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Abstract



Background: Pre-eclampsia is a multi-systemic disorder defined as hypertension with significant proteinuria occurring in the second half of pregnancy in a woman who was previously non- hypertensive and non-proteinuric. Its incidence ranges between 2% to 8% of all pregnancies worldwide and between 2% to 16.7% in Nigeria. The measurement of the haemoglobin concentration in pre-eclamptics may be of great prognostic value for the mother and the foetus. This study investigated the haemoglobin concentration in pre-eclamptics and its relationship with feto-maternal outcomes.

Methods: This cross-sectional longitudinal study included 63 pregnant women with pre-eclampsia who were between the gestational ages of 28 weeks and 41 weeks at the University of Port Harcourt Teaching Hospital (UPTH). This study population consisted of a crosssection of pregnant women with sustained elevated blood pressure and proteinuria. Haemoglobin concentrations were assayed in the UPTH Haematology laboratory. A structured questionnaire was used to obtain socio-demographic information.

Results: The mean haemoglobin concentration for the study population was 11.70±1.7g/dl. The mean haemoglobin concentration for severe and mild pre-eclampsia was 11.95±1.74g/dl and 11.39±1.69g/dl, respectively (p=0.21). Mean haemoglobin concentration for subjects who had worsening proteinuria was 12.33±1.08g/dl, while that for those without worsening proteinuria was 11.38±1.62g/dl (p=0.04), suggesting that those subjects with worsening proteinuria had higher intrapartum haemoglobin concentration than those without. Bivariate analysis showed that haemoglobin concentration and postpartum haemorrhage were significantly associated (r= -0.278, p= 0.027), even after controlling for estimated blood loss (r= -0.407, p= 0.001), suggesting that postpartum haemorrhage is likely to occur with decreasing haemoglobin concentration.

Conclusion: Postpartum haemorrhage had an inverse relationship with haemoglobin concentration suggesting that postpartum haemorrhage is likely to occur with decreasing haemoglobin concentration. Our results indicate that the maternal haemoglobin concentration is a potential prognosticator of post-partum haemorrhage in patients with pre-eclampsia. Hence, post-partum hemorrhage in women with pre-eclampsia should be anticipated especially in those with low hemoglobin concentration, and proactive measures taken to obviate the risk. 







Introduction



Pre-eclampsia is one of the most common diseases worldwide [1]. It is a human-pregnancy-specific disease defined as the occurrence of hypertension and significant proteinuria in a previously healthy woman on or after the 20th week of gestation [2,3]. Worldwide, it complicates 2% to 8% of all pregnancies [14]. With other hypertensive disorders, pre-eclampsia is a leading cause of maternal foetal, and neonatal morbidity and mortality worldwide [5-7] including developing countries like Nigeria [8-10]. Worldwide, preeclampsia and related hypertensive disorders are responsible for about 50,000 to76,000 maternal deaths [11,12].

The World Health Organization (WHO) estimates its incidence to be seven times higher in developing countries than developed countries [12,13]. In Nigeria, the prevalence of preeclampsia ranges between 2% to 16.7% [13-15]. In the University of Port Harcourt Teaching Hospital, preeclampsia accounted for 3.8% of all antenatal admissions and 9.7% of all caesarean deliveries amongst booked patients [16]. Pre-eclampsia/ Eclampsia accounted for 36% of all maternal deaths in the University of Port Harcourt in 2013 and remains the highest contributor to maternal deaths [16-18]. In normal pregnancy, plasma volume increases with gestation to about 40% above pre-pregnancy levels at 30 weeks followed by a small decrease at term [19].

Red cell mass increases linearly with gestation to about 25% above pre- pregnancy levels at term [20]. Consequently, hemoglobin decreases with gestation reaching a nadir of about 15% below pre-pregnancy levels at 30 weeks [21]. The purpose of this physiological hemo dilution is to create a low- viscosity intravascular system that allows an optimal red cell circulation in the low-velocity placental circulation [22] and a low- resistance system for the maternal left ventricle to contract against. Failure to achieve this low blood viscosity milieu during pregnancy is likely to decompensate both the maternal and fetal/ placental homeostasis. It is therefore not surprising that there is an association between adverse pregnancy outcome with increasing haemoglobin levels (and thus whole blood viscosity) [23,24] and a strong correlation between the prevalence of preeclampsia and plasma volume restriction and hemorheological disorders [25,26].

Alterations of haemoglobin and erythrocytic parameters which are features of pre-eclampsia frequently manifest as increased haematocrit due to haemoconcentration [27]. So other investigators however showed that there was a reduction in hemoglobin concentration in pre-eclamptic patients when compared to their non-pre-eclamptic counterparts [28]. To date, the relationship between maternal hemoglobin concentration and feto-maternal outcomes has not been analyzed in a subset of women with preeclampsia of a distinctly African population.

Materials and Methods

This was a cross-sectional longitudinal study involving all booked pregnant women with pre-eclampsia, who presented in the antenatal clinic, antenatal wards and labour wards at the UPTH. Consecutive patients with pre-eclampsia were counseled to participate in this study, and the purpose of the study was duly explained to the participants. The minimum sample size of patients required for the study will be calculated using the method of Kish [29].
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Nf = Final sample size

n = The desired sample size when population is greater than

10,000

z = The standard normal deviation, usually set at 1.96 which corresponds to 95% confidence level

p = Proportion of patients with pre-eclampsia using a prevalence of 6.5% in UPTH [30].

q = 1.0-P =1.0- 0.065 = 0.94

d = degree of accuracy required, = 0.05

N = Estimation of population size (new patients with preeclampsia managed in UPTH, Port Harcourt annually) =145 [30].

[image: ]

The minimum sample size is thus calculated to be 57.

Giving allowance for a 10% attrition rate, the minimum sample size for the study is therefore 63 pre-eclamptic women.

Definitions

Pre-eclampsia was defined as sustained elevated blood pressure (of equal or greater than 140/90mmhg measured on at least two occasions four to six hours apart), with proteinuria, (of 1+ or more on dipstick on at least two occasions four or more hours apart), in a pregnant woman at greater or equal to twenty weeks of gestation [31]. Eligible women were counselled to participate in the study. Informed consent was obtained and indicated on their antenatal cards.

Characteristics

The 63 eligible patients recruited for the study had their sociodemographic and antenatal features such as age, parity, blood pressure, the degree of proteinuria, and antenatal complications, documented in a structured proforma. Three milliliters of venous blood samples was collected by venepuncture into EDTA and plain bottles. All blood samples were assayed for full blood count including haemoglobin concentration by the automated method with the use of an auto analyzer in the UPTH Haematology laboratory. The structured proforma for each participant was completed immediately after delivery and, the foetal and maternal outcomes such as intrapartum complications, APGAR scores, birth weight and estimated blood loss at delivery were documented. Primary postpartum haemorrhage was defied as blood loss of 500milliliters and above after vaginal delivery and 1,000milliliters and above after caesarean section within twenty- four hours [32]. In carrying out this study, confidentiality and respect for persons were considered and consent was obtained from all participants. Ethical approval was obtained from the hospital's Ethical Review Committee of the University of Port Harcourt Teaching Hospital, Port Harcourt, Rivers state, Nigeria.

Statistical Analysis

Proportions or categorical parameters were compared with the chi-square test. Relations among continuous variables were assessed using Pearson's correlation coefficient, while Spearman's correlation coefficient assessed the relations among continuous and discrete variables. The differences in all variables between groups were compared using ANOVA. The relationship between maternal haemoglobin concentration and maternal complications was determined by linear regression analysis. A p-value of less than 0.05 was considered statistically significant.

Results




Table 1:  Maternal social demographic characteristics.
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Figure 1:  Mode of delivery among the study population




In our study, 63 women with pre-eclampsia were assessed to be eligible and recruited for the study. The maternal demographic characteristic and parity are given in (Table 1) and the mean maternal clinical characteristics in (Table 2). The mean maternal haemoglobin concentration and haematocrit levels of the study population were 11.70g/dl ±1.72 and 35.06 ±5.17 respectively The prevalence of caesarean section and vaginal delivery among the study population is shown in (Figure 1), while the mean maternal and foetal clinical characteristics with haemoglobin values with respect to severity of pre-eclampsia are shown in (Table 3).



Table 2: Mean maternal clinical characteristics.
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Table 3:  Mean maternal and foetal clinical characteristics with respect to severity of pre-eclampsia.
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Table 4:  Maternal and perinatal complications, frequencies and percentages.
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Table 5: Haemoglobin concentration with respect to maternal and foetal complications.
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Among the population studied, 66.67% had caesarean section while 33.33% had vaginal delivery. Twenty-eight women (44.44%) had mild pre-eclampsia, while 35(55.56%) had severe pre-eclampsia. The mean haemoglobin concentration of the subjects with mild pre-eclampsia was 11.39±1.69while the mean haemoglobin concentration of the subjects with severe pre-eclampsia was11.95±1.74, p-value= 0.21.This was not statistically significant as shown in (Table 3). The maternal and perinatal complications, frequencies and percentages are shown in (Table 4). The mean haemoglobin concentration with respect to maternal and foetal complications is in (Table 5).



Table 6: Bivariate correlations between haemoglobin concentration and foeto maternal clinical characteristics.
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The bivariate correlation between haemoglobin concentration and foeto-maternal clinical characteristics is shown in (Table 6). Among the population studied, 92.06% of the subjects had maternal or perinatal complications while 7.94% neither had maternal nor perinatal complications. Eleven (17.5%) had postpartum haemorrhage as shown in (Table 4). The mean haemoglobin concentration of the subjects with postpartum haemorrhage was 10.57±2.31 and 11.93±1.50 for the subjects without postpartum haemorrhage, p-value=0.02 as shown in Table 5. The mean haemoglobin concentration of the subjects with worsening proteinuria was 12.33±1.08 and 11.38±1.62, p-value=0.04 as seen in (Table 5). The mean haemoglobin concentration of the subjects with maternal or perinatal complications was 11.64±1.72g/dl, while the mean haemoglobin concentration of the subjects without maternal or perinatal complications was 12.34±1.57g/dl, p=0.39. There was no statistical significance. The mean haemoglobin concentration for subjects who had caesarean section was 11.48±1.58 g/dl while the mean haemoglobin concentration for subjects who had vaginal delivery was 12.14±1.95, p=0.15.




Table 7:  The prevalence of maternal and foetal complications with respect to haemoglobin concentration.
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There was no statistical significance. A Bivariate correlation between haemoglobin concentration and foeto-maternal clinical characteristics shows a statistically significant direct correlation between haemoglobin concentration and worsening proteinuria and an inverse correlation between haemoglobin concentration with postpartum haemorrhage, blood loss at delivery as well as duration of hospital stay, as shown in (Table 6). The prevalence of maternal and foetal complications with respect to haemoglobin concentration category is shown in (Table 7) and the correlation between haemoglobin concentration and the severity of preeclampsia is shown in (Figure 2).
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Figure 2:  Correlations between haemogram and the severity of Pre-Eclampsia.




All the subjects (100%) with reduced haemoglobin concentration had low birth weight, 58% of those with increased haemoglobin concentration had low birth weight, while only 40% of the category with normal haemoglobin concentration had low birth weight and this was statistically significant as shown in (Table 7). Haemoglobin concentration, however, did not correlate in a statistical manner with the severity of pre-eclampsia as shown in (Figure 2); r= 0.13, p=0.309.

Discussion

Pre-eclampsia is a potentially dangerous complication of the second half of pregnancy, labour or early period after delivery [33]. In this study, the prevalence of severe pre-eclampsia was 35% and this was similar to 30% reported by Sandhlya et al. [34] and 32% reported by Wael et al. [35]. The frequency of vaginal delivery amongst pre-eclamptics was 33.33% while caesarean section was 66.7% and this was similar to the prevalence of caesarean section of 58% reported by Vinodhini et al. [36]and lower than 71.2% caesarean section rate among pre-eclamptic patients reported by Koffreh et al. [33] in Calabar, South- Southern Nigeria. Sandhya et al [34] however, reported the prevalence of caesarean section as 32% which was much lower than the findings in this study

The high caesarean section rate in this study may have been due to the lower mean gestational age at delivery of 35weeks as compared to the mean gestational age of 37 weeks reported by Sandhlya et al. [34].

Our results suggest that lower hemoglobin concentration is associated with a higher risk of some poor pregnancy outcomes in women with pre-eclampsia. In this study, the prevalence rate of anaemia was 6.3%. This was far lower than the 48.3% reported by Ekine et al. [37] in Bayelsa South-Southern Nigeria. This disparity in values may be due to the population demographics as their study was a rural based study with the attendant ignorance, socio-economic deprivations and lack of adequate ante-natal care. In this study, the mean haemoglobin concentration amongst the study subjects was 11.70±1.72g/dl and this was similar to the findings of Cordina et al. [38] who reported a mean haemoglobin concentration amongst pre- eclamptics as 11.34±1.00g/dl. Sandhlya et al. [34] however, found a lower haemoglobin concentration of 10.24g/dl in a similar study but Malihe et al. [39] reported a higher mean haemoglobin concentration of 12.70±1.19g/dl.

The mean haemoglobin concentration of 11.70±1.72g/ dl amongst pre-eclamptics in this study which is also similar to values reported by other researchers in similar studies may be due to contraction of intra-vascular space and subsequent haemos-concentration as is seen in pre-eclampsia as well as due to routine administration of antenatal haematinics which is the practice in this environment. We discovered that subjects with primary postpartum haemorrhage had significantly lower intrapartum haemoglobin concentration than those who did not have primary postpartum haemorrhage. The mean haemoglobin concentration for the subjects who had primary postpartum haemorrhage was 10.57±2.31g/dl and 11.93±1.50g/dl for those who did not have primary postpartum haemorrhage p-value=0.02.

Altenstadt et al. [40] in a study to investigate the association between haemoglobin concentration and postpartum haemorrhage also reported an inverse correlation between low haemoglobin concentration and postpartum haemorrhage amongst pre-eclamptics. Similarly, Kaima reported a link between low intrapartum haemoglobin concentration and the potential risk of postpartum haemorrhage and a significant inverse correlation between intrapartum haemoglobin concentration and blood loss at delivery [41]. Low intra-partum haemoglobin concentration leading to primary post-partum haemorrhage may be due to maternal anaemia resulting in impaired oxygenation of the uterus. This causes tissue enzyme and cellular dysfunction, culminating in impaired myometrial contractility and uterine atony [42].

These findings may also explain why in this study, haemoglobin concentration correlated inversely with estimated blood loss at delivery, as well as duration of hospital stay after delivery as was also reported by Kaima et al. [41] The mean duration of hospital stay in this study was 13.44±5.88 days and was higher than the findings of Curiel Basera et al who reported mean duration of hospital as 5 days [43]. This may be due to the higher prevalence of complications amongst pre-eclamptics in this study which is 92.06% as compared to the prevalence of 14% reported by Curiel et al. [43] Reduced oxygen delivery from low intra-partum haemoglobin can also result in impaired wound healing translating to increased duration of hospital stay [42].

We also found that there was a statistically significant difference between the mean haemoglobin concentration for the pre-eclamptics who had worsening proteinuria and those who did not have (12.33±1.08g/dl versus 11.38±1.62g/dl; p=0.04). This may be due to the presence of plasma volume restriction seen in pre-eclamptics, leading to increased haemoglobin concentration which causes reduced plasma viscosity and may further impair renal function by worsening glomerular damage thereby increasing proteinuria in these patients [38-45]. In this study, all the subjects (100%) with reduced haemoglobin concentration had low birth weight, 58% of those with increased haemoglobin concentration had low birth weight, while only 40% of the category with normal haemoglobin concentration had low birth weight and this was statistically significant. Indeed, several studies including the study by Murphy et al have shown a U-shaped association between maternal haemoglobin concentrations and birth weight, with reduced and increased maternal haemoglobin concentration leading to foetal growth restriction [46].

Abnormally high haemoglobin concentration usually indicates poor plasma volume expansion, which is a feature in pre-eclampsia, and a risk factor for low birth weight [47]. In like manner, low birth weights in anaemic women have been reported by Ezechi & Kalejaiye [48]. This may not be unrelated to the fact that maternal anaemia leads to impaired oxygen transport to the uterus, placenta and foetus leading to preterm birth and low birth weight [42]. In this study however, haemoglobin concentration did not influence other foeto-maternal complications like worsening hypertension, acute kidney injury, pulmonary oedema, maternal mortality, abruptio placenta, foetal distress, intra-uterine foetal death, birth asphyxia, prematurity and admission into neonatal intensive care unit (Special Care Baby Unit). This was similar to the findings of Sandhlya et al [34] and Jaleel & Khan [42] who reported that haemoglobin concentration did not influence these foeto-maternal outcomes.

Conclusion

This study revealed the inverse relationship between haemoglobin concentration and post-partum haemorrhage amongst pre-eclamptics. Post-partum haemorrhage is a major cause of maternal mortality and morbidity in resource-poor countries like ours. Haemoglobin concentration estimations may therefore serve as a cheap and readily available tool to predict post-partum haemorrhage especially in women with preeclampsia. Maternal haemoglobin concentration was also able to prognosticate the fetal birth weight in U-shaped association, indicating that both anaemia and elevated haemoglobin levels may lead to fetal growth restriction and low birth weight which further worsens the prognosis of pre-eclampsia.

In this study also, there was an inverse correlation between haemoglobin concentrations with postpartum haemorrhage, hence postpartum haemorrhage should be anticipated when pre-eclamptics have low haemoglobin concentration values so as to optimize these patients and take steps to prevent blood loss at delivery. Future research may however, be useful in determining the cut-off haemoglobin concentration that may predict postpartum haemorrhage in pre-eclamptics as this may help obstetricians better anticipate and prevent morbidities and mortalities associated with postpartum haemorrhage in this condition.

Limitations of this Study

A single haemoglobin concentration estimation may not be adequate in the assessment of these patients with respect to management, as some pre-eclamptics may need further monitoring of deranged parameters for possible worsening condition. However, assessment of the haemoglobin concentration at delivery may help to mitigate this limitation. Our study comprised of patients with pre-eclampsia, irrespective of the gestational ages and severity of disease. This may possibly affect their haemoglobin concentration, hence in this study however this confounder was absent since all the subjects were within the third trimester of pregnancy (28 -41 weeks of gestation).
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