, elevated liver enzymes, low platelets. 

Represents a type of PE in which instead of having the typical symptoms and sings 

of PE, we have these predominant signs. 

 

3.1.2. Incidence of preeclampsia  
 

In a systemic review, they estimated the global incidence of preeclampsia, and it was 4.6% from 

nearly 39 million women from 40 countries. Of course, there was a variation between regions(3). 

 

The incidence it is variable depending on different aspects that you have to consider such as the 

level of hospital care, geographic location, race, nutritional or immunologic factors and 

comorbidities of the pregnant women(4).  

 

The incidence of preeclampsia ranges from 5-10%, and it is estimated that 7% of pregnancies 

develop preeclampsia, however as we said before this incidence could be higher in 

disadvantaged environments. In Spain, there have not been a lot of studies of the global 

incidence, but the data we have, estimates the incidence between 1-2% in our country. The 

incidence could be lower than other countries because nowadays much importance is given to 

the prevention of this disease, and the incidence has reduced in recent years. The 5% of 

preeclampsia evolve to an eclampsia and 19% to HELLP syndrome(5).   

 

So, preeclampsia remains one of the most important complications of pregnancy, and there is 

no current treatment. The WHO estimates 16% of maternal deaths are attributed to 

hypertension disorders, in develop countries, and there are the leading cause of maternal 

deaths(6). The only definitive solution is the termination of the pregnancy or delivery of the 

fetus with the placenta, usually prematurely(1).  
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3.1.3. Risk factors 
 
Nowadays we still do not know the causes of preeclampsia, and it seems that it is a multifactorial 

disease, involving both maternal and placental dysfunctions(7).  

 

However, there are some risk factors we have to consider in our study: 

 

Table 1 - Risk factors of preeclampsia(8) 

Nulliparity 

Multiple gestations 

Obesity 

Mothers > 35 years old 

Family history of preeclampsia-eclampsia 

Preeclampsia in a previous pregnancy 

Chronic hypertension 

Chronic kidney disease 

Pregestational diabetes 

Thrombophilia 

 

There are some risk factors that we have to consider in the first visit to the gynecologist, because 

in order to treat a pregnant woman for high risk of PE, we have to first calculate the risk. 

 

These are the risk factors for preeclampsia(2)(9): 

 

1. Past history of preeclampsia increases the risk of PE eightfold compared with women 

without a history (RR 8.4, 95% CI 7.1-9.9). In addition to this, if pregnant women develop 

an early-onset preeclampsia complicated by a severe preeclampsia, the risk of 

recurrence in a subsequent pregnancy is even higher.  

The chance of recurrence of preeclampsia is 10% according to a cohort study(10).  

2. Preexisting maternal medical conditions:  

 Pregestational diabetes: the risk of PE is increased two to fourfold among 

women with type 1 or 2 diabetes. Also, women who develop PE have more 

risk of developing type 2 diabetes later in life(11).  

 Chronic hypertension: in this case, it’s uncommon to find reproductive-age 

women with chronic hypertension, so it would not be the most frequent 

cases. 

 Autoimmune disorders, such as systemic lupus erythematosus (SLE) and 

antiphospholipid syndrome.  

 Obesity: studies show that obesity increases the risk of preeclampsia two 

to threefold, and it may seem more than the other risk factors that we’ve 
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talked about, but we have to consider that overweight and obesity are 

highly prevalent. Although weight loss is not recommended during 

pregnancy, it is in women with obesity or overweight that are planning to 

get pregnant(6).  

 Chronic kidney disease (CKD): in this case the risk depends on the reduction 

of glomerular filtration rate and if there is hypertension present. CKD shares 

part of the symptoms and signs of PE, such as, hypertension, proteinuria, 

impaired excretory kidney function and increased cardiovascular risk, and 

the reason is because both involve endothelial dysfunction(12).  

 

3. Multifetal pregnancy: it seems like conditions leading to hyperplacentation and large 

placentas, for example, in a twin pregnancy, can cause higher risk of PE(1).  

4. Nulliparity: it is considered the most prevalent predisposing factor for preeclampsia, but 

it is still unknown why.  

5. Family history of preeclampsia in first degree relatives, suggesting a genetic component 

to the disease.  

6. Prior manifestations of placental insufficiency, such as fetal growth restriction, 

abruption and stillbirth. There are risk factors for preeclampsia, and at the same time 

preeclampsia is a risk factor for these pathologies. 

7. Advanced maternal age: there is a risk in older pregnant women because they usually 

have more risk factors associated, like obesity, diabetes mellitus and chronic 

hypertension.  

8. Use of assisted reproductive technology: the use of oocyte donation has higher risk of 

preeclampsia comparing to in vitro fertilization (IVF) without oocyte donation or to a 

natural conception.  

 

This risk factors they will serve us to classify a woman at high risk of preeclampsia.  

The 2019 National Institute for Health and Care Excellence (NICE) guidelines(13) classify a 

woman into high risk of preeclampsia if there are: 

 A history of hypertensive disease during a previous pregnancy 

 A history of maternal disease, including chronic kidney disease 

 Autoimmune diseases 

 Diabetes 

 Chronic hypertension 
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There are also other risk factors that can classify a woman into moderate risk of preeclampsia, 

such as: 

 Nulliparous 

 ≥ 40 years of age 

 BMI ≥ 35 Kg/m 

 Family history of preeclampsia 

 Multifetal pregnancy 

 Pregnancy interval of more than 10 years 

 

We consider a pregnant woman to be at moderate risk for PE if she has only one risk factor, and 

at high risk if she has ≥ 2 risk factors(14). The risk factors explained will be very important for 

the screening of PE in the first trimester of pregnancy. 

 

3.1.4. Clinical presentation 
 

(2) 

We classify preeclampsia into late or early-onset preeclampsia, and they are considered 

different entities.  

The typical presentation of a late-onset preeclampsia is in a woman with one or more risk 

factors that we explained before, and it usually presents with a new onset of hypertension and 

proteinuria at ≥ 34 weeks of gestation (WG), and even during labor too. This is the case in 

approximately 85% of affected women.  

 

There is approximately 10% of pregnant women that develop these signs and symptoms at < 34 

WG, and that is what we call early-onset preeclampsia. A study showed that the frequency of 

placental lesions and both maternal and fetal complications, are higher in early-onset PE than in 

late-onset PE. For this reason, this type of PE is the purpose of the screening made in the 1st 

trimester(15). 

 

The 5% remaining, the signs and symptoms start postpartum, usually within 48 hours of 

delivery.  

 

We should know all the potential clinical and laboratory findings of preeclampsia in order to 

suspect a possible preeclampsia diagnosis. 
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Clinical findings (2) 

 Hypertension: it is a very important diagnostic criteria for PE and it is usually the 

earliest and the most common clinical finding. 

 Epigastric, upper abdominal or retrosternal pain: when some of these symptoms 

are present, it is an indicator of a severe disease. It is characterized by severe and 

constant pain that usually begins at night and may be accompanied by nausea and 

vomiting. 

 Neurological symptoms: 

o Headache: when present, it is an indicator of severe disease. The pain it may 

have a throbbing, pounding or piercing. It is very characteristic of a 

preeclamptic headache to persist despite the administration of analgesics, 

but the resolution of the headache with analgesics does not exclude the 

likelihood of preeclampsia.  

o Visual symptoms: when present, are also an indicator of severe disease. 

These symptoms can be blurred vision, photopsia, diplopia, scotoma, 

amaurosis, homonymous hemianopsia, and may occur in 25% of 

preeclamptic women. More serious symptoms, like blindness, are very rare, 

and attributed to retinal alterations(16).  

o Stroke: is the most serious complication of preeclampsia. It is more common 

a hemorrhagic stroke, because of the high blood pressure, but an ischemic 

stroke can also occur.  

o Seizure: when there is a seizure in a preeclamptic woman, we diagnose an 

eclampsia. 

 Pulmonary edema: is also a feature of a severe disease. The symptomatology 

consists of dyspnea, chest pain and/or decreased oxygen saturation, and there are 

indicative of adverse maternal outcome.  

 Oliguria: is defined as a diuresis < 500 mL/24h or < 0.5 mL/Kg/h. It is one of the 

criteria for severe preeclampsia and is one of the sings of acute kidney injury (AKI). 

 Edema: it is a typical finding in pregnant women in general without preeclampsia. 

However, we have to be observant, because a sudden and rapid weight gain (for 

example: 2-3 kg/week gain) and facial edema are common in women with 

preeclampsia.  

 Abruptio placentae: the abruption can be a life-threatening event both for the 

mother and fetus. Luckily, it is very rare.  
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Here we have a summary of the clinical signs and symptoms that we have to be alert in a 

pregnant woman if we suspect a PE: 

 

Table 2 - Signs and symptoms of preeclampsia per organ system(14) 

Systems Signs and symptoms 

Central nervous system 

Headaches 

Visual disturbances 

Seizures (Eclampsia) 

Renal system 

Proteinuria 

Oliguria 

Abnormal kidney tests 

Hypertension 

Vascular system Severe hypertension 

Cardiorespiratory system 

Chest pain 

Dyspnea 

Low oxygen saturation 

Pulmonary edema 

Hepatic system 

Abnormal liver function 

Epigastric pain 

Nausea 

Hematologic system 

Hemorrhage 

Coagulation impairment, DIC 

Shock 

                                        

For all this clinical signs and symptoms, clinical examination should always include: 

 Blood pressure measurement 

 Screening for weight gain 

 Searching for signs of edema, including of acute pulmonary edema and cerebral edema 

 Screening for cardiomyopathy 

 Sings of acute renal failure 

 

Most of the pregnant women who develop preeclampsia, are presented with the signs and 

symptoms explained above, but not all pregnant women with preeclampsia have mild 

symptomatology; there is a group of women that can develop a much more serious disease. It 

is what we called severe preeclampsia and it has considerable adverse impacts on maternal, 

fetal and neonatal health which usually ends with the woman admitted to the hospital(17). The 

diagnosis criteria for severe preeclampsia are(18): 
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• One or more of the following signs/symptoms: 

 SBP ≥ 160 mmHg and/or DBP ≥ 110 mmHg in two occasions with 6 hours of difference 

between them, with the patient at rest. If the SBP > 180 mmHg or the DBP > 120 mmHg in 

two occasions separated for 30 minutes, you can diagnose a severe preeclampsia.  

 Persistent eclampsia prodromes: hyperreflexia with clonus, intensive headache, stupor, 

visual alterations, epigastralgia, pain in the right hypochondrium, nausea or vomiting.  

 Oliguria: ≤ 500 ml in 24 hours or < 90 ml/3h or renal failure (serum creatinine > 1.2 mg/dL 

or urea > 40 mg/dL). 

 Pulmonary edema 

 GOT or GPT doubles the upper limit of normality 

 Thrombocytopenia (< 100.000 mm3) 

 Hemolysis (LDH > 700 UI/L) 

 Alteration of coagulation parameters 

 

3.1.5. Physiopathology 
 
 (19)(20) 
 

The intrauterine existence of the fetus is dependent on the placenta. It is essential for the 

pregnancy and for promoting normal growth and development of the fetus(21). 

Nowadays the physiopathology of PE is still unclear, but it’s known to be related to a problem in 

the vascular response to placentation, followed by generalized inflammation and progressive 

endothelial damage. 

 

In a normal pregnancy, the development of the placenta happens when cytotrophoblast invades 

into the myometrium and the spiral arteries lose their endothelium and most of their muscle 

fibers. That makes the spiral arteries to become low-resistance vessels and less sensitive to 

vasoconstrictive changes. In other words, the spiral arteries dilate to 5-10 times their normal 

size and they form larger arteries, so they can deliver more blood to the fetus.  

 

It has been seen that the primary cause of preeclampsia is an abnormal placentation during the 

first trimester. It seems that in preeclampsia the invasion of the spiral arteries by 

cytotrophoblast cells is defective and these arteries become fibrous and therefore narrower 

than normal, so they deliver less blood to the fetus. 
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The poorly perfused placenta can cause some problems to the fetus, such as intrauterine growth 

restriction and even intrauterine death. However, the physiopathology of PE it does not only 

involve placental affection, it is a combination with maternal factors. 

 

The syncytiotrophoblast response to this stress is to release trophoblastic factors, causing an 

extreme inflammatory response and endothelial damage.  

Among these factors, the most significant is soluble Fms-like tyrosine kinase 1 (sFlt-1). SFlt-1 is 

an anti-angiogenic protein that acts as an antagonist to the angiogenic proteins: PIGF and VEGF. 

VEGF is a pro-angiogenic factor that promotes the proliferation and survival of endothelial cells 

and influences vascular permeability. PIGF is a VEGF homolog liberated by the placenta, with 

pro-angiogenic activity too.  

Therefore, sFlt-1 inhibits the effect of VEGF and PIGF on the maternal endothelium by altering 

the signaling pathways, and the result is vasoconstriction and endothelial dysfunction(22). The 

endothelial dysfunction is responsible for the clinical signs and symptoms observed in the 

pregnant woman: 

o An impairment of the hepatic endothelium can cause the onset of the HELLP 

syndrome. 

o An impairment of the cerebral endothelium can induce neurological disorders, such 

as seizures (eclampsia) 

Figure 1. Failure of physiological transformation of the spiral 

arteries in preeclampsia(52) 
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o A depletion of VEGF in the podocytes makes the endotheliosis more able to block 

the slit diaphragms of the podocytes and decreased glomerular filtration and cause 

proteinuria.  

o A microangiopathic hemolytic anemia and hyperpermeability associated with low 

serum albumin causes edema, usually in the lower limbs and lungs.  

 

 

 

 

 

 

 

 

 

 

Therefore, the issue in preeclampsia is related to the placenta and it causes both 

macroscopically and microscopically changes in it. For this reason, several studies have shown 

the morphology and histology of the placenta from mothers with preeclampsia, reflecting the 

changes due to maternal hypertension. The conclusion of these studies(21)(23) are: 

 Macroscopic changes: less weight and dimensions in placentas from women with 

hypertension. No changes on placental shape, umbilical cord insertion where found. 

 Microscopic (histological changes): areas of syncytial knot formation, fibrinoid necrosis, 

calcified areas, hyalinized areas and areas of medial coat proliferation of the blood vessels. 

 

3.1.6. Diagnosis of preeclampsia 
 

To diagnose preeclampsia, the following criteria should be present (24): 

  

Table 3 - Diagnosis criteria of preeclampsia 

High blood pressure SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg after 20 weeks of gestation, 

in a previously normotensive patient.  

+ one or more of the 

following 

conditions: 

• New-onset proteinuria: ≥ 300 mg(0.3g) of protein in a 24h urine 

collection or a protein/creatinine ratio ≥0.3, all in the absence of 

infection 

Figure 2. Angiogenic imbalance in preeclampsia(53) 
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• Thrombocytopenia: platelets < 100.000mm3 

• Renal failure: serum creatinine > 1.2 mg/dl or urea > 40 mg/dl or 

worsening of a previous serum creatinine (in context of a chronic 

renal failure) 

• Damaged liver function: GOT or GPT doubles the upper limit of 

normality 

• Pulmonary edema 

• Visual alterations  

 

 

All pregnant women with new-onset hypertension or worsening hypertension after 20 weeks of 

gestation should be evaluated for preeclampsia(2). Therefore, with the diagnostic criteria 

established, we will go a little deeper into how to measure each of these diagnostic variables: 

 

1. Blood pressure: in order to confirm the presence of hypertension, we should measure 

the blood pressure at least twice separated by six hours. Some studies have addressed 

the importance to self-monitor the blood pressure at home for this pregnant women 

with elevated risk(22).  

2. Proteinuria: before, the 24 hours urine collection used to be the gold standard, but it is 

time consuming, requires refrigeration and samples could be incomplete. So, nowadays, 

we first use a dipstick test, and if it is positive (one protein or more), we use the 

protein/creatinine ratio in a single urine sample to quantify the proteinuria(22).  

3. Laboratory testing:  

• It’s important to measure some laboratory parameters when preeclampsia is 

suspected, to determinate the presence of maternal organ dysfunction, and also to 

diagnose preeclampsia. The most important parameters we should consider are: 

hemoglobin, platelet count, serum creatinine, serum uric acid and liver 

enzymes(22). Some of this, if altered, could indicate organic alterations, and at the 

same time, the diagnosis of preeclampsia. So, it is very important to identify them, 

in order to start the prophylaxis for preeclampsia.  

• Nowadays, the importance of circulating angiogenic factors (sFlt-1, PIGF) is growing, 

and new guidelines are evaluating the implementation of PIGF and sFlt-1:PIGF ratio 

testing(22). There has been some studies to evaluate the clinical utility of these 

tests, and the results are unclear and with some limitations(2). However, the 
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significance of these testing lies in, that women with preeclampsia have higher 

circulating levels of sFlt-1 and lower levels of PIGF, noticeable before the onset of 

the disease(25). With this knowledge we could prevent adverse outcomes, because 

we would have the diagnosis of preeclampsia before the clinical onset. For that 

matter it is recommended the use of PIGF or sFlt-1:PIGF ratio to help rule out 

preeclampsia in women within 20 to 34+6 weeks, but they are not in the guidelines 

yet. There are ongoing studies to evaluate if these factors could be used as 

biomarkers for PE(13). 

4. Neurology evaluation: a pregnant women with neurologic deficits, an abnormal 

neurological examination, ocular symptoms or severe persistent headache should be 

evaluated by the neurology service as an initial management of PE(2).  

5. Assessment of fetal status: it is not on the diagnosis criteria, but we should evaluate the 

fetal status with the ultrasound, concurrently with the maternal evaluation. It is 

recommended to evaluate the amniotic fluid volume and estimated fetal weight(EFW) 

given the increased risk for oligohydramnios and fetal growth restriction(2). Also, it is 

important to evaluate if there is an uteroplacental dysfunction on each visit, because it 

is related to the physiopathology of PE. We perform a Doppler study of the uterine 

arteries PI, the UA PI, the MCA PI and the wave of ductus venosus, to look for signs of 

placental insufficiency. 

 

3.1.7. Management and prevention 
 
(19)  
Delivery is the only curative treatment for preeclampsia. The decision must balance the 

maternal risks of continued pregnancy against fetal risks associated with induced preterm 

delivery. To decide on a delivery, we have to consider two factors: 

o Gestational age when preeclampsia diagnosis (estimated fetal weight) 

o Severity of preeclampsia 

Regardless of the severity of preeclampsia, when preeclampsia is discovered after 37 WG, there 

is no benefit in continuing the pregnancy, so delivery is recommended. Between 24 and 37 WG, 

it depends on the severity of preeclampsia. However, in the event of a severe preeclampsia 

before 24 WG, the obstetric team must discuss with the parents the possibility of a medical 

interruption of pregnancy, because the viability of the fetus at this stage is practically non-

existent. 
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Even after delivery, some clinical symptoms and laboratory abnormalities can persist for some 

time, although this is very rare. For this reason, women with severe preeclampsia should be 

monitored after delivery with blood pressure measurement, laboratory testing and clinical 

symptoms.  

 

All of these outcomes are very serious for both mother and fetus, so it is essential an excellent 

prevention. The first step to prevent preeclampsia is to detect the risk factors. The majority of 

them we cannot control, however one of the first steps for the prevention of PE is improve the 

ones that can be modified, such as pregestational diabetes, chronic hypertension and obesity. 

We should explain to our patient the importance of keeping a good control. 

 

At the first trimester examination we do a screening for preeclampsia to all pregnant women. 

The women with high risk of early-onset preeclampsia will be followed more frequently in order 

to detect early markers for preeclampsia. 

 

In order to classify a pregnant woman into high risk of early-onset preeclampsia we will follow 

the algorithms written in the literature: ‘Protocol de Seguiment de l’Embaràs a Catalunya’ 

protocol(26) and ‘Trastorns Hipertensius de l’embaràs: preeclàmpsia’ protocol(8) along with 

‘The Fetal Medicine Foundation’ algorithm(27).  

 

Screening for preeclampsia 

• It is recommended a screening for preeclampsia in all pregnant women in their first 

trimester. The first visit has to be before the 10th week of gestation. In the first visit to the 

gynecologist or midwife it is very important to do a general physical exploration, in order to 

know the woman’s state of health. In this general exploration, one of the variables that is 

very important to value is the blood pressure. In order to do the best measurement, we have 

to make sure we are in good conditions, such as a quiet atmosphere, without external 

factors which can alter the measurement.  

• The measure of the blood pressure must be done each visit. If in one of the visits we detect 

high blood pressure in several measurements, preeclampsia must be suspected. 

• Edema is swelling caused by an excessive accumulation of fluid in the body tissues(28) and 

it is considered an early sign of preeclampsia. To find out if there is an edema, an 

examination of the lower extremities is made, to assess whether there is fovea.  
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• A blood test is made in each trimester of pregnancy. In the first trimester blood test 

(between the 8+0 and 13+6 weeks) one of the parameters that are checked are PAPP-A and 

PIGF: 

o PAPP-A: it is used for aneuploidy screening and low levels have been associated with 

high risk of PE. 

o Low levels of PIGF carry greater risk of PE. 

• Apart from the physical exploration, in all pregnancies it is recommended to do several 

ultrasound scans. Regarding the early diagnose of preeclampsia, there are parameters that 

we have to check in the ultrasound of the 1st trimester (between 11+0 and 13+6 weeks): 

 Study of the wave flow of the uterine arteries: we will measure the pulsatility index (PI) from 

the uterine arteries. The placental abnormality in PE can be detected by Doppler, and it is a 

very useful tool, especially to detect signs of increased vascular resistance in the uterine 

arteries. In a normal pregnancy, the uterine arteries have a systolic peak and a good diastolic 

flow because they are low resistance. When there is a poor diastolic flow it is suggestive of 

a high resistance and it is detected by a high PI (29). 

 

The presence of uterine arteries PI > 95th percentile during the first trimester are considered 

indicative of increased vascular resistance in the placental bed. So, a high PI it means greater 

risk for PE, and we will use the average of PI of both uterine arteries for the screening. If the 

average PI > 95th percentile it is considered pathological.  

 

            

Figure 3. Comparing uterine artery waveform from a normal pregnancy versus preeclampsia(29) 

 

The PI percentile of the uterine arteries, together with risk factors (see table 1), blood pressure 

measurement and PAPP-A and PIGF, we will have the screening result. If we have all this 

information, the sensibility to develop an early-onset preeclampsia is between 85-90% with a 

false positive rate of 10%.  
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Considering all the information explained, a risk estimation is made with a software (SsdwLab6 

Software), and we will consider a high risk of PE if the risk estimation is ≤1/170. 

 

The prophylaxis of PE is based on aspirin (150 mg) treatment. The results in the ASPRE study(30) 

show that pregnant women with high risk of preeclampsia should start taking the aspirin before 

the 16th week until the 36th week, because it reduces the preterm appearance of PE. These 

women also will be starting controls from the 24th week of gestation in high-risk obstetrics 

consultation. 

 

3.1.8. Impact of preeclampsia on pregnancy 
 

The importance of the good prevention of preeclampsia remains because of its maternal and 

fetal complications:  

 

Table 4 - Maternal and perinatal complications of preeclampsia (20)(9) 

Maternal complications Perinatal complications 

Seizures (eclampsia) 

Stroke 

Renal failure 

Pulmonary edema 

Maternal death 

Disseminated intravascular coagulation 

Liver hematoma  

Cardiovascular disease1 

IUGR 

Stillbirth 

Preterm delivery 

Neonatal death 

Oligohydramnios 

Long-term neurological disabilities 

 

Some of these complications can be explained by the pathogenesis of preeclampsia: 

The abnormal placentation occurs due to failure in the remodeling of the spiral arteries, this 

results in high resistance to placental blood flow and hypoperfusion of the placenta. The 

hypoperfusion of the placenta causes chronic placental ischemia and it reduces blood flow to 

the fetus. If this condition stays for a period of time, it can precipitate in a fetal hypoxia and all 

the perinatal complications(22)(see table 4).  

 

 
1 Recent studies suggest that preeclampsia increases mortality from cardiovascular disease even after childbirth 
(49). 
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3.2. CORONAVIRUS 
 

3.2.1. Concepts 
 
Coronaviruses are a family of RNA viruses, that are commonly known to cause respiratory 

illnesses. The coronavirus SARS-CoV-2 (Severe acute respiratory syndrome coronavirus 2) causes 

the disease COVID-19 (coronavirus disease 2019)(31). 

 

3.2.2. About the global pandemic 
 

The Coronavirus disease (COVID-19) is an infectious disease caused by newly discovered 

coronavirus, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection(32). 

This new virus was first discovered in the outbreak in Wuhan (China) in December 2019 and the 

WHO declared the pandemic on 11 of March, 2020(33). Since then the number of cases it has 

only increased all around the world.  

According to the WHO there are more than 47 million confirmed cases, more than 1,2 million 

confirmed deaths and more than 200 countries affected(34). In Spain, more than 1,2 million 

cases have been reported and more than 36.000 deaths confirmed(35). Cases will continue to 

rise, so this data is inconclusive.  

 

The high number of cases and deaths due to this coronavirus, has make it a huge global concern 

and it’s important to know its symptoms, consequences and management, and also learn which 

group of people are most vulnerable. It appears that the infection affects more elderly people 

or those with comorbidities such as an underlying respiratory disease(36).  

 

The most common symptoms are fever, dry cough and fatigue. There are other symptoms, that 

are less frequent, like discomfort and pain, headache, nasal congestion, conjunctivitis, sore 

throat, diarrhea, loss of taste and smell and skin eruptions. Most of the people have mild 

symptomatology and they do not need medical treatment(37). It seems pregnant women are 

less likely to experience symptomatology, but if they develop a severe disease, they are more 

likely to need intensive care(38).   

 

This virus is contracted when you are in contact with an infected person. And it is transmitted 

through droplets that come out of the nose or mouth when coughing, sneezing or speaking. 
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According to WHO guidelines, laboratory confirmation for SARS-CoV-2 is defined as a positive 

result for SARS-CoV-2 in the polymerase chain reaction (PCR) measured on nasal and pharyngeal 

swabs.  

 

3.2.3. SARS-CoV-2 infection testing 
 

Different types of test are available for SARS-CoV-2 infection: 

- Viral test, tells you if you have a current infection 

- Antibody test, might tell you if you had a past infection 

- Antigen-detection test 

 

Since the beginning of the COVID-19 pandemic, in order to detect SARS-CoV-2, laboratories have 

been using real time reverse transcription polymerase chain reaction (rRT-PCR) assays(40). The 

initial diagnostic test for COVID-19 is the rRT-PCR, to detect SARS-CoV-2 RNA from the upper 

respiratory tract(41).  

 

The polymerase chain reaction (PCR) it is considered the gold standard for the diagnosis, 

because detects the virus in a nasopharyngeal sample from the first moments of the infection. 

Also, it allows you to go over a high number of patients and it is more sensitive and specific than 

other methods available so far. Nevertheless, false negatives may appear, for example, for an 

improper sample collection, so if there is a high clinical suspicion, it is recommended to repeat 

the study(42).  

 

One of the other tests, is the one that identify antibodies IgM and IgG in a blood sample by 

chemiluminescence assay (CLIA) and the WHO advocates its use for microbiologic diagnostic of 

COVID-19. Antibodies are proteins produced by your immune system in response to an 

infection(43). In a recent study, the sensitivity and specificity were 88.6% and 90.6%, 

respectively. It is a good test in case we have a negative result from the rT-PCR in patients with 

symptomatology, and it is easy to get just with a blood sample. However, a negative result does 

not rule out the disease, especially in immunocompromised patients, because there is not 

enough evidence to know how long these antibodies last or whether if a past infection protects 

you from infecting again from the virus (42). Therefore, it is not recommended for the screening 

test like the rT-PCR, only to complement it.  
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A positive result means you have COVID-19 antibodies in your blood, which indicates past 

infection with the virus. A negative result means that you have not COVID-19 antibodies, so you 

probably were not infected with the virus in the past. However, as we explained, it can take time 

for antibodies to develop, and false-negative results can occur if the blood test is collected too 

soon or you just have not developed the antibodies(43).  

 

During this time, it is been significant to search for another type of testing, reliable and faster 

but less expensive. When dealing with infectious diseases it is very important to have tests that 

quickly identify which microorganism is involved (40).  

 

Different ongoing studies are valuing the efficiency of the antigen-detection test. 

This test can detect specific antigens for SARS-CoV-2 infection by immunochromatography. 

Specifically, they are designed to directly detect SARS-CoV-2 proteins produced by the 

replicating virus, and they are called rapid diagnostic tests or RDTs(40). These days there are not 

many published studies that reflect on the sensitivity and specificity of this test(42). The aim is 

to use these tests in hospitals, especially in emergencies, primary care and residencies(44).  

 

3.2.4. COVID-19 and preeclampsia association 
 

(7) 

In recent years, there’s been some studies that suggest that infections and their inflammations 

play an important role in the pathogenesis of PE and they increase the risk of this disease(39). 

The inflammation in response against the infection, initiates a destruction of trophoblast cells 

and an acute uteroplacental atherosis, that has been known to be directly associated with 

PE(20).  

 

The mechanism for bacterial and viral infections to induce a higher risk of preeclampsia is a very 

important point in this study, because we are trying to demonstrate if SARS-CoV-2 virus affects 

in any way to the pregnancy, and more specifically in the development of preeclampsia.  

 

Several studies have shown that inflammatory responses are excessive in a preeclamptic 

pregnant woman. An infection during pregnancy could encourage the release of pro-

inflammatory cytokines, increase the oxidative stress and endothelial cell dysfunction, this can 

lead to placental hypoxia and uteroplacental atherosis, and all of this eventually can conclude in 

hypertension disorders, including PE.  
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Therefore, and early diagnosis and treatment of an infection could be an efficient strategy to 

reduce the incidence of preeclampsia. Furthermore, it is crucial that the screening and 

treatment of common maternal infections be integrated into the prenatal care programs.  

 

3.2.5. Impact of SARS-CoV-2 on pregnancy 
 

One of our goals is determine if pregnant women are more vulnerable to SARS-CoV-2, that is, if 

pregnant women have more perinatal complications, such as preeclampsia, our study variable. 

We know that changes that occur during pregnancy make pregnant women and their fetuses 

more vulnerable to diseases and complications(38).  

 

Pre-existing comorbidities, high maternal age and high body mass index seem to be risk factors 

for severe COVID-19 in pregnant women. However, it is not proven yet that pregnant women 

are more sensitive and have worst outcomes to COVID-19 disease. What a lot of studies agree 

is that there are higher rates in preterm birth in women with COVID-19 than in pregnant women 

without the disease(45).  

 

Table 5 - Outcomes in pregnant women with COVID-19(45) 

Maternal outcomes Perinatal outcomes 

Miscarriage Fetal distress 

Cesarean delivery Abnormal Apgar score2 at 5 minutes 

Fetal growth restriction Admission to neonatal intensive care unit 

ICU admission Neonatal death 

Preeclampsia-like syndrome Stillbirth 

 Preterm birth 

 Vertical transmission3 

 

Several systemic reviews and meta-analyses concluded that with coronavirus infection there is 

more risk of miscarriage, cesarean birth and perinatal death(46). Given all these risks, there is 

 
2 Apgar score is a test given to newborns after birth. It stands for Appearance, Pulse, Grimace response, 
Activity, Respiration. A score ≥ 7 is considered in good health.  
3 A few studies show evidence of vertical transmission of SARS-CoV-2, although it is rare, and the 
mechanism is still unknown. For this reason, more research needs to be done(50)(51). 
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been a preoccupation about the well-being of the pregnant women, their fetuses and neonates 

during the ongoing pandemic(47).  

 

An increased incidence of PE has been described among mothers infected with SARS-CoV-2 

infection compared with the general population. However, a recent prospective observational 

study has shown that the incidence of PE only increased in the severe cases of COVID-19. Also, 

the signs and symptoms compatible with PE could be derived from the infection itself(48). 

 

Despite this, there are several studies evaluating the COVID-19 effects in pregnant women, so 

the information it is constantly changing, and we will gain more knowledge as time goes on.  
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4. JUSTIFICATION 
 

Preeclampsia is a multisystemic vascular syndrome of pregnancy with potential adverse and 

neonatal outcomes. 

All hypertensives disorders are an important cause of severe morbidity, disabilities and death 

among both mothers and their babies, but preeclampsia is a major cause of both maternal and 

perinatal mortality and morbidity worldwide. 

 

Although the exact etiology of PE remains unknown, excessive activation of systemic 

inflammatory response is thought to play a fundamental role in its pathogenesis(39). The 

association between preeclampsia and some infections was previously described in the 

literature, based on an excessive activation of systemic inflammatory response. 

Nowadays we are living in a global pandemic an it is mandatory to learn the effects of this virus 

in every aspect of the human being. There are a few studies about possible effects that the 

infection can cause on the fetus and the placenta. For this reason, despite there are a lot of 

variables that could be related with preeclampsia, a possible affection of the placenta due to 

this new infection could influence the physiopathology of preeclampsia.  

 

The main aim of the present study is to evaluate the relationship between preeclampsia and the 

recently discovered SARS-CoV-2 infection.  
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5. HYPHOTESIS 
 

The infection of COVID-19 (SARS-CoV-2) increases the risk of preeclampsia in pregnant women.  

6. OBJECTIVES 
 

In order to confirm our hypothesis, our main objective is: 

 

1. To determine if SARS-CoV-2 infection increases the risk of preeclampsia in pregnant 

women.  

 

Secondary objectives: 

 

2. To determine if SARS-CoV-2 infection worsens the evolution of the preeclampsia. In 

other words, if there are more pregnant women with severe preeclampsia. 

3. To determine the serologies for SARS-CoV-2 in pregnant women by immunoassay so 

that we make the diagnoses of a past infection during pregnancy. 

4. To study the placental affection caused by SARS-CoV-2 infection. 
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7. SUBJECTS AND METHODS 
 

7.1. STUDY DESIGN 
 

The study will be an observational retrospective case-control in the University Hospital Dr. Josep 

Trueta in Girona. 

 

7.2. STUDY POPULATION 
 

The population in this study will be all pregnant women that are controlled in the region of 

Girona. The cases will be pregnant women with the diagnosis of preeclampsia, and the control 

group, pregnant women with a similar gestational age, without preeclampsia who will be 

recruited at pregnancy control visits at > 20 weeks of gestation.  

 

7.3. SUBJECTS SELECTION 
 

Inclusion criteria (Cases) 

 

 Pregnant women that within the duration of the pregnancy are diagnosed with a 

preeclampsia 

 Gestational age ≥ 20th week of gestation (at the time of the 2n trimester visit) 

 Participant is willing and able to give informed consent for participation of the study.  

 Childbirth planned in HJT 

 

Inclusion criteria (Controls) 

 

 Pregnant women that within the duration of the pregnancy are not diagnosed with a 

preeclampsia 

 Gestational age ≥ 20th week of gestation (at the time of the 2n trimester visit) 

 Participant is willing and able to give informed consent for participation of the study.  

 Childbirth planned in HJT 
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Exclusion criteria 

 

 Patients who don not give the informed consent 

 Age < 18 years 

 Twin pregnancies 

 Fetal malformations or fetal genetic alterations  

 Fetal death 

 Drug user (except tobacco) 

 

7.4. SAMPLE SIZE 
 

The incidence of preeclampsia in our environment is approximately between 5-7%. However, 

we do not know the actual incidence of preeclampsia in women infected by SARS-CoV-2 due to 

the recent global pandemic and not having similar studies been made. For this reason, we 

consider making a pilot study. 

 

This pilot study will consist in having 20 pregnant women with SARS-CoV-2 infection and 20 

pregnant women without the infection. We will follow these women to observe if they develop 

a preeclampsia. Afterwards, with the data obtained we will calculate the sample size that we 

need for this study.  As we obtain new prevalence data while executing the study, we will modify 

the sample size if necessary.  

 

To calculate the sample size, we will assume a 5% alpha risk and a 2% beta risk in a two-side test 

and with a statistical power of 80%. We will anticipate a 10% drop-out rate.  

 

7.5. SAMPLE COLLECTION 
 

The patients will be recruited in the obstetric emergency room or in the high-risk obstetrics 

consultation, that is where all the pregnant women with high risk of preeclampsia have their 

follow-up. 

 

Specifically, they will be recruited when the pregnant women (with > 20 weeks of gestation) is 

diagnosed with preeclampsia. 
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All pregnant women who fulfill the inclusion criteria and not the exclusion criteria during their 

pregnancy, will be considered to participate in the study. For every patient with preeclampsia 

we will include in the study, at the same time we will include a pregnant woman that will be our 

control, with a similar pregnancy conditions, such as same pregnancy week of gestation, and she 

will be considered to participate in the study as well.  

The recruitment of the cases and controls will be made prospectively, and they will be collected 

during the study period.  

 

If they decide to participate, the gynecologist or midwife will explain the study to them and an 

information sheet of the study (annex 1) will be given to them. If they accept to participate in 

our study, and informed consent (annex 2) will be given, and when signed, the patient will be 

enrolled in the study.  

 

7.6. VARIABLES 
 

7.6.1. Dependent variable 
 

Preeclampsia: it is a dichotomous nominal qualitative variable. It will be expressed by yes or 

not.  

 

At the consecutive visits in “OBAR” for the high risk of preeclampsia, we will measure the blood 

pressure of the pregnant woman as explained in the diagnosis criteria for preeclampsia. With 

the measurement of the blood pressure jointly with a clinical examination, to rule out 

symptomatology, and a laboratory test, to exclude any organic alterations, we will have all the 

information to diagnose a PE. We will repeat this evaluation throughout the pregnancy.  

Preeclampsia will be diagnosed if the diagnosis criteria (see table 3) are met.  

 

7.6.2. Independent variable 
 

COVID-19 disease: it is a dichotomous nominal qualitative variable. It will be expressed by 

exposed or unexposed.  

 

At the moment of the diagnosis of the preeclampsia, we will take a blood sample from the 

pregnant woman, and test it with a serological study, in other words, we will test it to find if the 

pregnant woman has antibodies for the SARS-CoV-2, and we will interpret that as she is had a 
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past infection. The IgM and IgG will be measured with a chemiluminescence assay (CLIA) and we 

will consider a past infection when the IgG is positive. 

 

7.6.3. Co-variables 
 

o Maternal co-variables 
 
 Blood Pressure: it is a nominal categorical variable.  

 

We will measure this variable in every visit to the gynecologist, since it is the normal routine and 

the values in each determination will be classified in these three groups: 

 

 Systolic BP < 140 mmHg and diastolic BP < 90 mmHg -> Normal BP 

 Systolic BP ≥ 140 mmHg and diastolic BP ≥ 90 mmHg -> Hypertension 

 Systolic BP ≥ 160 mmHg and/or diastolic BP ≥ 110 mmHg -> Severe hypertension 

 

We will do an evaluation of the blood pressure throughout all the pregnancy to have a control 

and to be aware of any changes. We have to consider that we are in the context of a pregnant 

woman and the normal blood pressure it is a little bit different from the general population. For 

this reason, the categories used to classify the blood pressure according to the guidelines, are 

not the same as the ones we use in this study.  

 

 Maternal age: it is a continuous quantitative variable and it will be measured in years. 

 

 Maternal body mass index (BMI): we will treat the maternal BMI like an ordinal qualitative 

variable, divided in 4 groups: 

 

 < 18,5 -> low weight 

 18,5-24,9 -> normal weight 

 25-29,9 -> overweight 

 ≥ 30 -> obesity 

 

To calculate the BMI we will use the formula: BMI = weight (Kg)/height2.. In every ultrasound 

control is routine to measure the weight of the patient.  
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 Maternal personal history:  

 

 Diabetes: it is dichotomous nominal qualitative variable. It will be expressed by yes 

or not. 

 Chronic blood pressure: it is a dichotomous nominal qualitative variable. It will be 

expressed by yes or not. It will be defined as hypertension present before the 20th 

week of gestation.  

 Autoimmune disorders: it is a nominal qualitative variable. It will be expressed by 

specifying the disease.  

 Thrombophilia: it is a dichotomous nominal qualitative variable. It will be expressed 

by yes or not. 

 Nephropathy: it is a dichotomous nominal qualitative variable. It will be expressed 

by yes or not. 

 

 Family history of preeclampsia: it is a dichotomous nominal qualitative variable. It will be 

expressed by yes or not.  

 

 Acute coronavirus infection: we will perform a PCR for SARS-CoV-2 in the moment the 

woman enters the study even if no suspicion of infection. it is dichotomous nominal 

qualitative variable and it will be expressed by: 

 Positive PCR 

 Negative PCR 

 

Although the aim of the study is to know if the infection from SARS-CoV-2 has passed during 

pregnancy, the information of an acute infection is valuable, in case we obtain an uncertain 

result on the serology test, due to its limitations. Besides, if a pregnant woman stars with 

symptomatology compatible with COVID-19 disease, a PCR will be performed as well. 

 

The test will be performed by the primary care center of reference and the gynecologist in 

charge of the pregnant women will check the results in the medical history of the patient. 

 

 Maternal complications: preeclampsia can evolve into severe complications for the mother. 

These variables will be expressed as dichotomous nominal qualitative variables, with a yes 

or no answer. These complications are the following: 
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 Eclampsia 

 Severe preeclampsia 

 HELLP syndrome 

 Intracranial hemorrhage 

 Anemia requiring transfusion 

 Acute pulmonary edema 

 Maternal death 

 

o Gestation co-variables 
 
 Obstetric history: the following variables are related to PE, and some of them are risk factors, 

for this reason, it is important to take them into account for our study. 

 

 Nulliparity: it is dichotomous nominal qualitative variable and it will be expressed 

by yes or not. 

 Preeclampsia in previous pregnancy: it is dichotomous nominal qualitative variable 

and it will be expressed by yes or not. 

 Preterm birth: it is dichotomous nominal qualitative variable and it will be expressed 

by yes or not. The WHO defines preterm birth as babies born alive before 37 weeks 

of gestation are completed. 

 Obstetric complications associated with placenta insufficiency: 

o small for gestational age fetus (SGA) 

o Intrauterine growth restriction (IUGR) 

 Other obstetric complications: 

o Threat of premature birth 

o Premature rupture of membranes 

o Chorioamnionitis 

o Umbilical cord prolapse 

o Placental abruption 

o Uterine rupture 

o Stillbirth 

 

All the obstetric complications will be recollected in the patient’s history or we will enquire the 

information off. We will treat them as nominal qualitative variables, and they will be expressed 

by presence or absence.  
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 Actual pregnancy:  

 Gestational age at delivery: it is a continuous quantitative variable. It will be 

expressed in weeks of gestation (WG). 

 Type of delivery: treated like a nominal qualitative variable: 

o Eutoctic 

o Assisted vaginal delivery 

o Caesarean section 

 Type of labor: treated like a nominal qualitative variable: 

o Spontaneous labor 

o Induced labor 

o Scheduled caesarean section 

 Spontaneous gestation or assisted reproductive treatment (ART): it is a 

dichotomous nominal qualitative variable and it will be expressed by one or the 

other. 

o Placental affection: the following variables will be collected: 

o Size 

o Weight 

o Fibrinoid necrosis present 

o Calcified areas 

 

If the pathological anatomy analysist finds signs of placental affection or not, we will express the 

information by placental affection or not placental affection.  

The placenta will be collected by nursing and/or medical staff attending the childbirth. It will be 

correctly identified and sent for further study in pathological anatomy service after childbirth. 

 

 Ultrasound data 

o PI of the uterine arteries: it will be a dichotomous nominal qualitative variable and 

it will be expressed by: 

 PI above 95th percentile 

 PI bellow 95th percentile 

o Estimated fetal weight (EFW): is a continuous quantitative variable. It will be 

expressed in grams (g). 

o UA PI 

o Ductus venosus PI 

o MCA PI 
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This data will be obtained in the 1st trimester ultrasound, that’s when the screening for 

preeclampsia is made. Also, in every ultrasound check during the pregnancy, this data will be 

evaluated to discard a placental dysfunction. The UA, ductus venosus and MCA PI will be 

expressed by the percentile.  

 

o Newborn co-variables 
 
 Newborn sex: it is a dichotomic nominal qualitative variable, expressed by male or female. 

 Newborn weight: it is a continuous quantitative variable. It will be expressed in grams (g). 

 Umbilical cord pH: it is a continuous quantitative variable and it will be expressed in 

numbers. The normal range of the pH it is between 7.25-7.35.  

 Perinatal or neonatal complications: they are dichotomic nominal qualitative variables, and 

they will be expressed if a complication from table 4 appears.  

 

7.7. DATA COLLECTION 
 

Before starting the study, we will assign a general coordinator (an obstetrician) in order to be in 

charge of acquiring and registering all the variables evaluated to a data base specially design for 

this study.   

 

As we explained, a screening for preeclampsia is made to all pregnant women in their routine 

visit at the gynecologist in the 1st trimester. Some of the co-variables related to a high risk of 

preeclampsia, will be collected with an accurate anamnesis, physical exploration and ultrasound 

data, such as: 

• Anamnesis: 

o Diabetes 

o Chronic blood pressure 

o Autoimmune disorders 

o Thrombophilia 

o Nephropathy 

o Family history of preeclampsia 

o History of preeclampsia in other pregnancies 

o Nulliparity 

o Spontaneous gestation or ART 
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• Physical exploration: 

o Blood pressure measurements (we will use the blood pressure taken in every 

ultrasound control, and we will use the last one available) 

o BMI (we will use the last measurement available) 

• Ultrasound data: 

o Uterine arteries PI 

o UA PI 

o MCA PI 

o Ductus venosus PI 

o EFW 

 

This information, as a routine, will be added to the patient’s medical record. In the moment the 

pregnant woman enters the study we will be able to obtain this information in there. If some of 

the variables are not in the patient’s medical record in the moment of entering the study, a 

review of the information must be made, and complete all the information if necessary.  

 

Some of the information will be taken directly from the patient medical histories if available. 

The following variables will be collected this way: 

o Maternal age 

o Acute SARS-CoV-2 infection (PCR result) 

 

All the childbirth information will be added to the study after the delivery of the baby. These 

variables are the following: 

- Gestational age at delivery 

- Preterm birth 

- Obstetric complications associated with a placental insufficiency and other obstetric 

complications 

- Type of delivery 

- Type of labor 

- Maternal complications 

- Placental affection 

- Newborn sex 

- Newborn weight 

- Umbilical cord pH 

- Perinatal or neonatal complications 
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All the above data will be taken for both the cases and control groups in order to have all the 

information necessary to develop the study. The dependent and independent variables will be 

the ones collected differently: 

 Dependent variable – Preeclampsia: the diagnosis of preeclampsia will be made throughout 

the gynecologist controls according to the diagnosis criteria (see table 3). It can happen 

either during an ultrasound control, a visit to the emergency room, during childbirth or 

postpartum. When the diagnosis is made, the patient will be included in the cases group of 

our study.  

 Independent variable – COVID-19 disease: once we have our cases (pregnant women with 

preeclampsia) and controls (pregnant women without preeclampsia) we will perform a 

blood test in all of the women in our study, and an antibody test will be performed to know 

if they passed the SARS-CoV-2 infection. This information will be collected in the patient’s 

medical record.  
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8. STATISTICAL ANALYSIS 
 

8.1. DESCRIPTIVE ANALYSIS 
 

In each one of the groups of our study (Cases: pregnant women with preeclampsia; Controls: 

pregnant women without preeclampsia) we will summarize the qualitative variables through 

proportions in a contingency table. And the quantitative variables by mean and standard 

deviation or median and quartiles. 

 

In each one of the patients we will also summarize the presence or absence of a severe 

preeclampsia.  

 

We will stratify these analyzes by the co-variables. 

 

8.2. BIVARIATE ANALYSIS 
 

We will evaluate the association between the qualitative variable, having the SARS-CoV-2 

infection and not having it, through chi-square contrast test. And we will use the exact Fisher’s 

test when the expected counts are lower than 5. 

 

We will stratify these analyzes by the co-variables. 

 

8.3. MULTIVARIATE ANALYSIS 
 

We will evaluate the association between preeclampsia (yes or not) and past SARS-CoV-2 

infection (exposed or unexposed) through logistic regressions, in order to avoid possible 

confounding variables, such as some of the co-variables.  
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9. ETHICAL AND LEGAL ASPECTS 
 

All the pregnant women included in the study will sign a written informed consent (Annex 2). 

 

Each person of the research team and the hospital direction must sign a statement attesting to 

having read and approved the final protocol and agree with the national and international 

aspects of research.  

 

This protocol will be presented to the CEIC of Hospital Josep Trueta. The objections performed 

by the CEIC will be considered and introduced.  

 

This study will be conducted according to the requirements expressed in the Declaration of 

Helsinki of Ethical Principles for Medical Research Involving Human Subjects signed by the World 

Health Association in October 2013, and to ministerial order SAS/3470/2009 defined in the 

current legislation in Spain related with the conduct of observational studies.  

 

The processing of personal data required in this study, the personal data cession of all the 

patients and their confidentiality and communication will obey the Regulation (EU) 2016/679 of 

the European Parliament and of the Council of 27 April 2016 on the protection of natural persons 

with regard to the processing of personal data and on the free movement of such data, and 

repealing Directive 95/46/EC (General Data Protection Regulation) and the Ley Orgánica 3/2018, 

de 5 de diciembre, de Protección de Datos Personales y Garantía de los derechos digitales.  

 

Patients data including names, surnames, telephones, addresses and clinical history information 

will remain anonymous after their introduction and processing into a database which will also 

be handled according to the mentioned Law and exclusively used for the development of the 

study. The data access will only be available for the research team. The access to this information 

for a third person will not be allowed. 
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10. STUDY LIMITATIONS 
 

 Being an observational study, without a randomization of the subjects in the different 

groups, it is possible that there are some confounding factors that we have not included as 

co-variables. 

 We do not know the real incidence of SARS-CoV-2 infection and for this reason we do not 

know the incidence of pregnant women that will be affected for this infection. This can be a 

limitation in order to measure the sample of our study, for this reason we suggest doing a 

study pilot if it is possible.  

 The serological study show immunity to a past infection, but we are not aware of the time 

of the infection. For this reason, it will be better for our study to start the collection of 

samples as fast as possible to ensure that a positive result in the serologic study means that 

the infection has occurred during the months of pregnancy.  

 An inconvenience of the antibodies test is that it does not work for everyone, as some 

people who have had the virus do not develop antibodies. So, we could have some false 

negative results. 

 Related to the above, we are not entirely sure that the antibodies for SARS-CoV-2 infection 

last over time. The immunity may not last until we decide to take the serology test for the 

study, so we may have some unconclusive results.  

 We have included several co-variables that could be confounding factors for our study 

variable, however, there are some risk factors that have been known to increased risk of 

preeclampsia, but they are not yet proven, so, there could be some confounding variables 

not included in the study.  

 It is possible that some of the co-variables cannot be obtained completely, because the 

patient may not remember some of the collected data (memory bias) or we could find lack 

of information in the medical history.  

 One of the obstacles we may encounter is laboratory collapse. Nowadays due to a high 

demand of the COVID-19 tests, we need to keep in mind that we may not have enough 

availability to do all PCR and serology tests that we may need for the study.  

 As we know, new information related to the COVID-19 pandemic is released almost every 

day. The protocol we are following to test SARS-CoV-2 infection may be changing over time, 

and it may need to be updated at some point.  
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11. WORK PLAN  
 

 Research team personnel 

 

The research team will be composed by: 

 1 general coordinator (GC) 

 Obstetricians that work at Hospital Josep Trueta 

 1 statistical analysist (SA) 

 

 Study stages 

 

 Stage 0 – Study design and protocol development (August 2020 – November 2020) 

o Development of the hypothesis and delimitation of the objectives. 

o Bibliographic research about general information about preeclampsia, the 

importance of preeclampsia in our environment and more specifically the 

association with SARS-CoV-2 infection.  

o Protocol design 

 Stage 1 – Coordination (November 2020 -December 2020) 

o  Presentation and approval by the CEIC. The GC will be responsible to present 

the current protocol to the CEIC of HJT.  

o Determination of the collaborating professionals in the study. The GC will hold 

a first team meeting with all the obstetricians which will take part on the study, 

to read the protocol and clarify doubts. 

 Stage 2 – Participant recruitment and data collection (January 2021 – June 2022) 

o We will identify the pregnant women with preeclampsia (case group) and the 

pregnant women without preeclampsia (control group) and we will select the 

ones who meet the inclusion criteria and not the exclusion criteria. We will 

present and explain the study to them and ask them to participate in it. 

o The SA will create a common database where the patient data will be added. 

 Stage 3 – Statistical analysis (June – July 2022) 

o The SA will analyze the data collected and obtain the results of the study 

 Stage 4 – Interpretation of results (August 2022) 

o A research team meeting will be organized where the results will be evaluated, 

debated and a composition of the conclusions will be made.  

 



SARS-CoV-2 infection as a risk factor for preeclampsia 

 40 

 Stage 5 – Redaction, publication and dissemination of the research findings (August – 

December 2022)  

o The GC will make the redaction of the study with an exposition of the results. 

o This redaction will be published as an article.  
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12. CHRONOGRAM 
 

 

 

A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

STAGE 0
Study design and protocol 

development

Dra. Anna Maroto (GC) 

and Raquel Vila

STAGE 1 Coordination GC

Participant recruitment Obstetricians

Data collection Obstetricians

STAGE 3 Statistical analysis SA

STAGE 4 Interpretation of results SA and research team

STAGE5

Redaction, publication and 

dissemination of the 

research findings

GC

20222020
WORK PLAN DESCRIPTION

STAGE 2

RESPONSIBLE PERSONNEL
2021
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13. BUDGET 
 

TYPE OF COST DESCRIPTION UNIT COST HOURS/UNIT SUBTOTAL 

Personnel 

expenses 

Statistical specialist 30 € 150 hours 4.500 € 

AP personnel 10 € 200 hours 2.000 € 

Laboratory personnel 10 € 200 hours 2.000 € 

Laboratory 
PCR test 20€ 200 tests 4.000 € 

Serology test 30 € 200 tests 6.000 € 

 
Sample preservation 

and analysis (placenta) 
  2.500 € 

Article publication    2.000 € 

TOTAL COST 23.000 € 
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14. IMPACT 
 

Preeclampsia is a very important disease for pregnant women and with a lot of impact in both 

their lives and the fetuses. It is a pregnancy complication that can cause life-threatening 

consequences. As we know, the only cure for preeclampsia is to deliver the baby, so our main 

goal is to prevent this disease from develop oneself, as we do not have a real treatment for 

when it appears that can control the outcomes and prevent them from happening. 

 

For this reason, this study is a reminder of all the precautionary measures that we can do in 

order to decrease the morbidity and mortality of preeclampsia. And one of these measures is to 

learn a little bit more about the physiopathology, the origin and the causes of preeclampsia, 

since still to this day it is unknown. During the years there has been a lot of progress in those 

areas, and we have some knowledge about the possible causes of this disease.  

 

So, with this study we can learn more about if infections, and specifically the SARS-CoV-2, play 

a consequential role in the development of preeclampsia.  

 

From another point of view, the COVID-19 pandemic has led to a negative impact in human life, 

public health and the economic and social disruption. We are still trying to understand all its 

consequences at all levels, but specially with this study our aspiration is to learn more about the 

effects of this virus on pregnant women worldwide. And we feel it would make a difference in 

the prevention of developing preeclampsia in pregnant woman with COVID-19, if we know more 

about how the virus effects the pregnancy.  

 

If the results obtained in this study are relevant, we could do a stricter prevention of the 

infection, and possibly decrease the development of preeclampsia.  
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16. ANNEXES 
 

Annex 1 – Protocol information sheet 
 

FULL D’INFORMACIÓ PER A LA PACIENT 

 

Títol de l’estudi: SARS-CoV-2 infection as a high risk for preeclampsia 

Centre: Hospital Universitari Dr. Josep Trueta 

 

Estimada pacient,  

Ens dirigim a vostè per informar sobre un estudi d'investigació al qual se la convida a participar. 

L'estudi ha estat aprovat pel Comitè Ètic d'Investigació Clínica del seu centre. 

La nostra intenció és tan sols que vostè rebi la informació correcta i suficient perquè pugui 

avaluar i jutjar si vol o no participar en aquest estudi. Per això llegeixi aquest full informatiu amb 

atenció i nosaltres li aclarirem els dubtes que li puguin sorgir després de l'explicació. A més, pot 

consultar amb les persones que consideri oportú. 

 

Ha de saber que la seva participació en aquest estudi és voluntària i que pot decidir no participar 

o canviar la seva decisió i retirar el consentiment en qualsevol moment, sense que per això 

s'alteri la relació amb el seu metge ni es produeixi cap perjudici en el seu tractament. 

 

Per què es realitza aquest estudi i quin és el seu objectiu? 

 

La preeclàmpsia és una malaltia greu de l’embaràs que afecta a moltes embarassades arreu del 

món. Consisteix en el desenvolupament de pressions altes durant l’embaràs i pot anar 

acompanyada d’altres alteracions, com per exemple, afectació als ronyons, fetge, pulmons i a la 

visió. Pot tenir complicacions greus per la mare i el nadó, i una bona prevenció és clau per poder 

controlar el desenvolupament de la preeclàmpsia. Encara que s’ha fet molt avanç en l’estudi 

d’aquesta malaltia, sobretot sobre la causa, encara desconeixem l’origen de tot. És per això que 

tota la informació que puguem obtenir és necessària per poder avançar.  

A més, en el moment que estem vivint actualment amb la pandèmia de la COVID-19, veiem 

essencial poder obtenir informació de com afecta aquest virus a la dona embarassada i si té 

alguna conseqüència greu.  

És per això, que el nostre objectiu és poder valorar si la COVID-19 és un factor de risc per 

desenvolupar una preeclàmpsia, per poder fer una bona prevenció per evitar el seu 

desenvolupament.  

 

Per què la convidem a vostè? 

 

La convidem a participar en l’estudi ja que és una dona actualment embarassada i pot 

desenvolupar una preeclàmpsia. 
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Que tinc que fer si decideixo participar? 

 

Recordi que la seva participació en l’estudi és totalment voluntària i si decideix no participar no 

afectarà en la seva assistència o relació per part de l’investigador o del seu equip. 

 

Els investigadors recolliran les dades personals, obstètriques, de seguiment de l’embaràs actual 

mitjançant la revisió de la història clínica. Aquestes dades seran anònimes.  

 

Com que es tracta d’un estudi observacional, no es realitzarà cap intervenció addicional a les 

que es realitza habitualment al seu centre. No requereix que tingui més visites a l’hospital. 

 

En cas de que decideixi participar en l’estudi i hagi firmat el consentiment informat, es realitzarà 

una extracció de sang venosa i un frotis nasal (PCR) i s’analitzaran. A més, amb l’objectiu 

d’ampliar els resultats del nostre estudi, també es recollirà la seva placenta després del part.  

 

Obtindré algun benefici per participar? 

 

Al tractar-se d’un estudi d’investigació orientat a generar coneixement no s’espera que vostè 

obtingui cap benefici per participar ni rebrà cap compensació econòmica, però si que contribuirà 

a l’avanç del coneixement i benefici social.  

 

Quins riscs o inconvenients tinc al participar? 

 

Aquest és un estudi observacional, per tant, el seguiment de l’embaràs no canviarà per participar 

en l’estudi.  

 

 

Moltes gràcies per llegir aquest full d’informació. 

Si té alguna pregunta no dubteu a realitzar-la. 

Si decideix participar en l’estudi, se li entregarà una copia d’aquest full i del formulari de 

consentiment informat. 
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Annex 2 – Informed consent document 
 

 
FORMULARI DE CONSENTIMENT INFORMAT 

 

Títol de l’estudi: SARS-CoV-2 infection as a high risk for preeclampsia 

 

 

Jo (nom i cognoms)______________________________________________________ :  

 

- He llegit el full d’informació que se m’ha lliurat 

- He pogut fer preguntes sobre l’estudi 

- He parlat amb (nom i cognoms de l’investigador/a): ______________________ 

 

 

• Comprenc que la meva participació és voluntària. 

• Comprenc que puc retirar-me de l'estudi: 

1. Quan vulgui 

2. Sense haver de donar explicacions 

3. Sense que això repercuteixi en les meves cures mèdiques 

 

Dono el meu consentiment voluntàriament perquè pugui realitzar l'estudi sobre la infecció 

SARS-CoV-2 com a factor de risc de la preeclàmpsia, a partir de les meves mostres biològiques, 

i la informació clínica respectiva. 

 

 

 

 

 

 

 

 

_____________________    _____________________   

Signatura de la pacient     Signatura de l’investigador  

Data:       Data:  

 

 

 

 

Aquest document es signarà per duplicat quedant-se una còpia l'investigador i una altra la pacient 
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