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INTRODUCTION 

Preeclampsia (PE) is a condition characterized by 

hypertension (HTN) in pregnancy with multi organ 

involvement that is unique to pregnancy and occurs in up 

to 7% of all pregnancies.1 Hypertensive disorders, 

including PE, are the second leading cause of maternal 

mortality worldwide, responsible for 10-25% of all 

maternal deaths.2 Even in the high-income countries, 16% 

of maternal deaths can be attributed to hypertensive 

disorders of pregnancy (HDP).2,3 

The incidence of eclampsia in India was reported to range 

between 0.179 to 5%, the average being 1.5% during the 

period from 1976 to 2015.4 Whereas maternal mortality 

was observed to show a declining curve, the perinatal 

mortality continued to remain high, as in 1984 it was 45% 

and in 2010 it ranged between 24.5-48%.4  

The maternal mortality of 2.55% in the study of 666 cases 

of eclampsia and imminent eclampsia was less than that 

reported in collaborative eclampsia trial 3.8% and 2.6%.5 
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ABSTRACT 

Background: The aim of the study was to estimate the levels of glycosylated fibronectin (GlyFn) in preeclampsia (PE), 

and hypertensive disorders of pregnancy (HDP) and to correlate with the severity of the disease, adverse outcomes and 

complications. The study included 77 cases of HDP that were managed in the Institute of Obstetrics and Gynaecology, 

Modern Government Maternity Hospital (MGMH), Osmania Medical College, Hyderabad. 
Methods: This study was a prospective non-interventional analytical investigative study. To ascertain the performance 

of this biomarker, GlyFn, we evaluated the LumellaTM GlyFn POC test.  
Results: GlyFn positivity percentage was found to be highest in eclampsia (78.57%), next in PE with severe features 

74.07%, in HELLP syndrome and gestational hypertension (HTN) (71.42%). In PE without severe features (66.66%) 

and in chronic HTN with PE superimposed (55.55%). Maternal complications include: abruption 5 (6.57%), 

thrombocytopenia 3 (3.94%), acute kidney injury (AKI) 3 (3.94%), post-partum hemorrhage (PPH) 3 (3.94%), and 

ascites 3 (3.94%). Perinatal outcome in 77 cases include: fetal growth restriction in 18 (23.37%) and total perinatal 

mortality was 14 (18.18%). 

Conclusions: GlyFn positivity was found to be highest in eclampsia and the severe forms of PE. The positivity declined 

in the less severe disease. The birth weight in the severe forms of PE group was significantly lower (p<0.0006). The 

differences in the birth weight among the GlyFn positive and normal groups was not significant for this population size 

(p=0.38). 
 
Keywords: Preeclampsia, Eclampsia, HELLP, Glycosylated fibronectin, Hypertensive disorders of pregnancy 
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Gestational HTN occurs when HTN without proteinuria or 

severe features develops after 20 weeks of gestation and 

blood pressure levels return to normal in the postpartum 

period.6 

Gestational HTN is associated with adverse pregnancy 

outcomes and may not represent a separate entity from 

PE.7,8 Up to 50% of women with gestational HTN will 

eventually develop proteinuria or other end-organ 

dysfunction consistent with the diagnosis of PE, and this 

progression is more likely when the HTN is diagnosed 

before 32 weeks of gestation.9,10 

In proteinuria, 666 cases of eclampsia and imminent 

eclampsia was reported from the same institute, there was 

nil proteinuria in 17.69% of the cases, and 1 plus 

proteinuria in 28.02% of our cases, which proved that 

proteinuria need not be present to diagnose eclampsia and 

PE.5 

Proteinuria in PE is a manifestation of renal involvement 

that results from glomerulo endothelial injury leading to 

altered permeability to proteins and abnormal tubular 

handling of filtered proteins.  

Though categorized under different groups, they could 

represent, in the chronology of events, one continuous 

spectrum of the same underlying pathologic process.  

Gestational HTN cases included in this group are: those 

with new onset HTN in pregnancy with less than 2 plus 

proteinuria. When they develop 2 plus proteinuria or any 

features of end organ damage, they would be classified as 

PE with or without severe features. 

Hence the so called gestational HTN would be, or could be 

the initial manifestation of the disease entity of PE in 

progression.  

A number of circulating factors have been shown to be 

associated with PE, including soluble endoglin, placental 

growth factor (PlGF), soluble fms-like tyrosine kinase-1 

(sFlt-1), vascular endothelial growth factor (VEGF), 

pregnancy-associated plasma protein A-2 (PAPPA2), 

GlyFn, vasopressin, and copeptin.11-15 

The majority of the Fn present in serum or plasma is 

termed plasma Fn (pFn), which is produced and secreted 

in a soluble form by hepatocytes, while so-called cellular 

Fn (cFn) is produced by numerous cell types, including 

fibroblasts, endothelial cells, and smooth muscle cells.  

The study by Rasanen et al demonstrates that the maternal 

serum proteome in clinical PE differs from that in 

normotensive pregnancies.16 Cluster analysis of more than 

3,400 serum proteins identified distinct clusters of 

maternal serum proteins up-regulated in PE.16 

Increased GlyFn levels were significantly associated with 

gestational age at delivery (p<0.01), blood pressure 

(P¼=0.04), and small-for gestational-age neonates. 

Rasanen et al concluded that GlyFn is a robust biomarker 

for monitoring of PE in both a standard and POC format, 

which supports its utility in diverse settings.17 

Huhn et al report that their results demonstrate that 

multiple biomarkers exhibit high performance in 

prediction of PE in the short term, and that GlyFn is 

adaptable to a POC format.18 

Huhn et al concur with the opinion of other researchers that 

biomarkers should be incorporated into the definition of 

placental PE.19-23 The development of the GlyFn POC test 

may enable rapid prediction of PE, an inexpensive test that 

can be performed even in remote rural India. Simplicity in 

performing the test would definitely find wider acceptance 

by the population, as well as the medical fraternity.  

In a retrospective case control study done by Reddy from 

Rainbow Hospitals, Hyderabad, patients with GlyFn levels 

more than 350 μg/ml were included in the study group.24 

They have reported that maternal and fetal morbidity 

leading to delivery within 10 days of testing (p 

value=0.0035, 95% CI 4.05 to 19.13) and worsening of 

Dopplers (p value=0.0031) is significantly high in study 

group.24 

The LumellaTM GlyFn POC test, (GlyFn point-of-care 

test for diagnosis of PE) has been validated in a 

low/middle-income country setting for PE diagnosis.25 It 

has been concluded in the study that this may be a useful 

diagnostic tool for early identification, and appropriate 

early institution of treatment, so as to reduce adverse 

maternal and fetal outcomes.25 

Alternative forms of fibronectin have been demonstrated 

to play a role in acute inflammation and ischemia, vascular 

remodeling and placental insufficiency and oxygen levels 

may contribute to altered glycosylation of glycoproteins 

like fibronectin. Two stages are described in the 

pathogenesis of PE. In the first stage, trophoblastic 

invasion early in pregnancy, is thought to be inadequate 

and fails to remodel spiral arteries leading to reduced 

placental perfusion. The inadequate trophoblastic invasion 

could be due to immune-mediated interactions and 

reduced local oxygen supply in the second stage, clinical 

manifestations of PE become apparent.16 

The proteomic profile in preclinical PE, is considered to be 

different and distinct from that in clinical PE.16 Fibronectin 

is involved in tissue repair. In clinical PE both total and 

cellular fibronectin levels have been reported to be 

elevated.26 

In this study the percentage of positivity for GlyFn was 

estimated in the diagnosed cases of gestational HTN, in 

chronic HTN along with PE superimposed, in PE without 

severe features, PE with severe features, eclampsia and 

HELLP syndrome. Though categorized under different 

groups, they could represent, in the chronology of events, 
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one continuous spectrum of the same underlying 

pathologic process.  

A literature search reveals that plasma fibronectin has long 

been associated with preeclampsia, first suggested in 1984 

as a biomarker for endothelial damage, and subsequently 

reported to be an important mediator in inflammation, 

ischemia, and vascular remodeling.27 

The objectives of the study were: to determine the levels 

of GlyFn in women with PE and HDP; and to evaluate the 

association between positive GlyFn levels and severity of 

PE and HDP. The adverse pregnancy outcomes, including 

complications have been assessed.  

METHODS 

Study design 

Prospective non-interventional analytical investigative 

study was conducted. 

Study place 

The study was conducted among the 77 cases of HDP, that 

were managed in the Institute of Obstetrics and 

Gynaecology, Modern Government Maternity Hospital 

(MGMH)/Osmania Medical College, Hyderabad.The 

study was conducted during the years 2019-2020.  

Primary outcomes  

It includes: association of positive GlyFn levels in PE and 

HDP, and to assess the adverse pregnancy outcomes, 

including complications. 

Study subjects 

It includes study subjects admitted to MGMH, Petlaburz 

for PE management and cases of HDP; study subjects-PE 

new-onset HTN with systolic blood pressure ≥140 mm Hg 

and/or diastolic blood pressure ≥90 mm Hg measured on 

two occasions at least 6 hours apart at >20 weeks of 

gestation with proteinuria [≥2 on random urine protein 

dipstick]; and diagnosed cases of PE and HDP, admitted 

for management. 

To ascertain the performance of this biomarker, 

glycosylated fibronectin (GlyFn), we evaluated the 

LumellaTM GlyFn POC test (DiabetOmics, Inc., 

Beaverton, OR, USA), which uses a fingerstick blood 

sample and an inexpensive hand-held reader, to confirm 

PE cases. Test strips were configured. Enrolment criteria 

were subjects with GH or PE were enrolled at the time that 

HTN was diagnosed. We also included PE with severe 

features, PE without severe features, eclampsia, HELLP 

syndrome and chronic HTN with superimposed PE cases 

were tested for GlyFn. 

Point-of-care test (LumellaTM test system) serum samples 

were analysed for GlyFn using a second generation 

LumellaTM PE test (DiabetOmics, Inc.) according to the 

manufacturer’s instructions. Test strips were configured 

with monoclonal antibodies against GlyFn labeled with 

gold particles for quantification using a hand-held 

LumellaTM reader system (Figure 1). 

The procedure described is, 5 μl of serum was diluted 

1:350 in running buffer and 120 μl of diluted serum added 

to the test strip and inserted into the reader. The GlyFn 

concentration is displayed on the reader at the end of 10 

minutes. 

Patients with GlyFn levels more than 350 μg/ml were 

considered positive. Values less than 250 μg/ml were 

considered negative. Values between 250 μg/ml and 350 

μg/ml were considered abnormal, where a repeat test was 

advised. In this study we have included the abnormal test 

result, in three women, also as a positive result. 

Management of the cases was as per the protocol followed 

in the hospital for PE, eclampsia and HELLP syndrome. 

The results of the test were not considered in making a 

decision regarding the management adopted. 

Ethical approval  

The competent ethics committee, Osmania Medical 

College, approved the study protocol, and written 

informed consent was obtained from all participants.  

Statistical analysis 

P values were calculated using t test (2-tailed, variance not 

equal) on Google sheets.  

RESULTS 

Among the 77 cases of HDP, that were managed in the 

institute, there were gestational HTN, N=14, PE without 

severe features N=6, PE with severe features N=27, 

chronic HTN with PE superimposed N=9, eclampsia 

N=14, and HELLP syndrome N=7. In cases diagnosed to 

have developed HELLP syndrome, six had features of 

severe preeclampsia and one was a case of eclampsia with 

HELLP syndrome (Table 1).  

A total of 77 cases with various types of HDP were 

managed at the Institute of Obstetrics and Gynaecology, at 

MGMH/Osmania Medical College, Hyderabad, during the 

years 2019 and 2020. 

GlyFn positivity percentage 

In this study the percentage of positivity was found to be 

highest, in eclampsia, 78.57%, next in PE with severe 

features 74.07%. In descending order the GlyFn positivity 

was found to be in HELLP syndrome and gestational HTN, 

71.42%. In PE without severe features, the GlyFn 
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positivity was 66.66% and in chronic HTN with PE 

superimposed, a positivity rate of 55.55% (Table 1).  

Birth weight  

In the six groups of PE, including gestational HTN, is 

shown in Table 2. It is a significant point to note that in 

cases of eclampsia, HELLP syndrome and PE with severe 

features, there is a shift to the weights less than 2.5 kgs 

(Table 3). PE with severe features, eclampsia and HELLP, 

N=48, and in gestational HTN, PE with less severe 

features and chronic HTN with superimposed PE, there is 

a shift to weights being more than 2.5 kgs (Table 4).  

A birth weight of 2.6 kgs and above was recorded in 

25.61% of the cases of HDP. While a birth weight of 2.5 

kgs and below was recorded in 74.39% of the cases of 

HDP. It is noteworthy that in HDP 74.39% of the cases 

were small for gestational age (SGA) newborns (Tables 5 

and 6).  

Delivery 

Delivery was by lower segment caesarean section (LSCS) 

in 45 (58.44%) and vaginal delivery in 32 (41.55%). 

Labour was induced in 22/77=41.55% (Table 7).  

Perinatal outcome  

In 77 cases, fetal growth restriction in 18 (23.37%), 

neonatal intensive care unit (NICU) admissions 34 

(44.73%), intrauterine fetal death (IUFD) 9 (11.84%), 

NND 4 (5.26%) and SB 1 (1.31%) (Table 7).  

Interval from the time of diagnosis of HTN to delivery at 

the institute is shown in Table 8.  

This institute being a tertiary referral centre in the public 

sector, the patients are offered free medical service, hence 

the patients are referred when complications develop. The 

number of days the pregnancy is continued or immediate 

delivery is planned would be based on the maternal and 

fetal condition. The number of day’s expectant 

management given to each patient prior to admission 

would not be possible to assess. The data provided in the 

table gives information regarding management instituted 

at the institute. 

The associated maternal conditions and complications 

In the 77 cases were: severe anemia in 11/77 (14.28%), 

hypothyroidism in 9 (11.68%), gestational diabetes 

mellitus (GDM) and overt DM in 8 (10.39%), multiple 

gestation in 5 (6.49%), other conditions, abruption in 5 

(6.57%), thrombocytopenia in 3 (3.94%), AKI in 3 

(3.94%), PPH in 3 (3.94%), ascitis in 3 (3.94%), fetal 

growth restriction in 18 (23.37%), acute pancreatitis 1, 

retinopathy, temporary loss of vision 1, herpes zoster 1, 

and Rh negative 1 (Table 9).  

Maternal complications in different groups 

In HELLP syndrome, the following complications were 

recorded, severe anaemia 5, AKI 3, thrombocytopenia 3, 

placental abruption 2, PPH 2, and acute pancreatitis 1. 

Associated maternal conditions 

In gestational HTN, chronic liver disease and portal HTN 

1, grade 3 diastolic dysfunction 1. These conditions could 

influence the maternal and fetal complications. 

In PE with severe features the following complications 

were recorded, Rh negative 1, abruption 1, oligoamnios 6, 

abnormal Doppler blood flow 4, ascites 2, and Herpes 

zoster 1. 

Fetal and neonatal complications 

Fetal growth restriction (FGR) was highest in the group PE 

with severe features, 15/27 (55.55%), with IUD in 3/27 

(11.11%).  

In the group of eclampsia, FGR occurred in 3/14 (21.42%) 

and still birth 1, IUD 1, and NND 2, were recorded. with a 

perinatal mortality of 4/14 (28.57%). 

There were 2 cases of IUD in gestational HTN, 2/14 

(14.28%), and in the group of chronic HTN 2/9 (22.22%). 

Eclampsia (14)  

Eclampsia occurred antepartum in 4, intrapartum in 3, 

imminent in 5, and postpartum in 2 cases. 

In one case of imminent eclampsia, a complication of 

HELLP developed, included under HELLP group. 

In HELLP syndrome multiple units of blood products were 

needed in 6 cases. 

Statistical analysis of the data 

The severe disease included PE with severe features N=27, 

eclampsia N=14, HELLP syndrome N=7, total n=48 cases 

(52 neonates) with 4 sets of twins in this category. The 

GlyFn positive, n=36, GlyFn normal, n=12, out of total 

n=48. 

The less severe disease included, PE without severe 

features n=6, gestational HTN n=14, chronic HTN with PE 

superimposed n=9, total n=29 (30 neonates) with one set 

of twins in this category. The GlyFn positive, n=19, GlyFn 

normal, n=10, out of total n=29.  

No apparent difference in birth weights was observed in 

GlyFn positive and GlyFn normal groups in the category 

of severe hypertensive cases, 1.92 and 1.94 kg 
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respectively, n=48 cases (52 neonates) with 4 sets of twins 

in this category. 

Similarly a small difference in birth weights in GlyFn 

positive and GlyFn normal groups in the category of less 

severe PE and hypertensive cases, 2.53 and 2.67 kg 

respectively, n=29 cases (30 neonates) with one set of 

twins in this category.  

When GlyFn positivity was 75% in the severe disease of 

PE, the birth weight mean was 1.93 kg (n=48). When 

GlyFn positivity was 65.51% in the less severe disease of 

PE and HDP, the birth weight mean was 2.58 kg (n=29).  

The mean birth weight in the severe forms of preeclampsia 

group was 1.93 (±0.62) kilograms, while the mean birth 

weight in the less severe forms of PE and HDP group was 

2.58 (±0.83). The birth weight in the severe forms of 

preeclampsia group was significantly lower (p<0.0006).  

When the population was divided into two groups based 

on GlyFn, the positive group had a mean birth weight of 

2.13 (±0.82), whereas the normal group had a mean birth 

weight of 2.28 (±0.64). The differences in the birth weight 

among these groups was not significant for this population 

size (p=0.38). P values were calculated using t test (2-

tailed, variance not equal) on Google sheets.  

Table 1: GlyFn positivity in the spectrum of hypertensive disorders. 

Hypertensive disorders 
 GlyFn +ve  GlyFn normal 

N n % n % 

PE without severe symptoms 6 4 66.67 2 33.33 

Gestational hypertension 14 10 71.43 4 28.57 

Chronic hypertension+PE 9 5 55.56 4 44.44 

PE with severe symptoms 27 20 74.07 7 25.93 

Eclampsia 14 11 78.57 3 21.43 

HELLP 7 5 71.43 2 28.57 

Table 2: GlyFn positivity in the spectrum of HDP in relation to the birth weight and days pregnancy continued 

after test. 

Spectrum of HDP  
GlyFn +ve  GlyFn normal   

N n Mean±SD   Range n Mean±SD Range 

Birth weight (kg)          

PE without severe symptoms 6 4 2.71±0.48 2.14-3 2 3.05±0.21 2.9-3 

Gestational hypertension 14 11 2.66±0.82 1.4-4 4 2.50±0.82 1.5-4 

Chronic hypertension+PE 9 5 2.08±1.46 0.26-4 4 2.65±0.44 2.1-3 

PE with severe symptoms 27 22 2.14±0.54 1.1-3 7 1.73±0.51 1.2-3 

Eclampsia 14 12 1.66±0.71 0.58-3 3 2.23±0.12 2.1-2 

HELLP 7 5 1.60±0.79 1-3 2 2.55±0.07 2.5-3 

Pregnancy days, after test     

PE without severe symptoms 6 4 19.00±24.54 2-55 2 3.00±1.41 2-4 

Gestational hypertension 14 10 19.60±19.92 0-50 4 41.00±24.94 11-63 

Chronic hypertension+PE 9 5 42.80±70.16 0-### 4 47.00±40.49 4-97 

PE with severe symptoms 27 20 12.75±18.70 0-69 7 2.14±3.93 0-10 

Eclampsia 14 11 3.18±6.26 0-21 3 1.33±1.53 0-3 

HELLP 7 5 1.60±3.58 0-8 2 0±0 0 

GlyFn: Glycosylated fibronectin, +ve >350 µg/ml, normal <250 µg/ml 

Table 3: Preeclampsia, eclampsia and HELLP, with severe features N=48. 

Gycosylated fibronectin positive Gycosylated fibronectin normal 

S. no. Birth weight in kg Number of days S. no. Birth weight in kg Number of days 

1 2.5 35 1 2.5 0 

2 1.75 3 2 1.9 5 

3 3.0 16 3 1.3 0 

4 1.8 10 4 1.2 10 

5 3.0 11 5 1.9 0 

6 1.6 0 6 1.2 and 1.4 0 

7 1.3 3 7 2.1 0 

Continued. 
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Gycosylated fibronectin positive Gycosylated fibronectin normal 

8 2.0 2 - - - 

9 2.5 3 - - - 

10 1.5 0 - - - 

11 2.6 0 - - - 

12 2.5 28 - - - 

13 1.3 1 - - - 

14 2.5 and 2.5 39 - - - 

15 2.5 0 - - - 

16 2.1 0 - - - 

17 2.2 69 - - - 

18 2.6 2 - - - 

19 2.1 and 2.2 33 - - - 

20 1.1 0 - - - 

Average 2.14 - - 1.68 - 

Eclampsia N=14     

1 2.0 21 1 2.1 3 

2 1.4 0 2 2.3 1 

3 1.3 0 3 2.3 0 

4 0.9 2 - - - 

5 2.4 2 - - - 

6 0.670 and 0.580 2 - - - 

7 2.0 0 - - - 

8 2.5 0 - - - 

9 1.4 7 - - - 

10 2.25 1 - - - 

11 2.5 0 - - - 

Average 1.6583 - - 2.2333 - 

HELLP N=7      

1 1.2 8 1 2.6 0 

2 1.0 0 2 2.5 0 

3 2.8 0 - - - 

4 2.0 0 - - - 

5 1.0 0 - - - 

Average 1.6 - - 2.55 - 

Table 4: Preeclampsia and HDP with less severe features N=29. 

Gycosylated fibronectin positive Gycosylated fibronectin normal 

S. no. Birth weight in kg Number of days S. no. Birth weight in kg Number of days 

Preeclampsia with less severe features N=6    

1 3.2 14 1 3.2 2 

2 3.0 2 2 2.9 4 

3 2.14 5 - - - 

4 2.5 55 - - - 

Average 2.71   3.05  

Gestational hypertension N=14     

1 3.4 0 1 3.5 60 

2 2.3 32 2 1.5 30 

3 2.5 and 3.0 9 3 2.5 11 

4 2.9 6 4 2.5 63 

5 3.0 50 - - - 

6 2.1 1 - - - 

7 4.0 48 - - - 

8 1.4 37 - - - 

Continued. 
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Gycosylated fibronectin positive Gycosylated fibronectin normal 

9 3.3 9 - - - 

10 1.4 4 - - - 

Average 2.6636 - - 2.5 - 

1 0.260 0 1 3.0 60 

2 2.5 167 2 3.0 97 

3 3.3 14 3 2.1 4 

4 0.861 6 4 2.5 27 

5 3.5 27    

Average 2.0842   2.65  

      

Table 5: Birth weight: in the six groups of PE, including gestational hypertension. 

S. 

no. 
Group 

Number of 

cases=77 
<1.0 kg 

1.1–1.5  

kg 

1.6-2.0 

kg 

2.1–2.5 

kg 

2.6-3.0 

kg 

3.1-3.5 

kg 

1 PE without severe features 6    
2.5 

2.1 

3.0 

2.9 

3.2 

3.2 

2 PE with severe features 27  

1.5 

1.4 

1.3×3 

1.2×2 

1.1- 

2.0 

1.9×2 

1.8 

1.7 

1.6 

2.5×7 

2.2×2 

2.1×3 

3.0 

3.0 

2.6×2 

 

3 Gestational HTN 14  

1.1 

1.4 

1.4 

1.5- 

2.1 

2.3 

2.5 

2.5 

2.5 

3.0 

3.0–2.9 

3.1 

3.3 

3.4 

3.5 

 

4 
Chronic HTN + with PE 

superimposed 
9 

260 gms 

861 gms 
  2.5×2 

2.1 

3.0×2 

 

3.3 

3.5 

 

5 

 

Eclampsia 

 

14 

670 gms 

580 gms 

twins 

900 gms 

1.3- 

1.4 

1.4 

2.0 

2.0 

2.1 

2.2 

2.3 

2.3 

2.4 

2.5 

2.5 

  

 

6 

HELLP syndrome 

PE with severe 

Features- 6 

Eclampsia- 1 

7 
1.0- 

1.0- 
1.2- 2.0  

2.6 

2.8 
 

7 Total twins 5 sets included 
77 cases 

82 neonates 
7 15 10 29 13 8 

8 %  8.537 18.293 12.195 35.366 15.854 9.756 

A birth weight of 2.6 kg and above was recorded in 25.61% of the cases of HDP. While a birth weight of 2.5 kg and below was recorded 

in 74.39% of the cases of HDP. It is noteworthy that in HDP 74.39% of the cases are small for gestational age, SGA newborns 

Table 6: Average birth weight in Glyfn positive and Glyfn normal cases in the six groups. 

S. 

no. 
Group 

Number 

cases=77 

Glyfn 

positive 

Average 

birth weight in kg 

Glyfn 

normal 

Average 

birth weight in kg  

1 PE without severe features 6 4 2.71 2 3.05 

2 PE with severe features 27 20 2.143182 7 1.6875 

3 Gestational HTN 14 10 2.6636 4 2.5 

4 
Chronic HTN + 

with PE superimposed 
9 5 2.0842 4 2.65 

5 Eclampsia 14 11 1.6583 3 2.2333 

6 HELLP syndrome 7 5 1.6 2 2.55 

Continued. 
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S. 

no. 
Group 

Number 

cases=77 

Glyfn 

positive 

Average 

birth weight in kg 

Glyfn 

normal 

Average 

birth weight in kg  

PE with severe 

Features- 6 

Eclampsia- 1 

7 Total  77 55  22  

8 %  71.42  28.57  

Table 7: Hypertensive disorders of pregnancy 77 cases-mode of delivery and perinatal outcome in different groups. 

Group N=77 
Labour 

induced 

Vaginal 

delivery 
LSCS 

Perinatal outcome 

NICU IUD NND 
Still 

birth 

1 PE without severe features 6 3 3 3 2    

2 PE with severe features 27 6 9 18 16 2   

3 Gestational HTN 14  6 8 4 1 1  

4 
Chronic HTN + 

with PE superimposed 
9 1 4 5 3 2  

 

 

5 Eclampsia 14 8 6 8 6 2 2 1 

6 

HELLP syndrome 

PE with severe 

Features- 6 

Eclampsia- 1 

7 4 

4 vacuum 

assisted 

2 

3 3 2 1  

7 Total=77 77 22 32 45 NICU-34 IUD-9 NND-4 SB-1 

8 %  28.57 41.55 58.44 44.15 11.68 5.19 1.29 

Mode of delivery: vaginal delivery was recorded in 32/77 (41.55%). A caesarean delivery was necessary in 45/77 (58.44%) of HDP cases 

Table 8: Diagnosis to delivery interval. 

S. 

no. 
Group 

 Number 

 cases=77 
0-1 day <7 days <14 days <21 days >28 days 

1 PE without severe features 6  

2-2 

4-1 

5-1 

 14-1 55-1 

2 PE with severe features 27 
0 – 11 

1 -1 

2-2 

3-3 

5-1 

10-2 

11-1 

16-1 

 

28-1 

33-1 

35-1 

39-1 

69-1 

3 Gestational HTN 
 

14 

0-1 

1-1 

4-1 

6-1 

9-2 

11-1 
 

30-1 

32-1 

37-1 

48-1 

50-1 

60-1 

63-1 

 

4 

Chronic HTN + 

with PE superimposed 
9 0-1 

4-1 

6-1 
14-1  

27-1 

43-1 

60-1 

97-1 

5 M+17-1 

5 Eclampsia 14 
0-6 

1-2 

2-3 

3-1 
7-1 

3 weeks-1 

PPE 
 

 

6 

HELLP syndrome 

PE with severe 

Features- 6 

Eclampsia- 1 

7 0-6  8-1   

7 Total  77 29 18 9 3 18 

Continued. 
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8 %  37.662 23.377 11.688 3.896 23.377 

The pregnancy continued for a period of less than a week in 37.66 % of cases, for less than two weeks in 23.37%, less than three weeks 

in 11.68 %, less than four weeks in 3.89 % and pregnancy continued for more than four weeks in 23.37% of patients. The decision to 

continue the pregnancy on medical therapy or termination of pregnancy by delivery would be keeping in mind the welfare of both the 

pregnant lady and the fetus 

Table 9: Associated conditions and maternal complications in different groups of hypertensive disorders of 

pregnancy. 

 

S. no./diagnosis 

Severe 

anemia 

 

Hypot

hyroid 

GDM+

OVER

T DM 

Multiple 

gestation 
Other conditions 

Fetal 

growth 

restriction 

1 
Gestational HTN 

N=14 
1 3 3 2 

Chronic liver disease 

andportal HTN 1; grade 3 

diastolic dysfunction 1 

 

2 
PE without severe 

features N=6 

Mod severe 

anemia-1 
     

3 

PE with severe 

features N=27; early 

onset preeclampsia- 4 

 3 1 2 

Rh negative- 1, abruption- 

1, oligoamnios- 6, 

abnormal Doppler blood 

flow- 4, abnormal Doppler 

blood flow- 4, ascites- 2, 

herpes zoster -1 

15 

4 Chronic HTN N=9  2 4    

5 

Eclampsia- 14, 

antepartum- 4, 

antrapartum- 3, 

imminent- 5, 

postpartum- 2 

Severe 

anemia -3, 4 

units FFP -1, 

PC-1 

  1 

Multiple pregnancy- 1, 

abruption, couvelaire 

uterus – 1, retinopathy, 

temporary loss of vision – 

1, ascites - 1 

FGR- 3 

6 

HELLP syndrome 

N=7, multiple units 

of blood products- 6 

cases 

6 1   

Abruption- 3, 

thrombocytopenia- 1 lakh 

and less- 3, acute kidney 

injury- 3, PPH- 2, jaundice 

in one, acute pancreatitis in 

one 

 

7 Total- 77 11 9 8 5 

Abruption 5, AKI 3 

PPH 3, acute pancreatitis 1, 

retinopathy, temporary loss 

of vision- 1, ascitis- 3 

 

18 

8 % 14.28 11.68 10.39 6.49 

Abruption- 6.57, 

thrombocytopenia 3.94, 

AKI 3.94, PPH 3.94, 

ascites 3.94 

 

23.37 

 

Figure 1: Lumella; source (DiabetOmics, Inc.). 

Estimates the concentration of GlyFn; 10 minutes to read from a 

finger stick sample; source: DiabetOmics Inc., Beaverton, 

OR97006, USA 

DISCUSSION 

In this study the percentage of positivity was found to be 

highest in eclampsia, 78.57%, next in PE with severe 

features 74.07%. In descending order the GlyFn positivity 

was found to be in HELLP syndrome and Gestational 

HTN, 71.42%. In PE without severe features, the Glyfn 

positivity was 66.66% and in chronic HTN with PE 

superimposed, a positivity rate of 55.55%. This suggests 

highest positivity in the most severe forms of PE and 
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lowest positivity in the less severe forms of the spectrum 

of hypertensive disorders of pregnancy. 

GlyFn positivity was investigated as a surrogate marker to 

diagnose PE in other studies. If the positivity rates are 

consistently high, it could serve as a PE diagnostic marker, 

in addition to HTN and other severe features. 

The overall GlyFn positivity was 71.42% for the six 

groups included in the study, PE and HDP. We have done 

the qualitative test and not the quantitative test. 

Need more data from large trials. We also had a control 

group, but because of the high dropout rate, we could not 

come out with the results. In India, the ANC, antenatal 

checkup would be from the in-laws place and delivery 

would be from the mother’s place, which accounts for the 

high drop outs, lost to follow up. Hence had to abort this 

arm of the study. 

As per the ACOG 2019 bulletin, if the proteinuria were 

less than 2 plus in addition to HTN, they would be included 

under the group gestational HTN.28 In the course of the 

disease, these cases of gestational HTN may develop other 

severe features and may be grouped under PE with severe 

features, eclampsia, and HELLP syndrome.  

Though categorized under different groups, they could 

represent, in the chronology of events, one continuous 

spectrum of the same underlying pathologic process.  

In our previous study, 65.55% (N=358/547) of women the 

diastolic blood pressure was less than 110 mm of mercury 

and 51.98% (N=340/654) of cases of eclampsia and 

imminent eclampsia occurred after 34 weeks of gestation 

(the late onset group).5 

It is the late onset group of PE, where the fetus would have 

grown, proper timely management could salvage the fetus 

and avoid the preventable maternal complications by 

timely delivery. A greater attention and care paid to this 

group could considerably reduce maternal mortality. 

From these observations it is evident that even in cases 

when BP is not in the range of severe PE, the risk of 

eclampsia exists. 

The maternal complications and fetal complications, FGR, 

NICU admissions, intrauterine fetal death, (IUD), 

stillbirth, neonatal death were all more common in PE with 

severe features, eclampsia and HELLP syndrome. 

Impending fetal death in utero, imminent eclampsia, 

eclampsia and HELLP syndrome would mandate 

immediate intervention and delivery. Labour was induced 

in 22/77 (28.57%) of cases. Some would spontaneously set 

into preterm labour. An elective caesarean would be 

necessary in some.  

Antenatal steroid administration was done when preterm 

delivery was planned to save the fetus and also to avoid 

respiratory distress syndrome (RDS) complication. 

Labetalol and nifidepine were most commonly used drugs 

to control HTN in the majority of cases in the study. 

Magnesium sulphate was administered to all cases of 

eclampsia, imminent eclampsia, also in severe PE in 

labour. 

Placental abruption in PE and HDP  

In this study (n=77) there was placental abruption in 5 

(6.57%). In our previous study, placental abruption was 

observed in 23/662 (3.47%) of cases of eclampsia and 

imminent eclampsia.5 Abruptio placentae 10% and 7-10% 

reported by others.29,30 

Adverse maternal complications 

Ninety two percent patients had no complications. There 

was maternal mortality in 2 subjects, ARF in 2 subjects, 

PPH in 2 subjects, DIC in 1 subjects and magnesium 

toxicity in 4 subjects. Some of these complications were in 

association with each other in most subjects.31 

Mode of delivery  

In the study, vaginal delivery was recorded in 32/77 

(41.55%). A caesarean delivery was necessary in 45/77 

(58.44%) of HDP cases. 

In our previous study, the total number of deliveries was 

656, with vaginal deliveries in 336 (66.46%) patients, 

caesarean deliveries in 220 (33.54%) patients.5 Our 

caesarean delivery rate of 33.54% in the very high risk 

cases of eclampsia and imminent eclampsia is very low 

compared to others. 

71% (53) patients delivered vaginally and 29% patients 

(22) required caesarean section. 9 deliveries out of 53 

vaginal deliveries were spontaneous and 44 vaginal 

deliveries were induced.31 

Perinatal outcome 

In perinatal outcome, NICU admissions 34 (44.73%), IUD 

9 (11.84%), NND 4 (5.26%) and SB 1 (1.31 %). Total 

perinatal mortality in 14 was 18.18%. 

The perinatal mortality was 167/582 (28.69%), PNM when 

birth weight was >1.5 kg was 59/426 (13.84%), 

intrauterine fetal deaths at admission were 54 (8.5%), there 

were four sets of twins.5 

The period of gestation when eclampsia occurs would be 

significant because it would have a direct bearing on the 

perinatal outcome. If a number of eclampsia cases occur at 

early weeks of gestation and at low fetal weights, the 

perinatal survival would be affected. 
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A birth weight of 2.6 kg and above was recorded in 25.61% 

of the cases of HDP. While a birth weight of 2.5 kg and 

below was recorded in 74.39% of the cases of HDP. It is 

noteworthy that in HDP 74.39% of the cases are SGA 

newborns. Increased GlyFn levels were significantly 

associated with gestational age at delivery (p<0.01), blood 

pressure (P¼=04), and small-for gestational-age 

neonates.17 

Patients in the clinical PE group were more likely to give 

birth earlier (p<0.01) and have lower neonatal 

birthweights.17 

Overall biomarker performance was not different between 

early-versus late onset PE, or between non-severe and 

severe PE.25 A significant proportion of subjects clinically 

stratified as GH were positive for PE biomarkers and also 

exhibited a higher frequency of preterm birth than control 

patients.25 

Limitations  

Our study included a total of 77 women with HDP. Hence 

in each group of severe and less severe disease of PE and 

HDP, the numbers being small, there is a restraint on 

statistical analysis. Need to validate the observations in a 

larger population of women with HDP.  

The control arm of the study could not be continued as 

planned, due to certain reasons. 

CONCLUSION 

GlyFn positivity was found to be highest in the severe 

forms of PE and eclampsia. The positivity declined in the 

less severe disease. The birth weight in the severe forms of 

PE group was significantly lower (p<0.0006) than in the 

less severe disease. The differences in the birth weight 

among the GlyFn positive and normal groups was not 

significant for this population size (p=0.38). 

We conclude that GlyFn could serve as a surrogate marker 

to identify the severe PE with adverse maternal and fetal 

outcomes. 
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