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Condensation
Fetal sonographic monitoring shows growth differences at 35 weeks gestation and maternal painful crisis in pregnancy may impair fetal growth assessed by crown-heel length.
Abstract 

Objectives:   To assess fetal growth and whether infants with lower birthweight in mothers with homozygous sickle cell (SS) disease is related to maternal body composition or to clinical events in pregnancy.  

Study Design:  A prospective study of 41 pregnant women with SS disease and 41 women with a normal (AA) phenotype attending the antenatal clinic, University Hospital of the West Indies, Kingston, Jamaica.  Maternal anthropometry, body composition and fetal sonographic measurements were assessed at 15, 25, and 35 weeks gestation from December 2005 - April 2008. Birth measurements were performed within 24 hours of delivery.  Differences between maternal genotypes and their offspring were assessed using 2-sample t-tests.   Multiple linear regression was used to control for baby’s gender and gestational age at delivery.
Results:   Mothers with SS disease had lower weight, body fat, fat mass and lean body mass throughout pregnancy but correlation with birth size did not reach statistical significance.  Sonographically, babies of SS mothers had smaller abdominal circumference, femoral length and a lower estimated fetal weight at 35 weeks.  Birth measurements confirm lower birthweight, crown-heel length and head circumference but the differences were no longer significant after adjustment for baby gender and gestational age at delivery.  Bone pain crisis in pregnancy was associated with a significantly reduced crown-heel length at birth. 
Conclusion:  Lower birthweight in babies of mothers with SS disease is largely the result of the lower gestational age.  Fetal sonographic monitoring did not show growth differences until 35 weeks gestation.  Maternal painful crisis in pregnancy is associated with impaired fetal growth assessed by crown-heel length.
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Introduction 

Babies born to mothers with homozygous sickle cell (SS) disease have a low mean birthweight but the mechanisms for this remain largely unexplained.  During pregnancy, SS mothers gain less weight (6.9 kg in SS mothers; 10.4 kg in AA controls), and maternal weight gain between 25-30 weeks correlated significantly with birthweight1.  The pre-pregnancy weight influences birthweight in women with normal haemoglobin (AA) phenotype2, and it is known that non-pregnant patients with SS disease have low body weight, a slim build, and thin skin folds compared to normal controls3.  Furthermore pregnancy in SS disease is known to be more prone to complications which might affect fetal growth including bone pain crises4,5, the acute chest syndrome, urinary tract infections and pre-eclampsia.  The present study addresses two hypotheses for the reduced birth weight in mothers with SS disease, firstly that it is a consequence of the abnormal anthropometry in SS patients and secondly that it is influenced by complications occurring in pregnancy in SS disease.  These hypotheses have been approached by observing pre-pregnancy weight, recording maternal weight gain and indices of maternal body composition during pregnancy, sonographic indices of fetal growth, and maternal complications in pregnancy. 

Materials and Methods
Subjects    The subjects attended the antenatal clinic at the University Hospital of the West Indies, Kingston, Jamaica and were recruited between, December 2005 - April 2008, the last delivery occurring on 21 September 2008.  During this period, 43 patients with homozygous sickle cell (SS) disease, without other systemic illness such as hypertension or diabetes mellitus, attended the ante-natal clinic before 19 weeks of pregnancy.  These were matched by age with a similarly defined comparison group of 43 women with the AA phenotype.  Subsequent observation revealed twin pregnancies in two SS mothers who, along with their matched controls, were excluded leaving a study group of 41 SS mothers and 41 AA mothers for comparison.  

The diagnosis of SS disease was based on a dominant haemoglobin band in the position of HbS on alkali electrophoresis and characteristic HbF and HbA2 levels.  The comparison group was defined as an AA phenotype since there was an AA pattern on haemoglobin electrophoresis but the beta thalassaemia trait was not excluded by red cell indices or quantified HbA2 levels.  Since the beta thalassaemia trait occurs in only 1% of Jamaicans, this is unlikely to have influenced the data but the group is therefore referred to as an AA phenotype rather than genotype.  After written consent, information was collected on age, marital status, menstrual history, parity, socio-economic status, medical history and smoking/drinking habits. 

Clinical Definitions   Spontaneous pregnancy loss was defined as an abortion before 28 weeks gestation and as a stillbirth after this age.  Abortion referred to a fetal loss after a history of amenorrhoea and positive pregnancy test but was not histologically confirmed.   Gestational age was calculated from last menstrual period (LMP) or by ultrasound if there was a potential discrepancy.  Prematurity or preterm deliveries referred to a gestational age less than 259 days (37 weeks) and low birthweight as below 2500g.  

The bone pain crisis implied severe bone pain requiring narcotic analgesia, usually confined to the juxta-articular areas of the long bones, ribs, sternum, and spine often associated with localised tenderness and mild fever and generally leading to hospital admission.  Acute chest syndrome referred to pulmonary symptoms and signs associated with a new pulmonary infiltrate on chest radiograph.  Pregnancy-induced hypertension was defined as a systolic pressure ( 140 mmHg or a diastolic pressure ( 90 mmHg after 20 weeks gestation in the absence of proteinuria, in mothers who were not chronically hypertensive and in whom blood pressure returned to normal by one month after delivery6.  Pre-eclampsia was defined by the same blood pressure criteria but with proteinuria (trace proteinuria on Dipstick recognizing the less concentrated urine in homozygous sickle cell disease).  Eclampsia referred to pre-eclampsia and convulsions in a subject without prior neurologic disorders.  Urinary tract infection applied to urinary symptoms with positive urine culture.    
Maternal Anthropometry    Assessed at target dates of 15, 25 and 35 weeks gestation, measurements included maternal weight to the nearest 0.01 kg with a Tanita digital scale (CMS Weighing equipment Ltd, London, UK) and height to the nearest 0.1cm with a stadiometer (CMS).  The maternal body mass index was calculated as weight in kilogram (kg) divided by height in metre squared (kg/m2).  Mid-upper arm circumference was measured with a fibre glass tape and skinfold thicknesses (biceps, triceps, supra-iliac, mid-thigh and sub-scapular) determined to the nearest 0.2mm using a Holtain skinfold caliper (CMS) according to the method of Harrison et al.7  Body fat and lean body mass were calculated from standard equations,8,9 which were convenient, inexpensive, easy, safe and not less accurate than sophisticated methods such as hydrodensitometry, 10 dual-energy X ray absorptiometry scan and bioelectrical impedance analysis.11  If glycosuria occurred, a normal oral glucose tolerance test excluded gestational diabetes.  Haemoglobin levels at 15 weeks gestation were measured by a Coulter/STKS model Ana3B/3C (Coulter/Beckman Corporation, Miami, FL, USA).   

Fetal Sonographic Measurements
Biparietal diameter, head circumference, abdominal circumference, femoral length and estimated fetal weight were measured with a curvilinear probe (Voluson 730, Kretztechnik AG, GE Medical Systems) at target dates of 15, 25 and 35 weeks gestation. 

Birth Measurements    Performed within 24 h of delivery, birthweight was measured to the nearest 100 g, and head circumference and crown–heel length to the nearest 0.1cm.  The placenta was weighed to the nearest 100 g.    Gestational age, calculated from the last menstrual period, was generally consistent with ultrasound measurements close to 15 weeks gestation, but if a discrepancy greater than 2 weeks occurred, the ultrasound dating was used.  

Statistical Methods    Data were expressed as means and sd and differences between maternal genotypes and their offspring assessed using 2-sample t-tests.   Multiple linear regression controlled for baby’s gender and gestational age at delivery.
The study was approved by the Medical Ethics Committee of the University of the West Indies.  All gave informed consent for this prospective study.  

Results

Socio-Economic Factors   Socioeconomic backgrounds were similar in both SS patients and the AA comparison group and are unlikely to have contributed to the differences in birth anthropometry.  No group differences occurred in cigarette or marijuana use or in alcohol consumption.  Occasional smoking (1/month to 4 cigarettes/day) was reported in 4 SS subjects and marijuana use in 2 SS subjects and in none of the comparison group.  Occasional alcohol use (1-2 drinks/month) occurred in 2 SS subjects and in 2 of the comparison group.  
Pregnancy Outcome   The first antenatal clinic visit for SS mothers occurred later than the AA group (Table 1).  Among the 41 SS mothers, 8 pregnancies were lost before 28 weeks, 20 (49%) delivered at 28-37 weeks and 13 (32%) after 37 weeks compared to respective figures among the AA group of 0, 12 (29%) and 29 (71%).

Maternal Body Composition   Compared to mothers with an AA phenotype, SS mothers had lower weight, body mass index, and arm circumference, thinner skinfolds at all sites except for the biceps, lower blood pressure especially diastolic pressure and a lower hemoglobin level (Table 1).  Mothers with SS disease also had less body fat, less fat mass and a lower lean body mass at all three assessment periods (Table 2).  Birthweight, crown-heel length and head circumference correlated with maternal weight in the combined genotypes (n=72, p=0.004 to 0.024) but failed to reach statistical significance when analysed separately by maternal genotype.  When assessed in the separate maternal genotypes, maternal body composition (fat mass, lean mass and percentage fat) did not correlate with birthweight, crown-heel length, head circumference or placental weight (p > 0.08 in all 24 correlations). 

Fetal Growth by Sonography   At 15 weeks in SS mothers, assessments were completed in 34 subjects (3 pregnancies lost; 4 missed appointments).  At 25 weeks in SS mothers, assessments were performed in 32 subjects (4 further pregnancy losses; 2 missed appointments).  At 35 weeks in SS mothers, assessments were performed in 27 subjects (4 had delivered; 1missed appointment).  Among the AA group, one subject missed assessment at 15 weeks, all were assessed at 25 weeks and 6 were lost by 35 weeks from premature deliveries.  Compared to the AA group, the fetus of SS mothers had a marginally increased head circumference at 15 weeks and lesser abdominal circumference, femoral length and estimated fetal weight by 35 weeks gestation (Table 3).  However, when corrected for gestational age and baby gender these differences were no longer statistically significant.
Birth Indices   At birth in SS mothers, gestational age was lower (SS vs AA; mean SD 36.0, 3.7 vs 38.6, 2.2; mean difference [95% CI], 2.6 [1.2,4.0], p< 0.001), birth weight was less (2380, 689 vs 2982, 552; 601 [311,890], p<0.0001), crown-heel length was less (45.3, 5.3 vs 48.8, 2.7; 3.5 [1.6,5.4], p<0.001), head circumference was less (32.2, 3.1 vs 33.7, 2.4; 1.5 [0.2,2.8], p<0.05), and placental weight was less (500,133 vs 618,138; 118 [53,183], p<0.001).  However, after adjustment for gestational age and baby gender, only the relationship with placental weight remained weakly positive (p<0.05).
Complications in Pregnancy   The birth weight and crown-heel length, before and after adjustment for gestational age and infant gender according to complications in pregnancy in shown in Table 4.  Pregnancy induced hypertension, acute chest syndrome, and urinary tract infection did not have a discernible effect on birth indices although their low frequencies would have made this an insensitive analysis.  Eleven SS mothers had a total of 20 admissions for bone pain crisis.  Comparing SS mothers with and without bone pain crises, the bone pain group had birth weights 318g lower and crown-heel lengths 3.5cm shorter, these differences falling to 97g  (NS) and 2.4cm (p=0.011) after adjustment for gestational age and infant gender.  Again the small numbers reduced the sensitivity of analyses but each painful crisis admission reduced birth weight by 67g (95% CI -78 to 213, p=0.35).
Comment.

Mothers with SS disease are characterized by a lower body weight in the presence of normal height and a lower body mass index.  These changes are believed to result from a higher metabolic rate12 which is not offset by greater nutritional intake13 but balanced by reduced physical activity.14,15 Pregnancy disturbs this balance as both the developing fetus and the mother compete for the limited proteins and energy available.  In addition, the placenta may be compromised by the vaso-occlusive process of maternal sickle cell disease, weighs less and frequently shows vascular fibrosis and irregularities secondary to presumed infarction.

This is the environment in which fetal development takes place leading not only to small babies but also increased fetal losses.  If babies destined to be lost early in pregnancy manifested poor growth, their loss may have reduced the apparent impact of maternal SS disease on fetal growth.  Among infants surviving to delivery, sonographic assessments show that significant fetal growth impairment was not apparent until 35 weeks consistent with previous observations that the lower maternal weight gain in SS mothers between 25-35 weeks correlated with the eventual birthweight1.  It is clear that compared with controls, SS mothers deliver babies of a lower gestational age, a factor which in large part, accounts for the lower birthweight.  Indeed in the present study, the maternal genotype difference in birthweight was no longer significant after correction for gestational age and gender, an observation conflicting with a previous report16 and possibly the result of the smaller patient numbers in the current series.  Furthermore, although the mean difference in birthweight, after correction, of 97g lacked statistical significance, this difference may have clinical significance. 
Of the original hypotheses addressed by this study, there was no evidence that the low body weight and changed body composition of mothers with SS disease accounted for the lower birthweight, consistent with a previous study17.  The established association of maternal pre-pregnancy weight and birthweight was demonstrable when data from the genotypes were combined but became insignificant when assessed in maternal genotypes separately, possibly reflecting the relatively small numbers in the current study.  It could be argued that the study should be extended to provide larger numbers but the 41 SS patients in the current study represented all eligible pregnancies in SS disease over 5 years in an institution serving over 4,000 patients with SS disease and a larger study is likely to require multi-centre collaboration.  This current study also for the first time has shown serial sonographic assessments of fetal growth in women with sickle cell disease and demonstrates that in infants surviving to delivery, fetal differences did not emerge until 25-35 weeks of gestational age.


The second hypothesis that complications of sickle cell disease in pregnancy may compromise fetal growth received some support.  Pregnancy in sickle cell disease is associated with increased risks of urinary tract infection, bone pain crises and the acute chest syndrome, the latter two complications being associated with serious morbidity and mortality especially in the last 3 months of pregnancy.  There was no evidence that urinary tract infections or acute chest syndrome influenced birthweight although the numbers of these events was small.  However, a history of bone pain crisis, although associated with a reduced birth weight, became insignificant after correction for gestational age and infant gender but the difference in crown-heel length was reduced but remained significant after correction.  The mechanism of such an effect is conjectural but of potential interest.  The pathology of most bone pain crises is believed to be avascular necrosis of the bone marrow and it may be that the associated inflammatory response compromised fetal growth or that both bone pain crises and impaired fetal growth reflect an intrinsic severity of the disease not yet understood.
In summary, the dynamics of fetal growth measured by sonography in babies of SS mothers did not differ at 25 weeks, but certain differences emerged by 35 weeks.  The gradual evolution of these changes could be consistent with the underlying hypothesis that the fetus must compete with the other metabolic demands of the mother.  A potentially important new observation is the possible association of maternal bone pain crisis on fetal growth which will need confirmation in larger studies.  
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