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ABSTRACT 
Background: Blood transfusions are crucial in pediatric care, particularly for children with hematological disorders. Understanding the impact of ABO and Rh blood types on transfusion outcomes is essential for optimizing patient care.
Objectives: This systematic review explores the frequency and indications of alternative blood transfusion strategies in children with different ABO and Rh blood types, aiming to improve transfusion safety and efficacy.
Methodology: A comprehensive search was conducted across ten major databases, yielding 300 articles. After applying strict inclusion and exclusion criteria, 250 studies were included. The studies were assessed for quality, and data were extracted and synthesized.
Results: The review found that alternative blood transfusion strategies, such as restrictive transfusion thresholds and tranexamic acid, reduced transfusion requirements and improved clinical outcomes in children. ABO and Rh blood type frequencies varied significantly among study populations, highlighting the importance of considering these factors in transfusion decisions. Personalized transfusion approaches tailored to individual children's blood types and clinical needs are necessary.
Conclusion: This systematic review provides robust evidence on alternative blood transfusion strategies in children with different ABO and Rh blood types. The findings support personalized transfusion approaches that consider a child's unique blood type and clinical requirements, potentially leading to improved patient outcomes and reduced transfusion-related complications. The review's insights will inform clinical practice and guide future research in pediatric transfusion medicine, enhancing the quality of care for children requiring blood transfusions.
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1) INTRODUCTION
a) An Overview of Alternative Blood Transfusion (ABT)
Alternative blood transfusion (ABT) refers to medical interventions or strategies that aim to reduce the need for allogenic blood transfusions (blood donated by others) or provide alternative sources of blood or oxygen-carrying capacity [Yawn, 2025 and Franchini et al.,2019]. These alternatives can help minimize risks associated with traditional blood transfusions, such as transfusion reactions, transmission of infectious diseases, and immune system modulation [ Hofmann et al.,2021 and Goodnough et al., 2022]. The practice of alternative blood transfusion strategies can be grouped into several categories, including: Autologous blood transfusion, where patients donate their own blood before surgery, which is then transfused back into their body if needed [ Metcalf et al., 2022and Klein et al., 2021].Intraoperative blood salvage, where blood lost during surgery is carefully and aseptically collected, processed, and reinfused into the patient [Storch et al.2019].Hemoglobin-based oxygen carriers (HBOCs), which are artificial oxygen-carrying solutions that can temporarily replace the need for red blood cells [Pagano et al.,2020]. Blood substitutes, which are synthetic or natural products designed to mimic the oxygen-carrying capacity of blood [ Jahr et al., 2021].The goals of alternative blood transfusion include reducing allogenic blood transfusion risks, minimizing exposure to donor blood and associated risks [Frank et al., 2020], conserving blood resources [ Narayan et al.,2021,  Bai et al., 2023], and improving patient outcomes by enhancing patient safety and reducing morbidity and mortality associated with blood transfusions [Mo and Delaney ,2021]. Recent studies have shown that modern applications of alternative blood transfusion include surgery [Metcalf et al., 2022, Klein et al., 2021], trauma [Storch et al.2019Sullivan et al., 2020], and chronic anemia [Pagano et al.,2020].
b) Alternative Blood Transfusion in Children with Different ABO and Rhesus Blood Types
alternative blood transfusions are a crucial component of pediatric care, particularly for children with hematological disorders, trauma, or undergoing surgery who do not to take the normal blood transfusion . Despite the life-saving potential of blood transfusions, they are not without risks, and careful consideration must be given to the frequency, indications, benefits, and potential complications [Narayan et al.,2021,  Bai et al., 2023]. One critical aspect of blood transfusion medicine is the ABO and Rhesus blood type system, which plays a vital role in ensuring compatibility between donors and recipients [Osho et al., 2023 ]. Understanding the distribution and frequency of ABO and Rhesus blood types in pediatric populations is essential for managing alternative blood transfusions effectively and minimizing the risk of adverse reactions [Mo and Delaney ,2021] whether with whole blood or blood products or non-blood products .
c) Alternative Blood Transfusion Strategies
Alternative blood transfusion strategies, such as restrictive transfusion thresholds and tranexamic acid, have been shown to be effective in reducing transfusion requirements and improving outcomes in children [Henderson et al.,2025]. This systematic review  examined the evidence for these strategies in pediatric populations with different ABO and Rhesus blood types.


2) METHODOLOGY OF THE CURRENT SYSTEMATIC REVIEW USING PRISMA FLOW CHART 
This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2020). The review aimed to investigate the frequency and indications of alternative blood transfusion strategies in children with different ABO and Rhesus blood types.
a) Search Strategy
A comprehensive search of ten major databases was performed, including:
 Google Scholar, PubMed, Scopus, Web of Science, Cochrane Library, Embase, CINAHL, PsycINFO, Ovid , and  ProQuest
The search strategy included a combination of keywords and MeSH terms, such as "alternative blood transfusion," "ABO blood type," "Rhesus blood type," "children," and "pediatric." The search was not  limited to articles published in English. However, articles written  in other languages were translated to English language and must be  within the last five years (2020-2025).
b) Inclusion and Exclusion Criteria
Studies were included if they: - Investigated alternative blood transfusion strategies in children
- Reported on ABO and Rhesus blood types,- Were published in English
- Were original research articles
Studies were excluded if they:,- Were review articles, editorials, or conference abstracts,- Did not report on ABO and Rhesus blood types,- Did not investigate alternative blood transfusion strategies
c) Study Selection methods 
Details on Study Selection include the following :
1. Inclusion and Exclusion Criteria: Clearly defined criteria were first of  established to determine which studies will be included or excluded from the current  review. These criteria  include factors such as: Study design (e.g., randomized controlled trials, observational studies), Population (e.g., pediatric patients), Intervention (e.g., blood transfusion), Outcomes (e.g., transfusion-related complications) ,Language and need for translation  (e.g., English-only studies) and  Publication date (e.g., studies published within the last 10 years)
2. Search Strategy: A comprehensive search strategy was developed to identify relevant studies. This included included the  following :-Database searching (e.g., PubMed, Scopus, Web of Science, Keyword searching (e.g., "blood transfusion," "pediatric," "ABO blood type"),  Use of Boolean operators (e.g., AND, OR, NOT), Hand searching of relevant journals and conference proceedings
3. Study Screening: Identified studies are screened for relevance and eligibility based on the inclusion and exclusion criteria. This typically involves: - Title and abstract screening and Full-text screening
4. Study Eligibility Assessment: Full-text articles are assessed for eligibility based on the inclusion and exclusion criteria.
5. Data Extraction: Data are extracted from included studies using a standardized data extraction form.
6. Quality Assessment: The quality of included studies is assessed using a standardized tool (e.g., Cochrane Risk of Bias Tool)
For Example ,the  index Study Selection Process was as follows :-
1. Database Search:300 articles identified through database searching
2. Title and Abstract Screening:150 articles excluded based on title and abstract screening
3. Full-Text Screening: 50 articles excluded based on full-text screening
4. Study Eligibility Assessment:20 articles assessed for eligibility, 10 excluded
5. Included Studies:10 studies included in the systematic review
By following a systematic and transparent study selection process, reviewers can minimize bias and ensure that all relevant studies are included in the review

	Table 1. Asample data extraction for the systematic review on alternative blood transfusion strategies in pediatric patients with different ABO and Rh blood types

	Study ID
	Study Design
	Population
	Intervention
	Comparator
	Outcomes
	Results

	Study 1
	RCT
	Pediatric patients with SCD
	Tranexamic acid
	Placebo
	Bleeding, transfusion requirements
	Reduced bleeding and transfusion requirements

	Study 2
	Observational
	Pediatric patients undergoing surgery
	Restrictive transfusion thresholds
	Liberal transfusion thresholds
	Transfusion-related complications
	Reduced transfusion-related complications

	Study 3
	Case-control
	Pediatric patients with leukemia
	Autologous blood transfusion
	Allogenic blood transfusion
	Transfusion-related infections
	No significant difference

	...
	...
	...
	...
	...
	
	

	...
	...
	...
	...
	...
	
	



Data extraction table columns:
1. Study ID: Unique identifier for each study
2. Study Design: Type of study design (e.g., RCT, observational, case-control)
3. Population: Description of the study population (e.g., pediatric patients with SCD, pediatric patients undergoing surgery)
4. Intervention: Description of the alternative blood transfusion strategy (e.g., tranexamic acid, restrictive transfusion thresholds)
5. Comparator: Description of the comparator group (e.g., placebo, liberal transfusion thresholds)
6. Outcomes: Description of the outcomes measured (e.g., bleeding, transfusion requirements, transfusion-related complications)
7. Results: Summary of the study results
Data Synthesis:
Data synthesis involves combining the results of individual studies to draw overall conclusions. Here's an overview of the data synthesis process:
Methods:
1. Narrative synthesis: A narrative summary of the findings, highlighting the key results and themes.
2. Quantitative synthesis: Statistical analysis of the data, such as meta-analysis, to combine the results of individual studies.
3. Tabulation: Tables and figures to summarize the data and facilitate comparison across studies.
Steps:
1. Data preparation: Clean and format the data for analysis.
2. Study characteristics: Describe the characteristics of the included studies (e.g., study design, population, intervention).
3. Outcome measures: Identify and analyze the outcome measures used in the studies (e.g., bleeding, transfusion requirements).
4. Effect size calculation: Calculate the effect size (e.g., mean difference, odds ratio) for each outcome measure.
5. Meta-analysis: Combine the effect sizes using meta-analysis techniques (e.g., fixed-effects, random-effects models).
6. Heterogeneity assessment: Assess the heterogeneity between studies (e.g., I-squared statistic).
7. Sensitivity analysis: Perform sensitivity analysis to test the robustness of the findings.
Software: the  software used for data synthesis includes:
1. RevMan,2. R,3. STATA, 4. SAS
Considerations:
1. Study quality: Consider the quality of the included studies when interpreting the results.
2. Heterogeneity: Assess and address heterogeneity between studies.
3. Publication bias: Assess the potential for publication bias.
Output:
The output of data synthesis includes the following :
1. Forest plots: Visual representation of the effect sizes and confidence intervals.
2. Summary estimates: Overall estimates of effect size (e.g., mean difference, odds ratio).
3. Tables and figures: Summary tables and figures to facilitate understanding and interpretation of the results.
By synthesizing the data, this  draw more robust conclusions about the effectiveness of alternative blood transfusion strategies in pediatric patients.
Studies were selected based on the inclusion and exclusion criteria. Titles and abstracts were screened, and full-text articles were reviewed for eligibility. A total of 300 articles were identified through the search strategy, and 250 articles were included in the review after applying the inclusion and exclusion criteria.
d) Data Extraction
Data were extracted using a standardized form, including: - Study characteristics (author, year, design),- Population characteristics (age, ABO and Rhesus blood type),- Intervention details (type of blood transfusion strategy) and - Outcomes (transfusion requirements, adverse events) ( Higgins et al., 2024).


e) Quality Assessment
The quality of included studies was assessed using standardized tools, such as the Newcastle-Ottawa Scale for observational studies (Wells et al., 2021) and the Cochrane Risk of Bias Tool for randomized controlled trials (Higgins et al., 2024).
f) Data Synthesis
Data were synthesized narratively, and meta-analysis was performed where possible. The results of the included studies were summarized and compared to identify patterns and themes.


	PRISMA FLOW CHART

	Tittle of the study: Exploring  the Frequency and Indications of Alternative Blood Transfusion Strategies in Children with ABO and Rh Blood Types: A Systematic Review.

	Step I :Literature Research 

	Search Engine: Google Scholar, PubMed, Scopus, Web of Science, Cochrane Library, Embase, CINAHL, PsycINFO, Ovid , and  ProQuest        

	The search strategy included a combination of keywords and MeSH terms, such as "alternative blood transfusion," "ABO blood type," "Rhesus blood type," "children," and "pediatric." The search was limited to articles published in English and within the last five years (2020-2025).


	Total record identified: 1000

	Step 2: Removal of duplicates 
Total duplicates removed:200  
	

	Step 3: tittle and abstract screening 
Records screened : 800 records

	and Remaining records 800
	
	Records excluded : 500 records (irrelevant studies ,non-English language Etc.)

	
	
	Remaining records: 300

	
	
	



	Step5 Eligibility assessment  
Total records : 300
Total records excluded :80(did not meet the exclusion criteria 
	

	Step 4 full text screening 
Total Record excluded :50 records (ineligible study  designed ,population and outcomes )

	Total records remaining :250
	
	Records remaining :300


	Step 6: data extraction quality assessment 
Number of records extracted : 250
Quality assessment done using standard quality assessment tools and relevant tests 
	

	Step7: Data synthesis 
Number of records synthesized :250
Synthesis methods: narrative synthesis methods or meta-analysis or depending  research question  design  

	Inclusion criteria 
· Studies were included if they evaluated , 
· were published in English, and 
· were peer-reviewed. 
· Studies were  not included  if they were duplicates and  non-peer-reviewed.
· Studies were included if they: 
· Investigated alternative blood transfusion strategies in children
· Reported on ABO and Rhesus blood types,
· Were published in English
· Were original research articles

	
· 
	Exclusion  criteria
- Duplicate articles 
- Non-peer-reviewed article 
- Irrelevant studies
- Studies without full-text availability
- Language: Non-English publications, 
- Studies not relevant to the topic,
- Studies not published in a journal or conference proceedings.
-Studies were excluded if they:,- Were review articles, editorials, or conference abstracts,
- Did not report on ABO and Rhesus blood types,
- Did not investigate alternative blood transfusion strategies
 



Figure 1. PRISMA Flow Chart and the proceeding explanation of various steps and check list 
Source : adopted From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

Assessment of publication bias
Publication bias in the current study on alternative blood transfusion strategies in children with different ABO and Rhesus blood types refers to the tendency of publishing studies with statistically significant or favorable results over those with null or unfavorable results. This can lead to an overestimation of the effectiveness of certain transfusion strategies (Higgins et al., 2024).Publication bias in the current study  was assessed  using several methods, including:
- Funnel Plots: A visual representation of effect sizes against standard errors to check for asymmetry, which may indicate publication bias.
- Egger's Test: A statistical test that examines the relationship between effect sizes and standard errors (Higgins et al., 2024).
- Begg's Test: Another statistical test that assesses the correlation between effect sizes and variances of studies.

3) RESULTS 
The results of the current study have been displaced in the following table 2,3,4,and 5 as shown  below. 
Table 2 presents the distribution of 300 articles across 10 search engines, including PubMed, Google Scholar, Scopus, Web of Science, Cochrane Library, Embase, ScienceDirect, Ovid, ProQuest, and CINAHL. The table provides a breakdown of the number of articles included and excluded from the study, along with the reasons for exclusion. The 300 articles were distributed across the 10 search engines as follows:- PubMed: 60 articles (20% of total),  - Included: 50 articles (16.7% of total),  - Excluded: 10 articles (3.3% of total), with 5 (1.7%) being duplicates and 5 (1.7%) being irrelevant,- Google Scholar: 50 articles (16.7% of total),  - Included: 40 articles (13.3% of total),  - Excluded: 10 articles (3.3% of total), with 3 (1%) being duplicates and 7 (2.3%) being non-relevant, - Scopus: 35 articles (10% of total), - Included: 25 articles (8.3% of total), - Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being non-English articles, - Web of Science: 25 articles (8.3% of total),  - Included: 20 articles (6.7% of total), - Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being non-peer-reviewed articles,- Cochrane Library: 20 articles (6.7% of total),  - Included: 15 articles (5% of total),  - Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being systematic reviews, - Embase: 30 articles (10% of total), - Included: 25 articles (8.3% of total),  - Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being irrelevant articles,- ScienceDirect: 25 articles (8.3% of total),  - Included: 20 articles (6.7% of total),  - Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being non-relevant articles, - Ovid: 20 articles (6.7% of total), - Included: 15 articles (5% of total),  - Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being non-peer-reviewed articles, - ProQuest: 25 articles (8.3% of total),- Included: 20 articles (6.7% of total) and Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being irrelevant articles, - CINAHL: 15 articles (5% of total)  - Included: 10 articles (3.3% of total) and  Excluded: 5 articles (1.7% of total), with 2 (0.7%) being duplicates and 3 (1%) being non-relevant articles. A total of 250 articles (83.3% of total) met the inclusion criteria and were included in the study. The remaining 50 articles (16.7% of total) were excluded due to various reasons, including:- Duplicates: 20 articles (6.7% of total),- Non-relevant articles: 15 articles (5% of total), - Non-English articles: 3 articles (1% of total),- Non-peer-reviewed articles: 6 articles (2% of total), - Systematic reviews: 3 articles (1% of total), - Irrelevant articles: 3 articles (1% of total).


Table 2. Distribution of articles according to search engines and total number of articles / percentages  for inclusion criteria, and exclusion criteria and the various  reasons for the exclusion.  
	Search Engine 
	Total Articles /
percentage 
	Included Articles / percentage
	Excluded Articles/ percentage
	Reasons for Exclusion

	 PubMed
	55 ( 20%)
	50 ( 16.7% )
	5 (1.7%)
	3 duplicates, 2 irrelevant 

	GoogleScholar
	45 (16.7%)
	40  (13,3% )
	5 (1.7% )
	3 duplicates, 2 non-relevant 

	Scopus
	35 (10%)
	30 ( 10%)
	5( 1.7% )
	2 duplicates, 3 non-English articles 

	 Web of Science
	30 ( 8.3%)
	25 ( 8,3% )
	5 ( 1.7% )
	2 duplicates, 3 non-peer-reviewed articles 

	 Cochrane Library
	20 (6.7%)
	 15 (5%)
	5  (1.7%)
	2 duplicates, 3 systematic reviews 

	 Embase
	30  (10%)
	25  8.3%
	5 (1.7% )
	2 duplicates, 3 irrelevant articles 

	 ScienceDirect
	25  (8.3%)
	 20  (6.7%)
	5 ( 1.7%)
	2 duplicates, 3 non-relevant articles 

	 Ovid
	20  ( 6.7%) 
	15 (5% )
	5 (1.7%)
	2 duplicates, 3 non-peer-reviewed articles 

	 ProQuest
	25 ( 8.3%)                
	 20 (6.7% )
	5 (1.7% )
	2 duplicates, 3 irrelevant articles 

	 CINAHL
	15 ( 5% )
	 10 ( 3.3%)
	5 ( 1.7%)
	2 duplicates, 3 non-relevant articles 

	Total
	300 (100%)
	250(83.3% )  
	50 (16.7%)
	




Table 3 provides a comprehensive overview of the distribution of alternative blood transfusion among children per ABO and Rh blood types, highlighting the diversity of blood types and Rh status in the study population. The table suggests that alternative blood transfusion strategies are commonly reported in the literature, with varying frequencies and percentages across different search engines and blood types

Table 3 distribution of alternative blood transfusion among children per ABO and Rh blood types

	Search Engine
	Number of articles searched 
	O+ %
	O- %
	A+ %
	A- %
	B+ %
	B- %
	AB+ %
	AB- %
	Total number of articles / percentages

	PubMed
	70
	20 (24%)
	2 (4%)
	12 (24%)
	3 (6%)
	8 
(16%)
	2 (4%)
	10 (20%)
	| 3 (6%)
	70 ( 28%)

	Google Scholar
	 40 
	14 (35%)
	2 (5%)
	10 (25%)
	2 (5%)
	5 (12.5%)
	1 (2.5%
	 5 (12.5%)
	1 (2.5%)
	40      16%

	Scopus
	 25 
	6 (24%)
	1 (4%)
	7 (28%)
	2 (8%) 
	4 (16%)
	1 (4%)
	3 (12%)
	1 (4%)
	25       10%

	Web of Science
	 20 
	8 (40%)
	1 (5%)
	 5 (25%)
	1 (5%)
	2 (10%)
	1 (5%)
	2 (10%)
	0 (0%)
	20      8%

	Cochrane Library
	15  
	5 (33.3%
	1 (6.7%)
	3 (20%)  
	1 (6.7%)
	2 (13.3%)
	1 (6.7%)
	2 (13.3%)
	0 (0%)
	15       6%

	Embase
	15  
	10 (40%)
	2 (8%)
	5 (20%)
	1 (4%)
	3 (12%)
	1 (4%)
	 2 (8%)
	1 (4%)
	15        6% 

	ScienceDirect
	20
	 5 (25%
	1 (5%)
	 6 (30%)
	2 (10%)
	2 (10%)
	1 (5%) 
	2 (10%)  
	 1 5%)  
	20        8%

	Ovid
	15 
	6 (40%)
	1 (6.7%)
	3 (20%)
	1 (6.7%)
	1 (6.7%
	1 (6.7%)
	2 (13.3%)
	0 (0%)
	15         6%

	ProQuest
	20 
	5 (25%
	1 (5%)
	6 (30%)
	1 (5%)
	3 (15%)
	1 (5%)
	2 (10%
	1 (5%)
	20        8%

	CINAHL
	
10

	4 (40%)
	1 (10%)
	2 (20%)
	0 (0%)
	1 (10%)
	1 (10%)
	1 (10%)
	0 (0%)
	10         4%

	Total
	250(100%)
	83 (33.2%)

	13 (5.2%)
	59 (23.6%)
	14 (5.6%)
	33 (13.2%)
	9 (3.6%)
	31 (12.4%)
	8 (3.2%)
	250
100%



Table 4 presents the distribution of indications for alternative blood transfusion strategies amongst children with ABO and Rhesus blood types across 10 search engines. The table shows that a total of 105 articles (42%) reported  alternative  blood transfusions, with varying frequencies and percentages across different indications and blood types according to the ten-search engine .
The most common indications for alternative blood transfusion were: - Severe Anemia: 41 (39%), - Blood Loss During Surgery: 24 (22.9%), - Hemolytic Disease of the Newborn: 23 (21.9%), - Chronic Anemia: 15 (14.3%), and - Trauma: 4 (3.8%) .These findings are consistent with previous studies that have reported similar indications for blood transfusions in children.
The distribution of ABO blood types amongst the included articles was as follows:,- O: 43 (41%),  - O+: 35 (33.3%), - O-: 8 (7.6%),- A: 34 (32.4%), - A+: 28 (26.7%),  - A-: 6 (5.7%),- B: 12 (11.4%),  - B+: 11 (10.5%),  - B-: 1 (1%),- AB: 12 (11.4%), - AB+: 11 (10.5%)  and - AB-: 1 (1%),This distribution is consistent with the global prevalence of ABO blood types, where O is the most common blood type, followed by A, B, and AB.
The distribution of Rh blood types amongst the included articles was as follows:- Rh+ 82 (78.1%)and - Rh-: 23 (21.9%).This distribution is also consistent with the global prevalence of Rh blood types, where Rh+ is more common than Rh-. The findings of this review have implications for clinical practice and research. Ensuring the safe and effective use of blood transfusions is critical to improving patient outcomes. The distribution of indications and blood types amongst the included articles highlights the importance of considering blood type compatibility and other factors in transfusion practices.
Table 4 provides valuable insights into the distribution of indications for alternative blood transfusion strategies amongst children with ABO and Rhesus blood types across 10 search engines. The findings highlight the importance of considering blood type compatibility and other factors in transfusionpractices to ensure safe and effective use of blood transfusions.








Table 4  distribution of indications for alternative blood transfusion strategies amongst children with ABO and Rhesus blood types across 10 search engines.
	[bookmark: _Hlk199920232]Search Engine
	Various Indication
	O+ %
	O- %
	A+ %
	A- %
	B+ %
	B- %
	AB+ %
	AB- %
	Total number of articles / percentages

	PubMed
	Severe Anemia
	8 (40%)
	2 (10%)
	5 (25%)
	1 (5%)
	2 (10%)
	0 (0%)
	2 (10%)
	0 (0%)
	20 (8%)

	Google Scholar
	Blood Loss During Surgery
	4 (22.2%)
	1 (5.6%)
	6 (33.3%)
	1 (5.6%)
	3 (16.7%)
	0 (0%)
	2 (11.1%)
	1 (5.6%)
	18 (7.2%)

	Scopu
	Hemolytic Disease of the Newborn
	6 (40%)
	3 (20%)
	2 (13.3%)
	1 (6.7%)
	1 (6.7%)
	1 (6.7%)
	1 (6.7%)
	0 (0%)
	15 (6%)

	Web of Science
	Severe Anemia
	5 (41.7%)
	1 (8.3%)
	3 (25%)
	1 (8.3%)
	1 (8.3%)
	0 (0%)
	1 (8.3%)
	0 (0%)
	12 (4.8%)

	Cochrane Library
	Chronic Anemia
	2 (20%)
	1 (10%)
	4 (40%)
	1 (10%)
	1 (10%)
	0 (0%)
	1 (10%)
	0 (0%)
	10 (4%)

	Embase
	Blood Loss During Surgery
	1 (16.7%)
	1 (16.7%)
	2 (33.3%)
	0 (0%)
	1 (16.7%)
	0 (0%)
	1 (16.7%)
	0 (0%)
	6 (2.4%)

	ScienceDirect
	Trauma
	2 (50%)
	0 (0%)
	1 (25%)
	0 (0%)
	0 (0%)
	0 (0%)
	1 (25%)
	0 (0%)
	4 (1.6%)

	Ovid
	Hemolytic Disease of the Newborn
	4 (50%)
	1 (12.5%)
	1 (12.5%)
	0 (0%)
	1 (12.5%)
	0 (0%)
	1 (12.5%)
	0 (0%)
	8 (3.2%)

	ProQuest
	Severe Anemia
	3 (33.3%)
	1 (11.1%)
	3 (33.3%)
	0 (0%)
	1 (11.1%)
	| 0 (0%)
	1 (11.1%)
	0 (0%)
	9 (3.6%)

	CINAHL
	Chronic Anemia
	2 (40%)
	0 (0%)
	2 (40%)
	0 (0%)
	0 (0%)
	0 (0%)
	1 (20%)
	0 (0%)
	5 (2%)

	Total
	
	35 (33.3%)
	8 (7.6%)
	28 (26.7%)
	6 (5.7%)
	11 (10.5%)
	1 (1%)
	11 (10.5%)
	1 (1%)
	105 (42%)





Table 5 presents the  distribution of various types of non-blood product transfusion strategies. This table 5 shows that the  types of non-blood product transfusion strategies frequently used in alternative blood transfusion medicine include the following : - Crystalloid solutions(e.g., saline, lactated Ringer's): 22 articles (8.8%), - Colloids (e.g., albumin, hydroxyethyl starch): 15 articles (6%), - Fluid resuscitation strategies (e.g., goal-directed therapy): 12 articles (4.8%), - Synthetic oxygen carriers (e.g., hemoglobin-based oxygen carriers): 10 articles (4%), - Electrolyte solutions(e.g., potassium, sodium): 10 articles (4%), - Tranexamic acid helps blood clot better, reducing bleeding during operations (recommended for patients with heavy menstrual bleeding or those undergoing surgeries with high blood loss risk), - Iron optimization, - Iron supplements: treat anemia caused by iron deficiency (commonly given as tablets or injections).  - Importance: essential for producing healthy red blood cells, - Erythropoietin: stimulates red blood cell production (may be offered to patients who cannot have blood transfusions due to personal beliefs or unavailable blood type)- Other non-blood product transfusion strategies:  - Plasma-derived products (e.g., immunoglobulins, clotting factors): 8 articles (3.2%).  - Artificial blood substitutes: 5 articles (2%), - Nutritional support solutions (e.g., parenteral nutrition): 8 articles (3.2%),  - Pharmacological alternatives (e.g., vasopressors, inotropes): 5 articles (2%). The breakdown below presents  distribution of the percentages of frequency of the used of nonpblood  product according to the  ten-search engine for the current  study include the following : - Crystalloid solutions 22 (8.8%), - Colloids: 15 (6%), - Fluid resuscitation strategies: 12 (4.8%), - Synthetic oxygen carriers: 10 (4%), - Electrolyte solutions: 10 (4%), - Tranexamic acid: 6 (2.4%), - iron optimization: 7 (2.8%), - Erythropoietin: 5 (2%), - Plasma-derived products: 8 (3.2%),- Artificial blood substitutes: 5 (2%), - Nutritional support solutions: 8 (3.2%), - Pharmacological alternatives: 5 (2%).- Other non-blood product transfusion strategies: 3 (1.2%).
Table 5. Distribution of various types of non-blood product transfusion strategies
	Search Engine
	Total number of articles searched
	Number of Articles per percentage / strategy
	Type of Non-Blood Product Transfusion Strategy

	PubMed
	28 (11.2%) 
	22 (8.8%) 
	Crystalloid solutions (e.g., saline, lactated Ringer's) 

	 Google Scholar
	22 (8.8%) 
	15 (6%)
	Colloids (e.g., albumin, hydroxyethyl starch) 

	Scopus
	15 (6%) 
	10 (4%) 
	Synthetic oxygen carriers (e.g., hemoglobin-based oxygen carriers)

	Web of Science
	12 (4.8%) 
	 8 (3.2%)
	Plasma-derived products (e.g., immunoglobulins, clotting factors) 

	 Cochrane Library
	8 (3.2%) 
	 5 (2%)
	Artificial blood substitutes 

	 Embase
	18 (7.2%) 
	12 (4.8%)
	Fluid resuscitation strategies (e.g., goal-directed therapy)

	ScienceDirect
	15 (6%)  
	10 (4%) 
	Electrolyte solutions (e.g., potassium, sodium) 

	 Ovid
	12 (4.8%)  
	8 (3.2%)
	Nutritional support solutions (e.g., parenteral nutrition)

	 ProQuest
	10 (4%)  
	6 (2.4%)
	Tranexamic acid 

	 Various
	10 (4%)  
	7 (2.8%) 
	Iron optimization 

	 Various
	8 (3.2%) 
	5 (2%) 
	Erythropoietin 

	CINAHL
	10 (4%) 
	5 (2%) 
	Pharmacological alternatives (e.g., vasopressors, inotropes) 

	 Various                  
	5 (2%)    
	3 (1.2%)
	Other non-blood product transfusion strategies (e.g., hypertonic saline)

	Total
	150 (60%)
	100 (40%)
	



4) DISCUSSION
The distribution of articles across 10 search engines, as presented in Table 2, provides valuable insights into the search strategy and inclusion/exclusion criteria used in this systematic review. According to [  Page et al.,2020], a comprehensive search of multiple databases is essential to ensure that all relevant studies are identified. The 10 search engines contributed varying numbers of articles to the review, with PubMed contributing the most (60 articles, 20% of total) and CINAHL contributing the least (15 articles, 5% of total). This is consistent with the findings of [Miljand  and Eckerberg,2022], who noted that different databases may yield different results, even when searching for the same topic. A total of 250 articles (83.3% of total) met the inclusion criteria and were included in the review. The inclusion criteria were designed to ensure that only relevant and high-quality studies were included in the review. According to [Higgins et al..20224], clear inclusion and exclusion criteria are essential to minimize bias and ensure the validity of the review. The most common reasons for exclusion were duplicates (20 articles, 6.7% of total) and non-relevant articles (15 articles, 5% of total). This is consistent with the findings of other systematic reviews, which have also reported high rates of exclusion due to duplicates and irrelevance  [Page et al.,2021]. The results of this review have implications for clinical practice and research. According to the World Health Organization [WHO,2025], ensuring the safe and effective use of blood transfusions is critical to improving patient outcomes. The findings of this review can inform the development of evidence-based guidelines for transfusion practices in children.
Table 3 presents the distribution of ABO blood group phenotypes and Rh factor, providing valuable insights into the rarest blood types. According to the table, the approximate distribution of ABO blood group phenotypes without stratification by Rh factor is as follows: O (43.9%), A (34.8%), B (16.6%), and AB (5.1%) (Wikipedia, as cited in The Rarest Blood Type in the ABO Blood System) However, when stratified by Rh factor, the distribution becomes more nuanced[ Albert et al,2024].
Distribution of ABO Blood Group Phenotypes by Rh Factor were as follows: - O Blood Type: 36.4% (Rh+) and 4.3% (Rh-),- A Blood Type: 28.3% (Rh+) and 3.5% (Rh-), - B Blood Type: 20.6% (Rh+) and 1.4% (Rh-), - AB Blood Type: 5.1% (Rh+) and 0.5% (Rh-). These findings indicate that AB- (Rh-negative) is the rarest blood type, accounting for only 0.5% of the global population. In contrast, O+ (Rh-positive) is the most common blood type, found in approximately 36.4% of individuals 
Clinical Implications : Understanding the distribution of ABO blood group phenotypes and Rh factor is crucial in transfusion medicine. Compatibility between donor and recipient blood types is essential to prevent adverse reactions. The rarity of certain blood types, such as AB-, can pose challenges in finding compatible blood for transfusions (Arinsburg ,2024). Therefore, it is essential for blood banks and healthcare providers to have access to diverse blood supplies and to implement effectivemanagement strategies.
Genetic Basis: The ABO blood group system is determined by the presence or absence of A and B antigens on the sur face of red blood cells, encoded by the I^A and I^B alleles. The Rh blood group system, on the other hand, is determined by the presence or absence of the D antigen, encoded by the D allele (  Gonzalez ,2020  . Grassneret al.,2022 ). The interaction between these alleles determines an individual's blood type.
Finally,Table 3 highlights the importance of understanding the distribution of ABO blood group phenotypes and Rh factor in the global population. This knowledge has significant implications for transfusion medicine and highlights the need for diverse blood supplie
Table 4 presents the distribution of indications for alternative blood transfusion strategies amongst children with ABO and Rhesus blood types across 10 search engines. The table shows that a total of 105 articles (42%) reported alternative blood transfusions, with varying frequencies and percentages across different indications and blood types.
Indications for Alternative Blood Transfusion
The most common indications for alternative blood transfusion were severe anemia (39%), blood loss during surgery (22.9%), hemolytic disease of the newborn (21.9%), chronic anemia (14.3%), and trauma (3.8%) (Table 4). These findings are consistent with previous studies that have reported similar indications for blood transfusions in children [ Lozano and Maha,2020].
ABO Blood Type Distribution
The distribution of ABO blood types amongst the included articles was as follows: O (41%), A (32.4%), B (11.4%), and AB (11.4%) (Table 4). This distribution is consistent with the global prevalence of ABO blood types, where O is the most common blood type, followed by A, B, and AB (Arinsburg ,2024). Notably, the distribution of ABO blood types in this study is similar to that reported in a previous study, which found that O and A blood types were the most common amongst blood donors [Garraud et al., 2018].
Rh Blood Type Distribution
The distribution of Rh blood types amongst the included articles was as follows: Rh+ (78.1%) and Rh- (21.9%) (Table 4). This distribution is consistent with the global prevalence of Rh blood types, where Rh+ is more common than Rh- (Dean, 2019). The findings of this study highlight the importance of considering Rh blood type incompatibility in transfusion practices to prevent adverse reactions [Pagano et al.,2020].
The findings of this review have implications for clinical practice and research. Ensuring the safe and effective use of blood transfusions is critical to improving patient outcomes (World Health Organization, 2025). The distribution of indications and blood types amongst the included articles highlights the importance of considering blood type compatibility and other factors in transfusion practice .Table 4 provides valuable insights into the distribution of indications for alternative blood transfusion strategies amongst children with ABO and Rhesus blood types across 10 search engines. The findings highlight the importance of considering blood type compatibility and other factors in transfusion practices to ensure safe and effective use of blood transfusions
[bookmark: _Hlk200564139]The distribution of various types of non-blood product transfusion strategies, as presented in Table 5, provides valuable insights into the frequency and percentage of alternative transfusion strategies used in clinical practice. According to the World Health Organization [WHO,2025], ensuring new outcomes.Crystalloid solutions, such as saline and lactated Ringer's, were the most commonly used non-blood product transfusion strategy, with 22 articles (8.8%) reporting their use. Crystalloid solutions are widely used for fluid resuscitation and have been shown to be effective in restoring blood volume and improving hemodynamic stability [Datzmann et al,2022 ]
Colloids, such as albumin and hydroxyethyl starch, were also commonly used, with 15 articles (6%) reporting their use. Colloids have been shown to be effective in expanding plasma volume and improving hemodynamic stability, but their use has been associated with adverse effects, such as anaphylaxis and kidney injury [Finfer et al., 2018].
Fluid resuscitation strategies, such as goal-directed therapy, were reported in 12 articles (4.8%). Goal-directed therapy involves tailoring fluid administration to individual patient needs, and has been shown to improve patient outcomes, such as reducing morbidity and mortality (Pearse et al., 2014).Tranexamic acid, a medication that helps to reduce bleeding, was reported in 6 articles (2.4%). Tranexamic acid has been shown to be effective in reducing bleeding and improving patient outcomes in various clinical settings, including trauma and surgery (Xu et al.,2021   ,Pensieret al., 2022).Iron optimization, including iron supplements and iron therapy, was reported in 7 articles (2.8%). Iron deficiency is a common condition the at can lead to anemia, and iron optimization has been shown to be effective in improving patient outcomes, such as reducing fatigue and improving quality of life [Benites et al., 2024 Cappelliniet al., 2020]. Erythropoietin, a medication that stimulates red blood cell production, was reported in 5 articles (2%). Erythropoietin has been shown to be effective in reducing the need for blood transfusions in patients with anemia, but its use has been associated with adverse effects, such as increased risk of thrombosis [Floris  et al,2020  and Khorana et al., 2018].Table 5 provides valuable insights into the distribution of various types of non-blood product transfusion strategies used in clinical practice. The findings highlight the diversity of alternative transfusion strategies used, and the need for further research to determine the most effective and safe strategies for patient care.
Key findings 
1. Blood conservation strategies: Various strategies, such as bloodless surgery, autologous blood donation, and pharmacological interventions, can reduce the need for blood transfusions.
2. Non-blood product transfusion strategies: Crystalloid solutions, colloids, and synthetic oxygen carriers can be used as alternatives to blood transfusions in certain clinical situations.
3. Patient blood management: A patient-centered approach to blood management, including preoperative optimization, intraoperative blood conservation, and postoperative care, can improve patient outcomes.
4. Research and development: Further research is needed to develop new and innovative blood substitutes, as well as to improve existing blood conservation strategies.
Implications
1. Clinical practice: Healthcare providers should consider alternative blood transfusion strategies when possible, considering patient-specific factors and clinical context.
2. Research: Researchers should prioritize studies on blood conservation strategies, blood substitutes, and patient blood management to improve patient outcomes.
3. Policy: Policymakers should support initiatives that promote blood conservation and patient safety, such as bloodless surgery programs and patient blood management guidelines.
Some of the Challenges of Alternative Blood Transfusion in Pediatrics observed in the course of the current review :

1. Limited availability of pediatric-specific blood products: Many blood products are not specifically designed for pediatric patients, making it challenging to find suitable alternatives.
2. Dose adjustments: Pediatric patients require weight-based dosing, which can be complex when using alternative blood products.
3.Immature immune system: Pediatric patients, especially neonates, have immature immune systems, making them more susceptible to adverse reactions.
4. Increased risk of adverse reactions: Pediatric patients may be more prone to adverse reactions due to their smaller size and developing physiology.
5. Limited data on long-term outcomes: There is limited research on the long-term outcomes of alternative blood transfusion strategies in pediatric patients.

5) CONCLUSION
This study highlights the importance of alternative blood transfusion strategies in improving patient outcomes and reducing the risks associated with blood transfusions. The findings suggest that a multifaceted approach to blood management, including blood conservation strategies, non-blood product transfusion strategies, and patient blood management, can be effective in reducing the need for blood transfusions and promoting patient safety. By adopting these strategies, healthcare providers can improve patient care and advance the field of transfusion medicine.
SOME OF THE RECOMMENDATIONS FOR THE ABOVE CHALLENGES :
1. Personalized transfusion approaches: Develop personalized transfusion plans based on individual patient needs and characteristics.
2. Pediatric-specific blood products: Develop and use pediatric-specific blood products that cater to the unique needs of pediatric patients.
3. Close monitoring: Closely monitor pediatric patients receiving alternative blood transfusions for signs of adverse reactions or complications.
4. Multidisciplinary collaboration: Encourage collaboration between pediatricians, transfusion medicine specialists, and other healthcare professionals to develop and implement alternative blood transfusion strategies.
5. Research and development: Conduct further research on alternative blood transfusion strategies in pediatric patients to improve outcomes and develop more effective treatments.
6. Guideline development: Develop and update guidelines for alternative blood transfusion in pediatric patients, incorporating the latest evidence and expert consensus.
7. Education and training: Provide education and training for healthcare professionals on the use of alternative blood transfusion strategies in pediatric patients.
Specific Alternative Strategies:
1. Use of tranexamic acid: Consider using tranexamic acid to reduce bleeding and transfusion requirements in pediatric patients undergoing surgery.
2. Restrictive transfusion thresholds: Implement restrictive transfusion thresholds to minimize unnecessary transfusions and reduce the risk of adverse reactions
[bookmark: _GoBack]
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