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diphosphate (ADP) which causes further platelet activation. The 
increasing number of plugged capillaries basically determines vascular 
resistance and obviously decline tissue oxygenation. Early and easily 
detectable sign of the organ deterioration is proteinuria.

In the early stage of this process, increasing blood pressure seems 
to be beneficial to maintain tissue perfusion (perfusion = pressure/
resistance). By further progression, even the higher pressure cannot 
overcome the increasing resistance and signs of organ failure(s) 
appear. In the terminal stage of this condition, capillary hypoxia leads 
to vascular transparency [18], resulting in generalized edema and 
terminal organ failures, such as oligo-anuria or eclampsia.

This type of preeclampsia is considerably appropriate for the 
placental-originating early-onset preeclampsia.

Gestational Hypervolemic Edema, Hypertension, and 
Preeclampsia

Enhanced Na+ and water retention, as an initiator of gestational 
hypertension or preeclampsia, was already considered in 1991 [19]. 
In accordance with this, contrary to the characteristics of early-onset 
preeclampsia, high cardiac output and increased fetal birth weight 
were also reported in pre-eclamptic patients [3,6].This condition 
seems to be appropriate for late-onset preeclampsia, in which the high 
maternal pre-pregnancy weight, and increased gestational weight gain 
are characteristic features.

Extremely augmented water retention can genuinely explain the 
edema, the blood pressure elevation, the ascites, and, due to organ’ 
edema, also organ failures, such as proteinuria, fetal hypoxia or even 
eclampsia.

Obesity seems to be a risk factor for hypervolemic gestational 
pathologies. Obesity is known to be associated with increased pulse 
rate and increased circulating blood volume [20]. Blood viscosity is 

The history of preeclampsia research is full of contradictory 
findings. Classic hemodynamic examinations revealed low cardiac 
output (blood volume) and severe vasoconstriction [1,2]; however, 
others reported a hyperdynamic condition with high cardiac output 
in preeclamptic women [3]. Similar controversy was found in cerebral 
flow in patients with serious preeclampsia, as both decreased and 
increased perfusion occurred [4]. Placental insufficiency with fetal 
growth restriction is a hallmark of preeclampsia [5]. In contrast, 
statistical data clearly demonstrated that not only low but high fetal 
birth weight as well is more frequent in patients admitted with the 
diagnosis of preeclampsia than it is in healthy pregnancies [6]. 

Since 2003, in scientific articles preeclamptic cases have been 
frequently distinguished as early-and late-onset preeclampsia, 
according to the gestational age when clinical onset of the disease 
appears; before the 34th week or later, retrospectively [7]. This kind 
of distinction is highly indicated since the outcome of preeclamptic 
pregnancies is markedly influenced by the gestational age when 
clinical symptoms appear; much better in late-onset cases. However, 
this kind of preeclampsia separation considers the gestational age 
when classical symptoms are detected but not the pathophysiological 
differences between the two subtypes. Up to date, accumulating 
data demonstrate that gestational hypertension with organ failure, 
denominated as preeclampsia, can develop via different pathways [8-
12].

Gestational Hypovolemic Hypertension and Preeclampsia

This kind of preeclampsia characteristically develops in young 
primiparous women. The progenitor of placental pathology is 
most probably an immunological imbalance between the maternal 
immune system and the semi-allograft embryo; the placentation is 
already diminished by the very early gestation [13]. The high levels 
of anti-angiogenic proteins (soluble Fms-like tyrosine kinase, soluble 
Endoglin) interfere with normal placental development. Agents 
from this under-perfused placenta enter the maternal circulation 
and damage the endothelial cells. The resulting acute inflammation-
like atherosis initiates the clinical manifestation of the disease. 
Damaged endothelial cells produce less vasorelaxant agents such as 
nitric oxide (NO), Prostacyclin (PGI2), and Endothelium-derived 
Hyperpolarizing Factor (EDHF), but release Endothelin 1 (ET-1), a 
potent vasoconstrictor. The hypertension in early-onset preeclampsia 
is caused by vasoconstriction; the blood volume is contracted, 
determined as low cardiac output [1,14].

The other important consequence of endothelial damage is platelet 
activation [15]. Activated platelets, releasing thromboxane A2, 
(TXA2), another vasoconstrictor, adhere to the damaged vessel 
walls. This phenomenon results a crucial consequence at the level of 
microcirculation. The endothelial edema with platelet adhesion can 
critically narrow the capillary diameter which is already originally 
narrower than the diameter of erythrocytes. Entrapped red blood 
cells form capillary microthrombi [16,17]. Some erythrocytes sustain 
a break (peripheral mechanical hemolysis) and release adenosine 
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also elevated by higher levels of plasminogen activator inhibitor 1 
(PAI-1), released from adipocytes [20]. Angiotensinogen, released 
also from adipocytes, possesses a vasoconstrictor effect and augments 
water retention [21,22]. In an insulin resistance condition, which is 
also characteristic to obesity, high insulin levels enhance renal salt 
retention, further elevating blood volume [23].

Concordant with the pathological role of extremely increased 
water retention, the decrease of cardiac output by the use of diuretics 
results in a parallel decrease of blood pressure [24]. It seems the water 
excretion cannot balance the 2 liters of normal gestational, and the 
obesity-induced water retention in such cases.

In this type of preeclampsia the first sign, in accordance with wide 
clinical experiences, the edema which always antedates hypertension 
and hypertension usually antedates the proteinuria.

Summarizing these data, basically two main types of preeclampsia 
can be distinguished, when a marked difference between the two 
types is vascular condition, and consequently, the blood volume.

Hypovolemic preeclampsia; characterized by contracted blood 
volume, vasoconstriction, generalized microthrombosis; a severe and 
quickly progressing condition with fetal compromise, such as growth 
restriction, oligohydramnios, and hypoxia. Clinical symptoms appear 
mostly during late second or early third trimester. In laboratory 
markers, decreasing platelet count, increasing lactate dehydrogenase 
(LDH) enzyme, and transaminase levels are characteristic findings; 
proteinuria is marked and increasing. The first sign is hypertension, 
followed by proteinuria and, in the terminal phase, by generalized 
edema, placental abruption or eclampsia.

Hypervolemic preeclampsia; characterized by high pre-pregnancy 
weight, increased gestational weight gain, generalized edema, and 
normal weight’s or larger fetus. Laboratory alterations, including 
proteinuria, are modest; platelet count remains within the normal 
range. The first sign of this pathology is leg edema which will turn to 
a generalized form, detected also as increasing weight gain. Further 
water retention can elevate blood pressure. In some cases, ascites and 
proteinuria will also appear, probably due to tissue edema. This kind 
of marked interstitial fluid accumulation can lead to serious clinical 
signs of placental and cerebral deteriorations, resulting acute fetal 
hypoxia, placental abruption or eclampsia.

Classification of Hypertension during Pregnancy

One of the recent classifications of hypertension during pregnancy 
distinguishes:

1. Chronic hypertension
2. Gestational hypertension
3. Preeclampsia:  gestational hypertension  with proteinuria or with 

other maternal organ or uteroplacental dysfunctions [25]

The earlier classification quantitatively differentiated preeclampsia 
as mild or severe, depending on values of blood pressure and/or 
proteinuria.

By this time, several data have already accumulated to support 
modification of preeclampsia classification. Based on these new 
findings of preeclampsia research, and also on broad clinical 
experiences, we aspired to collect a modified classification of 
hypertension in pregnancy, distinguishing preeclampsia types 
qualitatively.

Gestational Hypovolemic Hypertension & Preeclampsia

1.1 Compensated stage: gestational hypertension only

1.1 a/ platelet count > 150 x 109/L
1.1 b/ platelet count ≤150 x 109/L 

1.2 Decompensated stage: hypertension + sign(s) of organ 
dysfunction

1.2 a/ Estimated fetal weight > 10 pct.
1.2 b/ Fetal growth restriction and/or oligohydramnios
1.2 c/ Fetal distress

1.3 Terminal stage: hypertension + sign(s) of organ dysfunction + 
generalized edema 

1.3 a/ No fetal distress
1.3 b/ Fetal distress
1.3 c/ Placental abruption or eclampsia

Gestational Hypervolemic Edema, Hypertension & 
Preeclampsia

2.1 Gestational edema 

2.1 a/ Lower-extremity edema
2/1 b/ Generalized edema

2.2 Gestational edema + hypertension
 
2.3 Hypervolemic preeclampsia: gestational edema + hypertension + 
proteinuria
 

2.3 a/ No fetal distress
2.3 b/ Fetal distress
2.3 c/ Placental abruption or eclampsia

Superimposed Preeclampsia

Hypertension + sign(s) of organ dysfunction(s) with (known) 
disease(s) associated with thrombophilia, endothelial damage, or 
renal/liver disease

3.1 Clinical onset at or after 34th week 

3.1 a/ No fetal involvement
3.1 b/ Fetal involvement

3.2 Clinical onset before 34th week

3.2 a/ No fetal involvement
3.2 b/ Fetal involvement

3.3 Placental abruption or eclampsia

Chronic Hypertension

Hypertension known before conception or diagnosed before the 
20th gestational week.

We hope, this clinically-induced classification generates scientific 
debates and promotes the development of a new, widely acceptable 
classification of hypertension during pregnancy.

https://doi.org/10.15344/2394-4986/2020/152
https://doi.org/10.15344/2394-4986/2020/152


Int J Gynecol Clin Pract                                                                                                                                                                                          IJGCP, an open access journal                                                                                                                                          
ISSN: 2394-4986                                                                                                                                                                                                       Volume 7. 2020. 152                                    

Citation: Tamás P, Koppán M (2020) Suggestion for a Modified Classification of Hypertension during Pregnancy. Int J Gynecol Clin Pract 7: 152. https://doi.
org/10.15344/2394-4986/2020/152

                  Page 3 of 3

Competing Interests

The authors declare that they have no competing interests.

References

1. Visser W, Wallenburg HCS (1991) Central hemodynamic observations in 
untreated preeclamptic patients. Hypertension 17: 1072-1077.

2. Maynard SE, Venkatesa S, Thadhani R, Karumanchi SA (2005) Soluble Fms-
like tyrosine kinase 1 and endothelial dysfunction in the pathogenesis of 
preeclampsia. Pediatr Res 57: 1-7.

3. Easterling TR, Benedetti TJ, Schmucker BC, Millard SP (1990) Maternal 
hemodynamics in normal and preeclamptic pregnancies. A longitudinal 
study. Obstet Gynecol 76: 1061-1069.

4. Belfort MA, Grunewald C, Saade GR, Varner M, Nisell H, et al. (1999) 
Preeclampsia may cause both hyperperfusion and underperfusion of the 
brain. A cerebral perfusion based model. Acta Obstet Gynecol Scand 78: 
586-591.

5. Lain KY, Roberts JM (2002) Contemporary concepts of the pathogenesis 
and management of preeclampsia. JAMA 287: 1383-1386.

6. Vatten LJ, Skjaerven R (2004) Is pre-eclampsia more than one disease? BJOG 
111: 298-302.

7. von Daleszen P, Magee LA, Roberts JM (2003) Sub-classification of 
preeclampsia. Hypertens Pregnancy 22: 143-146.

8. Egbor M, Ansari T, Morris N, Green CJ, Sibbons PD, et al. (2006) 
Morphometric placental villous and vascular abnormalities in early- and 
late-onset pre-eclampsia with and without fetal growth restriction. BJOG 
113: 580-589.

9. Tamás P, Ifi Z, Szilágyi A (2007) Discordant clinical characteristics suggest 
different pathogenesis of preeclampsia. J Perinat Med 35: 278.

10. Valensise H, Vasapollo B, Gagliardi G, Novelli GP (2008) Early and late 
preeclampsia: two different maternal hemodynamic states in the latent 
phase of the disease. Hypertension 52: 873-880. 

11. Raymond D, Peterson E (2011) A critical review of early-onset and late-
onset preeclampsia. Obstet Gynecol Surv 66: 497-507.

12. Masuyama H, Segawa T, Sumida Y, Masumoto A, Inoue S, et al. (2010) 
Different profiles of circulating angiogenic factors and adipocytokines 
between early- and late-onset pre-eclampsia. BJOG 117: 314-320.

13. Than NG, Romero R, Tarca AL, Kekesi KA, Xu Y, et al. (2018) Integrated 
systems biology approach identifies novel maternal and placental pathways 
of preeclampsia. Front Immunol 9: 1-41. 

14. Gallery ED (1982) Pregnancy-associated hypertension: interrelationship of 
volume and blood pressure. Clin Exp Hypertens B 1: 39-47.

15. Redman CWG, Bonnar J, Beilin L (1978) Early platelet consumption in pre-
eclampsia. Br Med J 1: 467-469.

16. Kan'shina NF (1986) Pathomorphology of eclampsia. Arkh Patol 48: 75-79.

17. Salsoso R, Farías M, Gutiérrez J, Pardo F, Chiarello DI, et al. (2017) Adenosine 
and preeclampsia. Mol Aspect Med 55: 126-139.

18. Schrier RW, Briner VA (1991) Peripheral arterial vasodilatation hypothesis of 
sodium and water retention in pregnancy: implications for pathogenesis of 
preeclampsia-eclampsia. Obstet Gynecol 77: 632-639.

19. Hammer ES, Cipolla MJ (2015) Cerebrovascular dysfunction in preeclamptic 
pregnancies. Curr Hypertens Rep 17: 64-76. 

20. Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, et al. (2006) Obesity and 
cardiovascular disease: pathophysiology, evaluation, and effect of weight 
loss. Arteriolar Thromb Vasc Biol 26: 968-976.

21. Halsam DW, James WP (2005) Obesity. Lancet 366: 1197-1209.

22. Van Gaal LF, Mertens IL, De Block CE (2006) Mechanism linking obesity with 
cardiovascular disease. Nature 4444: 847-880.

23. Eckel RH, Grundy SM, Zimmet PZ (2005) The metabolic syndrome. Lancet 
365: 1415-1428.

24. Tamás P, Hantosi E, Farkas B, Ifi Zs, Betlehem J, et al. (2017) Preliminary 
study of the effects of furosemide on blood pressure during late-onset pre-
eclampsia in patients with high cardiac output. Int J Gynaecol Obstet 136: 
87-90.

25. Webster K, Fishburn S, Maresh M, Findlay SC, Chappell LC, et al. (2019) 
Diagnosis and management of hypertension in pregnancy: summary of 
updated NICE guidance. BMJ 366: I5119.

https://doi.org/10.15344/2394-4986/2020/152
https://doi.org/10.15344/2394-4986/2020/152
https://www.ncbi.nlm.nih.gov/pubmed/2045151
https://www.ncbi.nlm.nih.gov/pubmed/2045151
https://www.ncbi.nlm.nih.gov/pubmed/15817508
https://www.ncbi.nlm.nih.gov/pubmed/15817508
https://www.ncbi.nlm.nih.gov/pubmed/15817508
https://www.ncbi.nlm.nih.gov/pubmed/2234714
https://www.ncbi.nlm.nih.gov/pubmed/2234714
https://www.ncbi.nlm.nih.gov/pubmed/2234714
https://www.ncbi.nlm.nih.gov/pubmed/10422904
https://www.ncbi.nlm.nih.gov/pubmed/10422904
https://www.ncbi.nlm.nih.gov/pubmed/10422904
https://www.ncbi.nlm.nih.gov/pubmed/10422904
https://www.ncbi.nlm.nih.gov/pubmed/12076198
https://www.ncbi.nlm.nih.gov/pubmed/12076198
https://www.ncbi.nlm.nih.gov/pubmed/15008762
https://www.ncbi.nlm.nih.gov/pubmed/15008762
https://www.ncbi.nlm.nih.gov/pubmed/12908998
https://www.ncbi.nlm.nih.gov/pubmed/12908998
https://www.ncbi.nlm.nih.gov/pubmed/16579806
https://www.ncbi.nlm.nih.gov/pubmed/16579806
https://www.ncbi.nlm.nih.gov/pubmed/16579806
https://www.ncbi.nlm.nih.gov/pubmed/16579806
https://www.ncbi.nlm.nih.gov/pubmed/18824660
https://www.ncbi.nlm.nih.gov/pubmed/18824660
https://www.ncbi.nlm.nih.gov/pubmed/18824660
https://www.ncbi.nlm.nih.gov/pubmed/22018452
https://www.ncbi.nlm.nih.gov/pubmed/22018452
https://www.ncbi.nlm.nih.gov/pubmed/20015306
https://www.ncbi.nlm.nih.gov/pubmed/20015306
https://www.ncbi.nlm.nih.gov/pubmed/20015306
https://www.ncbi.nlm.nih.gov/pubmed/30135684
https://www.ncbi.nlm.nih.gov/pubmed/30135684
https://www.ncbi.nlm.nih.gov/pubmed/30135684
https://www.ncbi.nlm.nih.gov/pubmed/6764158
https://www.ncbi.nlm.nih.gov/pubmed/6764158
https://www.ncbi.nlm.nih.gov/pubmed/626836
https://www.ncbi.nlm.nih.gov/pubmed/626836
https://www.ncbi.nlm.nih.gov/pubmed/3539071
https://www.ncbi.nlm.nih.gov/pubmed/28089907
https://www.ncbi.nlm.nih.gov/pubmed/28089907
https://www.ncbi.nlm.nih.gov/pubmed/2002992
https://www.ncbi.nlm.nih.gov/pubmed/2002992
https://www.ncbi.nlm.nih.gov/pubmed/2002992
https://www.ncbi.nlm.nih.gov/pubmed/26126779
https://www.ncbi.nlm.nih.gov/pubmed/26126779
https://www.ncbi.nlm.nih.gov/pubmed/16627822
https://www.ncbi.nlm.nih.gov/pubmed/16627822
https://www.ncbi.nlm.nih.gov/pubmed/16627822
https://www.ncbi.nlm.nih.gov/pubmed/16198769
https://www.ncbi.nlm.nih.gov/pubmed/17167476
https://www.ncbi.nlm.nih.gov/pubmed/17167476
https://www.ncbi.nlm.nih.gov/pubmed/15836891
https://www.ncbi.nlm.nih.gov/pubmed/15836891
https://www.ncbi.nlm.nih.gov/pubmed/28099709
https://www.ncbi.nlm.nih.gov/pubmed/28099709
https://www.ncbi.nlm.nih.gov/pubmed/28099709
https://www.ncbi.nlm.nih.gov/pubmed/28099709
https://www.ncbi.nlm.nih.gov/pubmed/31501137
https://www.ncbi.nlm.nih.gov/pubmed/31501137
https://www.ncbi.nlm.nih.gov/pubmed/31501137

