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Abstract

Newborns, with their low immune system, lack of self-care ability, and inability to express discomfort through language, face
challenges during the treatment of diseases, especially during intravenous infusion treatments where extravasation can occur.
The inability of nurses to immediately detect extravasation often leads to severe consequences, including disability and even
death. This increases the pain and treatment costs for children and places a heavy burden on healthcare professionals, hos-
pitals, and society. Neonatal infusion extravasation is widespread during intravenous infusion and is influenced by various
factors. Therefore, this article aims to review the research progress on relevant influencing factors that cause neonatal infusion

extravasation.

Introduction

Intravenous infusion is widely used in the treatment of newborns,
but it is susceptible to various factors that can lead to extravasa-
tion of the infusion. This can range from local skin redness and
swelling to severe skin tissue necrosis and damage to nerves and
joints, ultimately leading to skin dysfunction.!> Newborns, es-
pecially premature infants, have weak resistance, small venous
lumens, and they cannot cooperate during puncture, easily lead-
ing to puncture failure and infusion leakage. Moreover, the skin
sensitivity of newborns is low, and the pain caused by infusion
extravasation cannot be expressed promptly. Additionally, there is
no accompanying care in the neonatal ward, and extravasation can
only be detected by nurses. These consequences are more severe in
children than in adults.>* Research has shown that the incidence of
neonatal infusion extravasation is 18.18-75%.5 Therefore, study-

Keywords: Neonates; Extravasation of infusions; Intrinsic factors; External factors.
Abbreviations: DIC, disseminated intravascular coagulation; MAS, meconium as-
piration syndrome.

“Correspondence to: Fang Huang and Lixuan Huang, Department of Neonatology,
Nanning Maternal and Child Health Hospital, Nanning, 530001, Guangxi, China.
ORCID: https://orcid.org/0009-0003-7798-5477 (FH); https://orcid.org/0009-0002-
0141-5235 (LXH). Tel: +8615878703795 (FH); +8615277066507 (LXH), E-mail:
913270510@qq.com (FH); 214896833 @qq.com (LXH)

#These authors contributed equally to this work.

How to cite this article: Huang F, Huang L, Liao F, Huang J, Wei J, Liang Q, et al.
Factors Influencing Extravasation of Newborn Intravenous Infusions: A Review. Ex-
plor Res Hypothesis Med 2023;000(000):000-000. doi: 10.14218/ERHM.2023.00030.

ing and summarizing the relevant factors that affect neonatal infu-
sion extravasation are of great significance for preventing infusion
extravasation in clinical nursing.

Many factors can cause infusion extravasation. This review
elaborates on the mechanisms of infusion extravasation, includ-
ing self-factors, external factors, and disease-related factors that
contribute to neonatal infusion extravasation. The mechanism of
infusion extravasation is as follows (Fig. 1).

Chemical stimulation of the blood vessels using drugs

Blood composition changes as well as the direct stimulation of
drugs leads to the release of inflammatory mediators and an in-
crease in the permeability of the damaged inner wall of blood ves-
sels, resulting in inflammatory reactions.

When the pH of the drug falls below five or exceeds nine, the so-
lution becomes excessively acidic or alkaline, respectively. Mixing
the drug with a diluent in an intravenous solution can alter its pH.
An overly acidic or alkaline pH can stimulate the blood vessel wall,
damage cell proteins, cause cell death, and promote extravasation
of the infusion fluid.®’ Intravenous injection of hypertonic drugs
disrupts the osmotic pressure balance inside and outside the cells,
increasing plasma osmotic pressure. This can lead to the dehydra-
tion of vascular endothelial cells, resulting in hypoxia, hyperemia,
and edema. The damaged cell transmission mechanism can cause
vasoconstriction, spasm, platelet aggregation, and prostaglandins
E1 and E2 release. These events lead to increased vein wall perme-
ability, inflammatory changes due to leukocyte infiltration, and his-
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Fig. 1. The mechanism of infusion extravasation.

tamine release, ultimately causing the veins to contract and harden.?
Exosmosis of the drug solution chemically stimulates vein vessels,
leading to inflammation and thrombus formation. E-selectin and
Intercellular adhesion molecule-1 facilitate the adherence of granu-
locytes to endothelial cells, causing further inflammatory damage
to local tissues and breaking the endothelial glycocalyx barrier, ulti-
mately leading to exosmotic infusion. Additionally, the progress of
infusion exosmosis may cause local tissue edema.?-10

Continuous infusion of drugs to change the blood volume

Water, electrolytes, glucose, and nutrients can freely pass through
the vascular endothelium via capillaries. This exchange depends
on the balance between hydrostatic pressures, determined by fac-
tors like the volume of blood vessels, the tension of the endothe-
lium, and pressure from residual proteins and colloids in the blood
vessels. During intravenous infusion, the fluid crossing the com-
plete vascular barrier in the intravascular and extravascular spaces
is reabsorbed by the lymphatic system to maintain balance and
prevent edema.!’ When fluid is continuously infused, changes in
blood vessel volume trigger the activation of the renin-angiotensin-
aldosterone system and the release of urinary natriuretic peptide.
This disrupts the balance between Starling’s force and endothelial
calyx injury, leading to water and sodium retention. Consequently,
fluid from the blood vessel is transferred to the stroma, causing
leakage into the third space.'?

Increased venous and hydrostatic pressures

Transfusion exosmosis is affected by blood vessel cavity pres-
sure, infusion speed, infusion pump pressure, and liquid osmotic
pressure. The vein lumen of newborn infants is small and fragile.
Consequently, it becomes difficult to bear excessive infusion speed
and increased venous pressure.® Research has shown that a high
infusion rate at the tip of a small intravenous infusion catheter,
increased venous pressure at the catheter’s distal end, and fragile
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veins in newborns contribute to a higher incidence of intravenous
infusion extravasation. When normal skin is gradually stretched
beyond its critical point, the force (stress) required to increase the
given length (strain) increases exponentially. Infusion extrava-
sation can occur when the expansion of the subcutaneous space
greatly exceeds the tensile capacity of the overlying skin.!3 If an
infusion pump is used and the pump alarms, the infusion system
becomes closed, resulting in the pressure in the infusion pipe ex-
ceeding the alarm setting range. Infusion extravasation occurs
when the pipeline pressure increases beyond a certain threshold. '
The osmotic pressure concentration of the isotonic solution is
similar to that of blood. The concentration of solute in the venous
solution can alter the osmotic pressure of the drug due to the mix-
ture of drugs or diluents. When the osmotic pressure of a solution
is too high or too low, cell death can occur, leading to transfusion
exosmosis. When vasoactive drugs cause the contraction of small
veins or arterioles, it reduces blood flow, leading to tissue necrosis
and potentially causing infusion extravasation.'$

Infection

Research has found that inflammatory mediators may play an im-
portant role in vascular endothelial injury by stimulating the body
to produce relevant immune responses and to generate immune
complexes that may damage the vascular wall.!® During the occur-
rence and development of infections in children, endotoxins can
be released by the activity of bacteria owing to the role of tox-
ins and bacteria in their bodies. Inflammatory cells such as mast
cells, white blood cells, and macrophages aggregate in the body
and release inflammatory mediators. The permeability of vascu-
lar endothelial cells in children will also increase with the release
of inflammatory mediators; When endothelial cells and platelets
interact, endothelial cell damage, pathological changes in platelet
activity can occur, and the vascular endothelial barrier is damaged,
resulting in increased vascular permeability, tissue edema, and the
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occurrence of infusion extravasation.!7-2!

The integrity of the vascular endothelial barrier is paramount
for maintaining the balance of blood circulation and the proper
functioning of various organs in the body. The sugar calyx, a cru-
cial component of this barrier, exhibits a villous structure. It is a
generic term for the polysaccharide-protein complexes that cover
the lumen membranes of vascular endothelial cells. As a vascu-
lar endothelial barrier, the sugar calyx is pivotal in maintaining
vascular system homeostasis, regulating vascular permeability and
inflammatory reactions, transmitting mechanical shear forces, and
inhibiting intravascular coagulation.?>?? In physiological condi-
tions, the sugar calyx forms a protective, spongy layer on the sur-
face of endothelial cells. At the same time, plasma-soluble compo-
nents fill the “pores” of the sugar calyx, contributing to the surface
layer of endothelial cells. The skeletal structure of this surface lay-
er is closely associated with vascular permeability and primarily
regulates fluid balance inside and outside the blood vessel. Under
physiological conditions, when blood pressure and blood volume
increase, the sheer force of blood on the vascular wall stimulates
vascular endothelial cells to release nitric oxide, resulting in mi-
crovascular relaxation. When a child is in a pathological state, and
an infection triggers inflammation, the vascular endothelial glyco-
calyx is the earliest site invaded by inflammation, affecting blood
vessels. In response to inflammation activation, inflammatory cells
release enzymes and reactive substances, increasing plasma-free
glycocalyx component heparan sulfate levels. This increase acti-
vates Toll-like receptor-4 on the surface of macrophages, releasing
nuclear factors- kB pathway.

Consequently, proinflammatory cytokines such as nuclear
factors and interleukin-6 are released, exacerbating endothelial
glycocalyx damage and leading to a rapid loss of function.23:24
When the sugar calyx is damaged, its layer becomes thinner, and
its components are compromised. This damage is reflected in the
elevated levels of important markers of sugar calyx degradation
in circulating blood, such as free poly-ligand glycan-1 and hep-
aran sulfate.?*-27 The consequences of sugar calyx damage include
increased vascular permeability, vasodilation, abnormal coagula-
tion function, microvascular thrombosis, and other pathological
conditions. As inflammatory cells escape into the surrounding tis-
sue, blood seeps into the gaps, leading to edema and hypotension,
which further exacerbates tissue ischemia and hypoxia, ultimately
increasing the risk of infusion extravasation.?®

Self-factors of neonatal transfusion extravasation

Extravasation in infants is caused by various factors, including
neonatal body function, skin condition, vascular condition, and
sensitivity. Premature infants face additional challenges due to
poor sucking ability, gastrointestinal intolerance, and disease sus-
ceptibility, making oral feeding difficult and rendering independ-
ent nutrient intake insufficient to meet their energy needs. Conse-
quently, intravenous administration of nutrition becomes crucial
for these neonatal patients. They often require 24-hour infusion
of high osmotic nutritional solutions and medications, such as fat
emulsion, amino acids, water-soluble vitamins, 50% glucose, 10%
sodium chloride, 10% potassium chloride, dopamine, and dobu-
tamine,?*-3? to address their illnesses and nutritional requirements.
Neonatal skin exhibits distinct characteristics compared to chil-
dren and adults, primarily due to differences in physiology and
development. Their skin is delicate, with immature endothelial cell
development in the vascular wall, making it less resistant to local
stimulation.
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Moreover, premature infants have thin blood vessels with re-
duced visibility, less subcutaneous tissue, and even more delicate
and sparse skin.33-3* Additionally, neonates have fetal fat distrib-
uted throughout their body, resulting in pale or bluish skin appear-
ance with poor filling and orientation. This characteristic makes
it easy for the puncture needle to dislodge after fixation, and shift
during feeding or breastfeeding, increasing the risk of extravasa-
tion in neonates.>33

External influencing factors of neonatal transfusion extrava-
sation

In addition to its inherent factors, neonatal transfusion extravasa-
tion can also be influenced by external factors, including nurses,
drugs, infusion tools, and administration sites.

Nurse factors and extravasation of intravenous fluids in neo-
nates

Extravasation during neonatal infusion can be influenced by nurs-
es’ proficiency in using peripheral intravenous catheters, mastery
of intravenous infusion knowledge, accumulated clinical experi-
ence, and psychological qualities. Lack of familiarity with new
peripheral intravenous catheters, inadequate knowledge of drug
properties and usage, improper vein selection when using special
drugs, and a lack of assessment and handling methods for extrava-
sation can all contribute to the risk of neonatal extravasation dur-
ing puncture operations.3® Due to their limited clinical experience,
some clinical nurses may struggle to identify the direction of blood
vessels during infusion, have uncertainties about local anatomical
structures, and lack skills in controlling puncture depth, resulting
in mechanical damage to blood vessels from repeated punctures.?’
This issue may also be influenced by factors such as a weak sense
of responsibility, inadequate inspection of infusion sites, and in-
sufficient inspection frequency.3®# In addition, the delicate and
complex nature of neonatal ward work, coupled with environ-
mental factors such as instrument alarms and infant crying, can
significantly impact nurses” emotional stability and psychological
qualities, potentially affecting the success rate of punctures leading
to neonatal extravasation.*!#2

Drug factors and extravasation of neonatal infusion

Pharmaceutical factors, such as osmotic pressure, vascular irrita-
bility, pH, drug cytotoxicity, and treatment-related factors, such
as drug infusion rate, temperature, and duration, are all relevant
factors influencing the extravasation of intravenous fluids in
newborns. Common drugs that may cause extravasation in new-
borns include 50% glucose, lipid emulsions, dopamine, epineph-
rine, norepinephrine, amiodarone, and calcium gluconate. High
osmotic pressure fluids like 50% glucose and lipid emulsions can
lead to dehydration, tissue cell shrinkage, and necrosis due to
their osmotic pressure, leading to sterile inflammation. Addition-
ally, drugs can cause local platelet aggregation, thrombosis, and
prostaglandin release, resulting in increased vascular permeabil-
ity, infiltration of white blood cells into the venous intima, and
release of large amounts of histamine, causing venous constric-
tion and hardness and leading to venous injury in newborns.*}
Vasoactive drugs such as dopamine, adrenaline, and noradrena-
line can cause peripheral blood vessel constriction and spasms,
leading to tissue ischemia and hypoxia, increased permeability of
the vessel wall, and infiltration of the drug into the tissue spaces,
resulting in tissue damage and even necrosis after administra-
tion.'34445 Amiodarone, an antiarrhythmic drug with a pH value
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Table 1. External influencing factors of neonatal transfusion extravasation
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Influence factor Specific influencing factors

Nurse factors

Mastery of knowledge related to intravenous infusion; Clinical experience; Master anatomical structure; Proficient in

using Peripheral Intravenous Catheter; Responsibility; Own emotions Psychological quality.

Drug factors
of drug infusion.

Infusion tools
infusion sites

Drug osmotic pressure; Drug stimulation to blood vessels; Drug pH; Drug cytotoxicity; Speed, temperature, duration

Peripheral Intravenous Catheter; Disposable infusion steel needle; Retention time of Peripheral Intravenous
Catheter; Upper and lower limb infusion sites; Selection of puncture vein.

of 2.5-4.0, can stimulate the local blood vessels beyond their
buffering capacity when continuously infused through a vein,
leading to phlebitis and extravasation of the infusion.%” Intrave-
nous administration of calcium gluconate, often used to prevent
neonatal metabolic bone disease, can stimulate blood vessels and
surrounding tissues, causing inflammatory changes and deposi-
tion of calcium phosphate leading to tissue hardening and even
necrosis.

Additionally, calcium supplements can cause lysosomal rup-
ture, which releases hydrolytic enzymes, leading to autolysis, con-
gestion, bleeding, and inflammation of the surrounding tissues.*
Studies by Payen and others have shown that the infusion rate is
also an essential factor in infusion extravasation.*’ It is impor-
tant to avoid long-term repeated infusion of irritant liquids into
the same area and to limit continuous infusion of irritant solutions
to less than 2 hours.*3# Furthermore, maintaining an appropriate
drug infusion temperature is vital, as excessively low temperatures
can cause local blood to spasm, thus increasing vascular perme-
ability and the risk of drug extravasation.*>>" The recommended
temperature for drug solutions is around 15°C.#*

Selection of infusion tools and infusion sites and extravasation
in neonatal infusion

Extravasation in neonatal infusion varies depending on the type of
infusion tool and the site of infusion. Research has indicated that the
rate of medication extravasation is lower with peripheral intrave-
nous catheters than with disposable infusion steel needles.3!->> The
probability of drug extravasation with a disposable steel infusion
needle is twice as high as that with a peripheral intravenous catheter.
Peripheral intravenous catheters cause less irritation to blood ves-
sels. They can remain in place for 3—4 days after a single puncture,
reducing the need for repeated punctures, protecting the veins, and
alleviating patient discomfort. However, some studies have shown
that the longer a peripheral intravenous catheter remains in place, the
higher the risk of intravenous medication extravasation.>*3* Park et
al. found that infants and young children have a higher incidence of
extravasation in the lower limbs than in the upper limbs.3%5¢ Moreo-
ver, important veins and their branches are more sensitive to irritat-
ing drugs, and the infusion of such drugs is more likely to cause
venous inflammation and extravasation (Table 1).

Factors influencing diseases and extravasation of newborn in-
fusion

Research indicates that certain neonatal diseases can lead to lesions
in blood vessels or subcutaneous tissues, increasing the likelihood
of extravasation of intravenous fluids. Common neonatal diseases
prone to intravenous fluid extravasation include acute respiratory
distress syndrome, meconium aspiration pneumonia, neonatal as-
phyxia, and pulmonary hypertension.

Acute respiratory distress syndrome and extravasation of intra-
venous fluids in neonates

When a newborn develops acute respiratory distress syndrome, an
inflammatory response is triggered by a bacterial infection or trauma
to the lungs. Early acute lung injury is caused by an uncontrolled in-
flammatory response, which, while helpful in clearing pathogenic mi-
croorganisms, can also damage epithelial cells and the endothelium,
leading to increased permeability. After an alveolar injury, a systemic
inflammatory response can occur when exogenous bacterial products
or endogenous molecules produced by cell damage bind to receptors
on epithelial cells and macrophages, activating the immune system
and exacerbating the systemic inflammatory response. This results in
increased levels of thrombin, tumor necrosis factor-alpha, vascular
endothelial growth factor, and leukocyte-related signaling molecules.
Neutrophil migration can disrupt cell-to-cell connections, leading to
cell apoptosis and shedding, ultimately causing epithelial cell damage,
increasing permeability, and a higher risk of fluid extravasation.5’-5

Extravasation of fluids caused by aspiration pneumonia due to
meconium aspiration syndrome (MAS)

Meconium aspiration syndrome (MAS) occurs when a newborn
inhales meconium-stained amniotic fluid during labor and deliv-
ery. This inhalation causes airway blockage, mechanical obstruc-
tion, and chemical inflammation in the lungs and respiratory tract.
Meconium, which contains substances such as bile acids, large
stool particles, and bilirubin, is thick and can block narrow air pas-
sages in the lungs. Consequently, it leads to hypercapnia, hypox-
emia, vasoconstriction, increased peripheral vascular resistance,
and difficulty obtaining intravenous access.®*%! Additionally, MAS
may also lead to fluid extravasation during fluid administration.

Neonatal asphyxia and extravasation of neonatal infusions

Neonatal asphyxia is a condition caused by various prenatal, intra-
partum, or postnatal factors resulting in newborns being born without
breathing and unable to establish regular and effective autonomous
respiration or respiratory suppression. The primary pathological and
physiological characteristics of this condition include hypoxemia,
hypercapnia, and acidosis. In the early stage of asphyxia, to ensure
the blood supply to vital organs such as the brain, heart, and adrenal
glands, the body redistributes blood, reducing the blood supply to
the lungs, intestines, muscles, skin, and other nonessential organs,
which is the classic “diving reflex”.> After the diving reflex oc-
curs, the body prioritizes blood supply to essential organs like the
heart and brain. The constriction of blood vessels in non-essential
organs causes changes in the body’s hemodynamics, increasing
peripheral vascular resistance and causing intense peripheral vaso-
constriction. As a result, fluid extravasation may occur due to failed
vascular puncture. Under normal circumstances, endothelial cells in
blood vessels release various active substances, such as nitric ox-
ide and prostaglandins, to regulate vasodilation and vasoconstric-
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Table 2. Factors influencing diseases and extravasation of newborn infusion

Factors influencing diseases

Specific influencing factors

Acute respiratory
distress syndrome

Meconium aspiration pneumonia

Inflammation; Destroy epithelial cells; Destroy vascular endothelium; Thrombin; Tumor necrosis
factor-a; Leukocyte related signal molecule.

Inflammation; Hypercapnia; Hypoxemia; Vasoconstriction; Stenosis of vascular lumen; Increased
peripheral vascular resistance.

Explor Res Hypothesis Med

Neonatal Asphyxia
haemorrhage.

Pulmonary arterial hypertension

Phreatic reflex; Changes in body hemodynamics; nitric oxide; prostaglandin; DIC; Thrombus

Increased pulmonary vascular resistance; Hypoxemia; Endothelin-1; Leukotriene; Thromboxane;

Increased vascular pressure, vasoconstriction.

Necrotizing enterocolitis

Toxin-activated immune cytokine; Changes in vascular permeability; tissue damage; Changes

in microvascular internal environment; Blood platelet; Leukocyte.

Epidermolysis bullosa

Skin structural protein defect; Skin and mucous membrane lysis.

DIC, disseminated intravascular coagulation.

tion. However, when neonatal hypoxia-ischemia occurs, these active
substances decrease, exacerbating vasoconstriction. Simultaneously,
endothelial cells in the blood vessels release tissue factors, platelet
activation factors, and other substances that damage the endothe-
lium and activate the coagulation system, leading to disseminated
intravascular coagulation.®® In a state of high coagulation or hemol-
ysis, blood clots or bleeding may occur at the puncture site, which is
also one of the reasons for fluid extravasation.

Pulmonary arterial hypertension and extravasation of fluids in
neonates

Pulmonary arterial hypertension in newborns arises from various fac-
tors that obstruct the neonatal circulatory system, leading to height-
ened pulmonary vascular resistance and severe hypoxemia.®* Failure
to achieve a normal cardiopulmonary transition after birth can result
in an upsurge of vasoconstrictive substances, such as endothelin-1,
leukotrienes, and thromboxane, circulating in the body. This, in turn,
causes peripheral vasoconstriction and sustained elevation of vascu-
lar pressure. As a result, the success rate of a single puncture is low,
and the risk of extravasation during fluid infusion increases.

Other diseases in newborns and extravasation of intravenous
fluids in newborns

Necrotizing enterocolitis and epidermolysis bullosa are two fac-
tors that can affect fluid extravasation in newborns. In cases where
necrotizing enterocolitis in newborns is complicated by sepsis, the
toxins produced by microorganisms can cause changes in vascular
permeability and tissue damage by activating immune cells to pro-
duce cytokines.% This, in turn, can lead to the aggregation of plate-
lets and white blood cells in microvessels, ultimately affecting fluid
extravasation in newborns. Epidermolysis bullosa is characterized
by skin and mucosal detachment caused by congenital deficiencies
in the structural proteins of the skin.%® Even minor friction can cause
blistering and separation of the epidermis and dermis. Children with
this condition have fragile skin, making them susceptible to skin
damage from external forces, such as punctures or fixation, which
can result in fluid extravasation in newborns (Table 2).

Future directions

In the future, our research should focus on understanding the unique
needs and responses of neonatal patients to intravenous therapy. This
could involve investigating pain perception in neonates, assessing
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their ability to communicate discomfort nonverbally, and finding
ways to improve their overall comfort during treatment. The potential
of new medical devices, such as smart catheters or wearable sensors,
needs to be explored, which can continuously monitor the intrave-
nous sites and provide real-time feedback to healthcare providers
when signs of extravasation are detected. Moreover, comparative
studies of different intravenous devices, catheters, and materials to
assess their risk of extravasation in neonates should be conducted.
This could aid in developing evidence-based guidelines for the selec-
tion of the most appropriate devices for neonatal intravenous therapy.

Conclusion

The incidence of intravenous infusion extravasation in newborns is
high. This occurrence not only increases the patient’s pain but also
leads to medical disputes and higher medical costs. Therefore, a
comprehensive study of factors related to extravasation in newborns
can help propose appropriate prevention measures. Furthermore, the
long-term consequences of extravasation in neonatal patients, includ-
ing potential effects on neurodevelopmental outcomes, growth, and
quality of life should be investigated. Doing so might reduce the in-
cidence of extravasation and adverse nursing events, achieve precise
nursing, and ultimately satisfy patients, families, doctors, and nurses.
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