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Abstract: Prenatal screening is needed in cases of blood disorders that cause hemolysis and eventually lead to 

anemia and death of the fetus. At this time a constraint for prenatal diagnostic is a fairly expensive for most levels 

of the Indonesian economy. DNA analysis at this point considered the most accurate and can determine whether 

the fetus is exposed to major or minor gene abnormality.  

The examination for the actual screening is not feasible because can only be done in a particular city and can not 

be done in every place. Screening of thalassemia, which had been performed abroad, while in Indonesia currently 

no program for it although new patient increase. The way a simple laboratory has long been known, especially 

checking MCV and MCH and blood osmotic fragility test (OTOFT) in the mother, but the main choice is fetal 

chorionic vilous sampling (CVS) or amniocentesis. Both of these tests require examination of DNA that are quite 

expensive.  

Ultrasonography is a tool that is commonly used today in the field of obstetrics. Technological advances, especially 

Doppler ultrasound has become commonly used. Detection of fetal anemia on serial ultrasound, either with or 

without Doppler can be used primarily to detect anemia in fetuses by parents who have thalassemia carrier. 

Measurement cardiothoracic ratio (without Doppler) and measurement of peak systolic velocity (PSV) in middle 

cerebral artery (with Doppler), performed serially can detect fetuses with anemia earlier to allow for further 

examination and treatment in the pregnancy. 
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1.     INTRODUCTION 

Prenatal diagnostic is a term that means to be equated with the actions or the diagnostic make before the fetal born. At this 

time  growing understanding of prenatal diagnostic including genetic pedigree analysis, population screening, genetic 

counseling and diagnostic testing on the fetus. Although genetic testing can have broad impact on gene transcription 

family, but the test is carried out at less than 1% of pregnancies.[1] In thalassemia disease is mainly prenatal diagnostic 

population screening in pregnant women and their partners as well as the fetus. Thalassemia is a major health public 

problem in some countries in the world. This is especially true threat in countries including thalassemia belt such as 

Indonesia, but at the moment does not include priority health problems in Indonesia proven at present there is no specific 

program for the prevention of this disease. 

The condition causes the disease is devoid of news and almost never exist of health promotion in the  past. This condition 

contrast with other countries that have    elimination  program of this disease since several decades ago. Southeast Asian 

countries are quite advanced for this program were Thailand and singapore. Thailand doing disease elimination programs 

with mass screening approach premarital screening, while Singapore with advanced equipment to approach diagnostic 

prenatal.[2,3] 
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The discovery of the nature of the case in the general population have been carried out. Lau et al in Honkong get carrier 

properties (carrier/carrier) of 7.9%.[4] Suhanda get the nature of the medical student population in Bandung,Indonesia.[5] 

Thomas et al in their study in the UK get a case of the nature of 8.3% the population of pregnant women at the clinic 

antenatal.[6]  Estimates of the carrier  in Indonesia between 3-8%, in some areas reached 10% and the estimated birth of 

new patients is approximately 3000 patients with thalassemia major births per-year by Setianingsih et al study, 

thalassemia patients reached 32% remaining α, β thalassemia.[7,8] 

2.   PREMARITAL SCREENING 

Screening premarital carried out by Europe countries  in the 1960s and 1980s and then continued with a prenatal 

diagnostic to the method of DNA analysis in the case of the parental carrier especially in certain ethnic. Several countries 

in Asia are approaching screening mass were India, Saudi Arabia, Iran, and  Thailand.[9-11] Mass screening is quite 

effective, especially in countries which were quite more patient. [12-15] 

Initial screening can be done routinely, including antenatal care clinics (ANC) by measuring  the absolute value of the 

erythrocytes as the value Mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH). Such 

measurement were  conventional way to establish suspected a person  as a carrier. The value of the reference person  

suspected carrier of thalassemia carrier was less than 75 for MCV, and the value of MCH was less than 26 (some 

literature MCV <80 fl and MCH <27pg). [6,10,14,16-20] Gomber et al recommend MCV less than 70 fl will be more 

sensitive and specific for screen.[21]  Tangvarasittichai et al, get cut-off point MCV <75 fl and MCH <25 pg, with a 

specificity of 81.5% and 85.0% whereas when combined between MCV and MCH spesivisitasnya value up to 88.5% .[3] 

This method has been done a long time and proved to be one way that was quite helpful. Counting erythrocytes and 

hemoglobin requires  personal  skills when done manually, and  highly dependent examiner. This examination was 

performed with a fairly accurate analysis of blood cells. 

Another simple way and has been widely used is the method of the erythrocyte osmotic fragility test tube or also known 

as the one tube osmotic fragility test (OTOFT). or naked eye single tube red cell osmotic fragility test (NESTROFT) 

.[2,9,10,13,15,22-24] Principle of this examination is to test the resistance of erythrocytes in hipotonic environment, if 

there are abnormalities in the formation of erythrocytes wall ( thalassemia)  then the cell will be easily broken or lysis 

compared with cells that do not have abnormal formation of protein (healthy).[22] 

At this time in Indonesia, OTOFT method  not yet get attention and are not widely used. The experience of countries that 

have been using this method such as India and Thailand, proved to have a sensitivity and specificity were quite good with 

a very low cost so it is suitable for mass screening in the country with a large population. Gomber et al get OTOFT 

95.59% sensitivity and 84.2% specificity.[21] Tangvarasittichai et al, getting a sensitivity of 91.7% when combined with 

MCV OTOFT and MCH.[3] Kattamis et al (1981) in Greece has been evaluated with OTOFT screening can detect 96-

100% in carriers of thalassemia carrier β.[25] Mass screening policy report in Iran to prevent thalassemia major states 

,OTOFT considered more superior than the examination of the absolute value of the erythrocytes which can be done 

through primary health care. 

3.   PRENATAL DIAGNOSTIC 

Prenatal screening has been widely known to prevent thalassemia major who have severe symptoms, and proved to be 

'cheaper' than the treatment of patients who require life-long treatment. Countries that routinely perform specialized 

prenatal screening thalassemia such as  Britain, Canada, Hong Kong, Singapore, and Israel.[14] This was quite a 

significant role in reducing the number of new patients with thalassemia major. Selection of screening  mainly carried out 

by certain ethnic approach to a population that risk  often likely as a carrier of thalassemia carrier. In populations that have 

more carrier  thalassemia  highly recommended for pregnant women to do prenatal screening for thalassemia if the status  

not know.[14,18,24]  Universal screening policy greatly depends on each country because of heterogeneity and variants  

associated  with  mutations in each ethnic.  Thalassemia patients in Indonesia usually have  different gene mutation  with 

Europeans, because Indonesia has many tribes and migration and intermarriage or migrant causing mutation variants were 

quite a lot. 
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When the population of patients with Thalassemia pretty much, screening can begin by examining MCV, MCH  or 

osmotic fragility resistance test method. This method was  quite useful in several studies for the initial screening of the 

nature of α and βTalasemia especially. Mean corpuscular hemoglobin (MCH) is more useful than the MCV because it is 

more stabil.[14] Screening MCV / MCH coupled with eletroforesis should be routinely performed on a population with a 

blood cell disorder such as sickle cell anemia (sickle cell) and Thalassemia carrier.[13] 

If the value of MCV and MCH lower, maternal blood should be checked also a partner for  screen  thalassemia α, β. β 

thalassemia is suspected when electrophoresis HbA2 increased > 3.5%, while iron deficiency is known with Fe content 

inspection. Therapy for Fe deficiency  for 4 weeks or after the Fe content was  normal before  do  re-examination of the 

value of MCV and MCH. Nevertheless carrier α thalassemia carrier often have normal MCV, MCH and 

HbA2.[10,13,14,22,23,26] 

In some ethnic like the people of Cyprus, δ or β thalassemia patients suspected when MCV and MCH lower although on 

electrophoresis HbA2showed normal value. The fetus was  suspected thalassemia deletion δ or β and some types of 

hereditary persistence of fetal hemoglobin (HPFH) when there is an increased level of HbF (5% -30 &) in heterozigot.[14] 

Couple with both carriers of thalassemia should consult with a clinician to a possible diagnostic of thalassemia in the 

fetus. Delivered neonates have  possibility  25% to chance  becoming a normal child, 50% chance to be a carrier, and 25% 

is likely to be a Thalassemia mayor.[13] 

Invasive procedures commonly performed prenatal  by amniocentesis or CVS followed by DNA analysis. At this time the 

analysis of  DNA  was  the main option, with the PCR method  have advantages more simple, fast and relatively "cheap" 

(not for Indonesia) compared to the method of gene 'mapping'.[2,14] 

Diagnosed  fetal  as thalassemia major, in some countries legal to do abortions and counseling for future pregnancies. 

Education was important to do before the screening. Counseling includes information about the disease, laboratory 

testing, inspection procedures and prognosis.[14] There are other ways, namely by cordocentesis which still include 

invasive procedures but can be done at service centers are not available means for DNA analysis. This procedure  do to 

find signs of fetal anemia by checking directly the profile of blood taken from the umbilical cord, and advanced procedure 

for Hb electrophoresis and Hb Bart's Portland.[27] This procedure can be continued with transfusions of blood through 

the umbilical cord after a blood profile showed anemic conditions. 

Non-invasive procedure can be performed serial ultrasound examination with Doppler or without Doppler, can be done 

regularly, especially to look for cases of severe anemia as in homozygous α thalassemia, which if not to be  hydrops 

fetalis (Hb Bart). Theoretically diagnostic can be established as early as possible so that the condition of severe anemia in 

the fetus can be addressed to prevent the condition gets worse and cause hydrops.[14]  

Experience and good machine ultrasound needed to monitor the possibility of severe anemia in the fetus, especially both 

parents thalassaemias carrier. The easiest way was without Doppler by measuring the cardiothoracic ratio serially. Checks 

can be started at gestation week 12 to 15, followed by the age of 18 to 20 and the last at the age of 30 weeks. 

Measurements are performed each cardiothoracic ratio ≥ 0:50 at the age of 12 weeks, at 18 weeks ≥ 0.52 ≥ 0.59 and at  30 

weeks. Anomaly placental signs such as plasentomegali (placental thickness > 18 mm at 12 weeks of gestation). If no 

abnormalities  sign  recommended to be done CVS or amniocentesis for DNA analysis as confirmation of α-thalassemia 

mayor.[14] 

This approach can be applied to single or multiple fetuses and can be used also for screening congenital abnormalities. At 

12 weeks gestation can be done simultaneously measuring Nuchal Translucency (NT). When the measurement of 

cardiothoracic at the age of 12 weeks is less than optimal can be repeated 2-3 weeks later, especially if the mother did not 

want to do an invasive procedure. Screening couple with eletroforesis should be do  in addition to routine monitoring of 

serial ultrasonography, except that thalassemia status was already established.[14] 

Serial examination by Doppler ultrasound  to measure serial peak systolic velocity blood flow in the middle cerebral 

artery (MCA). These checks had the principle of blood flow velocity will increase due to an increase  cardiac output and a 

decrease in viscosity when the fetus suffers anemia.[28] Mari et. al studied the relationship of anemia with the peak 

systolic flow  MCA, examination value should converted  first into terms of multiples of the median ( MoM) depend on 
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gestational age. Reason needs to be converted first based on  gestational age because  peak systolic will change and 

different mean accordingly gestational age.[29] Doppler MCA better than amniocentesis to diagnose fetal anemia, with a 

sensitivity of 88% and a specificity of 82%.[28]  

DNA analysis despite having high accuracy, but there are some flaws that can cause the error checking, such as 

contamination of specimens from the mother, or problem analysis technique itself. Contamination can be avoided by 

separating the maternal decidua with fetal trophoblast as well and as accurately as possible. Non-invasive way can be do 

by find fetal DNA in maternal blood flow derived from fetal blood cells contaminating the mother's blood. This method 

requires special equipment that is very advanced technologi. Fetal blood cells contained  mutations derived from the 

father, that made differentiation  between fetal and maternal cells blood.[14] 

Premarital screening to determine the status of carrier  both parents should have been done prior to prenatal diagnostic. 

When  if carrier couples marriage, prenatal diagnostic should be done depends on the type of thalassemia. Mass screening  

can be taken as prevention of the disease and cut the generation from suffer. Simple method such as OTOFT or 

erythrocytes profile screening merely preliminary and need further investigation including DNA analysis.Serial 

ultrasound monitoring for signs of fetal anemia, followed by CVS or amniocentesis for DNA analysis is highly 

recommended for couples who both as thalassemias carrier. 
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