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ARTICLE INFO ABSTRACT

Purpose: This study examined the incidence of oral mucosa pressure ulcers (PUs) in intensive care unit (ICU)
patients and the relationship between biomechanical and physiological variables in onset of PUs. Methods: A
prospective observational descriptive study design was used. We recruited patients over 18 years of age with
endotracheal tube (ETT) insertion in three ICUs in a tertiary hospital in Korea. We analysed 113 patient-days of
data. Patient assessments and medical record reviews were conducted to gather biomechanical and physiological
data. Fisher's exact tests and %2 test and Spearman's rank correlations were used to compare data. Results: The
highest incidence of oral mucosa PUs occurred in lower oral mucosa (36.3%). There was a significant re-
lationship between lower oral mucosa PU stage and bite-block or airway use (r = .20, p = .036), commercial
ETT holder use (r = 0.19, p =.048), sedative use (r = —0.22, p =.022), and plasma protein (r = 0.20,
p = .033). Upper oral mucosa PU stage was related to commercial ETT holder use (r = 0.19, p = .044), hae-
moglobin(r = 0.24, p = .011), haematocrit (r = 0.27, p = .004), and serum albumin (r = —0.24, p = .012).
Stage was related to commercial ETT holder use in both sites (r = 0.28, p = .003), haematocrit (r = 0.19,
p = .039), and serum albumin (r = —0.23, p = .015). Conclusion: Oral mucosa PUs developed more frequently
and healed more quickly than general skin PUs. Taken together, these data indicate that biomechanical and
haematological variables are risk factors associated with PU incidence should be considered in intensive care
patients.
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1. Introduction For intubated patients, unplanned extubation or inadvertent

movement of the ETT can induce potentially life-threatening problems,

Medical device-related pressure ulcers (PUs) developed due to
prolonged unrelieved pressure from rigid and inelastic devices [1],
specifically related to difficulties in adjusting to the presence of the
device on or in the body, and safe removal [1,2]. Patients who exhibit
sensory impairment, reduced capacities for communication, and un-
consciousness are at the highest risk for medical device-related PUs [3];
therefore critically ill patients in intensive care units (ICUs) are ex-
pected to be high-risk for PUs. Epidemiologic studies have reported
various prevalence rates for medical device-related PUs, from 11.9%
[4] to 40% [5], among hospital-acquired PUs. The most commonly
encountered medical device-related PUs recorded by registered nurses
were endotracheal tube (ETT)- related PUs in all ages [5-7].

such as aspiration, airway injury, and death as a result of airway pro-
blems [8]; notably, the ability to maintain a secure ETT is considered a
quality assurance marker for ventilator use [9]. Airway stability is af-
fected by the type of securing method [9]. The ETT should be secured
using non-commercial methods or commercial that minimize tube
movement, ensure quick and easy application, and demonstrate of a
low risk of injury to the body [10]. Non-commercial techniques in-
cluding tying or fixing with adhesive tape and string, respectively, are
more form-fitting to the patient's face [9] and effective at preventing
oral mucosa breakdown [11,12]. Commercial ETT holders, which are
wrapped using a quick fixation method (such as Velcro), around the
back of the neck for stability, are advantageous because they improve
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Fig. 1. Endo-tracheal tube securing methods in this study.

rigid fixation, ease of application, reduce and relocation. However,
commercial devices exert a greater force on the patient's face, and may
cause destruction of mucosal integrity and frequent pain [9].

The oral mucosa consists of two layers: the surface stratified squa-
mous epithelium and the deeper lamina propria; the epithelium is
classified as non-keratinized or keratinized depending on the region of
the mouth [13]. The skin consists of three layers: epidermis, dermis and
hypodermis. The epidermis is a keratinized stratified squamous epi-
thelium with four or five sub-layers; and the dermis and hypodermis are
thick layers of connective tissue [14]. Histological differences make it
difficult to discriminate the oral mucosa PU stage. Further, mucosal
healing is clinically distinguished from skin healing in terms of speed
and degree of scar formation [15]. An important characteristic of
wound healing is re-epithelialization, where wound edges undergo
proliferation and migration, and replace keratinocytes lost as result of
injury [16]. Oral mucosa wounds show rapid re-epithelialization and
reduction in scarring [17], suggesting a greater proliferative capacity of
oral mucosa compared with general skin.

Based on these histological and healing characteristics, the skin PU
staging system cannot be used to grade oral mucosa PUs. Standardised
staging systems have been provided for assessing and documenting PUs
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that monitoring, reporting, communicating and management of wound
progression [18,19]; however, the available staging systems are not
designed to the mucosa; therefore, anatomically tissue comparisons
cannot be made. Therefore, a stage classification system for oral mucosa
PUs is required for patient care in the ICU, which would improve
communication among clinicians, incident reporting, and monitoring of
oral injuries [20], as well as enabling the examination of outcomes
associated with particular risk factors [21].

The conceptual framework of PU development [22] describes bio-
mechanical and physiological factors as critical determinants of PUs.
Biomechanical factors include magnitude, time, and type of mechanical
load [22]; physiological factors include PU status, perfusion, and nu-
trition [23]. In oral mucosa PUs, the accompanying mechanical loads
on mucosal membranes are unknown. In addition, mucosa-specific
mechanical loads must be determined in the context of medical device
usage. Oral mucosa PUs may be elicited by ETT holders or the ETTs
themselves [24]. Furthermore, bi-directional relationships between
biomechanical and physiological factors have been reported previously
[22].

To date, no clear differentiation between mucosa and traditional
PUs has been identified [24]; and few studies have measured the
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relationship between PU incidence, and biomechanical and physiolo-
gical variables. Therefore, the current study sought to determine the PU
incidence rates and to investigate the relationship between oral mucosa
PUs and biomechanical/physiological risk factors.

2. Methods
2.1. Study design

This study used a prospective observational study design. Two steps
were undertaken: 1) a prospective patient assessment of oral mucosa
PUs and 2) a prospective medical record review.

2.2. Settings and participants

This study was conducted in a 1500-bed tertiary hospital with 8
ICUs in a metropolitan city in Korea. Permission to obtain PU data was
obtained for 3 ICUs (1 neurosurgery ICU with 13- beds and 2 traumatic
ICUs with 16- beds each). At two surgical ICUs, it was not possible to
observe for longer than two days because patients were relocated to
other wards. One ICU was temporarily closed due to relocation. At two-
medical ICUs, researchers were not permitted to enter the ICU due to
infection control. The nurse:patient ratio was 1:2; and the mean ICU
stay was 7.1 days. Institutional PU prevention guidelines state that ETTs
should be changed or repositioned every 8 h. In this hospital, the ETT
was secured via non-commercial methods, such as adhesive tape and
gauze string; or via single commercial device (MultiFix Endo-III; Fig. 1).

The inclusion criteria was: 1) > 18 years of age, 2) ETT use with
non-commercial methods (adhesive tape, tied in gauze) or commercial
ETT holders, and 3) consent for participation from patient family
members. There was a limited number of observable intubated patients
to examine the relationships between risk factors and oral mucosa PUs;
therefore, we analysed patient-days rather than patients. One hundred
forty-five patient-days from 21 patients were assessed, and 113 patient-
days from 17 patients, were included in the final analysis. Twenty -six
patient-days were excluded due to the absence of physiological data, 4
were excluded due to withdrawal of caregiver consent, and 2 were
excluded due to lack cooperation from attending physicians.

2.3. Study procedures

2.3.1. Oral mucosa PU assessment

Observation of oral mucosa PUs were performed over 30 con-
secutive days which was the permission period granted by the IRB.
Patients were observed from enrolment time (start of intubation, ad-
mission to ICU, or permission date) until finishing time (extubation,
discharge from ICU, or death). The observer was a researcher who had
performed mucous membrane studies with the authors’ research group
members and a wound, ostomy, and continence nurse (WOCN). The
observer participated in a 4-h seminar and was trained by a dentist to
assess PUs. Prospective patient assessment was conducted at the same
time each day using the one-item oral mucosa PU scale [20]. Oral
mucosa PUs are scored from O to 3 points according to the stage:
zero = no PU; Stage 1 = redness and demarcation of the lip and buccal
mucosa with no visible destruction or loss of epithelial tissue, ulcera-
tion, or blisters. In addition, non-blanchable erythema was present on
the corners of the mouth; Stage 2 = destruction and differentiation of
buccal mucosa, as manifested by blisters, soft coagulum, or clotting on
mucosal tissue; superficial loss of non-keratinized epithelial tissue; or
damage to epidermal and dermal layers of the corners of the mouth,
without evidence of damage to underlying fascia; and Stage 3 = loss of
mucosa and sub-mucosal tissue as evidenced by damage to/exposure of
the fascia and underlying muscle in the lips or corners of the mouth.

The observer assessed two portions of the lower and upper oral
mucosa in the not-eliminated ETT holder and recorded photographs of
the oral cavity. Biomechanical load acts in the direction of two axes
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(force under the lower and upper lip acting downward by the move-
ment of the jaw joint [14], force by movement of the ETT). We assumed
the same pressure was loaded on each side because nurses changed
location of ETT every 8 h; therefore, we did not separate between right
and left. The observer recorded the absence or presence oral mucosa
PUs and determined the stage. If more than two mucosal PUs were
observed in the oral mucosa, the most severe stage of lesion was re-
corded. If the PU incidence could not be determined, the presence or
absence was recorded after discussion with the research team based on
observation documentation and photographs.

2.3.2. Medical record review

Medical records consisting of biomechanical and physiological fac-
tors were reviewed by a research assistant using a structured doc-
umentation form.

2.4. Instrument

2.4.1. Oral mucosa PUs

The Reaper Oral Mucosa Pressure Injury Scale (ROMPIS) [20] was
used for classify PUs into stages. The inter-rater reliability (IRR) of this
scale among experts from photographs is 0.443 [20]. We did not obtain
permission to use photographs; therefore, we used this instrument
alone, and sought to improve the reliability of the attributes by com-
paring with the mucositis staging system [21]. Translation and back-
translation into Korean were conducted by two bilingual experts; con-
tent validity verification to assess the language and stage suitability of
oral mucosa PUs was conducted using a 4- point Likert scale by two oral
health experts. All items scored > 80% validity. To judge non-blanch-
able erythema, a 2-s press was administered to the lesion with a finger.

2.4.2. Risk factors

Previous literature has focused on risk factors for medical device-
related PUs [1,2,5,6]. We have assessed the potential risk factors for
oral mucosa PUs, which included of biomechanical and physiological
variables, which were selected based on a conceptual framework [22]
and systematic review for developing PUs [23] described in previous
studies. Biomechanical conditions consisted of 5 items. ‘Bite-block or
airway use’ and ‘commercial ETT holder’ were classified as Yes (coded
1) or No (coded 0). ‘Duration of ventilator use’ was calculated from the
start of ventilator use until the time of observation. The ETT was usually
changed to a tracheostomy within 2 weeks, approximately 75% patients
with acute respiratory distress syndrome across 50 countries receiving a
tracheostomy within 14 days [24]. Therefore, duration of ventilator use
was classified with the half-life of ETT administration, 7-days, as the
dividing factor.

The Richmond Agitation and Sedation Scale (RASS), measured by
ICU staff nurses, was used for ‘level of sedation’ scoring. The RASS
includes is a 10 point scale, ranging from - 5 to 4. In this study, negative
scores we were recorded for all patients, which indicated the level of
sedation was drowsiness, light, moderate, and deep sedation. Patients
were classified as above - 3 and below - 4 if they responded to voice
[25]. To score the ‘risk of general PUs,” we used daily mean total score
recorded on the Braden scale. Patients were usually monitored two
times a day by ICU staff nurses, and total score close to the time of oral
observation was used. Patients were classified into low and high risk
groups. We could not use the APACHI II score to reflect severity because
these data were not available for most patients.

Physiological data consisted of 11 items. ‘Sedative’ and ‘vasopressor’
use were classified as Yes (coded 1) or No (coded 0). ‘Fraction of in-
spired oxygen (FiO2) was recorded as the percentage of inspired
oxygen at the observation time. ‘PaO2 (arterial pressure of oxygen)‘,
‘white blood cell’, ‘haemoglobin’, ‘haematocrit’, ‘plasma protein’,
‘serum albumin’, ‘BUN’, and ‘serum creatinine’ were also recorded.
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2.5. Data analysis

Data were analysed using SPSS 23.0 (SPSS, Inc., Chicago, IL, USA).
The Shapiro-Wilk test was used to check for normality. Risk factor
variables were checked for sphericity using Mauchly's test for sphericity
[26]. Sphericity is a measure of how equal the variances of the differ-
ences between all possible pairs in the within-subject conditions. The
degrees of relevance between all time points should be constant for
analysis of variance tests [27]. These variables met the assumption of
sphericity. Descriptive statistics were used to describe the incidence of
oral mucosa PUs, as well as biomechanical and physiological factors.
Incidence rate was calculated by dividing the number of patient-days
with an oral mucosa PU staging system score > 1 by the total number of
patient-days. This value was represented as a percentage by multiplying
by 100. Comparisons between subgroups of categorical variables within
the biomechanical and physiological characteristics were calculated
using the 2 or Fisher's exact test. To identify relationships between the
incidence of oral mucosa membrane PU and research variables, we
performed Spearman's rank correlation analysis.

2.6. Ethical consideration

This study was approved by the Institutional Review Board (No. H-
1708-014-057). Additional approvals were obtained from severe
trauma team and nursing department. During the participant recruit-
ment period, the purpose, voluntary nature of participation, con-
fidentiality of information, and procedures of the study were explained
to family members. All participants were sedated or severely mentally
compromised; therefore, family members were considered as the legal
representative with power of attorney, based on the International
Council for Harmonization [28]. Informed consent was obtained from
each family.

3. Result
3.1. Characteristics of oral mucosa PU incidence rates and progression

The mean incidence rates of oral mucosa PUs in the lower, upper,
and combined sites were 36.3%, 11.5% and 7.1%, respectively (Fig. 2).
Fig. 3 shows an example of the progression of oral mucosa PUs. The
patient was 71 years old and had undergone an operation to remove an
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intracranial haemorrhage. We observed stage 2 lower oral mucosa PUs
with stage 2 on the second day of ICU admission. These progressed
stepwise from stage 2 to normal after 4 days, then showed recurrence at
stage 2, stage 1, and stage 2 for the last 3 days.

3.2. Incidence of oral mucosa PUs according to biomechanical and
Pphysiological factors

Oral mucosa PU incidence according to biomechanical and phy-
siological factors is shown in Table 1. In the lower oral mucosa, in-
cidence of mucosal PUs differed according to bite-block or airway
(p = .047) and sedative (p = .021) use. There was no significant dif-
ference in incidence between characteristics in upper mucosal PUs. The
incidences of mucosal PUs in when sites were combined differed ac-
cording to commercial ETT holder use (p = .040).

3.3. Correlation between PU stage and biomechanical or physiological
factors

Table 2 shows the correlation between lower, upper, and combined
site PU incidence, and multiple biomechanical and physiological fac-
tors. There were significant correlations between the lower oral mucosa
PU stage and bite-block or airway use (r = 0.20, p = .036), commercial
ETT holder use (r =0.19, p =.048), sedative use (r= —0.22,
p = .022), and plasma protein (r = 0.20, p = .033). Upper oral mucosa
PU stage was correlated with commercial ETT holder use (r = 0.19,

p = .044), haemoglobin(r = 0.24, p = .011), haematocrit (r = 0.27,
p = .004), and serum albumin (r = —0.24, p = .012). Combined site
stage was correlated with commercial ETT holder use (r = 0.28,
p = .003), haematocrit (r = 0.19, p =.039), and serum albumin

(r=—-0.23, p =.015).
4. Discussion

Current guidelines state that oral mucosa PUs must be diagnosed
without staging [29]; however, a consensus for staging of mucosal PUs
has been developed [30]. Few studies have assessed PUs with lower
incidence rates when compared with general skin PUs. Notably, mucous
membranes are located in diverse areas and can be frequently injured
by equipment or catheters [30]. Therefore, mucosal PUs may occur
more frequently than has been previously recorded. This study sought

Upper oral mucosa

Lower oral mucosa

incidence rate

35
30
25
Lower oral  Upper oral Both of
mucosa mucosa them
36.3 11.5 7.1
Area

Fig. 2. The incidence rates of oral mucosal pressure ulcers.
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Fig. 3. An example of oral mucosa pressure ulcers progression.

to address the incidence of oral mucosal PUs and their relationship to
biomechanical and physiological factors.

The incidence rate of PUs in the lower oral mucosa were relatively
high in this study compared with previous studies, which report a
27.9% overall incidence of medical device-related PUs [31] and ETT-
related PUs accounted for 22.6% of all documented PUs [32]. The use
of an oral mucosa PU monitoring scale may have helped to detect ad-
ditional mucosal PUs. In our study, one single observer endeavoured to
accurately record stage 1 PUs, which may be easily missed. Therefore, a
monitoring scale may enhance more precise staging and early detection
of oral mucosa PUs. The incidence rates of lower oral mucosa PUs were
high in this study due to mastication. Because chewing is primarily an
unconscious act [14], patients may chew the bite-block or airway. Bite-
block and airway made from plastic or hard materials which would
create pressure on the lower lip that led to a pressure ulcer on the oral
mucosa.

In one case, we observed various a change in PUs from stage 2, stage
1, to normal, then stage 1 and stage 2 for 7 days; however, we cannot
confirm that this it represents the general incidence of oral mucosa PUs.
However, the long-term prognosis of device-related PUs is better than
general skin PUs [33], and wound healing in oral mucosa is clinically
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more rapid than general skin [15]. The exact mechanisms between
scarless oral wounds and scar forming skin healing are unknown;
however, oral wounds show lower expression of inflammatory markers,
such as transforming growth factor (TGF)-f31, which plays a crucial role
in tissue regeneration, cell differentiation, and embryonic development.
As a result, oral mucosa fibroblasts demonstrated resistance to TGF-B1-
driven fibroblast-myofibroblast differentiation, thereby retained their
‘non-scarring’ from and proliferated faster than the skin counterparts
[34]. However, oral mucosa PUs occur more frequently at multiple
sites, and they may develop and heal repeatedly and overlap. This made
lead to a worsening beyond the mucosa wound and affect the re-
spiratory or systemic health. Therefore, it is important to develop
protocols for reducing the recurrence of oral PUs.

Commercial ETT holder use was positively correlated with PU sta-
ging in the lower, upper and combined oral mucosa sites. In a previous
study, less time was required to move the ETT when using commercial
ETT holders, compared with non-commercial techniques [10,32]. Fur-
ther, the commercial ETT holder in this study anchored the upper jaw
tightly, and commercial holders use improved ETT immobility. How-
ever, it may worsen the level of pressure and perfusion on the face and
mouth because of close contact between the upper oral mucosa and
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Table 1
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Incidence of oral mucosa pressure ulcers according to biomechanical and physiological characteristics (N = 113).

Incidence of oral mucosal pressure ulcers

Lower site Upper site Combined sites
Yes No Yes No Yes No
Bite-block or Yes 97(85.8) 39(40.2) 58(59.8) 13(13.4) 85(86.6) 8(8.2) 89(91.8)
airway use No 16(14.2) 2(12.5) 14(87.5) 0(0.0) 16(100.0) 0(0.0) 16(100)
** () or (p) (.047) (:209) (.598)
Commercial Yes 5(4.4) 4(80.0) 1(20.0) 2(40.0) 3(60.0) 2(40.0) 3(60.0)
ETT holder No 108(95.6) 37(34.3) 71(65.7) 11(10.2) 97(89.8) 6(4.6) 102(94.4)
x2 (p) or (p) (.057) (1.000) (.040)
Duration of ventilator ~6 68(60.2) 24(35.3) 44(64.7) 7(10.3) 61(89.7) 5(7.4) 63(92.6)
Use (days) 7~ 45(39.8) 17(37.8) 28(62.2) 6(13.3) 39(86.7) 3(6.7) 42(93.3)
x2 (p) or (p) .07(.843) .25(.765) (1.000)
Level of sedation Above —3 26(23.0) 12(46.2) 14(53.8) 3(11.5) 23(88.5) 2(7.7) 24(92.3)
(RASS score) Below —4 87(77.0) 29(33.3) 58(66.7) 10(11.5) 77(88.5) 6(6.9) 81(93.1)
%2 (p) or (p) 1.42(.252) (1.000) (1.000)
Risk of general PUs Low risk(13~) 12(11.0) 3(25.0) 9(75.0) 0(0.0) 12(100.0) 0(0.0) 12(100.0)
(Braden score) High risk(6-12) 101(89.0) 38(37.6) 63(62.4) 13(12.9) 88(87.1) 8(7.9) 93(92.1)
x () or (p) (.531) (:354) (597)
Sedatives use Yes 93(82.3) 29(31.2) 64(68.8) 12(12.9) 81(87.1) 7(7.5) 86(92.5)
No 20(17.7) 12(60.0) 8(40.0) 1(5.0) 19(95.0) 1(5.0) 19(95.0)
%2 (p) or (p) 5.91(.021) (.458) (1.000)
Vasopressor use Yes 49(43.4) 20(40.8) 29(59.2) 6(12.2) 43(87.8) 5(10.2) 44(89.8)
No 64(56.6) 21(32.8) 43(67.2) 7(10.9) 57(89.1) 3(4.7) 61(95.3)
X2 (p) or (p) .77(.432) .05(1.000) (.290)
Table 2
Correlations among Incidence of Oral Mucosa Pressure Ulcer, Biomechanical and Physiological variables (N = 113).
Categories Variables Stage of oral mucosa pressure ulcers
Lower site Upper site Combined sites
Stage of PUs Lower oral mucosa 1.00
Upper oral mucosa .24(.012) 1.00
Both of them .43( < .001) .76( < .001) 1.00
Biomechanical Bite-block or airway use .20(.036) .15(.122) .11(.237)
variables Commercial ETT holder use .19(.048) .19(.044) .28(.003)
Duration of ventilator use -.01(.944) .06(.507) .03(.776)
Level of sedation (RASS score) -.01(.892) .08(.378) .07(.435)
Risk of general PUs (Braden score) -.03(.784) -.07(.448) .02(.845)
Physiological Sedatives use -.22(.022) .10(.316) .04(.693)
variables Vasopressor use .11(.245) .02(.855) .11(.261)
Fraction of inspired oxygen -.03(.727) -.16(.099) -.05(.611)
PaO2 -.15(.106) -.14(.137) -.10(.305)
White Blood Cell -.04(.678) -.07(.443) -.04(.705)
Hemoglobin .16(.088) .24(.011) .17(.069)
Hematocrit .18(.057) .27(.004) .19(.039)
Plasma protein .20(.033) -.09(.372) -.16(.092)
Serum albumin -.01(981) -.24(.012) -.23(.015)
Blood Urea Nitrogen .14(.148) -.08(.425) -.07(.459)
Serum creatinine .10(.276) .07(.477) .06(.551)

maxilla bone. The upper oral mucosa may be damaged as general skin
ulcers usually occur over a bony prominence as a result of the combi-
nation of pressure and friction [18,19]. Although this may not induce
complete obstruction of the vessels for 24 h or more, static pressure for
8 h without changing location may be possible. Therefore, the use of
commercial ETT holders could produce capillary obstruction-associated
complications [32], including reduced tissue perfusion and mucosal
PUs. Further, because commercial ETT holders with an integrated bite-
block interfere with ETT repositioning and oral hygiene care by pre-
venting access to the oral cavity [10]; therefore, PUs development at
both sites can occur.

The Braden scale score did not correlate with the risk of oral mucosa
PUs, although a previous study has shown that a lower Braden score is a
risk factor for development of medical device -related PUs [35]. Oral
mucosa PUs in ventilated patients are related to medical device use and
bedbound status, it is noteworthy that the skin PU risk score is not
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related to the risk of oral mucosa PUs. There are two possible ex-
planations. First, risk score detection in this study was conducted for
the buttocks (coccyx and ischium) or heels, which are distant from the
mouth. In addition, the back of the head could not be assessed in many
of the patients in this study due to head dressings. If PU risk score
detection was conducted for the face or back of the head, a relationship
might be observed. Second, the characteristics of the Braden scale itself
may play a role in this lack of relationship. According to a meta-ana-
lysis, the predictive validity of pressure ulcer risk in the Braden scale is
interpreted as a moderate [36]; therefore, an additional scale to assess
the risk of general PUs is required.

Sedative use showed a significant negative correlation with PU
staging in the lower oral mucosa. Non-sedated patients predominantly
had ulcers related to equipment in a previous study [33]. Similarly,
non-sedated patients had a higher staging of mucosa PUs in this study.
Non-sedated patients are able to change position in bed in response to
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discomfort, which is important for preventing traditional PUs. How-
ever, they had a higher rate of device-related PUs because equipment
can move due to their movements, causing pressure or friction, which
may not be noticed or difficult to re-adjust [33]. Patients in this study
were not completely awake, based on the sedation score; they might
bite their bite-block or commercial ETT holder with greater power due
to discomfort and cause pressure or rub on the lower oral mucosa.

Vasopressor use correlated with PU development [37]. Vasopressor
agents induce vasoconstriction to elevate mean arterial pressure and
counteract inadequate tissue perfusion; therefore, this may be a con-
tributing factor for the development of PUs [37]. However, there was
no significant relationship with oral mucosa PU staging. Vasopressor
use should be recorded, in terms of hours of administration of vaso-
pressor agents and dose [38], or duration of vasopressor infusion [39].
These prior studies showed that agent, dose, and duration were im-
portant for PU development. However, these were coded as yes or no in
this study, because the preliminary study grossly attempted to identify
relevant variables for development of oral mucosa PUs.

Haemoglobin was positively related with upper oral PU staging, and
haematocrit was positively related with PU staging in upper and com-
bined of oral mucosa sites. Anemic status is associated with an odds
ratio of 2.23 for pressure ulcers [40] and haematocrit is a predictive
factor for hospital-acquired PUs [41]. However, the relationship be-
tween haemoglobin, haematocrit, and oral mucosa PU incidence was
reversed in this study. There are two possible explanations. First, there
may be confounding variables, such as other physiological factors.
Second, haemoglobin and haematocrit may simply exhibit low sensi-
tivity to oral mucosa PUs.

Lower serum albumin levels were associated with advanced PU
stage incidence in upper and combined sites. Serum albumin is an im-
portant predictor of general PU development and wound healing of
patients in acute/postoperative conditions [42]. In addition, it is an
indicator of nutritional status because albumin comprises > 50% of
serum proteins [43]. Further, metabolic acidosis is associated with low
serum albumin, resulting in a deterioration of PUs and delayed wound
healing [44]. Based on the relationship between serum albumin and
general PUs, we suspect that the low serum albumin level was a po-
tential risk factor for the development of oral mucosa PUs. However,
serum albumin is not significantly associated with ulcer healing of
patients in chronic/palliative conditions [42] and there was no corre-
lation with lower oral mucosa PUs in this study. Further studies should
be conducted to examine the relationship between these two variables.

This study has yielded useful data on the incidence rate of oral
mucosa PUs and relationships between biomechanical and physiolo-
gical factors, but it has a number of limitations. First, other risk factors
and clinical treatment factors for PU development were not included in
this study because a lack of consecutive -day data and a limited study
population. Second, the study findings were based on a small number of
participants during a short-study period. Third, severity of the patients
could not be considered because of lack of data availability. Therefore,
more discursive risk factors, larger sample size, and actual acuity of the
patients would rectify these limitations.

5. Conclusion

Oral mucosa PUs were developed frequently and healed quickly.
The high incidence rates of oral mucosa PUs may be due to our use of an
assessment tool. This study has shown the necessity of oral mucosa PU
classification by stages to estimate more precise incidence rates.
Biomechanical factors, such as non-commercial and commercial ETT
holders; and physiological variables, such as sedative use, haemoglobin,
haematocrit, and serum albumin, are associated with oral mucosa PU
incidence. Therefore, it is important to consider biomechanical and
physiological factors to reduce PU incidence in patients in ICU. Further
investigations are required to examine more detailed factors associated
oral mucosa PU development.

33

Journal of Tissue Viability 28 (2019) 27-34

Conflicts of interest
None.
Acknowledgement

We thank trauma team members including Jae Hun Kim and Seon
Uoo Choi, Pusan National University Hospital Trauma Center, for
support and allowing us to work on. This research was supported by the
National Research Foundation of Korea (NRF) grant funded by the
Korea government (Ministry of Science and ICT) (No.
2017R1D1A1B03028710). This work was supported by the Dong-A
University research fund.

References

[1] Black J, Alves P, Brindle CT, Dealey C, Santamaria N, Call E, Clark M. Use of wound
dressing to enhance prevention of pressure ulcers caused by medical devices. Int
Wound J 2015;12(3):322-7https://doi.org/10.1111/iwj.12111.

Baharestani M. Medical device related pressure ulcer: the hidden epidemic across
the lifespan [Internet]. Tennessee: Author [cited 2018 Aug 18]. Available from:.
http://www.npuap.org/wp_content/uploads/2012/01/pdf._Baharestani_ Medical_
Device_Related_Pressure_Ulcers_1The_Hidden_Epidemic_Across_the_Lifespan.pdf;
2018.

Apold J, Rydrych D. Preventing device-related pressure ulcers: using data to guide
statewide change. J Nurs Care Qual 2012;27(1):28-34https://doi.org/10.1097/
NCQ.0b013e31822b1fd9.

VanGilder C, Amulung S, Harrison P, Meyer S. Results of the 2008-2009 interna-
tional pressure ulcer prevalence survey and a 3-year, acute care, unit-specific
analysis. Ostomy/Wound Manag 2009;55(11):39-45.

Hanonu S, Karadag A. A prospective, descriptive study to determine the rate and
characteristics of and risk factors for the development of medical device-related
pressure ulcers in intensive care units. Ostomy/Wound Manag 2016;62(2):12-22.
Karadag A, Hanonii SC, Eyikara E. A prospective, descriptive study to assess nursing
staff perceptions of and interventions to prevent medical device-related pressure
injury. Ostomy/Wound Manag 2017;63(10):34-41.

Widiati E, Nurhaeni N, Gayatri D. Medical-device related pressure injuries to chil-
dren in the intensive care unit. Compr Child Adolesc Nurs 2017;40(supple
1):60-77https://doi.org/10.1080/24694193.2017.1386973.

Kiekkas P, Aretha D, Panteli E, Baltopoulos GI, Filos KS. Unplanned extubation in
critically ill adults: clinical review. Nurs Crit Care 2013;18(3):123-34https://doi.
org/10.1111/j.1478-5153.2012.00542.x.

Silva PS, Reis ME, Aguiar VE, Fonseca MC. Unplanned extubation in the neonatal
ICU: a systematic review, critical appraisal, and evidence-based recommendations.
Respir Care 2013;58(7):1237-45https://doi.org/10.4187 /respcare.02164.

Fisher DF, Chenelle CT, Marchese AD, Kratohvil JP, Kacmarek RM. Comparison of
commercial and noncommercial endotracheal tube-securing devices. Respir Care
2014;59(9):1315-23https://doi.org/10.4187 /respcare.02951.

American Heart Association. Part 7.1: adjuncts for airway control and ventilation.
Circulation 2005;112(24 suppl):IV-51-7.

Lim BG. The effectiveness of an endotracheal tube holder. Adv Biosci Clin Med
2016;4(1):1-3https://doi.org/10.7575/aiac.abcmed.16.04.01.01.

Junqueira LC, Carneiro J. Basic histology : text and atlas. eleventh ed. New York:
McGraw-Hill; 2005.

Marieb EN, Hoehn K. Anatomy and physiology. fourth ed. San Francisco: Pearson;
2011.

Whitby DJ, Ferguson MW. The extracellular matrix of lip wounds in fetal, neonatal
and adult mice. Development 1991;112(2):651-68.

Turabelidze A, Guo S, Chung AY, Chen L, Dai Y, Marucha PT, et al. Intrinsic dif-
ferences between oral and skin keratinocytes. PloS One 2014;9(9):E101480https://
doi.org/10.1371/journal.pone.0101480.

Schrementi ME, Ferreira AM, Zender C, DiPietro LA. Site-specific production of
TGF-beta in oral mucosal and cutaneous wounds. Wound Repair Regen
2008;16(1):80-6.

National Pressure Ulcer Advisory Panel. Consensus conference on pressure ulcer
staging Retrieved from http://www.npuap.org/wp-content/uploads/2015/03/As-
of-2-12-Reg-Brochure.pdf; 2016.

European Pressure Ulcer Advisory Panel. Prevention and treatment of pressure ul-
cers: quick reference guide Retrieved from http://www.epuap.org/wp-content/
uploads/2016/10/quick-reference-guide-digital-npuap-epuap-pppia-jan2016.pdf;
2016.

Reaper S, Green C, Gupta S, Tiruvoipati R. Inter-rater reliability of the Reaper Oral
Mucosa Pressure Injury Scale (ROMPIS): a novel scale for the assessment of the
severity of pressure injuries to the mouth and oral mucosa. Aust Crit Care
2016;51036-7314(16):30040-6https://doi.org/10.1016/j.aucc.2016.06.003.
World Health Organization. WHO handbook for reporting results of cancer treat-
ment Retrived from http://apps.who.int/iris/bitstream/handle/10665/37200/
WHO_OFFSET _48.pdf;jsessionid = 8E964E3210E9EFF284BB28E3707DDD98?
sequence=1; 1979.

Coleman S, Nixon J, Keen J, Wilson L, McGinnis E, Dealey C, et al. A new pressure
ulcer conceptual framework. J Adv Nurs 2014;70(10):2222-34https://doi.org/10.

[2]

[3

=

[4]

[51

[6

—

[7

—

[8

—

[9

—_

[10]

[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]


https://doi.org/10.1111/iwj.12111
http://www.npuap.org/wp_content/uploads/2012/01/pdf._Baharestani_Medical_Device_Related_Pressure_Ulcers_1The_Hidden_Epidemic_Across_the_Lifespan.pdf
http://www.npuap.org/wp_content/uploads/2012/01/pdf._Baharestani_Medical_Device_Related_Pressure_Ulcers_1The_Hidden_Epidemic_Across_the_Lifespan.pdf
https://doi.org/10.1097/NCQ.0b013e31822b1fd9
https://doi.org/10.1097/NCQ.0b013e31822b1fd9
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref4
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref4
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref4
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref5
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref5
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref5
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref6
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref6
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref6
https://doi.org/10.1080/24694193.2017.1386973
https://doi.org/10.1111/j.1478-5153.2012.00542.x
https://doi.org/10.1111/j.1478-5153.2012.00542.x
https://doi.org/10.4187/respcare.02164
https://doi.org/10.4187/respcare.02951
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref11
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref11
https://doi.org/10.7575/aiac.abcmed.16.04.01.01
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref13
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref13
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref14
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref14
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref15
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref15
https://doi.org/10.1371/journal.pone.0101480
https://doi.org/10.1371/journal.pone.0101480
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref17
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref17
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref17
http://www.npuap.org/wp-content/uploads/2015/03/As-of-2-12-Reg-Brochure.pdf
http://www.npuap.org/wp-content/uploads/2015/03/As-of-2-12-Reg-Brochure.pdf
http://www.epuap.org/wp-content/uploads/2016/10/quick-reference-guide-digital-npuap-epuap-pppia-jan2016.pdf
http://www.epuap.org/wp-content/uploads/2016/10/quick-reference-guide-digital-npuap-epuap-pppia-jan2016.pdf
https://doi.org/10.1016/j.aucc.2016.06.003
http://apps.who.int/iris/bitstream/handle/10665/37200/WHO_OFFSET_48.pdf;jsessionid=8E964E3210E9EFF284BB28E3707DDD98?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/37200/WHO_OFFSET_48.pdf;jsessionid=8E964E3210E9EFF284BB28E3707DDD98?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/37200/WHO_OFFSET_48.pdf;jsessionid=8E964E3210E9EFF284BB28E3707DDD98?sequence=1
https://doi.org/10.1111/jan.12405

C.-H.

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

Kim et al.

1111/jan.12405.

Coleman S, Gorecki C, Nelson EA, Closs SJ, Defloor T, Halfens R, et al. Patient risk
factors for pressure ulcer development: systematic review. Int J Nurs Stud
2013;50(7):974-1003https://doi.org/10.1016/j.ijnurstu.2012.11.019.

Abe T, Madotto F, Pham T, Nagata I, Uchida M, Tamiya N, et al. Epidemiology and
patterns of tracheostomy practice in patients with acute respiratory distress syn-
drome in ICUs across 50 countries. Crit Care 2018;22(1):195https://doi.org/10.
1186/513054-018-2126-6.

Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O'Neal PV, Keane KA, et al. The
Richmond agitation-sedation scale: validity and reliability in adult intensive care
unit patients. Am J Respir Crit Care Med 2002;166(10):1338-44.

Tabachnick BG, Fidell LS. Using multivariate statistics. sixth ed. Boston, MA: Allyn
& Bacon; 2013.

Bae JM. An illustrated guide to medical statistics using SPSS. Seoul: Han-na-rae;
2018.

International Council for Harmonization. The international council for harmoni-
zation of technical requirements for pharmaceuticals for human use (ver. 3).
Retrieved from http://www.ich.org/fileadmin/Public_Web_Site/ABOUT_ICH/
Articles_Procedures/ICH_ EWG_IWG_SOP _v3.0_final 22Jun2017-.pdf; 2017.
Edsberg LE, Black JM, Goldberg M, McNichol L, Moore L, Sieggreen M. Revised
national pressure ulcer advisory panel pressure injury staging system. J Wound,
Ostomy Cont Nurs 2016;43(6):585-97https://doi.org/10.1016,/10.1097/WON.
0000000000000281.

Schank JE. The NPUAP Meeting-This was no consensus conference. J Am Coll Clin
Wound Spec 2016;7(1):19-24.

Barakat-Johnson M, Barnett C, Wand T, White K. Medical device-related pressure
injuries: an exploratory descriptive study in an acute tertiary hospital in Australia. J
Tissue Viability 2017;26(4):246-53https://doi.org/10.1016/j.jtv.2017.09.008.
Hampson J, Green C, Stewart J, Armitstead L, Degan G, Aubrey A, et al. Impact of
the introduction of an endotracheal tube attachment device on the incidence and
severity of oral pressure injuries in the intensive care unit: a retrospective ob-
servational study. BMC Nurs 2018;17:4https://doi.org/10.1186/512912-018-
0274-2.

Nedergaard HK, Haberland T, Toft P, Jensen HI. Pressure ulcers in critically ill
patients — preventable by non-sedation? A substudy of the NONSECA-trial. Intensive

34

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Journal of Tissue Viability 28 (2019) 27-34

Crit Care Nurs 2018;44:31-5https://doi.org/10.1016/j.iccn.2017.09.005.

Dally J, Khan JS, Voisey A, Charalambous C, John HL, Woods EL, et al. Hepatocyte
growth factor mediates enhanced wound healing responses and resistance to
transforming growth factor-f;-driven myofibroblast differentiation in oral mucosal
fibroblasts. Int J Mol Sci 2017;18(9):1843https://doi.org/10.3390/ijms18091843.
Coyer FM, Stotts NA, Blackman VS. A prospective window into medical device-
related pressure ulcers in intensive care. Int Wound J 2014;11(6):656-64https://
doi.org/10.1111/iwj.12026.

Park J, Park M. Knowledge, attitude, and confidence on patient safety of under-
graduate nursing students. J Kor Acad Soc Nurs Edu 2014;20:5-14https://doi.org/
dx.doi.org/10.5977 /jkasne.2014.20.1.5.

Cox J. Pressure ulcer development and vasopressor agents in adult critical care
patients: a literature review. Ostomy/Wound Manag 2013;59(4):50-4.

Cox J, Roche S. Vasopressors and development of pressure ulcers in adult critical
care patients. Am J Crit Care 2015;24(6):501-10https://doi.org/10.4037/
ajcc2015123.

Nijs N, Toppets A, Defloor T, Bernaerts K, Milisen K, Van Den Bergue G. Incidence
and risk factors for pressure ulcers in the intensive care unit. J Clin Nurs
2009;18(9):1258-66https://doi.org/10.1111/j.1365-2702.2008.02554.x.

Bailey RA, Reardon G, Wasserman MR, McKenzie RS, Hord RS, Kilpatrick B.
Association of anemia with pressure ulcers, falls, and hospital admissions among
long-term care residents. Health Outcomes Research in Medicine, 2. 2011. p.
€227-40https://doi.org/10.1016/j.ehrm.2011.07.003.

Corniello AL, Moyse T, Bates J, Karafa M, Hollis C, Albert NM. Predictors of pres-
sure ulcer development in patients with vascular disease. J Vasc Nurs
2014;32(2):55-62https://doi.org/10.1016/j.jvn.2013.07.002.

lizaka S, Sanada H, Matsui Y, Furue M, Tachibana T, Nakayama T, et al. Serum
albumin level is a limited nutritional marker for predicting wound healing in pa-
tients with pressure ulcer: two multicenter prospective cohort studies. Clin Nutr
2011;30(6):738-45https://doi.org/10.1016/j.clnu.2011.07.003.

Ma JZ, Ebben J, Xia H, Collins AJ. Hematocrit level and associated mortality in
hemodialysis patients. J Am Soc Nephrol 1999;10(3):610-9.

Guo S, DiPietro LA. Factors affecting wound healing. J Dent Res
2010;89(3):219-29https://doi.org/10.1177/0022034509359125.


https://doi.org/10.1111/jan.12405
https://doi.org/10.1016/j.ijnurstu.2012.11.019
https://doi.org/10.1186/s13054-018-2126-6
https://doi.org/10.1186/s13054-018-2126-6
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref25
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref25
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref25
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref26
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref26
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref27
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref27
http://www.ich.org/fileadmin/Public_Web_Site/ABOUT_ICH/Articles_Procedures/ICH_EWG_IWG_SOP_v3.0_final_22Jun2017-.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ABOUT_ICH/Articles_Procedures/ICH_EWG_IWG_SOP_v3.0_final_22Jun2017-.pdf
https://doi.org/10.1016/10.1097/WON.0000000000000281
https://doi.org/10.1016/10.1097/WON.0000000000000281
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref30
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref30
https://doi.org/10.1016/j.jtv.2017.09.008
https://doi.org/10.1186/s12912-018-0274-2
https://doi.org/10.1186/s12912-018-0274-2
https://doi.org/10.1016/j.iccn.2017.09.005
https://doi.org/10.3390/ijms18091843
https://doi.org/10.1111/iwj.12026
https://doi.org/10.1111/iwj.12026
https://doi.org/dx.doi.org/10.5977/jkasne.2014.20.1.5
https://doi.org/dx.doi.org/10.5977/jkasne.2014.20.1.5
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref37
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref37
https://doi.org/10.4037/ajcc2015123
https://doi.org/10.4037/ajcc2015123
https://doi.org/10.1111/j.1365-2702.2008.02554.x
https://doi.org/10.1016/j.ehrm.2011.07.003
https://doi.org/10.1016/j.jvn.2013.07.002
https://doi.org/10.1016/j.clnu.2011.07.003
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref43
http://refhub.elsevier.com/S0965-206X(18)30111-6/sref43
https://doi.org/10.1177/0022034509359125

	Oral mucosa pressure ulcers in intensive care unit patients: A preliminary observational study of incidence and risk factors
	Introduction
	Methods
	Study design
	Settings and participants
	Study procedures
	Oral mucosa PU assessment
	Medical record review

	Instrument
	Oral mucosa PUs
	Risk factors

	Data analysis
	Ethical consideration

	Result
	Characteristics of oral mucosa PU incidence rates and progression
	Incidence of oral mucosa PUs according to biomechanical and physiological factors
	Correlation between PU stage and biomechanical or physiological factors

	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgement
	References




