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ABSTRACT 

PURPOSE: Fetomaternal haemorrhage takes place across the placenta in normal pregnancies without identifiable 

risk factors and as well as when there are obstetric interventions or trauma related complications of pregnancy. This loss of 

fetal blood into maternal circulation would stimulate antibody production in the Rh D Negative pregnant woman, who is 

carrying a Rh D positive baby and can lead to dire consequences in subsequent pregnancies. 

This study is to evaluate whether placental parameters (weight, volume, thickness and grade) measurements at 

term using ultrasonography and direct measurements after delivery, are true predictors of fetomaternal haemorrhage in 

parturients. 

METHODS: In all consenting parturients, baseline bio-data, maternal blood group, Rh D status were recorded. 

Obstetric ultrasound was done at 36 - 38 weeks for booked parturients and in labour, for unbooked parturients, to assess the 

placental parameters and grade. Maternal blood sample and cord blood were taken at delivery. Maternal blood sample was 

tested for fetal blood cells using Kleihauer - Betke test. The FMH was calculated using Mollison’s formula. Baby blood 

group and Rhesus status was determined from the cord blood. The placentae of these parturients were collected and its 

weight and volume were measured. Data generated were analyzed with Statistical Package for Social Scientists (SPSS) 

version 17 software. Level of statistical significance was set at p < 0.05. 

RESULTS: A total of 600 parturients were studied, of which, 208 parturients (34.7%) had demonstrable 

fetomaternal haemorrhage. Large FMH were noted in 8 (1.4%) out of the 208 parturients with demonstrable FMH. None of 

the placental parameters [placental weight (p = 0.893); placental volume (p = 0.666); placental thickness (p = 0.361); and 

placental grade (p = 0.585)] showed any significant association with fetomaternal haemorrhage. CONCLUSION: Placental 

parameters did not prove to be predictive of FMH. There is need for further multi-centre and multi-racial studies with 

larger sample size to further explore other likely determinants and risk factors of FMH and the role(s) of the placenta in 

this regard. 
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INTRODUCTION 

Fetomaternal Haemorrhage (FMH) may be defined as the passage of fetal blood cells into the maternal 

circulation. It may pass unnoticed, but uncommonly and not rarely, it could be associated with massive volume of FMH 

leading to dire consequences to the fetus in utero and or the newborn.1, 2 

The placenta is a fascinating organ, especially when its functions are considered. The placenta does not maintain 

absolute integrity of the fetal and maternal circulations. This is evidenced by numerous findings of the passage of cells 

between mother and fetus in both directions.3, 4Fetomaternal haemorrhage occurs transplacental; therefore there may be a 

link between fetomaternal haemorrhage and the placenta. Our literature search did not find any other study directly relating 

placenta parameters to FMH apart from that recently done in our centre.5 

This study is designed to address the limitations of the recent study, 5which studied the postpartum placenta 

parameters in 300 parturients and USS measurement of the placenta was not done. It is designed to evaluate 

sonographically placental thickness and pathological changes at term and analyze for correlation with physical 

measurements of the placental parameters (weight and volume) at delivery, with a view to determining whether placental 

parameters can truly be a predictor of incidence and severity of fetomaternal haemorrhage in parturients. This may 

probably reduce the large number of patients with fetomaternal haemorrhage that obstetric risk factors have failed to 

identify, apart from being a non-invasive screening tool that would have predicted FMH at term prior to delivery.   

METHODOLOGY 

This hospital based cross-sectional study was conducted at LAUTECH Teaching Hospitals (LTH) at both the 

Osogbo and Ogbomoso facilities in the Department of Obstetrics and Gynaecology.  

This study was conducted between June 2010 and December 2012. Parturients irrespective of booking status and 

mode of delivery were included in the study after due counseling and consent. Pregnant women who declined their consent 

to participate were excluded from the study. Exclusion also included patients with Diabetes Mellitus, 

Haemoglobinopathies, Intrauterine Growth Restriction, Multiple Gestation, Eclampsia and Still births. Participants were 

recruited at both the antenatal clinics for booked parturients and in the labour ward for the unbooked.  Booked parturients 

were recruited at 36 - 38 weeks, while unbooked parturients were recruited at presentation in the labour ward. 

Approval from the ethical committee of LAUTECH Teaching Hospital was obtained for the study. 

The sample size for this study was determined using Fischer’s formula.6 The prevalence of 17.63%5 from the last 

study done at our hospital, was used in the template to calculate the sample size and was corrected for population less than 

10,000. 

Baseline maternal Biodata, parity, age, estimated gestational age, blood-group, Rh D status and haemoglobin 

electrophoresis, route/mode of delivery, obstetric interventions, baby blood group and birth weight were recorded for each 

patient in data collection forms “A”. 

All booked parturients recruited for the study had obstetric ultrasound at EGA of 36 - 38 weeks to determine 

placental thickness and placental grade. Consented unbooked participants had ultrasound in labour to assess same placental 

parameters. For the purpose of this study, Sonoace X4, a  
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2-Dimension ultrasound machine manufactured by Medison Co Ltd, Seoul, Korea in 2008 was used. The machine 

was located in the labour ward unit for convenience.  

These findings were also recorded in data collection forms “B”.  The thickness of the placenta was measured 

longitudinally at the point of cord insertion. 

Two mls of cord blood from a cord vessel of the placenta and two mls of maternal blood were collected into 

different EDTA bottles at delivery and labeled serially with “M” for maternal sample and ‘B” for baby’s cord blood 

sample. Both had the same serial number. Samples were processed at the haematology laboratory immediately, and when 

taken overnight stored in a refrigerator and processed later in the day. Samples were maintained at room temperature       

(16 - 22oC) during transit as extremes of temperature compromise the quality of the sample. Samples were processed 

within 72 hours in order to administer Anti-D immunoglobulin to mothers who required Anti-D prophylaxis.  

The maternal whole blood sample was diluted 1:2 with phosphate buffered saline and mixed well.7 A standard 

thin blood film was prepared from each maternal blood sample. Each slide was spread evenly and air dried, then examined 

under the microscope to ensure that the red cells are touching but not overlapping each other. Immediately after air drying, 

the films were fixed for 5 minutes in 80% ethanol. It was then rinsed rapidly in water and allowed to stand vertically on 

blotting paper for about 10 minutes to dry.  

The prepared slides were processed using the acid elution test of Kleihauer – Betke.7, 8, 9 This test is dependent on 

the fact that adult haemoglobin is more readily eluted through the cell membrane in the presence of acid than is fetal 

haemoglobin which is more resistant to elution at a low pH of 1.5.7 

The slide was placed for 20 seconds in a jar containing 7.5g/l hematoxylin in 90% ethanol (solution A) mixed 

with 24g FeCl3 and 2.5 mol/l HCl (solution B). This is the acid elution solution at approximately pH 1.5 which was treated 

with a New Methylene blue buffer. After staining with the elution solution, the slide was rapidly counterstained in a 

solution of 2.5g/l eosin, also for 20 seconds. The slide was rinsed in tap water and allowed to air dry. The fetal red blood 

cells were readily distinguished from the empty maternal cells. The fetal red cells stood out as brightly stained rose pink 

cells in a field of “ghost” red blood cells. The new methylene blue buffer made reticulocytes stain blue while the fetal cells 

stained pink, thus allowing the two cells to be easily distinguished. 

The slide was viewed using a x10 objective low power field to check for adequate staining and even distribution 

of fetal cells. The slide was then viewed using the x40 objective.  A minimum of 10,000 cells were counted under the 

microscope and a ratio of fetal (F) to adult cells (A) generated.  

On each day of the testing, blood from a newborn and blood from an adult male obtained from the blood bank 

(without any haemoglobinopathy) were prepared the same way and inspected on the same slide to serve as positive and 

negative controls respectively. 

Calculation of FMH using an acid elution technique was based on the following assumptions: Fetal red cells are 

approximately 22% larger than maternal cells. Only 92%of fetal red cells stain darkly. Maternal red cell volume is 

approximately1800mls 7, 10 The fetal bleed was calculated thus:  

Uncorrected volume of bleed = 1800 × fetal cells counted (F) 

               Adult cells counted (A) 
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Corrected for fetal volume (1.22) = (1800 × F / A) ×1.22 = J. 

100/92 =1.09. Corrected for staining efficiency (1.09) = J × 1.09 = Fetal bleed.   

A shortcut method of achieving this same calculation is to multiply the ratio of adult to fetal cells by 2400 as 

described originally by Mollison (1972)11 and still in use in current guideline 7i.e. 

2400 × [ F/A ] = corrected bleed. 

Baby blood group and Rhesus status were determined from the cord blood obtained and also recorded into the 

same data collection form “C” along with number of fetal cell counted and calculated volume of fetal bleed. 

Placentae of all consented parturients were collected at delivery.  The umbilical cord was clamped at the insertion 

point immediately after delivery to minimize blood loss from the fetal vasculature. The placenta was washed under running 

tap water, wiped to drain excessive fluid, mucous and maternal blood. It was trimmed after ligating the umbilical cord at 

approximately 5mm from the insertion point and removing attached membranes and blood coagula. 12 Placental weights 

have been reported to vary considerably if the fetal membranes and most of the cord are left attached and the adherent 

maternal blood clot is not removed; the weight may be greater by nearly fifty percent.13 The trimmed placental weight was 

determined using an electronic balance while the volume was estimated by the method of Scherle, which involved 

submerging the whole placenta in water and measuring the water displaced in millilitres using a measuring jar.12, 14These 

values were recorded in data sheet “B”. 

All data collection forms were reviewed to eliminate forms with incomplete data entry. The data forms were 

merged and entered into the computer for data analysis. 

Data generated was analyzed with Statistical Package for Social scientists for Windows (Version 17.0, SPSS Inc. 

Chicago, Illinois, USA). Frequency tables, cross-tabulations and correlations were determined. Pearson’s correlation was 

applied to continuous variables. Level of statistical significance was set at p < 0.05. 

RESULTS 

In this prospective cross sectional study, a total of 600 parturients were included in the final study. Data from 30 

parturients (27 parturients due to the exclusion criteria and 3 with incomplete data) were excluded from the analysis. 

From the study population, the mean maternal age was 29.01 ± 4.38(Table 1), 77% of the parturients were either 

primigravidae or secondary gravidae while the others were between para 3 and para 6. A total of 600 babies were also 

studied with an almost equal sex distribution; female babies were 51% and male babies were 49%. The distribution of birth 

weight of the delivered babies showed over 90% of babies having a birth weight of between 2500g and 3900g.The mean 

birth weight was 3200.33g ± 396.65 (Table 1). 

Table 1: Descriptive Statistics of Data 

Factors Mean ( ± Sd) 
 Age Of Parturients (Years) 29.01 ( ± 4.38) 
Birth Weight (Grammes) 3200.33 ( ± 396.65) 
Uss  Placental Thickness ( Mm) 21.44 (± 1.47) 
Measured Placental Weight (Grammes) 516.89 ( ± 41.84) 
Measured Placental Volume (Mls) 506.51 ( ± 41.97) 
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Table 2: Obstetric Factors, Maternal Age and Maternal Blood Group and Rhesus factor with Distribution of FMH 

Factors FMH p-value Remarks Negative Positive 
Mean Age of parturients (in years) 29.1 ± 3.9 28.9 ± 5.3 *0.735 NS 
Mean parity 2.0 ± 1. 2.0 ± 1.2 *1.000 NS 
Mean estimated gestational age 39.0 ± 1.7 38.6 ± 1.5 *0.193 NS 
Mean birth weight (in grammes)  3173 ± 394.6 3251 ± 399.1 *9.247 NS 
Maternal blood group 
 
A+ 
A- 
B+ 
B- 
O+ 
O- 
AB+ 

88 (22.4%) 
4 (1.0%) 

108 (27.6%) 
8 (2.0%) 

160 (40.8%) 
4 (1.0%) 

20 (5.1%) 

40 (19.2%) 
4 (1.0%) 

52 (25.0%) 
0 (0.0%) 

88 (42.3%) 
20 (9.6%) 
4 (1.9%) 

 
**0.193 
 

 
NS 

Maternal rhesus factor 
Positive 
Negative  

 
 

376 (67.1%) 
16 (40.0%) 

 
 

184 (32.9%) 
24 (60.0%) 

 
**0.081 

 
NS 

* T-test used  ** Chi-square test used NS – Not Significant 

The means of the morphology of the 600 placentae studied are as follow; mean placental thickness measured on 

USS was 21.44mm ± 1.47, mean placental weight was 516.89g ± 41.84 and mean placental volume was 506.51mls ± 41.97 

(Table 1). The distribution of placental volume, placental weight, USS measured thickness of placenta and grade of 

placenta areas shown a taglance fromTable4below. Fetomaternal haemorrhage was positive in 208 (34.7%) parturients of 

the study population with 8 (1.4%) out of these having large FMH and in 392 (65.3%) parturients, there was no 

demonstrable FMH. There was no incidence of massive fetomaternal haemorrhage recorded. 

In the study population, comparing obstetric factors between the two groups with and without FMH, obstetric 

factors {parity (p = 1.000); EGA (p = 0.193); birth weight (p = 0.247)}; and maternal age (p = 0.735) showed no 

significant difference with FMH (Table 2). Also, maternal blood group (p = 0.193) showed no significant difference 

between the two groups (Table 2). There was also no significant FMH (p = 0.081) when comparing Rh positive parturients 

against Rh negative parturients(Table2). In this study, there was positive correlation between placental weight and 

placental volume (0.999) which was significant (p = <0.005), placental weight also had positive correlation with placental 

thickness (0.634) and significant (p = <0.005). There was positive correlation between placental thickness and baby’s birth 

weight (0.641) which was also significant (p = <0.005) (Table 3). These correlations were significant at the 0.01           

level – 99% degree of confidence. This implies that as the placental weight increases, so does the placental volume, as 

placental weight increases, the placental thickness will also increase and placental thickness increases as baby’s birth 

weight increases. Placental parameters were explored as possible determinants of fetomaternal haemorrhage. Placental 

weight (p = 0.893) did not show any significant difference between the two groups (Table 4). Volume of placenta              

(p = 0.666) did not have an influence on FMH as there was no significant difference in the two groups (Table 4). Placental 

thickness (p = 0.361) was also not significantly different when comparing both groups (Table 4). The observed grade of 

placenta on USS (p = 0.585) did not influence occurrence of FMH as there was no significant difference in the two groups 

(Table 4). 
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Table 3: Pearson’s Correlation for Placental Parameters and Baby Birth Weight 

Variables Correlation Significance 
Placental Weight Vs Placental Volume 0.999** <0.005 
Placental Weight Vs Uss Placental Thickness 0.634** <0.005 
Uss Placental Thickness Vs Baby Birth Weight 0.641** <0.005 

                            Correlation is significant at the 0.01 level (2 tailed)  

                           **= CORRELATION IS POSITIVELY SIGNIFICANT 

Table 4: Pattern of Volume of Fmh Compared with Measured Placental Weight, Volume, Uss Thickness And Grade 

Factors FMH (Percent) Chi-
square 

p-value 
Negative Positive 

Grouped placental weight (in grammes) 
< 450 
450 – 550 
> 550 

 
 

48 (12.2) 
240 (61.2) 
104 (26.6) 

 
 

28 (13.5) 
132 (63.4) 
48 (23.1) 

 
 

0.227 

 
 

0.893 
Not Significant 

Grouped placental volume (in mls3) 
< 450 
450 – 550 
> 550 

 
60 (15.3) 

248 (63.3) 
84 (21.4) 

 
36 (17.3) 

140 (67.3) 
32 (15.4) 

 
0.813 

 
0.666 

Not significant 

Grouped placental thickness (in mm) 
< 20 
≥ 20 

 
 

76 (19.4) 
316 (80.6) 

 
 

28 (13.5) 
180 (86.5) 

 
 

0.833 

 
 

0.361 
Not significant 

Placental grade on USS 
0 
1 
2 
3 

 
4 (10.0) 

116 (29.6) 
252 (64.3) 

20 (5.1) 

 
0 (0.0) 

76 (36.5) 
128 (61.5) 

4 (1.9) 

 
1.942 

 
0.585 

Not significant 

 

DISCUSSIONS 

In this hospital based cross sectional study, the incidence of FMH is 34.7%, while that of large FMH is 1.4%. This 

incidence of significant FMH is much higher than that recorded in earlier studies by Adeniji et al (2008 and 2013)5, 15done 

in the same centre. Though these values are noted to be higher than values quoted in much older literatures.1However, 

there are many other recent studies reporting similar higher incidences. Salim et al (2005)16reported an incidence of 

between 6.4% and 9.6% of large FMH in the different study groups in Israel.  A study in Kenya by Kizza A. P. et al (1990) 

17 also reported an incidence of 32.2% and went further to suggest that higher values are been reported in blacks than in 

Caucasian studies.17 Another study in Mannitoba, Kenya reported an incidence of 64.5% with a much higher incidence of 

large FMH compared with other studies.1In a recent study which looked at FMH in women undergoing caesarean section, 

an incidence of 28.1% was alsoreported.18 The incidence of large FMH of 1.4% recorded in this study was consistent with 

most studies which had reported an incidence of between 0.3- 2.5%.18Wiley and D’Alton (2010) did a review of 

publications of FMH from January 1966 – December 2008 and concluded that there were inconsistencies in incidences of 

FMH reported.19  

These inconsistencies may be due to poor reproducibility reported and the fact that FMH studies are highly 

dependent on technical skills. These reasons may not be solely responsible for the high incidence in this study. It is also 

likely due to the fact that this study was also conducted among blacks as suggested earlier by Kizza A. P. et al (1990) 17 that 
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incidences are higher in blacks. 

 Maternal obstetric risk factors and maternal blood group had been implicated as determinants of FMH.1, 

2However, individual studies in literature have reported inconsistencies in risk based approaches to FMH.2, 20 In this study, 

parity (p = 1.000), EGA (p = 0.193), baby birth weight (p = 0.247), maternal blood group (p = 0.193) and age of parturients 

(p = 0.735), did not show any significance for FMH (Tables 2).  Maternal Rh factor (p = 0.081) did not also pose a 

significant risk factor for FMH as there was no significant FMH between the Rh positive and Rh negative groups        

(Table 2).  The Rh negative parturient is important because of the possible iso-immunization that could occur when 

carrying a Rh positive fetus. The 42 years review of FMH by Wiley and D’Alton also confirmed these inconsistencies and 

maintains that more than 80% of cases of FMH remained unexplained.19 

Placental parameters studied in this population showed similarity with other studies.13, 21 The mean of placental 

parameters reported here (Table1) when compared with those reported in standard texts show slight differences. The mean 

volume and weight of 506.51mls and 516.89g respectively are slightly higher than the reported means of 497mls and 508g. 

The mean thickness of 21.44mm reported here is however lower than that of 23mm reported earlier.13 It should be noted 

that these means are from Caucasian studies and there is paucity of research work in Africans to compare with. A wide 

variation has been reported in literature for these individual placenta parameters 13, 22, 23, 24and when the means are 

considered as a range as reported in some literature, 13these results are also within the range. No study was cited in Nigeria 

reporting placental parameters.  

The positive correlation between USS thickness and baby birth weight (0.641), placental weight and placental 

volume (0.999) and placental weight with USS thickness (0.643) (Table 3) is in accordance with all other studies 

comparing placental parameters,21, 25, 26, 27except the previous placenta study5done in our centre which did not show a 

positive correlation between weight and diameter of placenta. In this study, there were linear relationships between all 

these placental parameters; placentae with reduced thickness on USS were associated with a low birth weight baby and 

reduced placental weight and volume at birth. Also, in those with increased placental thickness, there was increase in 

placental weight and placental volume. It can be inferred that one placental parameter is predictive of the other and 

eventual birth weight of the baby.  

 In this study, none of these morphological parameters of the placenta including grade of placenta proved 

significant statistically for FMH (Tables 4). This study aimed at assessing whether placental anatomy (weight, volume and 

thickness) influences the occurrence and severity of FMH in normal pregnancies. Assuming these placental parameters in 

this study showed a significant difference between the two groups, the placenta could then have been suggestive of FMH. 

Considering that we already know that a positive correlation exists between these placental parameters, if obstetric USS 

was done at 36 weeks and the placental thickness was suggestive of FMH, this would lead to increased surveillance for 

FMH in Rh D Negative pregnant women. In such women the placental weight and volume would be measured at birth to 

further predict severity of FMH and identify those Rh D Negative pregnant women who would require Kleihauer-Betke 

test to determine volume of FMH and dose of anti- D immunoglobulin to be administered. The findings in this study did 

not show that placental parameters could be used as determinants of FMH which is in contrast to the previous study5done 

in the same centre with a smaller sample size. These two results from our centre appear as isolated conflicting reports as no 

other study was cited in literature comparing placental morphology with FMH.  

Sivarao, S. (2002) 14 and Mayhew, T. M. (2005)28 had suggested that placental morphology and parameters can 
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provide valuable information on pregnancy outcomes. Some studies have implicated the placenta in some case reports of 

FMH. Diseases of inflammation of the placenta such as preeclampsia and chorioamnionitis were reported to be associated 

with FMH.29 Some other studies have also reported an association between the placenta and low birth weight babies, 

maternal diabetes mellitus, intra uterine growth restriction and fetal hydrops. Some of these changes include 

placentomegaly while some have small placenta with reduced thickness.25, 30, 31In a review by Wiley and D’Alton, (2010), 
19it was suggested that certain placental lesions such as intraplacental haemorrhage, intervillous thrombosis, placental 

infarcts and retroplacental haematoma were more frequently observed in pregnancies with evidence of FMH.19However, 

the morphology of these placentae were not mentioned.  Another study by Al-Mufti et al, (2003), 32 which compared FMH 

and its severity with number of fetuses, reported that there was increased severity with higher order pregnancies. Also, 

Adeniji et al, (2008), 15 suggested similar relationships. Al-Mufti went further to suggest that the increase in fetomaternal 

cell trafficking was possibly related to increased placental surface area and vasculature. In another study by Wegrzyn, P. et 

al, (2005), 33 which looked at placental parameters at 11-14 weeks and prediction of chromosomal defects, the study did not 

prove significant except for trisomies 13 and 18 which were associated with early onset fetal growth restriction. In all these 

highlighted pathological situations, the placenta is either smaller than the average or there is placentomegaly, but, in none 

of them was the placenta morphology directly examined as a contributort o FMH. 

The placental grade in this study did not also influence occurrence of FMH (Table 4). FMH occurred in the 

different grades of placenta and there was no consistency. No study was cited relating placental grade with occurrence of 

FMH. Earlier studies had only implicated the grade of placentain the prediction of fetal pulmonary maturity.30  

 The difference between this study and earlier studies mentioned may probably be due to the fact that pathological 

conditions were not present in our study group.  One may then ponder to ask whether it is the pathological conditions of 

the placenta without the influence of morphology that contributes to FMH. Also, our findings contradicts the previous 

study5 done in our centre which assessed some placental parameters and FMH; demonstrable and large FMH occurred only 

in placentae weighing more than 500g, whereas in this study it occurred in placenta weighing less than and greater than 

500g This study therefore suggests that there was no critical weight to predict occurrenceof FMH. 

 The limitation of this study may be the fact that placental parameters such as volume and surface area were not 

measured ultraso no graphically.   

There have been cases of unexpected massive fetomaternal haemorrhage without antecedent identifiable risk 

factors; such findings have stressed the need to find better ways of predicting FMH in the absence of clinical suspicion. 

However, this study assessing placental parameters as determinants of fetomaternal haemorrhage did not provide solution 

to this intriguing concept. Also, as there have been conflicts in various reports looking at obstetric risk factors as 

determinants of FMH, the Rh-D negative woman with a Rh-D positive baby should have Kleihauer-Betke test to determine 

volume of FMH and appropriate dose of anti-D immunoglobulin instead of the standard dose given to all.  

From the foregoing, it is hereby recommended that globally, more studies, with larger sample sizes preferably 

multicentre and multiracial are required to establish determinants and risk factors for FMH, and these could possibly give 

more consistent results.   

In Africa, there is a need to investigate FMH further and confirm whether truly there is a higher racial difference 

in the incidence of FMH.  
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For now, the understanding of FMH remains far from complete. 
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