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Objectives

* The learner will obtain information related to the development of skin in the
human infant

* The learner will be able to evaluate the limitations of the current pressure injury
staging system within the premature infant population
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Preterm Infant Terminology

* Extremely Preterm <28 weeks gestation
* Very Preterm 28 - 32 weeks gestation
*  Preterm <37 weeks gestation

* Late Preterm
* Moderate-term Preterm
* Term

* Neonate
¢ Infant

34 0/7 to 36 6/7 weeks gestation
32 - 37 weeks gestation
37 0/7 to 41 6/7 weeks gestation

Birth to 28 days of life
Birth to 12 months
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Premature Infants

* Premature infants are born with
underdeveloped lungs

* The development of pulmonary
surfactant, which facilitates
oxygenation and ventilation in
underdeveloped lungs

* This development allowed for the
fetal age of viability to decrease to
22-week gestation

Abman, 2017 & Barrie, 1963




latrogenic Harm

+ These tiny humans are a challenge,
not only for survival but for
preventing iatrogenic harm

* The age of viability has dropped to
22-week gestation related to
medical advances of pulmonary
surfactant

CHG Necrosis in a 25-week neonate
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Skin Development

* Although medicine has improved
to assist with lung development,
there continues to be gaps to
assist with skin development.

« Historically, older (50+ years)
research stated that the skin was
fully developed at 34 weeks
gestation.

* What is not present within the
research is whether or not all
layers of the skin is present at 34

weeks.
30 week-gestation
Tiny Bodies
. e 22-24- weeks gestation
* Premature infants are =10.5 - 11.5 inches in
miniscule in size length ’
* Their size makes it difficult to . 25 - 27-weeks

visualize potential layers of skin

within a wound bed. 14.41 inches in length

* Awound less than 0.5 cm in . 2834-week gestation =
diameter is common in 14.8 - 17.8 inches in
premature infants length

gestation = 13.62-

Nie & McKeown (2025)
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Pressure Injuries in the NICU

* Research notes that overwhelming the
cause of Pl in the NICU is from medical
devices

« Of the medical devices, approximately
60% are created by respiratory devices

* Respiratory devices are necessary to
sustain life of these tiny humans

25-gestational week infant: Pl
from bubble CPAP. Scar tissue
discovered 3 months after the
discovery of the Pl to the
columella

Permanent scar. Stage ??7?

Nie, Hawkins-Walsh, & Delmore (2024)
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Staging Pressure Injuries in Undeveloped Skin

* The current NPIAP pressure injury staging system is based on the depth of
damage to the layers of the skin

* The premature infant’s skin is in the process of developing

* Without all 3 layers being present, when can the NPIAP staging system accurately
be utilized?

« Difficulty in visualizing the depth of damage r/t small bodies

Can clinician’s accurately stage the damage created by pressure in premature
infants?

i

i

Nie, Johnson & Reed, 2022 l W§CNEXt

11

Why is this important?

The Joint Commission and National Quality Forum 2027 Serious Reporting
Event

« SRE 21: Patient Harm Associated with a Stage 3 Pressure Injury, Stage 4
Pressure Injury, Unstageable Pressure Injury or Deep Tissue Pressure Injury
Acquired After Admission

* “This event captures patient harm associated with the development of a new
Stage 3 pressure injury, Stage 4 pressure injury, or unstageable pressure injury
that develops after the initiation of a patient encounter and is not documented
as present on admission (found on exam greater than 24 hours after arrival).”

* This event also captures patient harm associated with the development of a new
deep tissue pressure injury that develops after the initiation of a patient
encounter and is not documented as present on admission (found on exam
greater than 72 hours after arrival)

& Forum. (January, 2026). Aligning
Events and
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Healthcare Setting & Population

* “This event requires accurate classification of a pressure injury and
confirmation that appropriate and consistent pressure injury prevention
strategies were provided while being cared for in a healthcare setting.”

This event applies to all healthcare settings that provide round-the-clock
Wl bervation, moritoring, and care, This event does not apply to ambulatory/
HEALTHCARE SETTINGS 0 SEI’V-B Ion, monil BIII'I‘Q, and care. [ his event does not apply to amoulatory)
outpatient, home, or virtual care.

POPULATION This event applies to patients who have experienced serious harm.

/

I 026). Aligning Patient Safety Event
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New
SRE 27: Patient Harm Associated with the
Care of a Neonate

Event Intent

This new event captures patient harm associated with the care of a term or preterm
infant following birth and during the neonatal period (i.e., less than or equal to 28 days
after delivery). This event includes neonatal care that is not associated with labor or
delivery and may extend across multiple healthcare settings. The extent of patient harm
associated with the care of a neonate may not be known during the patient encounter or
within 28 days after delivery; therefore, Reviewers should report this event when made
aware of the occurrence, regardless of the time passed after the event. Reviewers
should use postdischarge follow-up and treatment to inform reporting decisions and

further causative factors. a X
("?VQQNex;

) 026). Aligning Patient Safety Event
Reporting; 20: -
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SRE 27: Patient Harm Associated with the
Care of a Neonate

This event focuses on instances of serious neonatal patient harm that are likely
avoidable when generally accepted performance standards of care are
implemented. Reviewers should only report instances of neonatal patient harm
associated with the care of a neonate that are serious and largely preventable,
as established by the SRE Inclusion criteria.

3 This event applies to all healthcare settings that provide neanatal care from birth
CERUTEI 1o less than or equal to 28 days after delivery.

POPULATION This event applies to patients who have experienced serious harm

UPDATES SINC This is & new event, introcuced in 2025,
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Why is this Significant?

Joint Commission reportable pressure injuries: a new Stage 3 pressure injury, Stage
4 pressure injury, or Unstageable pressure injury that develops after the initiation
of a patient encounter and is not documented as present on admission (found on
exam greater than 24 hours after arrival), and Deep Tissue pressure injury within
72 hours of admission.

Accurate classification of pressure injuries is required

4/24/2026
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Neonatal SRE 27

1. The SRE includes neonatal care that is not associated with labor or delivery
and may extend across multiple healthcare settings.

2. The extent of patient harm associated with the care of a neonate may not be
known during the patient encounter or within 28 days after delivery

3. Therefore, Reviewers should report this event when made aware of the
occurrence, regardless of the time passed after the event

25-gestational week infant: Pl from bubble CPAP. Scar tissue discovered 3 months
after the discovery of the Pl to the columella
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Pressure Injury Staging of Premature Infants

An International Taskforce was created in the Spring of 2025 with two aims

1. At what gestational age can we accurately use the current NPIAP pressure injury
staging system?

2. How should pressure injuries be categorized that occur in premature infants with
developing skin?

18




Premature Infant Pl Staging

Taskforce Members
« Ann Marie Nie, PhD, FNP-BC, CWOCN, + Anna Barbara Schluer, NP, Zurich,

WOCNF, Chair, Ohio, USA Switzerland
* Margaret Birdsong, DNP, CPNP, * Michele Barakat-Johnson, NP, Australia
Maryland, USA «  Guido Ciprandi, M.D., Plastic Surgeon,
« Vita Boyar, M.D., Neonatologist, New Rome, Italy
Jersey, USA «  Biagio Nicolosi, M.D., Firenze, Italy
. 52233"3 Delmore, PhD, New York, +  Peter Worsley, PhD, United Kingdom
+ Lisa Jasin, PhD, NNP, Ohio, USA Consultant Team

Dimitri Beeckman, PhD, MSc, Belgium
Joyce Black, PhD, APRN, Nebraska,
USA

Amit Gefen, PhD, MSc, Belgium
Deanna Johnson, DNP, NNP, CWO]
Minnesota, USA

Andrea Pokorna, PhD, Czechoslo

Daphne Weihs, PhD, Belgium

* Katie McKeown, FNP, Ohio, USA

* Robyn Reed, M.D., Pathologist,
Washington, USA

« Sharleen Singh, PhD, NP, California,

4/24/2026
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The Current Pressure Injury Staging System

The Pressure Injury Staging System was created based on several
principles:

The skin of the patient must be physiologically developed
The stage of the Pl is based on the depth of damage
Ability to visualize the damage to skin structures for accuracy in staging

A WN P

Accurate assessment and diagnostic skills of the clinician performing staging
of the wounded skin

At what gestational age can the current Pl staging system be a X
(WQQKext

utilized for premature infants?
&5
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Aim1
At what gestational age can we accurately use the current NPIAP pressure injury

staging system?

In order to answer the question, a systematic review of the literature was conducted

21



Methodological Framework for Systematic Review of
the Literature

. Mastering the Structure
« Step 1: Identifying the Research of Your Literature Review

Question L
+ Step 2: Identifying Relevant Studies
« Step 3: Study Selection
+ Step 4: Charting the data

+ Step 5: Collating, summarizing and
report the results

s S
(wocuext
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Step 1.: Identifying the Research Question

At what gestational age can we accurately use the current NPIAP pressure
injury staging system?

Size of a Premature Infant at 24/25 Weeks

23

Step 2: Identifying Relevant Studies

« Aliterature search was performed by « The taskforce members added
the Dayton Children’s Hospital's articles that were not found
Medical Education Librarian during the literature search to
the database.

* Articles were obtained from the
references in the articles

* The chair reviewed all the
articles in the data base and
removed any duplicates

* 90 total articles were retained
for review

Search terms:

skin development, neonatal skin,
premature infant skin development,
premature infant skin

7z
WOGCNext
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Literature Review

An article review file was created
with the following headers

Title of Article

Authors

Year of Publication
Country of Publication
Research Design
Number of Participants
Ages of Participants
Gestational age when Epidermis
starts development and complete
(this includes the stratum corneum)
Gestational age when Dermis starts
development and is complete
(includes thickness and
appendages)

Gestational age when Subcutis
starts development and is
complete

Wound healing

Additional notes

2

\ig )

(7S
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Stage 3: Study Selection

« The first round of reviews revealed
36 articles that did not contain
information related to developing
skin

* 55 articles were retained for
continued review.

Second round review
The taskforce members chose a
skin layer for review

There were 4 members for each
layer and the chair reviewed the
articles for each group that did not
have an even distribution

3 separate data files for each layer
of the skin were created

The members utilized the first
review to determine when the
chosen skin layer was fully complete
If unable to determine from the-first
review, they reviewed the arti
obtain the information

1

G
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Results of the Second Review of the Literature

* Epithelial Layer has 38 articles
« Dermal Layer has 25 articles

* Subcutaneous Layer 21 articles

* Many of the 55 articles describe multiple skin layer development

* The groups were informed to only review the layer of the skin they were

assigned

\;g/

72\
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Questions Posed following Review of the Skin
Layers

1. Can clinicians accurately stage the
developing skin when a layer of the skin 2=
is present in one part of the body but
not all parts of the body?

2. Per the literature, respiratory devices
are the leading cause of Pl in the
premature infant. Does staging then
wait until the columella is fully
developed, or is there different staging
depending upon the GA of the patient?

28

Difference between baby and adult skin
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Epithelial Layer and Stratum Corneum

« 38 articles state that the epithelial .
layer is complete at 34-week Human Skin Structure
gestation, repeating older (>50
years) research /

* 7 articles, note that the epithelial

layer is completed from 30 - 40
weeks gestation

* Primary literature sources noted
that the epithelial layer was
completed developed at 34-week
gestation

to |
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Epithelial Skin Layer Development

>20 weeks gestation; SC absent
21-29 weeks gestation; 1 - 2
cell layers

30 - 40 weeks gestation; 2 - 4
cell layers

Full-term; 3 - 4 cell layers
Adult; 25-30 cell layers

Reed, Johnson, Nie, 2021

4/24/2026
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Stratum Corneum

The stratum corneum is the top
layer and is composed of dead
keratinized cells

Composed of layers of thin, stacked,
pancake appearing anucleate cells
80% of these cells are filled with
keratin

This layer is important to protect the
skin from assaults from mechanical
forces ie MARSI, PI, trauma, etc.

Wysocki, A, 2024 & Reed, Johnson, Nie, 2021

The basket weave keratin is not
present in the premature infant until
28 - 30 weeks gestation

This process starts at the hair
follicle and moves outwards

At this age, the infant’s body goes
from tacky to dry

32

Dermal Layer

25 articles were present

13 of the articles did not contain
information related to the
completion of the dermal layer
Completed layer at term and post
birth

Dermal layer is visible at the age of
viability

Rete Ridges not present until 34
weeks gestation

=

Layers of the

33
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Poor cohesion between the Dermis and the

Epithelium
Few rete
ridges
&
Dermal
papllla Premature Infant Adult Dermis
Dermis z ™%

WOCNext
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Dermal Layer Development
* >20 weeks gestation; 600 - 800um
*  21-29 weeks gestation; 400 - 900um
* 30 - 40 weeks gestation; 500 -1400um
¢ Full-term; 1000 - 1600 um
* Adult; average 1mm thick (0.3 - 3 mm depending on body
location)
» Dermis is defined related to thickness instead of cell layers
o N
woc
K,’
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Subcutaneous (Adipose) Layer
+ Of the 21 articles reviewed, 9 + Microscopically, fat globules start
articles did not provide information appearing at 2 weeks gestation, but
related to when subcutaneous layer they are scattered and not
was form organized
+ Development starts between 14 - * Visually, the lipid layer can be seen
20 week gestation in open wounds of patients at 30 GA
« Visible between 26 - 28 weeks in parts of the body such as the
gestation trunk, abdomen and limbs
«  The literature overwhelming noted * Itcan not be visualized at the parts
that the subcutaneous layer of the face, nose, ears, toes, fingers,
continues to create layers up until etc.
term and after birth /7 X
Reed, Johnson, Nie, 2021 ‘ﬂ!ocng);t
36
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Subcutaneous Skin Layer Development

>20 weeks gestation; research is lacking

21-29 weeks gestation; minimal scattered adipose
globules

30 - 40 weeks gestation; minimal; increase in scattered
adipose globules

Full-term; 0.5 mm thick

Adult; Males: 1.65 - 18.35mm; Females: 2.70 - 25.20

Reed, Johnson, Nie, 2021

4/24/2026
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Adipose Layer

ANATOMY OF THE SKIN

Adipose tissue is not visible to the areas where the majority
of Pls are developed in the premature infant ie, nasal bridge,
columella, fingers, toes, etc

38

Questions that Emerged following the Literature
review

. Does the skin layer have to be fully
developed to be able to utilize the current
staging system?

. If the skin layer is present, can the
pressure injury be staged?

If the subcutaneous layer is present in
parts of the body between 30 - 32 weeks
gestation, but not all parts, can the
staging system still be utilized?

. Should staging wait until the area where
pressure injuries are common in this
population are present? Or can the
staging system be utilized sooner?

39
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Staging Pls in the Premature Infant

* The collaborative was informed that
the current staging system assumes
that all skin layers are present in
order to be accurately staged

* Adecision was made to suggest a
gestation age was agreed upon
where the current staging system
can be accurately utilized

Pl to a 25-week gestation from a
NIRS probe

40

Aim 2
How should pressure injuries be categorized that occur in
premature infants with developing skin?

* Full-thickness vs partial-thickness categorization is incomplete since the skin is
not fully developed.

* Use of depth of damage is incomplete as a stage 1 Pl can leave a scar over
several months.

* How are pressure injuries to be categorized in underdeveloped skin?

41

Premature Infant Staging System

* The Collaborative met on April 1

« Discussion ensued on one vs 2 staging systems related to the basketweave
keratin not present until 28 - 30 weeks gestation

« Concerns were expressed related to the miniscule skin layers and visualization

* It was decided that the international collaborative will start working on one
staging system

* If concerns arise fitting in the skin development in one system, two will be
considered

42
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International Collaborative Next Steps

* The collaborative will work monthly in 2026 to develop an accurate staging
system for premature infants

+ Once developed, a Delphi study will be conducted to find common ground on
the developed system

+ The final agreement of the system will be either in person or by zoom
+ The individuals who will participate in this study will be invited
« Clinicians who have spent years caring for the premature infant

77
WOCNext
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How do we Stage Pls in the premature Infant
now?

+ Recommend describing what is seen when first identified.

« “25-week gestation infant with open skin from the umbilical line being secured
tightly to the abdomen. This is a medical device related pressure injury. Due to
the developing skin layers, it cannot accurately be staged.”

44
Questions????
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