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ABSTRACT

Capillary blood sampling via heel lance is one of the most frequently performed procedures in neonatal intensive care units
(NICUs) and postnatal wards. Despite its routine nature, the procedure is inherently painful and fraught with preanalytical
vulnerabilities, most notably hemolysis and insufficient sample volume. This comprehensive clinical review examines the
physiological rationale and evidence-based mandate for infant heel warming prior to capillary sampling. By evaluating
current clinical trials, meta-analyses, and preanalytical error reports, we dissect the cascade of negative outcomes associated
with sampling from poorly perfused heels —ranging from altered neurodevelopmental trajectories due to repeated pain, to
spurious laboratory results like pseudohyperkalemia. Furthermore, this review explores three primary use cases where heel
warming is indispensable: routine capillary sampling, prolonged NICU stays, and newborn screening. Aligning with best
practices established by the World Health Organization (WHO) and the Clinical and Laboratory Standards Institute (CLSI),
we evaluate the necessity of standardized warming protocols. Finally, we introduce the NeoWarm™ infant heel warmer as
a safe, effective, and guideline-compliant non-pharmacological intervention designed to optimize blood flow, improve

sample integrity, and mitigate procedural pain in the vulnerable neonatal population.

Keywords: heel warming, neonatal capillary sampling, heel stick, preanalytical error, hemolysis, NeoWarm™, NICU, neonatal pain,
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1. INTRODUCTION: THE HIDDEN BURDEN OF A
ROUTINE PROCEDURE

In the highly specialized environment of neonatal care,
obtaining accurate laboratory data is the cornerstone of
clinical decision-making. For the vast majority of neonates —
whether healthy term infants undergoing routine screening
or critically ill premature infants requiring continuous
monitoring —capillary blood sampling via heel stick is the
primary method of specimen collection. It is favoured for its
relative accessibility and its ability to preserve the limited
and fragile venous capital of the newborn [6].

However, the apparent simplicity of the heel stick belies its
complex physiological and psychological impact on the
neonate. A heel lance is a tissue-damaging event. If carried
out incorrectly, or under suboptimal physiological
conditions, it can cause excessive pain, localized tissue
damage, and yield inaccurate test results [6].

The critical variable often overlooked in the hurried clinical
workflow is the perfusion status of the infant's heel. A cold,
poorly perfused heel yields sluggish blood flow. When
healthcare professionals encounter inadequate flow, the
natural, albeit erroneous, reflex is to squeeze or "milk" the
heel to extract the required volume. This mechanical trauma
leads to the admixture of interstitial fluid with the blood
sample, mechanical lysis of erythrocytes (hemolysis), and
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ultimately, the rejection of the specimen by the laboratory
[10, 11].

Consequently, the infant is subjected to a repeat procedure,
doubling the pain burden, increasing the risk of infection,
and delaying critical diagnoses. To break this cycle, non-
pharmacological interventions aimed at optimizing local
hemodynamics and minimizing nociception are paramount.
Among these, the localized application of heat—heel
warming—emerges as a highly efficacious, cost-effective,
and clinically vital preparatory step [1, 4, 5].

2. THE PATHOPHYSIOLOGY OF NEONATAL PAIN AND
THE HEMODYNAMIC RESPONSE

Historically, the medical community operated under the
misconception that neonates, particularly premature infants,
did not experience pain to the same degree as older children
or adults due to an immature central nervous system.
Modern neonatology has definitively debunked this myth.
Pain is a highly subjective experience, and neonates respond
to painful stimuli with profound physiological and
behavioral reactions [1].

2.1 The Burden of Procedural Pain in the NICU

Infants admitted to the NICU for specialized treatment and
care are subjected to an astonishing number of potentially
painful clinical and diagnostic procedures. Recent
observational data indicates that infants in the NICU
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undergo an average of 13.9 painful procedures per day, with
the heel stick being one of the most frequent offenders [2].

The physiological response to the acute pain of a heel lance
is immediate and measurable. Studies evaluating the
physiological parameters of premature infants undergoing
heel sticks demonstrate significant alterations in autonomic
stability. Following a heel lance, neonates typically exhibit a
marked increase in heart rate (tachycardia) and a concurrent
decrease in oxygen saturation (SpO2) [8]. Furthermore, facial
expressions of pain and overall behavioral distress are
sharply elevated, as quantified by validated tools such as the
Premature Infant Pain Profile (PIPP) [8], the Neonatal Infant
Pain Scale (NIPS) [1, 4], and the COMFORTneo scale [4].

2.2 Long-Term Neurodevelopmental Consequences

The implications of repeated painful procedures extend far
beyond the acute physiological destabilization observed at
the bedside. The cumulative burden of pain in the NICU has
the potential to cause long-term neurodevelopmental
disabilities [2].

The neonatal brain is in a critical period of rapid growth,
synaptogenesis, and structural organization. Repeated
nociceptive input during this vulnerable window can alter
the development of pain pathways, leading to hyperalgesia
(an exaggerated response to normal pain) or allodynia (a
pain response to non-painful stimuli) later in life.
Furthermore, the chronic stress response triggered by
repeated unmitigated pain diverts metabolic energy away
from growth and brain maturation, carrying major
consequences for both cognitive and emotional development
[2]. Therefore, reducing not only the absolute number of
painful procedures but also the intensity of the pain
experienced during necessary procedures is a paramount
ethical and clinical obligation for healthcare professionals [2,
3].

2.3 The Mechanism of Thermotherapy

The application of a warm compress to the skin surface prior
to a painful procedure is a well-established principle of
thermotherapy. When localized heat is applied to the infant's
heel, it induces localized vasodilation. The raised
temperature causes the proximal blood vessels and the dense
capillary beds within the heel to dilate rapidly [1, 4].

This vasodilation achieves two critical clinical objectives:

1. Arterialization of Capillary Blood: It significantly
increases the volume and velocity of blood flow to the
area. This "arterializes" the capillary bed, meaning the
oxygen and carbon dioxide tensions of the capillary
blood more closely approximate those of arterial blood,
which is vital for accurate blood gas analysis.

2. Modulation of Pain Perception: The application of
warmth stimulates large, myelinated A-beta nerve
fibres, which can competitively inhibit the transmission
of pain signals from the unmyelinated C-fibres at the
level of the spinal cord (the Gate Control Theory of
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Pain). Consequently, the neonate's perception of the
sharp pain of the lance is diminished [1, 4].

3. THE PREANALYTICAL CRISIS: HEMOLYSIS AND
SPECIMEN INTEGRITY

To fully appreciate the necessity of heel warming, one must
understand the downstream consequences of drawing blood
from a cold heel. It is estimated that 60% to 70% of all clinical
decisions are based on laboratory results [10]. However, the
laboratory testing process is not infallible.

Errors in laboratory medicine are broadly categorized into
three phases: preanalytical, analytical, and postanalytical.
The overwhelming majority of laboratory errors—between
32% and 75% —occur during the preanalytical phase, which
includes patient preparation, specimen collection, labeling,
and transport [10].

3.1 Hemolysis: The Leading Cause of Specimen Rejection
Among all preanalytical errors, hemolysis is universally
recognized as the leading cause of unsuitable specimens in
clinical laboratories [11]. Hemolysis is the lysis (rupture) of
red blood cells (erythrocytes) and the subsequent release of
their intracellular contents into the surrounding plasma or
serum.

When a neonate's heel is cold and poorly perfused, the
phlebotomist or nurse is unable to obtain a free-flowing drop
of blood following the lance. To gather sufficient volume for
the microtainer or capillary tube, the healthcare provider is
often forced to apply excessive pressure, squeezing or
milking the heel [6, 10].

This aggressive physical manipulation exerts immense shear
stress on the fragile neonatal erythrocytes, causing them to
mechanically rupture as they are forced out of the capillary
bed. Furthermore, squeezing introduces interstitial and
intracellular fluids into the blood sample, diluting the plasma
and leading to erroneous biochemical and haematological
readings [6, 10].

3.2 Spurious Hyperkalemia (Pseudohyperkalemia)

The most clinically dangerous consequence of mechanical
hemolysis during a heel stick is the generation of spurious
hyperkalemia, also known as pseudohyperkalemia [10].

Potassium is a predominantly intracellular cation. The
concentration of potassium inside a red blood cell is roughly
20 to 25 times higher than its concentration in the
extracellular plasma. When red blood cells are ruptured due
to the aggressive squeezing of a cold heel, massive amounts
of intracellular potassium are released into the serum [10].

When the laboratory analyses this hemolyzed specimen, the
potassium result will be falsely elevated. In the NICU,
hyperkalemia is a critical alarm value that can prompt
urgent, potentially dangerous medical interventions, such as
the administration of insulin, glucose, or potassium-binding
resins, and may trigger unnecessary cardiac evaluations [10,
11]. If a clinician acts on a pseudohyperkalemic result
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derived from a squeezed heel, they risk inducing severe,
iatrogenic hypokalemia in the infant.

Conversely, if the laboratory correctly identifies the sample
as hemolyzed, they will reject it [11]. This rejection
necessitates a repeat heel prick, subjecting the infant to
further pain, increasing the workload for the nursing staff,
and delaying critical therapeutic decisions. Preventing
hemolysis at the point of collection —primarily by ensuring
adequate blood flow through heel warming —is therefore a
critical patient safety initiative [10, 11].

4. CLINICAL EVIDENCE: THE EFFICACY OF HEEL
WARMING

The clinical efficacy of heel warming is strongly supported
by randomized controlled trials and meta-analyses. The data
consistently demonstrate that targeted warming prior to
capillary sampling optimizes procedural efficiency and

minimizes neonatal distress.

4.1 Reduction in Procedure Time

A critical metric of success in capillary sampling is the
duration of the procedure. A longer procedure time
correlates directly with prolonged handling, increased heat
loss for the infant, and an extended duration of procedural
pain.

A randomized controlled clinical trial conducted by
Karabiyik Ogurlu et al. (2019) investigated the effects of a
warm compress applied before a heel lance on 80 healthy
term newborns. The study found that the application of local
heat significantly increased blood flow to the area due to
vasodilation. As a direct result of this enhanced perfusion,
the targeted blood volume was obtained much more rapidly.
The researchers concluded that warm compression enables
the procedure to be completed in a significantly shorter time
(4]

Similarly, a study by Tural Buyuk (2018) evaluating 120
healthy neonates demonstrated that the application of a hot
application 10 minutes prior to a heel stick screening
significantly shortened the total operation length compared
to the control group that received no warming [5]. By
facilitating a rapid, free-flowing blood sample, warming
eliminates the need for prolonged squeezing and reduces the

overall duration of the noxious intervention.

4.2 Mitigation of Pain and Crying
Beyond improving the mechanical efficiency of the blood
draw, heel warming exerts a profound analgesic and
comforting effect on the neonate.

In an experimental study conducted by Sapkota et al. (2021)
at BPKIHS, 92 neonates undergoing heel pricks were
evaluated. The experimental group had their heels warmed
to 38°C—40°C for three to five minutes prior to the lance. Pain
was assessed using the Neonatal Infant Pain Scale (NIPS).
The results were striking: the mean pain score in the
experimental (warmed) group was 1.39, whereas the control
group recorded a significantly higher mean pain score of
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2.20. The study demonstrated that the experimental group
experienced significantly lower pain (p < 0.001) compared to
the un-warmed control group [1].

These findings are corroborated by Tural Buyuk (2018), who
reported that neonates in the warmed group exhibited a
significantly shorter duration of crying compared to those
who underwent the procedure with a cold heel [5].
Furthermore, the Karabiyik Ogurlu trial (2019) utilised The
Comfort Behaviour Scale (TCBS) alongside NIPS, concluding
that warm compresses not only lowered pain levels but
fundamentally increased the overall comfort level of the
newborn during the invasive procedure [4].

Recent comprehensive reviews further cement this
consensus. A 2025 Bayesian network meta-analysis by Xu et
al. examining non-pharmacological interventions for
neonatal pain management recognized heel warming as a
valuable and effective clinical technique for pain alleviation
during minor invasive procedures [3].

5. CORE CLINICAL USE CASES FOR INFANT HEEL
WARMING

While the physiological benefits of heel warming apply
broadly to any capillary lance, there are three specific clinical
scenarios where the practice is not just beneficial, but
absolutely essential for optimal patient care.

5.1 Use Case 1: Routine Capillary Sampling (Blood Gases,
Bilirubin, Glucose)

The most common use case for heel warming is routine
capillary blood sampling for point-of-care testing and
general laboratory analysis. Neonates frequently require
monitoring of capillary blood gases (CBG), serum bilirubin
levels, and blood glucose.

The Clinical Challenge: For a capillary blood gas to
accurately reflect the patient's systemic acid-base balance
and oxygenation status, the capillary bed must be
"arterialized." If the heel is cold, the blood drawn represents
sluggish, venous-stagnant blood that has undergone
excessive localized tissue oxygen extraction. This results in a
falsely low pO2 and a falsely high pCO2, potentially leading
to inappropriate changes in mechanical ventilation settings
[6, 10].

Furthermore, assays for bilirubin and comprehensive
metabolic panels require pristine, unhemolyzed serum. As
established, attempting to draw these samples from a poorly
perfused heel inevitably leads to tissue squeezing,
mechanical hemolysis, and sample rejection [10, 11].

The Warming Imperative: Applying a standardized heel
warmer to reach 38°C—41°C prior to the lance forcefully
dilates the capillary bed. This ensures that the blood collected
is arterialized, providing an accurate reflection of systemic
blood gas values. Moreover, the enhanced perfusion allows
the phlebotomist to collect a sufficient volume of blood via a
gentle, free-flowing drip, entirely eliminating the need for
hemolysis-inducing pressure. This ensures laboratory
accuracy, prevents pseudohyperkalemia, and ensures timely
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clinical management of conditions like neonatal jaundice or
hypoglycemia.

5.2 Use Case 2: The Prolonged NICU Stay

Infants born prematurely or with severe congenital
anomalies often face prolonged stays in the NICU. These
patients represent the most vulnerable population in the
hospital, and their management relies heavily on continuous
biochemical monitoring.

The Clinical Challenge: As highlighted by Lund et al., NICU
infants can endure up to 13.9 painful procedures per day [2].
Over a prolonged stay lasting weeks or months, this equates
to hundreds of heel lances. The cumulative effect of this
repeated pain is devastating. It exhausts the infant's
physiological reserves, increases metabolic demand, impairs
weight gain, and, most critically, alters the developmental
trajectory of the central nervous system, risking long-term
cognitive and emotional deficits [2, 8]. Furthermore, repeated
lancing of the same anatomical site causes localized tissue
scarring, making subsequent blood draws progressively
more difficult and painful [6].

The Warming Imperative: In the context of a prolonged
NICU stay, heel warming transitions from a mere
preanalytical optimization step to a vital neuroprotective and
non-pharmacological pain management strategy [3, 8]. By
implementing a strict protocol of heel warming before every
lance, NICU staff can drastically reduce the cumulative pain
burden (as evidenced by reduced NIPS and PIPP scores) [1,
8]. Shorter procedure times mean less handling and less
disruption to the infant's sleep-wake cycles [4, 5].
Additionally, by preventing the need to squeeze the heel, the
physical trauma to the tissue is minimized, preserving the
integrity of the heel for future necessary sampling.

5.3 Use Case 3: Newborn Screening (Guthrie Test)

Newborn screening is a mandatory public health initiative
designed to identify congenital, metabolic, and genetic
disorders  (such as  phenylketonuria,  congenital
hypothyroidism, and cystic fibrosis) before they cause
irreversible harm. This is universally performed via a heel
stick, with the blood collected onto specific circles on a filter

paper card.

The Clinical Challenge: Newborn screening demands a very
specific collection technique. The phlebotomist must allow a
large, free-forming drop of blood to fall onto the centre of the
filter paper circle, ensuring that the blood completely
saturates the paper and soaks evenly through to the reverse
side. If the heel is cold, the blood will not flow freely. The
phlebotomist is forced to squeeze the heel, which leads to
multiple small, smeared drops being applied to a single
circle. Squeezing also causes the separation of serum from
the red blood cells as it hits the paper (a "halo" effect). Both
smearing and serum separation render the blood spot invalid
for automated laboratory punching and mass spectrometry
analysis. An invalid card results in a failed screen, requiring
the family to be recalled to the hospital for a repeat, highly
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stressful procedure, and dangerously delaying the diagnosis
of time-critical metabolic disorders.

The Warming Imperative: Heel warming is arguably the
most critical preparatory step for a successful newborn
screen. Rapid, even vasodilation ensures that upon lancing,
a large, robust drop of blood forms spontaneously. This
allows the clinician to swiftly and accurately fill each circle
on the filter paper with a single drop, ensuring full saturation
and adherence to laboratory standards. By guaranteeing a
free flow of blood, warming ensures the sample is collected
right the first time, maintaining the high throughput
necessary in busy postnatal wards and preventing the
anxiety and clinical risk associated with delayed screening
results.

6. THE MANDATE FOR STANDARDIZATION: WHO AND
CLSI GUIDELINES

Given the clear physiological and clinical benefits of heel
warming, global health authorities provide specific guidance
on capillary blood collection. However, adherence to these
guidelines requires an evaluation of how the heel is warmed

in clinical practice.

6.1 Regulatory Stances on Capillary Collection

The World Health Organization (WHO), in its Guidelines
on Drawing Blood: Best Practices in Phlebotomy, emphasizes
the necessity of standardizing blood collection procedures to
prevent preanalytical errors and protect patient safety [9].
The WHO explicitly warns against poor infection control
practices and suboptimal collection techniques that lead to
contaminated or unusable samples. While addressing broad
phlebotomy practices, the underlying mandate is clear:
facilities must utilize standardized, evidence-based tools that
guarantee sample integrity [9].

More specifically, the Clinical and Laboratory Standards
Institute (CLSI) provides the definitive global standard for
diagnostic capillary blood specimen collection in document
H4-A5 [7]. The CLSI standards explicitly provide
recommendations for collection sites, specimen handling,
and the specifications for devices used to process capillary
blood [7]. According to universally accepted interpretations
of CLSI standards, warming the puncture site is highly
recommended to increase arterial blood flow, with the strict
caveat that the temperature of the warming device must not
exceed 42°C to prevent thermal injury to the neonate's
delicate skin.

6.2 The Problem with Ad-Hoc Warming Methods

Despite guidelines, a dangerous lack of consensus exists
regarding the method of heel warming in many institutions
[2]. A common, yet highly discouraged, practice is the use of
improvised warming devices, such as medical gloves filled
with warm tap water, or unmonitored heated blankets [2].

These ad-hoc methods are fraught with clinical risk:
+ Temperature Instability: Tap water temperatures

fluctuate wildly. A glove filled with water that is too hot
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can easily cause severe, full-thickness thermal burns to
a premature infant's fragile, underdeveloped skin.
Conversely, water that cools too rapidly fails to achieve
the necessary vasodilation.

+ Infection Control: Bringing tap water—which can
harbour pathogens—into the sterile field of a NICU
incubator violates basic infection control principles [9].
A leaking glove can contaminate the patient's
environment.

* Workflow Inefficiency: Preparing improvised water
gloves is time-consuming for nursing staff and delays
time-sensitive procedures.

To align with CLSI and WHO mandates for safety and
standardization [7, 9], hospitals must transition away from
improvised techniques and adopt purpose-built, regulated
medical devices designed specifically for neonatal heel
warming.

7. INTRODUCING NEOWARM™: A SAFE, EFFECTIVE,
AND COMPLIANT SOLUTION

To meet the rigorous demands of neonatal capillary
sampling and adhere to international best practices,
NeoWarm™, a single-use, chemical heat-based infant heel
warmer has been developed.

The NeoWarm device is engineered specifically to deliver
controlled, localized warming prior to capillary sampling. It
directly addresses the clinical challenges of vasodilation,
pain management, and sample integrity, while eliminating
the risks associated with ad-hoc warming methods [12].

7.1 Mechanism of Action and Temperature Control

Unlike unpredictable water-filled gloves, NeoWarm relies on
a self-contained, phase-change chemical system. The device
features a flexible poly/nylon pouch containing a
supersaturated sodium acetate solution.

Activation is remarkably simple and requires no external
power source or specialized equipment. The operator locates
a small internal metal trigger disc and bends it. This
mechanical action initiates an exothermic crystallization
reaction [12]. Once activated at room temperature, the device
undergoes a rapid temperature rise, predictably plateauing
at approximately 40°C to 41°C (about 105°F).

This specific temperature profile is critical. It perfectly aligns
with clinical requirements to maximize vasodilation [1, 4]
while remaining strictly below the 42°C threshold required

8. CONCLUSION
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to prevent thermal injury to neonatal skin. After reaching its
peak, the temperature gradually declines, providing a safe,
self-limited heating profile that ensures uniform warming
without the risk of localized "hot spots" [12].

7.2 Design Features and Clinical Workflow Integration

The NeoWarm device is meticulously designed for the
realities of the NICU and the postnatal ward:

+ Ergonomic Neonatal Fit: The pack features a contoured
geometry designed to sit securely over the infant's heel.
It accommodates the spontaneous leg and foot
movements typical of a distressed neonate, ensuring the
warmer remains in place and does not become
displaced during the critical 3-to-5-minute warming
interval [1, 12].

* Atraumatic Application: NeoWarm utilises an
adjustable tape or easy-peel adhesive with tear-away
straps. This ensures secure placement but, crucially,
allows for easy, atraumatic removal that does not strip
or leave adhesive residue on the infant's highly
compromised epidermal barrier [12].

* Workflow Optimisation: Because it is a ready-to-use,
shelf-stable device, NeoWarm significantly simplifies
the workflow for nurses and phlebotomists. It can be
stored at room temperature at the bedside or on a
phlebotomy cart, making it immediately available
during high-throughput sampling rounds or in
resource-constrained settings [12].

7.3 Regulatory Compliance and Economic Value

From a regulatory standpoint, NeoWarm provides peace of
mind to hospital administrators and laboratory directors. It
is cleared in the United States, confirming its safety and
substantial equivalence to legally marketed predicate
devices [12]. By utilising an FDA-cleared device, hospitals
immediately align their preanalytical processes with the
standardization ethos promoted by the WHO and CLSI [7, 9].

Economically, NeoWarm represents a cost-effective adjunct
to standard care. While it is a disposable device, the return
on investment is realized rapidly. By ensuring an adequate,
free-flowing blood sample on the first attempt, hospitals
drastically reduce the rates of sample hemolysis and
subsequent laboratory rejections [10, 11]. Reducing the need
for repeat heel sticks saves nursing time, minimizes the
consumption of testing supplies, and accelerates time-to-
diagnosis [4, 5, 12].

Capillary blood sampling via heel lance is a foundational procedure in neonatal medicine, but its clinical utility is fundamentally

compromised if performed on a poorly perfused heel. The evidence is unequivocal: attempting to draw blood without prior

vasodilation leads to mechanical trauma, unacceptably high rates of sample hemolysis, spurious laboratory results, and

significant, unnecessary pain for the infant [1, 6, 10, 11].

The application of localized heat prior to lancing is not a luxury; it is a clinical necessity. Evidence from multiple randomized

trials confirms that warming the heel to 38°C—41°C significantly reduces procedure times, diminishes behavioral distress, and

lowers standardized pain scores (NIPS, PIPP, TCBS) [1, 4, 5, 8]. Whether facilitating accurate blood gases in a critically ill neonate,

For professional medical use only. © 2026 Neolacta Lifesciences.

NeoWarm™ is a product of Neolacta Lifesciences.



Neolacta Lifesciences | NeoWarm™ — Heel Warming Clinical Review 6
minimizing the cumulative neurodevelopmental impact of pain during a prolonged NICU stay [2, 3], or ensuring the integrity of
a high-throughput newborn screening programme, heel warming is the critical differentiator between an optimal procedure and
an iatrogenic failure.

However, the benefits of thermotherapy can only be safely realized through standardization [7, 9]. The continued use of ad-hoc
warming methods poses unacceptable risks of thermal injury and infection. Purpose-built devices like the NeoWarm™ infant
heel warmer provide a scientifically validated, FDA-cleared solution [12]. By delivering rapid, controlled, and even heat
distribution via an ergonomic, easy-to-use platform, NeoWarm empowers healthcare professionals to elevate the standard of
neonatal care, ensuring that every drop of blood counts, and every infant is protected from unnecessary harm.
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