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Blood, incompatibility and hearing

Sangre, incompatibilidad y audición
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Duarte4, Ginna Pérez-Reyes5, Diego Rivera-Porras6

ARTÍCULO DE REVISIÓN

SUMMARY

This study aims to analyze the relationship between 
blood incompatibility and hearing, through the severity 
that occurs in the perinatal period in the fetus and 
newborn.  Systematic descriptive review is subject to the 
principles adopted by the Cochrane systematic review.  
This review made it possible to demonstrate the relation 
between hearing loss and blood incompatibility and 
the degrees of severity of the pathology in newborns.  
The ear as one of the most important sense organs for 
the development and acquisition of the human being 
in relation to the environment must remain functional.  
If there are any birth alterations, they would delay 
the correct development and in turn, would generate 
problems for the proper acquisition of language.  
Therefore, it is necessary to have correct gestational 
control to avoid the associated risk factors that could 
happen due to hearing loss.  It is essential to give 

continuity to the research proposal because with these 
contributions we can identify hearing loss at early 
ages and make a timely intervention.

Keywords: Blood incompatibility, RH factor, perinatal 
hemolytic disease, hemolysis, erythroblastosis, 
jaundice, bilirubin, hyperbilirubinemia, kernicterus.  

RESUMEN

El objetivo de este estudio es analizar la relación entre 
la incompatibilidad sanguínea y la audición, a través 
de la gravedad que se presenta en el período perinatal 
en el feto y recién nacido.  Revisión sistemática 
descriptiva sujeta a los principios adaptados por 
la revisión sistemática Cochrane.  Esta revisión 
permitió demostrar la relación entre la hipoacusia y la 
incompatibilidad sanguínea y los grados de severidad 
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de la patología en los recién nacidos.  El oído como uno 
de los órganos de los sentidos más importantes para 
el desarrollo y adquisición del ser humano en relación 
con el medio ambiente debe permanecer funcional.  Si 
existen alteraciones congénitas, retrasarían el correcto 
desarrollo y a su vez generarían problemas para la 
adecuada adquisición del lenguaje.  Por lo tanto, es 
necesario tener un correcto control gestacional para 
evitar los factores de riesgo asociados que podrían 
ocurrir por la pérdida auditiva.  Es fundamental darle 
continuidad a la propuesta de investigación ya que con 
estos aportes podemos identificar la pérdida auditiva 
en edades tempranas y realizar una intervención 
oportuna.

Palabras clave: Incompatibilidad sanguínea, 
factor RH, enfermedad hemolítica perinatal, 
hemólisis, eritroblastosis, ictericia, bilirrubina, 
hiperbilirrubinemia, kernicterus.

INTRODUCTION

The ear is one of the main sensitive 
organs, which allows the process of learning, 
communication, and balance.  To perform these 
functions, it needs the activity of each of the 
structures, connections, and neural processes 
related to hearing, and vascularization that 
comprise the outer, middle, and inner ear.  When 
abnormal characteristics such as decreased 
hearing sensitivity, vertigo, or dizziness are 
present, they are due to an alteration that 
compromises the organ of hearing, which may be 
associated with genetic, hereditary, or acquired 
pathologies (1-3).  

The vascularization of the ear is mostly found 
in the otic capsule and membranous labyrinth 
with the participation of the carotid system and 
the vertebrobasilar system which are composed 
of arteries that are responsible for the transport 
of blood flow (4,5,6). Rh incompatibility is a 
pathology that is caused by a reaction of the 
immune system when two incompatible blood 
groups are found during the gestation period 
leading to an affectation in the newborn (7-11). 

Blood incompatibility is a condition that 
develops when a pregnant woman is Rh negative 
and the fetus is Rh positive and triggers the 
onset of erythroblastosis or hemolytic disease 
of the newborn (HDN) related to the loss of 
fetal red blood cells during or after birth (12), 

This occurs because antibodies produced by the 
mother cross the placental barrier in response to 
the passage through the placental circulation of 
fetal erythrocytes inherited from the father and 
incompatible with the mother (1,13-15).  Such 
incompatibility encompasses those erythrocyte 
antigen systems; the one with the highest 
occurrence is related to the ABO system, however, 
on many occasions, it has low clinical value.  
Other minor antigens such as Kell, Duffy, or 
MNS, generate a lesser degree of EHRN (15-17).  

Thus, incompatibility due to the Rh system, 
made up of more than 50 antigens, is the one 
that generates the greatest problem, even 
though it is less common than ABO. The 
great affectation of the hemolytic process can 
become very serious, and there are also cases 
with moderate compromise, which can be 
considered hyperbilirubinemia, which is an 
event in which there is an abundance of bilirubin 
in the blood (18,19). When the blood cells are 
destroyed, a substance known as bilirubin is 
formed, which is impossible to get rid of in the 
newborn. Thus, it accumulates in the blood, 
tissues, and fluids of the baby's body, which is 
called hyperbilirubinemia (2,17,18). Bilirubin has 
a pigment or coloration that causes the skin, eyes 
and other tissues of the newborn to be affected 
by yellowish coloration, and the condition 
receives the name jaundice (13,18,19). During 
pregnancy, the placenta removes bilirubin from 
the baby. However, at birth, the newborn's liver 
must remain in charge of this function.

There are several types of hyperbilirubi-
nemia, which include psychological jaundice, 
breast milk jaundice, jaundice due to insufficient 
breastfeeding, jaundice related to inadequate 
liver function, and, the focus of this research, 
hemolytic jaundice (20), which occurs when there 
is a disintegration of red blood cells caused by 
hemolytic disease of the newborn or by excess red 
blood cells that disintegrate naturally, producing 
bilirubin (3,11,21). 

The purpose of this research is to provide 
clinical knowledge to give the audiologist accurate 
information about the affectation or consequences 
that may alter their professional field of action in 
audiological practice and in turn determine the 
importance of the provision of health services 
focused on gestational control.  Therefore, the 
following questions have arisen in depth about 
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blood incompatibility and associated pathologies: 
How Rh incompatibility can generate hearing 
loss, how perinatal hemolytic disease can cause 
hearing loss, what hearing alterations can produce 
hyperbilirubinemia in the newborn, and what are 
the consequences of this disease in the newborn?

METHODOLOGY

The methodology developed was applied 
based on the conceptual foundations adopted by 
the PRISMA methodology for the active search 
of scientific articles through the construction 
of search equations.  In addition, the criteria 
established by the PICO methodology were 
included for the construction of the clinical 
question.  The review focused on the behavior 
of blood incompatibility and hearing.  

Inclusion criteria 

The inclusion criteria for the study were 
determined to be suitable for those investigations 
that raised the clinical, preventive, and 
pathophysiological patterns directly related to 
the alterations underlying the risk factor.

Exclusion criteria 

As exclusion criteria, we took into account 
the texts on additive hereditary losses in the 
newborn, minor ABO, and Rh blood group 
incompatibility (22,23).

In addition, it should be noted that following 
the PRISMA methodology, the respective filter 
was applied to the documents found. 

Research question

Likewise, from the qualitative perspective, 
the clinically answerable research question is 
established according to the criteria established 
by the PICO methodology where:

P (patient or basic health problem)

I (intervention or risk factor) 

C (comparison)	

O (outcome) 

According to each criterion of the methodology, 
three questions arise:

Table 1. Research questions

		  Question 1	 Question 2	 Question 3
	
	 P	 Blood group	 Perinatal or newborn	 Consequence
 		  incompatibility 	 hemolytic disease. 	 of hyperbilirubinemia in the 
				    newborn. 
	 I	 Hearing loss	 Hearing loss. 	 Hearing loss. 
	 C	 Not applicable	 Not applicable. 	 Not applicable. 
	 O	 Explicit below	 Explicit below. 	 Explicit below
	 Ask	 How can Rh 	 How can perinatal	 What auditory alterations
		  incompatibility lead to 	 hemolytic disease cause	 can hyperbilirubinemia
		  hearing loss?	 hearing loss?	 produce in the newborn?

Source: Own elaboration

Subsequently, the search equations were 
elaborated with the descriptors relevant to 
the study that were the basis for the research, 

bearing in mind that the databases searched were: 
PubMed, Scielo, ProQuest, DOAJ, Latindex, 
Dialnet, and EBSCO.  
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Table 2. Search equations

Independent Variable 	 Dependent Variable	 Search equations

•	 HR Incompatibility.		  ("Rh incompatibility" OR "blood group
•	 RH blood group system.	 Newborn	 system" OR "hemolytic disease") AND
•	 Hearing loss.		  ("newborn")
•	 Congenital hearing loss.		  ("Hearing Loss") AND ("Rh		

•	 Hemolytic disease.		   Incompatibility") AND ("Newborn")
•	 Fetal erythroblastosis.		  ("Erythroblastosis fetalis" OR
•	 Isoimmunization.		  "isoimmunization" OR "Bilirubin" OR
•	 Hemolysis.		  "Hyperbilirubinemia" OR "Hemolysis" OR 
•	 Anemia.		  "anemia" OR ) AND ("Hearing loss" OR 
•	 Bilirubin.		   "hypoacusis") AND ("Newborn")
•	 Hyperbilirubinemia.

•	 Pathological jaundice.		  ("pathological jaundice" OR "physiological
•	 Physiological jaundice.			    jaundice") AND ("newborn")
		   

Source: Own elaboration

Once the search equations were constructed, a 
series of phases were followed to obtain the final 
sample of the documents that would be the basis 
of the review.  These phases were: 

1.	 Identification phase: in this phase, documents 
are searched in the various databases using 
the equations constructed.

2.	 Selection and elimination phase: the pertinent 
filters are made to select the sample so that it 
meets the selection criteria.  

3.	 Inclusion phase: in this phase, the final sample 
is obtained, analyzed and used to construct the 
document.  

RESULTS

The following identifies the filters used to 
identify the sample from the search equations.  

The following is a diagram of the PRISMA 
methodology, which describes each of the phases 
in which the documents were eliminated and/or 
discarded until the final sample of 70 scientific 
articles that met all the selection criteria was 
obtained.  

After the inclusion of the articles, a total 
of 71 scientific articles referred to topics such 

as Rh incompatibility, hemolytic disease, and 
hyperbilirubinemia in newborns.

The search allowed us to determine that blood 
incompatibility can occur in two types, Rh and 
ABO.  The maternal-fetal blood incompatibility 
that shows a higher rate of affectation at the 
audiological level is the incompatibility of the 
Rh blood group system since the mother’s blood 
is Rh negative and the fetus is Rh positive and 
this shows a higher probability of being born 
with disabilities.  This implies that the mother’s 
body will develop a D antigen or Rh protein 
that will not affect the first child but the second, 
since this works as a means of defense that can 
cause a rupture of red blood cells in the fetus at 
the moment of direct contact.  

Likewise, the behavior of the hemolytic disease 
in the newborn is highlighted due to the maternal-
fetal blood incompatibility, the symptoms present, 
and the diversity of affectations that could be 
generated; As in hearing, which consequently 
develops an auditory neuropathy, non-genetic 
congenital hearing loss, at the bilateral level of 
sensorineural type, because, during the disease, 
the process of hemolysis occurs, interrupting the 
transport of oxygen and nutrients to organs and 
body tissues, causing hypoxia due to ischemia 
that can lead to necrosis, irreversible damage that 
sometimes is fatal.  
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Table 3. Document filtering

				    Deleted documents
Search equation	 Database	 Total 	 Type of	 Incomplete/	 No	 Non-compliance	 Total
		  found	 document  	 duplicated	 access           	with             Sample	
				    texts	 criteria	 variable	
					   
	 PubMed 	 98	 23	 34	 23	 10	 8
("Rh incompatibility" OR 	 ProQuest	 138	 99	 14	 16	 7	 2
"blood group system" OR 	 DOAJ 	 76	 64	 11	 0	 0	 1
"hemolytic disease") 	 Dialnet	 59	 32	 11	 8	 5	 3
AND ("newborn")	 EBSCO	 33	 19	 9	 4	 0	 1

	 PubMed 	 115	 102	 4	 0	 0	 9
("Hearing Loss") AND 	 ProQuest	 145	 82	 26	 21	 13	 3
("HR Incompatibility") 	 Latindex	 156	 109	 21	 19	 4	 3
AND ("Newborn")	 Dialnet	 209	 178	 23	 4	 2	 2

("Erythroblastosis fetalis" 	 PubMed 	 146	 58	 43	 27	 11	 7
OR "isoimmunization" OR	 EBSCO	 31	 12	 2	 9	 4	 4
"Bilirubin" OR 
"Hyperbilirubinemia" OR 	 ProQuest	 76	 32	 6	 26	 7	 5
"Hemolysis" OR "anemia" 
OR ) AND ("Hearing loss" 	 Latindex	 27	 8	 0	 13	 5	 1
OR "hypoacusis") AND 
("Newborn")	 Dialnet	 89	 34	 4	 32	 17	 2
("pathological jaundice" 	 PubMed 	 102	 52	 11	 23	 9	 7
OR "physiological 	 Scielo	 102	 72	 3	 15	 9	 3
jaundice") AND 	 ProQuest	 40	 17	 4	 11	 4	 4
("newborn")	 DOAJ 	 67	 19	 3	 34	 6	 5

Total 		  1 709	 1 012	 229	 285	 113	 70

Source: Own elaboration

Source: Own elaboration
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ANALYSIS AND DISCUSSION

The ear is one of the main organs that 
gives us direct access to language and human 
communication. To achieve its functioning, 
interdisciplinary work must be carried out in 
which different structures are involved, such 
as anatomical structures, irrigation, and brain 
function (23,25).

 Hearing loss very early in life can have 
multiple deleterious effects on the newborn, 
most commonly related to speech and language 
attainment (13,33,56). 

During pregnancy, it is possible to contract 
or acquire diseases that can affect the baby and 
its development. Therefore, it is important to 
perform each of the tests or routine analyses that 
help us to rule out a high-risk pregnancy, the 
hemogram is a clinical examination that provides 
information on the presence of red blood cells, 
white blood cells, platelets, hemoglobin status, 
and hematocrit, as well as blood group and Rh 
factor (20).

 The Rh factor is a protein found in red blood 
cells and is present in Rh-positive individuals, i.e. 
Rh-negative individuals do not carry this protein. 
When the father and mother are not Rh similar, 
i.e. Rh negative or Rh positive, it is called Rh 
incompatibility (17,28).

 Blood incompatibility is an affectation in 
the blood that can cause changes or alterations 
in the organism that lead to pathologies that can 
compromise organs or structures of the human 
body that fulfill one or several functions (29). In 
this case, the ear is one of the organs that due to 
its irrigation and function can have an affectation.

The diagnostic analysis of the fetal problem 
due to Rh (D) conflict should be performed 
progressively based on clinical and complementary 
tests. In the case of an Rh (D) negative pregnancy, 
a study of the paternal group and factor is required 
to identify the risk of Rh incompatibility. If the 
father is Rh (D) negative, normal prenatal care 
is continued, since there is no risk of developing 
Rh (D) incompatibility. If, on the contrary, it is 
positive, it is necessary to check the mother for 
the appearance of immune antibodies using the 
indirect Coombs' test, to establish whether or not 
she is sensitized (7,30,31,33).

Sensitization occurs in Rh-negative women 
due to the passage of Rh-positive fetal blood 
into the maternal circulation, which can be 
spontaneous or due to feto-maternal hemorrhage. 
The origin of the occurrence of passage of fetal 
blood occurs when the placenta separates at the 
time of delivery, which is why it is necessary to 
administer anti-D immunoglobulin within 72 
hours of this event (15). 

At the moment of the blood transfusion, the 
D antigen is produced in the mother that will 
directly affect the second child at the moment of 
the delivery or if a hemorrhage or miscarriage 
occurs, this antigen reacts to the Rh positive 
factor as a means of defense against the red blood 
cells of the fetus considered a foreign agent, 
This results in a lack of irrigation or passage of 
the bloodstream to the medulla oblongata and 
produces an affectation in the ventral nuclei 
and, therefore, the decussation or synapsis of 
the auditory impulse will not take place (36,39).

Rh incompatibility results in PNHD (perinatal 
hemolytic disease), as a result of the degree 
of hemolysis and compensatory erythrocyte 
production generated by the fetus (11,29,34). In 
1932, Diamond, Blackfan, and Batty described 
Erytroblastosis foetalis. Smith called this entity 
a hemolytic disease of the fetus and newborn and 
today due to new knowledge about it were named 
perinatal hemolytic disease (PNHD) (15,35). 
Hemolytic disease of the fetus and newborn is 
an autoimmune immunological pathology, where 
there is a relationship with the destruction of 
fetal erythrocytes (red blood cells) at or after 
birth, caused by maternal antibodies that cross 
the placental barrier, which occurs in response to 
the passage of fetal erythrocytes inherited from 
the father and incompatible with the mother into 
the placental circulation; it can generally affect 
the second or subsequent pregnancies, after the 
sensitization of the mother (38,69). To establish 
the onset of the disease, the following conditions 
must be present: the mother must develop an 
immune response against the fetal red blood cell 
antigen, the maternal antibody must be able to 
cross the placental barrier and it must enter the 
fetal circulation (36-38).

When this attack on the red blood cells occurs, 
they are broken down and destroyed. This process 
is called hemolysis and results in anemia, which 
is highly dangerous because it limits the ability of 
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the blood to carry oxygen to the organs and tissues 
of the fetus or newborn. In response, the fetus 
tries to generate more red blood cells rapidly in 
the bone marrow, liver, and spleen; these new red 
blood cells are called erythroblasts, characterized 
by their immaturity and, as the red blood cells 
break down, a substance called bilirubin is 
formed which the fetus cannot easily get rid of 
and in which the placenta intervenes helping to 
eliminate it but at low rates. The remainder may 
accumulate in the blood and other tissues and 
fluids of the body (39-41). 

Subsequently, complications may vary from 
mild to severe; during pregnancy, mild to severe 
stages of anemia may occur, affecting other 
organs. Hydrops fetalis, which carries a higher 
risk, may develop. In this condition, the heart 
fails and large amounts of fluid accumulate in the 
tissues and organs of the fetus, running the risk of 
intrauterine death (13,22,42). If the fetus is born, 
complications remain at high risk with severe 
jaundice (53). And its relationship with hearing 
loss is directly associated with the vertebrobasilar 
system responsible for blood supply, irrigating 
most of the inner ear (43,44), and also with 
the basilar membrane. These cells interpret the 
information and secrete a chemical substance 
that will be transformed into electrical impulses 
that the auditory nerves will carry to the brain, 
in the presence of the pathology the membrane 
will not have any functionality, remaining static, 
without generating any movement and pressure 
on the cells, causing a cochlear alteration of 
neurosensory type (46,57).  Several investigations 
refer that there are many causes of congenital 
or neonatal hearing loss; classified within the 
non-genetic congenital and bilateral types in 
which the behavior of the pathophysiological 
agent occurs simultaneously in the ears in 
prematurity, especially when it is related to fetal 
erythroblastosis and hypoxia (42,43). 

Hyperbilirubinemia is a condition in which 
there is too much bilirubin in the newborn's 
blood (47,48). It occurs when red blood cells 
break down, and a substance called bilirubin 
is formed, at which time the newborn cannot 
get rid of it and it accumulates in the blood and 
other tissues and body fluids of the newborn, 
this is called hyperbilirubinemia. Although low 
bilirubin levels are not a problem, it is considered 
physiological jaundice since it is very frequent 

in 60 % of term newborns, characterized by low 
bilirubin levels, its time of appearance is after 
24 hours of life and it is considered a benign 
condition. However, large amounts of bilirubin 
can circulate to the tissues in the brain and cause 
seizures and brain damage; this is considered 
pathological jaundice, which is characterized by 
high levels of bilirubin before 24 hours of birth 
and is considered a high-risk condition capable 
of producing complications in the newborn (61). 

Hyperbilirubinemia is considered one of the 
pathological conditions in newborns (33,34,48), 
especially in children with other risk factors. 
The effects include neurological problems such 
as Kernicterus, in which there is generalized 
encephalopathy that refers to a syndrome of brain 
dysfunction and sensorineural deafness (39), 
due to the frequency of jaundice in the newborn, 
studies confirm that it can generate sensory 
hearing loss (59). The Joint Committee on 
Infant Hearing shows that taking into account 
that sensorineural hearing loss or deafness can 
be caused by high levels of bilirubin causing 
hyperbilirubinemia and Ictericia, as long as 
jaundice is considered high risk, i.e., pathological 
jaundice (49,61). 

In a study at INPER (Instituto Nacional de 
Perinatología) in Mexico City with 5,109 newborns 
in 2013, hyperbilirubinemia was more frequent 
in male newborns (15,57). The most frequent 
etiology was Rh incompatibility, in relation to 
the gestational time the most frequent hypoacusis 
occurs in preterm newborns, the minimum and 
maximum range of hyperbilirubinemia with 
which hypoacusis was diagnosed was 18.7- 22.2 
mg/dL, presenting 10 % of auditory neuropathy; 
which contrasted with our findings. However, 
no study correlates the bilirubin level with the 
degree of hypoacusis, so a comparison is not 
possible (5,44,66). 

Some studies contradict the INPER research, 
such as the study by Suresh and Lucey (2015) 
who state that they did not find any case of 
hearing loss despite prolonged exposure to high 
bilirubin values, which led them to indicate that 
bilirubin is not as toxic to the auditory system 
as it is supposed to be (46,52,57). On the other 
hand Parodi (2013) with his research on "causes 
of auditory neuropathy" reaches a point where 
he states that the auditory pathway is vulnerable 
due to the high levels of bilirubin in the newborn, 
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being the cause of AN (34,35,67). This analysis 
leads us to believe that although the inner 
ear is interrupted due to its irrigation by high 
levels of bilirubin in the blood, there are very 
few studies on the hyperbilirubinization of the 
auditory system. There are very few studies on 
hyperbilirubinemia in relation to hearing loss in 
newborns, but this does not mean that most of the 
evidence found does not lead us to the relationship 
that hyperbilirubinemia has with hearing loss 
in newborns, since neurosensory impairment 
appears as a result of increased bilirubin in the 
circulation, but it has not been shown that there 
is a proportional relationship between studies that 
lead to an exact criterion with (52,53,66,67). The 
present study, with an appropriate methodological 
design, finds important factors and various 
pathologies related to bilirubin and its strong 
relationship with hearing loss that could be of 
great importance for future studies.

CONCLUSIONS

In the exhaustive search of the bibliography for 
the systematic review, minimal information was 
found on the affectation that Rh incompatibility 
has on hearing; in addition, blood incom-
patibility is a relevant pathology since means 
of immunoglobulin prevents the activation of 
anti-D that can cause an affectation to the fetus 
at the moment that a blood transfusion occurs.  
Likewise, Rh incompatibility presents a retro-
cochlear affectation directly affecting the ventral 
nuclei found in the medulla oblongata leading to 
non-genetic congenital deafness.  

In Colombia, Resolution 412 of 2000 is 
mandatory, which refers to the audiological 
assessment for early detection of neonatal hearing 
loss by referring newborns to the performance 
of evoked auditory potentials that are irrigated 
under high-risk criteria.  In the field of Speech-
language pathologist, it is important to implement 
promotion and prevention, as well as to be part 
of the interdisciplinary work for maternal-fetal 
care with a high-risk index.  

Likewise, it was observed that the most 
affected by hyperbilirubinemia in newborns are 
males with high levels of bilirubin in the blood.  
This allows us to conclude from the research that 

the study of hyperbilirubinemia was based on the 
picture of pathological jaundice since it presents 
high degrees of danger at the cerebral level.  
Therefore, it is necessary to continue with future 
proposals in relation to the investigated subject.  

It should be noted that, due to its ambiguity, 
not much scientific evidence was found in 
relation to hyperbilirubinemia and its auditory 
affectation.  However, the perinatal hemolytic 
disease continues to prove to be a risk factor for 
both the fetus and the mother, which is why it 
should be prioritized at two points in time, during 
the gestational period and delivery.  

Finally, it was found that perinatal hemolytic 
disease produces a bilateral sensorineural hearing 
loss, but without specifying the degree of severity 
in the newborn, which would lead to alterations 
in its development.  In clinical practice, the 
participation of the speech therapist and/or 
specialist audiologist within the interdisciplinary 
team led by the obstetrician is essential, 
considering the risk factor to which the newborn 
is exposed and the consequences that would be 
generated.
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