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ABSTRACT 

Background: There is no clear objective hemoglobin or hematocrit (HCT) level below which blood transfusion 

is recommended in neonates. Moreover, hemodynamic measurements are not common in transfusion practice. 

The decision to transfuse is, therefore, frequently based on clinical signs and standard guidelines. 

Objectives: To study the impact of blood transfusion on vital signs and cardiac functions in neonates with 

anemia  

Patients & Methods: This cross-sectional study was conducted during the period from May 2023 to May 2024 

on 40 preterm and full-term neonates less than 4 weeks of life of both sexes admitted to NICU at Al-Hussein 

University hospital Diagnosed as anemia and fulfilled the criteria of blood transfusion. 

Results: The Results showed that the age ranged from 2 to 24 days with a mean of 8.7 ± 6.09 days. Gestational 

age ranged from 31 to 37 weeks with a mean of 33.5 ± 1.77 weeks. There were 14 (35%) males and 26 (65%) 

females. Weight ranged from 1.7 to 3.5 kg with a mean of 2.3 ± 0.41 kg. Length ranged from 41 to 50 cm with a 

mean of 44.6 ± 5.43 cm. Also, the causes of clinical instability of the studied patients were, 13 (32.5%) patients 

were subjected to continuous positive airway pressure with FiO2 >40% aged less than 7 days with Hb below 13 

gm , 7 (17.5%) patients had early-onset sepsis with vasopressor support aged 8 to 14 days with Hb below 9 

gm/dl,1 (7.5%) patients had late-onset sepsis with vasopressor support aged 20 days with Hb below 7 gm/dl , 12 

(30%) patients were subjected to mechanical ventilation aged less than 7 days with Hb below 13 gm/dl, 5 

(12.5%) patients had nasal catheter with vasopressor support aged 8 to14 days with Hb below 9 gm/dl, and 2 

(5%) patients had surgery (imperforated anus) aged less than 7 days with Hb below 13 gm/dl. Respiratory rate 

before transfusion ranged from 45-63 breath\minute with a mean 53.2 ± 4.16 and after transfusion 45-60 

breath\minute with a mean 51.8 ± 4 (P<0.001) , heart rate before transfusion ranged from 170-210 beat\minute 

with a mean 184.4 ± 6.81 and after transfusion from 140-163 beat\minute with a mean 154.7 ±5.83 (P<0.001), 

oxygen saturation before transfusion ranged from 91-96 % with a mean 93.7 ± 1.43 and after transfusion from 

93-97 % with a mean 94.4 ±1.24 (P<0.001), MAP before transfusion ranged from 51_67 mmhg with a mean 

59.3 ± 4.64 and after transfusion from 51-67 mmhg with a mean 60.3 ±4.36 (P<0.001), Ejection fraction before 

transfusion ranged from 51-69 % with a mean 60.2 ± 5.52 and after transfusion from 52-69 with a mean 61.4 

±5.61 (P<0.001), LVET before transfusion ranged from 170-239 ms with a mean 189.9 ± 20.82 and after 

transfusion from 162-264 with a mean 218.4 ±28.38 (P<0.001), stroke volume before transfusion ranged from 

3.2-5.2 ml with a mean 4.3 ± 0.58 and after transfusion from 3.2-5.4 ml with a mean 4.4 ±0.57 (P<0.001), and 

fractional shortening before transfusion ranged 32-50% with a mean 37.1±2.85 and after transfusion from 35-

41% with a mean 38.6 ±1.77 (P<0.001) , cardiac output before transfusion ranged from 0,61-0.97 L\m with a 

mean 0.8 ± 0.1 and after transfusion from 0.56-0.85L\m with a mean 0.7±0.08 (P<0.001) 

Conclusion: The study revealed that Blood transfusion improves the clinical symptoms in neonates with anemia 

and showed Significantly higher oxygen saturation, MAP, lower heart rate and respiratory rate and significant 

effect on the heart function including; increase in EF, LVET, SV, Fs and decrease in cardiac output.  
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INTRODUCTION 

All newborns are subjected to decline in 

hemoglobin levels in the first weeks after birth. In 

neonatology, this condition is often called 

physiological anemia of the newborn. In healthy 

term neonates, clinical signs or symptoms of 

anemia are absent; this normal decline in Hb is 

referred to as “physiologic” or “early anemia of 

infancy” (Saito Benz etal., 2020)  

It was noted that the lowest value of hemoglobin in 

term neonates may fall below 10 gm/dL in age from 

10 to 12 weeks; In contrast, anemia in preterm 

neonates (anemia of Prematurity) is the 

pathophysiological process with larger and faster 

drop in hemoglobin. Consequently, there is a need 

for blood transfusion and application of human 

recombinant erythropoietin. (Laura and Thamires, 

2021) 

The anemia experienced by neonates depends on 

the blood loss at birth, inadequate erythropoiesis, 

frequent blood sampling, rapid growth, hemorrhage 

and hemolysis. (Saito Benz et al., 2019) 

The echocardiogram provides critical insights into 

how the neonatal heart compensates for anemia by 

evaluating parameters such as cardiac output, 

ventricular function, and stroke volume. (Ilardi et 

al., 2021). In anemic neonates, the heart often 

compensates by increasing cardiac output through a 

combination of higher heart rate and stroke volume 

(Giesinger and McNamara,.2021).  

Echocardiography can measure these changes by 

assessing ventricular size, wall motion, and flow 

velocities. For instance, an increase in left 

ventricular end diastolic dimension may indicate 

volume overload, which is a common finding in 

anemic neonates as the heart attempts to increase 

stroke volume to compensate for reduced oxygen-

carrying capacity (Khot et al., 2023).  

Parameters such as left ventricular ejection fraction 

(LVEF) and fractional shortening (FS) can be 

particularly useful in determining the degree of 

cardiac stress in anemic infants (Nestaas., 2022).  

AIM OF THE STUDY 

The aim of this study is to find the impact of blood 

transfusion on vital signs and cardiac functions in 

neonates with anemia  

PATIENTS AND METHODS 

The sample size and power analysis were calculated 

using Epi-Info software statistical package created 

by World Health organization and center for 

Disease Control and Prevention, Atlanta, Georgia, 

USA version 2002. The criteria used for sample 

size calculation were as follows: 

- Confidence limit 95%  

- Accepted error 5%  

- Power of the study 86 % 

The sample size was found at N = 38 cases at least 

Ethical consideration: 

1. Approval of ethical committee in the pediatric 

department, college and university was obtained 

before the study. 

2. written consent was taken from parents of each 

participant before the study. 

3. The parents have the right to withdraw his or her 

newborn from the study at any time. 
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Inclusion criteria 

 Age: preterm and full-term neonates less than 4 weeks of life. 

 Both sexes were included. 

 Diagnosed as anemia and fulfill the criteria of blood transfusion according to the following criteria: 

 

Clinical instability is defined by the presence of at least one of the following:  

 Invasive mechanical ventilation  

Circulatory failure requiring inotropic/vasopressor support  

 CPAP or other non-invasive positive pressure ventilation support with fraction of inspired oxygen >0.4  

 Acute sepsis or necrotizing enterocolitis with hemodynamic instability requiring vasopressor support  

 > 6 documented apneas requiring moderate intervention per 24 hours  

 Undergoing major surgery (within or up to 48 hours after surgery (Lacroix et al.,2007) 

 

Exclusion criteria 

 Patient older than 4 weeks of age. 

 Cardiac defects, severe congenital malformations, presence of other potential causes of bradycardia and/ or 

hypoxemia such as intracerebral hemorrhage, neonates with ongoing blood loss, severe alloimmune 

hemolytic disease of newborn (Sawyer AA et al., 2017).  

Study procedure 

• Patients with anemia were selected from NICU according to above mentioned inclusion and exclusion criteria 

and all neonates received packed RBC according to equation of volume of blood transfusion  

 

Postnatal age Gestational age 

Hemoglobin (hematocrit) thresholds 

For transfusion 

Neonates 

 With Clinical 

instability 

Neonates Without 

clinical 

instability 

0-7 days Any 
13 gm/dL 

(34%) 

10 gm/dL 

(29%) 

8-14 days 

<35 weeks 

 

12 gm/dL 

(32%) 

8 gm/dL 

(24%) 

≥35 weeks 
9 gm/dL 

(26%) 

7 gm/dL 

(21%) 

≥15 days 

<35 weeks 

 

10 gm/dL 

(28%) 

7 gm/dL 

(21%) 

≥35 weeks 
7 gm/dL 

(21%) 

7 gm/dL 

(21%) 

 

(Lacroix et al.,2007) 
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over a period of 4-5 hrs, according to the usual transfusion procedure on the NICU. (Padhi et al.,2015)  

All neonates included in the study were subsequently subjected to: 

I. Full medical history talking including: age and sex, full perinatal history and gestational age, signs 

suggestive of anemia (e.g. desaturation, bradycardia, increase oxygen requirement, tachycardia and 

mottled skin). 

II. Complete clinical examination including: 

a. Vital signs were measured to detect any abnormality of vital signs (respiratory rate, heart rate, 

temperature, oxygen saturation, blood pressure, capillary refill time). 

b. Assessment of gestational age according to Ballard and new Ballard score. (Allan et al., 2009). 

c. Body weight and length according to ponderal index. (Chard et al.,2012) 

d. Cardiac examination to detect any structural cardiac abnormality. 

e. Echo-cardiograph was performed to cases under investigations. 

III. Laboratory evaluations included: 

Complete blood count (CBC) with our main interest concerning Hb. (g\dl), Hct and RBC counts and 

RBCs indices (Gothwal et al., 2021)., Mother blood group, Baby blood group, Rh factor, Blood film, 

Reticulocyte count (Sakharkar et al.,2024), ESR and CRP. (Elsayed et al., 2021).  

 

IV. Echocardiography: Echo-Doppler examination was performed for all cases pre and 2hours post blood 

transfusions in a supine or left lateral position using Philips EPIQ7C (multi frequency transducer) 

according to the age of patient, having tissue velocity Imaging Capabilities. 

V. All neonates underwent recording of vital signs (respiratory rate, heart rate, oxygen saturation and 

systemic blood pressure) before and after transfusion. 

 

RESULTS 

The result of our study will be demonstrated in the following tables: 

Table (1): Demographic data of the studied patients 

Variable Number Percentage % 

Post-natal age (Days) 

Mean ± SD 

Range 

 

8.7 ± 6.09 

2 – 24 

GA (weeks) 

Mean ± SD 

Range 

 

33.5 ± 1.77 

31 – 37 

Sex 

Male 

Female 

 

14 

26 

 

35% 

65% 

Weight (kg) 

Mean ± SD 

Range 

 

2.3 ± 0.41 

1.7 - 3.5 

length (cm) 

Mean ± SD 

Range 

 

44.6 ± 5.43 

38 – 50 

This table shows: Demographic data of the studied patients. 
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Table (2): Causes of clinical instability of the studied patients 

Variable Number Percentage % 

CPAP with Fio2>40% RDS on 

13 
32.5 % 

 

EOS with Vasopressor 

Support 

 

7 
17.5 % 

 

LOS with vasopressor support 

 
1 

2.5 % 

 

Patient with RDS on MV 
12 

30 % 

 

Nasal catheter with vasopressor support 
5 

12.5 % 

 

Surgery (imperforated anus) 2 5 % 

 

This table shows: clinical instability of the studied patients with predominance of babies with RDS on 

CPAP with Fio2 > 40%. 

Table (3): Clinical findings before and after transfusion of the studied patients 

Variable Number Percentage % 

Temperature (◦C) 

Mean ± SD 

Range 

 

37.4 ± 0.5 

36.9 - 38.5 

Capillary refill time 

<3 sec 

>3 sec 

 

34 

6 

 

85% 

15% 

 

Variable 

Before 

Transfusion 

After 

transfusion 
P-value 

RR (breaths/min) 

Mean ± SD 

Range 

 

53.2 ± 4.16 

45 - 63 

 

51.8 ± 4 

45 - 60 

 

<0.001* 

O2 saturation (%) 

Mean ± SD 

Range 

 

93.7 ± 1.43 

91 – 96 

 

94.4 ± 1.24 

93 - 97 

 

<0.001* 

MAP (mmHg) 

Mean ± SD 

Range 

 

59.3 ± 4.64 

51 – 67 

 

60.3 ± 4.36 

51 - 67 

 

<0.001* 

H.R (beat/min) 

Mean ± SD 

Range 

 

184.4 ± 6.81 

170 - 201 

 

154.7 ± 5.83 

140 - 163 

 

<0.001* 

 



            Al-Azhar Journal of Ped.                  Vol. 28                 No. 3          July   2025 

4628 

 

This table shows: statistically significant improvement of mean readings of RR, O2 saturation, MAP and 

heart rate. 

 

 

      

 

   Table (4): Echocardiographic data of the studied patients before and after transfusion  

 

 

Variable 
Before 

transfusion 

After 

transfusion 
P-value 

Ejection fraction (%) 

Mean ± SD 

Range 

 

60.2 ± 5.52 

51 – 69 

 

61 ± 5.61 

52 - 69 

 

<0.001* 

LVET (ms) 

Mean ± SD 

Range 

 

189.9 ± 20.82 

170 – 239 

 

218.4 ± 28.83 

162 - 264 

 

<0.001* 

Stroke volume (ml) 

Mean ± SD 

Range 

 

4.3 ± 0.58 

3.2 - 5.3 

 

4.4 ± 0.57 

3.2 - 5.4 

 

<0.001* 

Cardiac output (L/min) 

Mean ± SD 

Range 

 

0.8 ± 0.1 

0.61 - 0.97 

 

0.7 ± 0.08 

0.56 - 0.85 

 

<0.001* 

Fractional shortening 

(%) 

Mean ± SD 

Range 

 

37.1 ± 2.85 

32 – 50 

 

38.6 ± 1.77 

35 - 41 

 

<0.001* 

 

This table shows: statistically significant improvement of EF, LVET, SV, FS and decrease in CO. 
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DISCUSSION 

This cross-sectional study was conducted on 40 

neonates admitted at NICU at Al-Hussein University 

hospital diagnosed with anemia and fulfilled criteria 

of blood transfusion. 

In the current study, regarding the causes of clinical 

instability of the studied patients, 13 (32.5%) patients 

were subjected to continuous positive airway 

pressure, with FiO2 40% 7 (17.5%) patients had 

early-onset sepsis with vasopressoer support, 3 

(7.5%) patient had late-onset sepsis with vasopressor 

support, 12 (30%) patients were subjected to 

mechanical ventilation, 5 (12.5%) patients had nasal 

catheter with vasopressor support, and 2 (5%) 

patients had surgery (imperforated anus). 

In accordance with us, Qi and Li-na (2018) found 

that among the 60 premature infants included, 18 

premature infants required mechanical ventilation, 

and 5 (8%) premature infants 22 (37%) premature 

infants required nasal cannula or oxygen inhalation 

by mask. 

In alignment with us, Leipälä et al. (2004) reported 

that out of 37 infants, 10 infants were breathing 

spontaneously, 5 were supported by nasal CPAP, and 

22 were mechanically ventilated. 

 

All the studied patients (40 neonates (100%)) had a 

decrease in heart rate and Respiratory rat after 

transfusion compared to before transfusion (P<0.001) 

while oxygen saturation was significantly higher after 

transfusion compared to before transfusion 

(P<0.001). The mean arterial blood pressure (MAP) 

was significantly higher after transfusion compared to 

before transfusion (P<0.001). 

In accordance with us, Qi and Li-na (2018) found 

that respiratory rate decreased significantly within 24 

h after blood transfusion (P<0.05. The body 

temperature was not statistically different in pre- and 

post-transfusion (P>0.05). They revealed that no 

significant improvement was noted in oxygenation 

following blood transfusion in preterm infants. The 

heart rate decreased significantly within 24h after 

blood transfusion (P<0.05) and the MAP was not 

statistically different in pre- and post-transfusion 

(P>0.05), this can be explained by nature of studied 

sample being homogenous group (preterm). 

In agreement with our findings, Ge et al. (2015) 

showed that the heart rate and respiration rate of the 

neonates were significantly decreased within 4 hours 

after blood transfusion compared with before blood 

transfusion. The MAP increased after blood 

transfusion compared with those before blood 

transfusion. However, there was no statistically 

significant difference in MAP compared with that 

before blood transfusion. 

In same line with us, (Quante et al., 2013) reported 

that heart rate decreased significantly after PRBC 

transfusion compared with that before blood 

transfusion (P<0.01). Respiratory rate, MAP, 

temperature, and oxygen saturation before transfusion 

were insignificantly different with that after 

transfusion. 

According to our study, ejection fraction (EF), left 

ventricular ejection time (LVET), stroke volume 

(SV), and fractional shortening (FS) of the studied 

patients were significantly higher after transfusion 

compared to before transfusion (P<0.001) while 

cardiac output (CO) was significantly reduced after 

transfusion compared to before transfusion (P=0.003 

and <0.001 respectively). 

In difference with us, Qi and Li-na (2018) found that 

there was no significant difference in left ventricular 

output and SV after blood transfusion compared with 

that before transfusion, this can be explained by 

nature of studied sample being homogenous group 

(preterm) 

In disagreement with our findings, Ge et al. (2015) 

showed that the LVEF, SV, CO, and FS showed no 

significant changes after blood transfusion compared 

with that before transfusion (P>0.05), this can be 

explained by nature of studied sample being 

homogenous group (preterm below than 34 weeks 

and VLBW. 

In contrast with us, (Quante et al., 2013) reported 

that LVET before transfusion was insignificantly 

different from that after transfusion. However, COP 

on the right and left sides before transfusion was 

significantly lower compared with that after 

transfusion as the study made on preterm groups 

In contrast with Leipälä et al. (2004) reported that 

left ventricular output, stroke volume and arterial 

pressures remained unaltered. Oxygen saturation after 
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the transfusion was lower than before the transfusion 

(94.0±3.8 versus 95.3±2.5%, P =0.014) despite 

unaltered oxygen supply, this can be explained by a 

very low gestational age of this group. 

 

CONCLUSION  

Blood transfusion could improve the clinical 

symptoms in neonates with anemia and showed 

significant effect on the heart function including; 

increase in EF, LVET, SV, and FS and decrease in 

cardiac output. Significantly higher oxygen saturation 

and MAP, and lower heart rate and respiratory rate 

were observed in newborns after blood transfusion. 

RECOMMENDATIONS 

 Larger sample size is recommended for more 

accurate results. 

 Longer duration of follow up. 

 Classification according to the degree of anemia 

is needed for more definite results. 

 Differentiation between effects in preterm and 

term neonates. 

 Further studies are required about our research 

topic.  

Limitation of the study 

 Relatively small sample size and short follow up 

period.  

 No classification according to the degree of 

anemia. 

 Lack of differentiation between effects in 

premature and mature neonates. 

 Few studies were found about our research topic. 

REFERENCES 

ALLAN RC, SAYERS S, POWERS J, SINGH G. 

2009. The development and evaluation of a 

simple method of gestational age estimation. J 

Pediatric Child Health; 45:15. 

Blood transfusion: Summary of NICE guidance. 

BMJ (Clinical research ed.). 351. h5832. 

10.1136/bmj.h5832. 

CHARD T, COSTELOE K, LEAF A. 2012. 

Evidence of growth retardation in neonates of 

apparently normal weight. Eur J Obstet Gynecol 

Reprod Biol; 45:59. 

Elsayed, M. S., Hassan, A. A., Hashim, A. M., & 

Kassem, Y. T. (2021). The role of 

Hematological Scoring System (HSS) in early 

diagnosis of Neonatal Sepsis. Annals of 

Neonatology J,3(1),85-106. 

GE, Y. N., TONG, X. M. & LIU, Y. F. 2015. 

Effects of blood transfusion on vital signs and 

heart function in preterm infants with anemia]. 

Zhongguo Dang Dai Er Ke Za Zhi, 17, 337-40. 

GIESINGER, R.E., &MCNAMARA, P.J. (2016) 

Hemodynamic instability in the critically ill 

neonate: An approach to cardiovascular support 

based on disease pathophysiology. Seminars in 

perinatology, 40(3), 174–188.  

Gothwal, S. K., Singh, V. B., Shrivastava, M., 

Banseria, R., Goyal, K., Singh, S., & 

MPHARM, H. A. (2021). Complete blood-

count-based inflammatory score (CBCS) of 

COVID-19 patients at tertiary care center. 

Alternative Therapies in Health and 

Medicine, 27, 18-23. 

ILARDI, F., D'ANDREA, A., D'ASCENZI, F., 

BANDERA, F., BENFARI, G., ESPOSITO, 

R., MALAGOLI, A., MANDOLI, G. E., 

SANTORO, C., RUSSO, V., CRISCI, M., 

ESPOSITO, G., CAMELI, M., & ON 

BEHALF OF THE WORKING GROUP OF 

ECHOCARDIOGRAPHY OF THE 

ITALIAN SOCIETY OF CARDIOLOGY 

SIC (2021). Myocardial Work by 

Echocardiography: Principles and Applications 

in Clinical Practice. Journal of clinical medicine, 

10(19), 4521.Dekker, J., van Kaam, A. H., 

Roehr, CC., Flemmer, A.W., Foglia, E. E., 

Hooper, S. B. (2021). Stimulating and 

maintaining spontaneous breathing during 

transition of preterm infants. Pediatric research, 

90(4), 722-730. 

KHOT, N., JOSHI, S., MALWADE, S., 

CHAVAN, S., MANE, S. V., 

AGARKHEDKAR, S., & ARORA, A. (2023). 

A comprehensive echocardiographic assessment 

of neonatal right ventricular function in neonatal 

intensive care unit babies. cureus, 15(4), e37166. 

LACROIX, JACQUES & HÉBERT, PAUL & 

HUTCHISON, JAMES & HUME, 

HEATHER & TUCCI, MARISA & 



Impact of Blood Transfusion on Vital Signs and Cardiac Functions in Neonates with Anemia 
Ahmed Metawee Abdelfattah Ghanim, Reyadh Atef Elgendy, Elsayed Hamed Fahmy Abou-Zied, Abdou Mohamed Abdou 

 

4631 

 

DUCRUET, THIERRY & GAUVIN, 

FRANCE & COLLET, JEAN-PAUL & 

TOLEDANO, BARUCH & ROBILLARD, 

PIERRE & JOFFE, ARI & BIARENT, 

DOMINIQUE & MEERT, KATHLEEN & 

PETERS, MARK. 2007. Transfusion Strategies 

for Patients in Pediatric Intensive Care Units. 

The New England journal of medicine. 356. 

1609-19.  

LAURA, M. D. & THAMIRES, A. D. 2021. 

Neonatal Anemia. In: BARRÍA, R. M. (ed.) 

Topics on Critical Issues in Neonatal Care. 

Rijeka: IntechOpen. Ch. 3. 

LEIPÄLÄ, J. A., BOLDT, T. & FELLMAN, V. 

2004. Hemodynamic effects of erythrocyte 

transfusion in preterm infants. European Journal 

of Pediatrics, 163, 390-394. 

PADHI, SMITA & KEMMIS-BETTY, SOPHIA 

& RAJESH, SHARANGINI & HILL, 

JENNIFER & MURPHY, MIKE. 2015.  

QI, Z. & LI-NA, Z. 2018. The Influence of Blood 

Transfusion on Vital Signs and Hemodynamics 

in Preterm Infants with Anemia. JOURNAL OF 

CLINICAL TRANSFUSION AND 

LABORATORY MEDICINE, 20, 

117.Mohammed S, Nour I, Shabaan AE et al. 

(2015): "High versus low-dose caffeine for 

apnea of prematurity: a randomized controlled 

trial". Eur J Pediatr; 174:49-56. 

QUANTE, M., PULZER, F., BLÄSER, A., 

GEBAUER, C., KLUGE, J. & ROBEL-

TILLIG, E. 2013. Effects of anemia on 

hemodynamic and clinical parameters in 

apparently stable preterm infants. Blood 

Transfusion, 11, 227-32. R. 2018. Squeezing for 

life–properties of red blood cell deformability. 

Frontiers in physiology, 9, 656. 

SAITO-BENZ, MARIA, MEGHAN E. SANDLE, 

PAUL B. JACKSON, AND MARY J. 

BERRY. 2019 "Blood transfusion for anemia of 

prematurity: Current practice in Australia and 

New Zealand." Journal of Pediatrics and Child 

Health 55, no. 4 433-440. 

SAITO-BENZ, MARIA, PETER FLANAGAN, 

AND MARY J. BERRY. 2020 "Management 

of anemia in pre-term infants." British journal of 

hematology 188.3 354- 366. 

SAWYER, ALEXANDRA & WISE, LINDA & 

GHOSH, SANTU & BHATIA, JATINDER & 

STANSFIELD, BRIAN. 2017.Comparison of 

transfusion thresholds during neonatal 

extracorporeal membrane oxygenation. 

Transfusion. 57. 10.1111/trf.14151.  

Sakharkar, S., Tiwari, D., Datar, A. and 

Balasubramanian, H., 2024. Aligning 

Minor Blood Groups Amid RhD 

Incompatibility: A Case Analysis. Clinical 

Pediatrics, p.00099228241264365.

 

Acknowledgement 

Praise to "Allah”, the Most Gracious and the Most Merciful Who Guides Us to the Right Way. I would like to 

express my indebtedness and deepest gratitude to Prof. Dr. Reyadh Atef Elgendy, Professor of Pediatrics, 

Faculty of Medicine - Al-Azhar University for his valuable advice, guidance and constructive criticism, also 

for the invaluable assistance and efforts he devoted in the supervision of this study. I’ll never forget how co-

operative was Dr. Elsayed Hamed Fahmy Abouzied, Lecturer of Pediatrics and Neonatology Faculty of 

Medicine- Al-Azhar University, also he was encouraging all the time. It is honorable to be supervised by him. I 

would like also, to express my great thanks to Dr. Abdou Mohamed Abdou, Lecturer of Pediatrics and 

Neonatology Faculty of Medicine- Al-Azhar University. His valuable advice and continuous support facilitated 

completing this work. I would like also, to express my great thanks to Dr. Mohamed Ahmed Shaheen, 

Lecturer of Clinical Pathology, Faculty of Medicine- Al-Azhar University. His valuable advice and continuous 

support facilitated completing this work. 

 


