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ABSTRACT
Objective. To assess the current problem of alloimmunisation in tertiary referral centre in Croatia. The obtained results were compared to published data worldwide.   

Methods. Retrospective case analysis including women with Rhesus (Rh) alloimmunisation treated in our Department from January 1997 to January 2003. Data of interest included incidence, prevention, diagnosis and treatment, with the final point on perinatal mortality and morbidity.

Results. 23 pregnant women with alloimmunisation were identified. The incidence was 0.138% of deliveries in the same time period. The median gestational age at diagnosis/referral was 22 weeks ranging from 9 to 37 weeks. Anti D antigen, alone or in combination with the other antigens, was responsible for more than 90% of alloimmunisation cases included. Defined protocol for prevention of Rh D immunization after previous delivery was not properly followed in 9/19 cases. Particular problem was the prophylaxis after previous pregnancy termination (TOP) where only 1/14 woman received adequate prophylaxis and only after two of five TOP. Regarding fetal treatment, 9/23 women had totally 24 intrauterine intravascular blood transfusions (IUIVT). Overall, perinatal mortality was 13%, and median gestational age at delivery was 34 weeks ranging from 31 to 40 weeks. There was totally 31 fetal exchange transfusions after delivery performed in 14/20 newborns.
Conclusion. Despite precise diagnostic criteria and modern therapeutic options, alloimmunisation remains problem in Croatia. It is still related to a high perinatal mortality and morbidity. The particular problem is inadequate prevention. 
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Introduction

Alloimmunisation was one of the most important causes of perinatal mortality and morbidity by the middle of the last century. It was affecting 1-2 % of all pregnancies and approximately 50 % of Rhesus (Rh) immunized pregnancies were lost [1]. This was reduced by 100-fold in the last decades using prophylactic immunoglobulin and fetal therapy procedures, particularly an intrauterine intravascular transfusion (IUIVT) [2]. Today the incidence of hemolytic disease of the newborn secondary to Rh disease is approximately one to six cases per 1000 pregnancies [3]. 

Despite modern treatment options and technical advances, alloimmunisation remains a problem in modern obstetrics. The perinatal mortality is high, being reported between 10 and 15 %, mostly as some fetuses may have such severe hemolytic disease that they may die in-utero before they are mature enough for neonatal survival, and before they need, or before they are suitable, for IUIVT [4]. As well as that, fetal therapy is not a simple procedure, requiring experienced staff and high quality equipment, and it is not readily available throughout the word.

In this retrospective analysis, we present the cases of Rh alloimmunisation managed in the tertiary referral center.  

Patients and methods

This is a retrospective analysis of women with alloimmunisation treated at University Department of Obstetrics and Gynecology, “Sveti Duh” Hospital, Zagreb, Croatia, between January 1997 and January 2003. The basic information about all cases was kept in the database and on the end of study period, patients’ notes were retrieved and data were analyzed. The inclusion criteria were positive indirect Coombs’ test (ICT), i.e. presence of antigens against fetal RBC in maternal blood. All women with administered anti-D immunoglobulin in present pregnancy were excluded from the further analysis.   

We analyzed general demographic data, immunization type, history of prophylactic and therapeutic administration of the anti D immunoglobulin, current diagnostic and therapeutic management, including different forms of fetal therapy, and finally pregnancy outcome with perinatal mortality and morbidity. General data were taken from patients’ notes, including gravidity, parity, and number of terminations of pregnancy (TOP) as well as the data from patients’ history suggestive of hemolytic disease in the pervious pregnancy. This included threatened and actual miscarriage, ectopic pregnancy, stillbirths, early neonatal deaths, neonatal exchange transfusion in last pregnancies and transfusions of dissimilar Rhesus (Rh) blood type to the mother in the past.

Diagnostic procedures and management options

Management options included maternal corticosteroid therapy (prednisone 10 mg tds) and intravascular fetal transfusion. The indication for prednisone therapy was the presence of antigens against fetal RBC in maternal blood independently on the titer values. This was stopped after year 2001. We use the critical titer of 1:16 as a cut of point value below which severe fetal hemolytic diseases does not occur. When the maternal titer is below that critical threshold, the maternal blood sample is retested at monthly intervals with continuation of prednisone therapy. In cases when titer is 1:16 and above, we do invasive evaluation of hemolytic disease. In order to do so, we perform ultrasound guided amniocentesis and spectrophotometry delta (Δ) OD 450. The amniocentesis is performed under direct ultrasound guidance and if results of optical density are in the zone B2 or C based on Lileys’ data [5], we are performing cordocentesis and intrauterine intravascular transfusion (IUIVT). If the density is in the zone A or B1, we are repeating amniocentesis in the 2-4 weeks intervals. As well as that, all women are examined by ultrasound every two weeks and if signs of hydrops were present, we directly perform cordocentesis with preparation for IUIVT.

Starting from the year 2002 we use mid cerebral artery peak systolic velocity (MCA PSV) measurements as a non-invasive diagnostic test to evaluate weather the fetus is anemic [6]. The IUIVT is performed under the ultrasound guidance and it is indicated if fetal hematocrit is lower than 2 standard deviations (SD) below the mean for gestational age (in practice below 30%). It is performed as a single act procedure immediately after assessment of fetal anemia.

The volume of transfused blood is calculated by formula:   

Volume= donor blood hematocrit – desired hematocrit divided by desired hematocrit – fetal hematocrit all multiplied by feto-placental volume [7].

Donor blood used for transfusion is O Rh D negative blood collected within 24 hours, cross-matched against maternal blood and screened for hepatitis B, C and human immunodeficiency virus (HIV). At the present time, we do not screen blood for CMV. 

The blood is packed to a hematocrit of 75-85% to minimize the volume necessary for transfusion and irradiated to remove the white blood cells to avoid “graft versus host” like complications. The blood transfusion rate is 10 ml per minute. On the end of the procedure, final sample is taken to assess the fetal hematocrit and hemoglobin values. If the procedure was undertaken once, it is repeated based on the final hematocrit value, estimating the decrease of the hematocrit by the rate of 1% per day and planning the next IUIVT at calculated hematocrit value between 25 and 30%.

The particular attention is taken to pregnancies complicated with severe forms of alloimmunisation in previous pregnancy causing perinatal loss or need for IUIVT. Independently of antibody titer they are assessed in antenatal clinic on two weeks, intervals and starting from year 2002 they had MCA PSV measured at every visit.     

All women were electively delivered no later than term, but mostly between 37 and 38 weeks in non-transfused fetuses. If IUIVT took the place, the last transfusion is performed at 34 weeks and if everything normal there is a plan for elective delivery at 37 weeks.  

Pregnancy outcome

Pregnancy outcome was analyzed by gestational age at delivery, type of delivery and fetal weight. As well as that, we analyzed perinatal and neonatal mortality and neonatal morbidity. Perinatal mortality was defined as stillbirth or early neonatal death within the first seven days of life. Neonatal morbidity was assessed through Apgar score at first and fifth minute of life, Neonatal Intensive Care Unit (NICU) stays, exchange transfusion (ET) and neonatal phototherapy (PT).

Results

Totally, 23 pregnant women were included in the analysis. During the study period, there were 16678 deliveries in our hospital, giving the incidence of the alloimmunisation of 0.138%. The majority of the women included (17/23) had alloimmunisation diagnosed in our hospital as they have been referred to our unit in early pregnancy because of the risk factors and past obstetric history, while the other 6 women were referred as in-utero transfer from other centers. The median gestational age at diagnosis/referral was 22 weeks ranging from 9 to 37 weeks. Some general data, details about prophylactic and therapeutic administration of immunoglobulin and details about past medical and obstetric history related to the presence of alloimmunisation are presented in Table 1. Rh D immunization was the most commonly found one and it was responsible for 15/23 cases. This was followed by combined Rh D and C immunization present in 6 cases and finally we had 2 cases of Anti Kell immunization. Defined protocol for prevention of Rh D immunization after previous delivery was not properly followed in 9/19 cases of anti-D type alloimmunisation. The particular problem was termination of pregnancy (TOP). Among women, included 14/23 had TOP in the past. There was totally 22 TOP but only one woman got adequate prophylaxis, and only after two of five terminations. The protocol for the prevention of alloimmunisation in asymptomatic Rh D negative women without signs of the disease recommended by several world authorities was not administered to any of the women included [2,8]. 

Positive patients history data for alloimmunisation were found at 12/23 women. 
Diagnostic procedures

Diagnostic procedures used in the management of alloimmunisation were divided in two groups: noninvasive and invasive. Initial noninvasive screening procedure used for inclusion in the analysis was laboratory evaluation of maternal blood by indirect Coombs’ test (ICT), i.e. the presence of maternal antibodies against fetal RBC. This is followed by the quantitative assessment of the maternal antibodies and finally amniocentesis in order to assess the optical density of the amniotic fluid and comparison the obtained results to the Lileys’ chart [5]. The type of alloimmunisation with the antibody titer and procedure performed are presented in Table 2. The median time of positive ICT indicating invasive diagnostic procedures was 22 weeks ranging from 9 and 37 weeks. The earliest amniocentesis was performed at 16 weeks while the earliest fetal blood transfusion was performed at 25 weeks. The median antibody titer was 1:32 ranged from 1:2 to 1:256. Increase of titer is found in 7/23 pregnant women. Because of the titer being 1:16 and above 15/23 women had totally 26 amniocenteses in order to assess optical density of amniotic fluid. When undertaken as the first procedure, the mean gestational age at amniocenteses was 23 weeks.

Starting from the year 2002 we use MCA PSV in order to detect fetal anemia [6]. Since that, three women had alloimunisation diagnosed and two of them required amniocentesis because of the antibody titer. With MCA PSV Doppler measurement, we found identical results of prediction of fetal anemia as by delta  (Δ) OD 450. This was confirmed by cordocentesis. Consequently introduced MCA PSV as a non-invasive method for assessment of fetal anemia in routine practice.    

Fetal therapy

The indirect fetal therapy by prednisone was used in 20/23 pregnant women. This was stopped after year 2001.   

Cordocentesis for evaluation of fetal anemia was performed in 13/23 women, while IUIVT was performed in 9/23 women. The other 4 women did not have IUIVT as two fetuses died in-utero before IUIVT took a place (25 weeks, hydrops ascites, 28 weeks, hydrops), one fetus were not found to be anemic as they have been Rh D negative and in one case we proceeded to the delivery on the next day as pregnancy was 36 weeks gestation. Totally, there were 24 IUIVT procedures. The median gestational age at first IUIVT was 28 weeks. Two women had 1, one had 2, five had 3 and one had 5 IUIVT. The procedure was successful in all cases. Blood transfusion services were capable to provide fresh concentrated donor blood by the defined standards, and hematocrit value between 75% and 85%. The complications of IUIVT included transitory fetal bradycadia lasting less than 2 minutes and were present in 6 cases. In one among this six, bradycardia was prolonged lasting more than 5 minutes indicating emergency Cesarean section. 

Pregnancy outcome

The pregnancy outcome including neonatal complications is presented in Table 3. In 20 cases, we delivered live infant while there was 3 stillbirth cases with no cases of early neonatal deaths, giving perinatal mortality of 13%. All of them were come to us with signs of severe form of alloimunisation with hydrops. Two died before we managed to perform IUIVT, while third one died with signs of placental abruption not related to cordocentesis (2 weeks later). The median gestational age of stillbirth was 26 weeks ranging from 24 to 27 weeks. The median gestational age at delivery was 34 weeks ranging from 31 to 40 weeks. There were 9/20 vaginal deliveries, 6/20 elective Cesarean sections and 5/20 emergency Cesarean sections. The indication for emergency Cesarean section were suboptimal fetal monitoring in 4 cases, diagnosed by CTG recording (presence of unprovoked decelerations with reduced variability or complicated fetal tachycardia with decelerations) and in one case Cesarean section was performed immediately after IUIVT because of the prolonged fetal bradycardia. There were 13/20 preterm deliveries (i.e. before 37 weeks) ranging from 31 to 37 weeks. Among them there was 4/20 very early deliveries, and all of them were iatrogenic due to suspected fetal jeopardize, ranging from 31 to 34 weeks. The median birth weight was 2360 g ranging from 1600 to 4250.

Regarding neonatal morbidity, only 2 newborns had Apgar score less than 7 at 5 minutes. Totally, 6/20 babies were transferred into the neonatal intensive care unit (NICU). The median stay in NICU was 6 days, ranging from 3 to 8 days. Four of them were delivered before 34 weeks of pregnancy. There was totally 31 exchange transfusions (ET) performed in 14/20 newborns. Median number of ET per one baby was 2 ranging from 1 to 6. Phototherapy was performed in 17/20 newborns. Median stay in hospital was 15 days, ranging from 4 to 31 days. The neonatal complications other than fetal anemia were present in 4/20 cases, including 2 cases of neonatal infection, one newborn was severely asphyxiated before the delivery (delivery at 31 weeks with Apgar score 1 at one and 2 at five minutes) and one newborn had severe episodes of apneas (delivered at 32 weeks, Apgar score 9 after one and 10 after five minutes). 

Discussion

Nowadays, perinatal mortality and morbidity related to Rh alloimmunisation are significantly reduced due to the different prophylactic procedures used and, finally, due to fetal therapy [2]. Deaths attributed to Rh D alloimmunisation fell from 46/100,000 births before 1969 when post-delivery immunoprophylaxis using anti-D immunoglobulin (Ig) began in UK, to 1.6/100,000 in 1990 [9].
Our department, with an average of 3.8 cases of alloimmunisation per year and incidence of 0.138% per number of deliveries, fits in reported worldwide statistics [3]. The perinatal mortality in our analyzed group was 13%. Despite the numbers are relatively small they are comparable with published results of mortality, being between 10 and 15% [4]. As well as in the other published series, in our analyzed group nearly 2/3 fetuses that died in-utero; died because of severe hemolytic disease before they were mature enough for neonatal survival and before IUIVT was indicated or possible.

The prophylaxis of anti D alloimmunisation is very important, and, if given correctly; it is more than 99% effective in prevention of Rh disease [10]. Rh D antigen is the most important cause of alloimmunisation. In this retrospective analysis anti D antigen, alone or in combination with other antigens, was found in more than 90% of women included. With a medication readily available to prevent alloimmunisation caused by anti D antigen, this is unacceptable. The current prophylaxis of alloimmunisation in our department, and in Croatia in general, includes administration of 1250 IU of anti-D Ig within 72 hours after delivery and/or every sensitizing event. We do know that higher doses were more effective than lower doses in preventing Rh D alloimmunisation in a subsequent pregnancy, but the evidence on the optimal dose is limited [11]. Croatia is in the group of European countries where a standard postnatal dose of 1000-1500 IU is used with no requirement for a routine Kleihauer test [12]. Unfortunately, this policy does not take account of the fact that up to 0.3% of women have feto-maternal hemorrhages (FMH) greater than 15ml, which will not be covered by 1500 IU of anti-D immunoglobulin. Because of that, recommended policy in some other countries as in United Kingdom is to obtain an anticoagulated blood sample as soon as possible (within two hours) after delivery and to undertake a Kleihauer screening test to identify women with a large FMH who need additional anti-D immunoglobulin [8]. However, we do not believe that problem of alloimmunisation in Croatia is caused by inadequate dosage of prophylaxis. It is related to no administration of prophylaxis at all. In our analyzed group, defined prophylactic protocol was not properly followed in more than 50% of women included, resulting in severe forms of alloimmunisation in subsequent pregnancy. Unfortunately, from the notes, it was not possible to clearly determine why and when the prophylaxis was not administered to those women, but it seems that termination of the pregnancy (TOP) is the most important problem. Among women included in the analysis, 14/23 had TOP in the past. There was totally 22 TOP, however, only one woman got adequate prophylaxis, and only after two terminations. We would like to point that anti-D immunoglobulin should be given as soon as possible after the sensitizing event but always within 72 hours. If it is not given before 72 hours, every effort should still be made to administer the anti-D immunoglobulin, as a dose given within 9-10 days may provide some protection. Women who are already sensitized should not be given anti-D immunoglobulin.  

Unfortunately, similar medications are not available to prevent alloimmunisation to other rarer RBC antigens [2]. The other problem related to the prophylaxis is either reluctance or ignorance of Croatian health authorities and/or professional societies regarding routine antenatal anti-D prophylaxis to all pregnant women who are Rh D negative, usually at weeks 28 and 34 of their pregnancy [8,11]. The background for such management is in the studies showing that 3% of pregnant women have FMH in the first trimester, 12% in the second, and 45% in the third. Analysis of alloimmunisation in primigravidae clearly shows that on average, 90% are detectable after 28 weeks' gestation [10]. Additional anti-D prophylaxis during the course of pregnancy, starting at 28 weeks can reduce alloimmunisation to a minimum by protecting against occult FMH [10]. Maayan-Metzgeer et al pointed that the prevention of Rh alloimmunisation with anti-D immunoglobulin (one or two doses) during pregnancy is safe and does not jeopardize the newborn. No statistically significant differences were found for any of the hematological variables between the babies of mothers who received one or two doses of anti-D immunoglobulin, or between the Rh D negative babies and the controls [13]. Success at achieving comprehensive prophylaxis was disappointing, with only 89% of eligible women receiving the first injection, 74% both injections, and for only 29% got both at the correct gestation. Fifty-two percent of women delivered after 40 weeks of gestation, beyond the period of adequate prophylaxis protection. Such routine prophylaxis for nulliparous women significantly reduces the incidence of sensitized next pregnancies with consequent savings, and its adoption nationwide should be encouraged. Improvement in uptake of prophylaxis is needed; alternative administration strategies should be explored [14]. 

To improve the outcome of RBC alloimmunized pregnancies, early diagnosis of fetal anemia and referral to a specialized center are important; these steps enables the start of intrauterine treatment when hydrops is absent or minimal, improving significantly the prognosis [4]. Blood group assessment and screening for antibodies is the initial part of routine antenatal care [15]. Antibody titer together with patient history is used as an indicator of fetal condition and pregnancy outcome. In classic study by Allen, Diamond, and Jones, 174 patients had antibody titer of 1:32 or lower, with no history of fetal hydrops or stillbirth. Among them 167 (96%) had live fetuses at 37 weeks' gestation. Antibody titer exceeding the value of 1:32 was associated with significant risk of fetal death before 37 weeks` gestation [16]. However, antibody titers are good markers of maternal antibody production in the first sensitized pregnancy, but thereafter, they are of virtually no value because they do not reflect the current fetal condition. Nowadays, a titer of 1:16 or greater is generally considered the critical point at which there is sufficient risk of fetal jeopardy to warrant additional evaluation including the assessment of amniotic fluid. The timing of the first amniocentesis depends upon the patient's history and antibody titer. Traditionally, it was reported that if the patients' antibody titer is just at the critical level and the patient has not had a baby affected with alloimmunisation, the initial amniocentesis could be done at 28 to 29 weeks' gestation [17]. As the IUIVT is becoming possible earlier in pregnancy, this period is moving earlier in second trimester. In our analysis, the median time of initial amniocentesis in women with titer more or 1:16 was 23 weeks. Many methods have been used to evaluate amniotic fluid (AF) in order to detect fetal hemolysis. The most important is Lileys one. Liley plotted curves of AF delta (Δ) OD450 values based on gestational age and derived three zones of severity of fetal disease predicting the fetal condition [5]. However, a drawback of this method is that the curves exist only for pregnancies at or beyond 27 weeks' gestation [18]. In 1993, a four-zone management method was proposed that was based on 789 single and serial AF delta (Δ) OD450 values in Rh-immunized pregnancies from 14 to 40 weeks' gestation [17]. This method is efficacious in both the second and third trimesters and integrates the complementary modalities of antibody titers, MCA PSV, AF DNA Rh typing, AF delta (Δ) OD450, cordocentesis, and sonographic monitoring in a clinical management scheme. This scheme consists of four zones of increasing severity: the Rh-negative (unaffected) zone; the indeterminate zone; the Rh-positive (affected) zone and the intrauterine death risk zone [17]. Sikkel at al were exhibited that Lileys' extrapolated curve predicts severe fetal anemia with reasonable accuracy and high sensitivity. Overall, accuracy of the extrapolated Lileys' curve in predicting severe fetal anemia was 75% (95% confidence interval [CI] 64 to 84) for zone C and 86% (95% CI 77 to 93) when the upper third of zone B was included. Sensitivity of delta (Δ) OD 450 values in Liley's zone C or the upper third of Liley's zone B was 95% (95% CI 74 to 100) before and 98% (95% CI 89 to 100) after 27 weeks [19].  

However, the use of MCA PCV as a non-invasive test to evaluate whether fetus is anemic may completely take over from amniocentesis and delta (Δ) OD 450 [6, 20].

We introduce such management in 2002 and in the first year we did it as a complementary method together with amniocentesis. We found that MCA PSV has the same diagnostic accuracy as amniocentesis but this was based only on two cases. However, despite a small number of cases included, because of strong evidence from the literature [6, 20, 21], we decided to change our protocol and avoid invasive testing. The use of MCA PSV measurements do not require any more technical expertise that that which is already used to assess the such pregnancies and may avoid potential surge of antibody titer and miscarriage or preterm labor which may occur as a result of amniocentesis. As well as that, MCA PSV may help in the detection of fetal anemia in cases of alloimmunisations caused by other antibodies (i.e. Kell). In this cases anemia may occur as a result of suppression of hematopoesis more than hemolysis making amniocentesis for delta (Δ) OD 450 inaccurate.  

DNA Rh typing is another diagnostic method for evaluation of alloimmunisation. If the fetus is Rh negative, there is no risk for alloimmunisation and further diagnostic and therapeutic procedures are needless [22]. In this study, all sera from women carrying an Rh D-positive fetus (n = 62) gave positive results for Rh D gene detection and sera from women carrying an Rh D-negative fetus (n = 40) were negative. The high level of accuracy of fetal Rh D genotyping obtained from the maternal blood in this study could enable this technique to be offered on a routine basis for the management of Rh D negative patients during the first trimester of pregnancy [22].

Cordocentesis or fetal blood sampling (FBS) in our center is the standard procedure in evaluation of the fetal condition. This method provides a direct evaluation of certain fetal condition including the assessment of fetal anemia. The fetal hematocrit and hemoglobin are very important in assessing the need for intrauterine transfusion [23]. Totally, 13/23 women included in the analysis had cordocenteses. The median gestational age when cordocenteses was performed was 27 weeks. This is comparable to results of Cheong et al with the mean gestational age of 25 weeks for fetal blood sampling/transfusion [24]. Fetal therapy consists of the correction of fetal anemia by IUIVT of concentrated Rh D negative blood to the fetus. In our analyzed group, all nine cases of transfusion were intravascular under ultrasound guidance and the procedure was successful in all cases. Main complications of IUIVT include: refractory fetal bradycardia, coagulative necrosis, thrombosis, and focal calcification of one umbilical artery [25]. In our analysis, the transitory fetal bradycardia was present in 6/24 transfusions indicating urgent delivery after 1/24 transfusion. After the delivery, a rupture of umbilical vein was found causing fetal bleeding and fetal bradycardia indicating delivery. After post-delivery transfusion, the newborn was alive and well.

Some authors suggested potential effectiveness of corticosteroid therapy in management of Rh D alloimmunisation [26]. Traditionally such treatment was used in our department but not after year 2001, as there was no evidence that improves pregnancy outcome [27].

In our study totally 17 infants had phototherapy (PT). Optimal PT reduces the need for postnatal exchange transfusions (ET) [28]. Totally 37 of ET were performed in 14 infants and there were no cases of early neonatal death. As well as classical postnatal treatment of newborns with Rh alloimmunisation with ET and PT, some authors suggest treatment with recombinant erythropoietin (r-EPO) with encouraging results [29].  

Because of the relatively small number of cases reported we can only conclude that alloimmunisation is still a problem in Croatia. However, the effort should be made in education of health professionals in order to follow defined criteria for Rh D alloimmunisation prevention particularly in other potential sensitizing events rather than delivery. As well as that, despite well-known problems related to prophylaxis, Croatian health authorities and professional societies should consider routine prophylaxis for all Rh D negative women.
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Table 1. Patients’ general data, details about prophylactic and therapeutic administration of immunoglobulin and details about past medical and obstetric history related to the presence of alloimmunisation. *

	NO
	Year
	G
	P
	BG
	IT
	PREV 1
	TOP
	PREV 2
	PH

	1
	1997
	3
	1
	A -
	Rh D
	NO
	YES
	NO
	SB 36/40

	2
	1997
	2
	0
	B -
	Rh D
	n/a
	YES
	NO
	NO

	3
	1997
	4
	3
	A -
	Rh D, Rh C
	NO
	NO
	n/a
	ET 

	4
	1997
	4
	2
	A -
	Rh D
	YES
	YES
	NO
	SB 36/40

	5
	1997
	2
	1
	B -
	Rh D, Rh C
	NO
	NO
	n/a
	NO

	6
	1997
	4
	1
	AB -
	Rh D
	NO
	YES
	NO
	END

	7
	1998
	3
	2
	A -
	Rh D
	NO
	NO
	n/a
	NO

	8
	1998
	3
	2
	O +
	Rh C, AK
	n/a
	NO
	n/a
	END

	9
	1998
	3
	1
	O -
	Rh D, Rh C
	NO
	YES
	NO
	SB 32/40

	10
	1998
	4
	2
	A -
	Rh D
	NO
	YES
	NO
	ET 

	11
	1998
	3
	1
	B -
	Rh D
	NO
	YES
	NO
	NO

	12
	1998
	2
	1
	O -
	Rh D
	YES
	NO
	n/a
	NO

	13
	1999
	3
	1
	O +
	AK
	n/a
	YES
	n/a
	BT

	14
	1999
	5
	4
	O -
	Rh D
	YES
	NO
	n/a
	END

	15
	1999
	2
	1
	O -
	Rh D
	YES
	NO
	n/a
	NO

	16
	1999
	2
	1
	O -
	Rh D
	YES
	NO
	n/a
	NO

	17
	2000
	2
	1
	O -
	Rh D
	YES
	NO
	n/a
	BT

	18
	2000
	9
	6
	A -
	Rh D, Rh C
	NO
	YES
	NO
	END

	19
	2000
	5
	3
	AB -
	Rh D
	YES
	YES
	NO
	3x SB 24,28,29/40

	20
	2000
	3
	0
	O -
	Rh D, Rh C
	n/a
	YES
	NO
	NO

	21
	2002
	4
	1
	O -
	Rh D, Rh C
	YES
	YES
	NO
	NO

	22
	2002
	3
	1
	B -
	Rh D
	YES
	YES
	NO
	NO

	23
	2002
	9
	3
	B -
	Rh D
	YES
	YES
	NO
	NO


* Abbreviations: NO – ordinal number, G – gravidity, P – parity, BG – blood group, IT – immunization type, PREV 1– prevention after delivery, n/a - not applicable PREV 2 – prevention after TOP, TOP – pregnancy termination, PH – positive history, SB – stillbirth, ET - exchange transfusion, END – early neonatal death, BT – blood transfusion       

Table 2. The type of alloimmunisation with the antibody titer and procedures performed in fetal therapy.*

	NO
	GA
	TR
	AC
	NAC
	GA1
	OD 450
	Zone
	CC
	NCC
	GA

	1
	27 – 37
	1:16-1:32
	YES
	1
	32
	0,07
	B1
	YES
	1
	34

	2
	25 – 27
	1:128
	NO
	
	
	
	
	YES
	1
	25

	3
	12 – 28
	1:8-1:256
	YES
	1
	20
	m
	
	
	
	

	4
	24 – 34
	1:8
	YES
	1
	28
	0,3
	C
	YES
	3
	24,32,34

	5
	24 –31
	1:8-1:256
	NO
	
	
	
	
	YES
	1
	24

	6
	11 – 32
	1:8-1:32
	YES
	1
	21
	0,235
	B2
	YES
	5
	18,25,28,29,30

	7
	24 – 34
	1:32
	NO
	
	
	
	
	YES
	2
	25,30

	8
	19 –36
	1:128
	YES
	2
	19/25
	0,125/0,165
	B1/B1
	YES
	3
	26,29,32

	9
	24 – 34
	1:16/1:64
	YES
	1
	25
	0,15
	B1/B2
	YES
	3
	30,31,32

	10
	26 –31
	1:128
	NO
	
	
	
	
	
	
	

	11
	29 – 38
	1:32
	YES
	1
	31
	0,1
	B1
	
	
	

	12
	34 – 38
	1:8
	NO
	
	
	
	
	
	
	

	13
	12 – 37
	1:32
	YES
	1
	16
	m
	
	
	
	

	14
	37 – 38
	1:4
	NO
	
	
	
	
	
	
	

	15
	35 – 40
	1:8
	NO
	
	
	
	
	
	
	

	16
	24 – 36
	1:128
	YES
	1
	24
	0,2
	B2
	YES
	5
	26,28,30,31,34

	17
	13 – 36
	1:8-1:64
	YES
	2
	17/28
	0,18/0,298
	B1/B2
	YES
	3
	30,32,33

	18
	26 – 33
	1:4-1:256
	YES
	2
	26
	0,15/0,24
	B1/B2/C
	YES
	1
	27

	19
	9 – 24
	1:32
	YES
	1
	17
	0.13
	B1
	
	
	

	20
	14 – 37
	1:2-1:128
	YES
	3
	24/25/35
	0,063/0,048/m
	A/A
	
	
	

	21
	16 – 35
	1:16-1:32
	YES
	3
	19/21/29
	0,112/0,094/0,08
	B2/A/B1
	YES
	2
	29,32

	22
	19 – 37
	1:4-1:8
	YES
	5
	25/27/30/32/33
	0,172/0,177/0,0650,032/0,055
	B1/B1/B1/A/B1
	
	
	

	23
	28 - 36
	1:8
	NO
	
	
	
	
	YES
	1
	29


*Abbreviations: NO – ordinal number, GA – gestational age at diagnosis - delivery, TR – titer range, AC – amniocentesis, NAC – number of AC, GA1 – gestational age at first AC, OD 450 – optical density, ZONE – assessment of OD 450 by Liley (7), m – missing, CC – cordocentesis, NCC – number of CC, GA2 – gestational age at cordocentesis 

Table 3.  Pregnancy outcome including neonatal complications* 

	NO
	GA
	DT
	W
	AS1
	AS5
	NICU
	TD
	ET
	NET
	PT
	TDH
	ONC

	1
	37
	CS
	2050
	8
	9
	NO
	
	YES
	1
	YES
	16
	NO

	2
	27
	V
	
	
	
	
	
	
	
	
	
	

	3
	28
	V
	
	
	
	
	
	
	
	
	
	

	4
	34
	V
	2050
	8
	10
	NO
	
	YES
	3
	YES
	31
	NO

	5
	31
	V
	1800
	6
	8
	YES
	5
	YES
	2
	YES
	22
	NO

	6
	32
	CS
	2540
	9
	10
	YES
	8
	YES
	4
	YES
	26
	Apneas

	7
	34
	CS
	2300
	6
	7
	YES
	3
	YES
	3
	YES
	13
	Infection

	8
	36
	CS
	2500
	10
	10
	NO
	
	NO
	
	YES
	8
	NO

	9
	34
	CS
	2200
	5
	8
	NO
	
	YES
	2
	YES
	16
	NO

	10
	31
	CS
	2600
	1
	2
	YES
	6
	YES
	6
	YES
	19
	Asphyxia

	11
	38
	V
	2750
	9
	10
	NO
	
	NO
	
	YES
	7
	NO

	12
	38
	CS
	3550
	9
	10
	NO
	
	YES
	1
	YES
	9
	NO

	13
	37
	V
	3150
	9
	10
	NO
	
	NO
	
	NO
	4
	NO

	14
	38
	V
	4250
	9
	10
	NO
	
	NO
	
	NO
	5
	NO

	15
	40
	V
	2900
	9
	10
	NO
	
	YES
	1
	NO
	5
	NO

	16
	36
	V
	2090
	9
	10
	YES
	7
	YES
	2
	YES
	14
	Infection

	17
	36
	CS
	2400
	9
	10
	NO
	
	YES
	2
	YES
	11
	NO

	18
	33
	V
	2100
	9
	10
	NO
	
	YES
	2
	YES
	15
	NO

	19
	24
	V
	
	
	
	
	
	
	
	
	
	

	20
	37
	CS
	2850
	9
	10
	NO
	
	NO
	
	YES
	11
	NO

	21
	35
	CS
	2670
	10
	10
	NO
	
	YES
	1
	YES
	15
	NO

	22
	37
	V
	3300
	9
	10
	NO
	
	YES
	1
	YES
	10
	NO

	23
	36
	CS
	1700
	9
	10
	YES
	8
	NO
	
	YES
	27
	NO


* Abbreviations: No – ordinal number, GA – gestational age, DT – Delivery Type, V – Vaginal, CS – Cesarean Section, SB – stillbirth, W – fetal weight, AS – Apgar score (1 after one minute, 5 after five minutes), NICU - neonatal intensive care unit, TD – total days in NICU, ET - exchange transfusion, PT – phototherapy, TDH – total days in hospital, ONC – other neonatal complications
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