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Abstract

Background Medical device-related pressure injures (MDRPIs) are common in critically ill patients and associated
with negative clinical outcomes and elevated healthcare expenses. We aim to estimate worldwide incidence of MDRPI
and explore associated factors through systemic review and meta-analysis.

Methods The PubMed, Web of Science, Cochrane Library, and Ovid EMBASE databases were systematically queried
to identify relevant studies published from Jan 1, 2010 up until June 30, 2024. Studies were included if they pro-
vided data on the incidence or prevalence of MDRPI. Random-effect models were utilized to calculate the overall

or domain-specific aggregated estimates of MDRPI. A meta-regression analysis was additionally performed to investi-
gate the heterogeneity among studies.

Results We included 28 observational studies on 117,624 patients in the meta-analysis. The overall incidence

of MDRPI was 19.3% (95% confidence interval (Cl) 13.5-25.2%). The incidence of MDRPI in Europe, North America,
Asia, South America, and Oceania was 17.3% (95% Cl 12.7-21.9%), 3.6% (95% Cl 0.0-8.5%), 21.9% (95% Cl 14.3-29.6%),
48.3% (95% Cl 20.8-75.7%), and 13.0% (95% CI 5.0-21.1%), respectively (p <0.01). Multivariate meta-regressions
revealed South America and special inpatient (critically ill patient, etc.) were independently associated with higher
MDRPI incidence.

Conclusions Nearly, 20% of the patients in ICU suffered from MDRPI. The incidence of MDRPI in underdeveloped
regions is particularly concerning, highlighting the importance of focusing on measures to prevent it, in order
to reduce the medical burden and enhance the quality of life for affected patients.
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Introduction

Nursing remains the pivotal role for medical care
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the configuration of the medical device [3]. Common
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medical devices that cause MDRPI include endotra-
cheal tubes, urinary catheters, nasogastric tubes and
oxygen face masks [4—6]. Enhanced susceptibility to
pressure ulcers related to medical devices can arise
from compromised sensory perception, the presence of
moisture underneath the device, insufficient blood cir-
culation, modified tissue tolerance levels, suboptimal
nutritional status, and edema [2].

MDRPI not only reduces the quality of life of patients
and increases the medical cost of patients, but also
consumes the resources of hospitals [7, 8]. Every year,
an estimated 2.5 million patients in the United States
receive medical treatment for pressure injuries, result-
ing in costs 9.1-11.6 billion and an annual average of
over 17,000 lawsuits are associated with these wounds
[9]. It may result in extended hospitalization periods,
heightened incidence of complications, and poten-
tially fatal outcomes [10, 11]. Due to the crucial role
of numerous medical devices in the treatment process,
refraining from utilizing medical equipment is imprac-
tical, thereby further complicating MDRPI treatment.
Hospital lengths of stay, readmission rates, and hospital
charges exhibit higher magnitudes in individuals who
develop a pressure ulcer compared to those who remain
free from ulcers [12, 13]. Nursing interventions for
pressure injury also face serious challenges. The exper-
tise and disposition of nurses regarding the MDRPI
may influence the implementation of preventive meas-
ures in clinical practice [14]. Hence, it is necessary for
medical staff to understand the incidence and risk fac-
tors of MDRPIL.

Medical device-related stress injuries occur primarily
in intensive care units (ICU), but also in inpatient units
such as trauma centers and pediatrics. A study conducted
in Australia revealed that the pooled incidence of MDRPI
can reach as high as 27.9%, with a significant proportion
of cases (68%) occurring within ICU [15]. The Norton
Scale, Waterlow Scale, and Braden Scale are commonly
used by healthcare providers to assess risk factors asso-
ciated with MDRPI, but the results are not satisfactory
[16-18].

A review conducted in 2019 tentatively revealed the
incidence of MDRPI at approximately 12% [19]. How-
ever, the existing literature has not addressed the tem-
poral changes and trends in the incidence of MDRPI,
despite the increasing attention that medical profession-
als have devoted to the study of MDRPI in recent years.
We believed that it is necessary to update the incidence
in recent years and assessing the temporal trends in the
incidence of MDRPI will enhance our comprehension of
the detrimental impact and disease burden associated
with MDRPI. We conducted a meta-analysis to estimate
global incidence and associated risk factors of MDRPI.
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Methods

Search strategy

We conducted a comprehensive registered meta-anal-
ysis in INPLASY (INPLASY202430103), which was in
accordance with the previous publications [20-26] and
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [27]. We conducted
the literature search in renowned databases including
PubMed, Web of Science, Cochrane Library, and Ovid
EMBASE from January 1, 2010 until June 30, 2024. The
keywords were utilized as follows: (“Pressure Ulcer” [All
Fields] or “Bedsore” [All Fields] or “Pressure Injury”
[All Fields] or “Pressure Sore” [All Fields] or “Decubi-
tus Sore” [All Fields] or “Decubitus Ulcer” [All Fields])
AND (“medical device”[All Fields] or “device-related”
[ALL Fields] OR “medical device related” [ALL Fields]
or “medical device-related” [ALL Fields]) AND (“preva-
lence” [ALL Fields] or “prevalence rate” [ALL Fields] or
“incidence” [ALL Fields] or “incidence rate” [ALL Fields]
or “occurrence” [ALL Fields] or “frequency” [ALL Fields])
NOT (“Meta-Analysis” [Publication Type] or “Review”
[Publication Type] or “Randomized Controlled Trial”
[Publication Type]) (Supplementary Table 1). Only stud-
ies published in the English language met the eligibility
criteria for inclusion in our comprehensive review.

Eligibility criteria

After eliminating duplicates, all full-text articles were
retrieved and screened independently by two authors
(Ning Zhang and Yanan Li) to determine their eligibility
for inclusion in this systematic review. The primary out-
come was the incidence of MDRPI, which was defined
by National Pressure Ulcer Advisory Panel and Euro-
pean Pressure Ulcer Advisory Panel (NPUAP & EPUAP)
[28]. Since the first edition of the guideline was pub-
lished in 2009, to ensure the uniformity of the outcome
of the included articles, all the included studies’ publi-
cation time was after the guideline’s first edition. Stud-
ies were considered eligible for inclusion in this review
if they provided data on the incidence or prevalence of
pressure injuries related to medical devices. We encom-
passed studies conducted across diverse healthcare set-
tings and facilities, without any restrictions based on
facility type, and involving populations spanning all age
groups, including both adults and children. We excluded
the studies as follows: (1) only the number of injuries was
recorded, not the number of patients; (2) experimental
studies examining the efficacy of devices in preventing or
managing pressure injuries, including randomized con-
trolled trials (RCTs) and quasi-experiments; (3) evalua-
tion of research with low literature quality; (4) unable to
obtain the full text; (5) the same sample had already been
used in an included study.
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Data collection and quality assessment

The extracted data consisted of: study publication date,
authors, study region, study beginning and ending date,
population source, gender distribution of the sample,
methodological information of the studies, common
medical devices that cause MDRPI, number of MDRPI
cases and overall population. Population source were
from four categories: (1) ICU; (2) hospitalized patients
(3) special inpatient group and (4) large database. Qual-
ity assessment entailed evaluating the risk of bias for each
included study using the Newcastle-Ottawa scale [29], a
validated tool for assessing quality in observational stud-
ies (supplementary Table 2).

Data analysis

A random-effects model was utilized to estimate the
incidence of MDRPI and its 95% confidence interval. To
assess the impact of moderator variables on heterogene-
ity, we employed a stratified approach for pooling out-
come measures and conducted subgroup analyses. The
moderating factors included study year, sex, continent,
country, and population source. I* values exceeding 50%
indicate substantial heterogeneity. Subgroup analyses
and meta-regressions were performed to evaluate hetero-
geneity between studies based on study year, geographic
locations, gender, and population source. Sensitivity
analyses were conducted by systematically removing
each study to explore its effect on MDRPI incidence. The
Egger test was used to quantitatively assess publication
bias. All statistical analyses were carried out using the
meta (version 6.5-0, https://cran.r-project.org/web/packa
ges/available_packages_by name.html) and metafor
(version 4.6-0, https://cran.r-project.org/web/packages/
available_packages_by_name.html) package in R 4.2.2
(https://www.r-project.org/foundation/). Statistical sig-
nificance was attributed to p values less than 0.05.

Results

Study selection and basic characteristics of included
studies

A total of 5242 studies have been identified in the litera-
ture search. After removing duplication, 4130 titles and
abstracts have been screened. 4096 studies were deleted
after reading the titles and abstracts based on the inclu-
sion and exclusion criteria. We obtained and examined a
total of 34 full-text articles. Out of these, 6 articles were
deemed ineligible for inclusion in this meta-analysis.
Ultimately, our analysis comprised 28 studies. The flow-
chart illustrating the process of study selection is pre-
sented in Fig. 1. The basic characteristics of 28 included
studies are shown in Supplementary Table 3. A total of 30
groups were extracted from the 28 studies. The incidence
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analysis of the MDRPI encompassed a sample population
of 117,624 individuals across 28 studies. The study dura-
tion spanned from 2013 to 2022, while the publication
period ranged from 2014 to 2023. The literature sources
include Netherland, Norway, America, Canada, Aus-
tralia, New Zealand, Brazil, China, Jordan, Japan, Turkey,
Korea, and the United Kingdom. There were 11 cross-
sectional studies, 2 retrospective cohort studies, and 15
prospective cohort studies in this review.

Overall incidence of MDRPI

The overall MDRPI incidence was 19.3% (95% CI 13.5%—
25.2%, n=30, >’=99%) (Table 1). Figure 2 illustrated a
forest plot depicting the overall MDRPI incidence across
different arms and the entire study population.

MDRPI incidence by geographical regions

The incidence of MDRPI was 48.3% (95% CI 20.8—75.7%,
n=2, ’=94%) in South America, 21.9% (95% CI 14.3—
29.6% n=17,12=98%) in Asia, 17.3% (95% CI 12.7-21.9%
n=2, 1>=62%) in Europe, 13.0% (95% CI 5.0-21.1%
n=>5, =96%) in Oceania, 3.6% (95% CI 0.0-8.5% n=3,
12=92%) in North America, and 3.1% (95% CI 1.7-5.1%
n=1) in North America and Oceania (Table 1 and Fig. 3).
A statistically significant difference was observed among
the subgroups (p<0.01). In the Asian region, Turkey
emerged as the most frequently reported country, exhib-
iting an incidence rate of 30.6% (95% CI 16.7-44.6%)
across 7 studies conducted (Table 1 and Fig. 4).

MDRPI incidence by age

MDRPI incidence was 20.0% (95% CI 13.4—-26.6%, n=26,
1=99%) in the adult population (aged>18), 6.9% (95%
CI 2.8-11.0%, n=2, ?’=66%) in the child population
(aged < 18) and 23.8% (95% CI 16.6—30.9%, n=2, 12=72%)
in the mixed population (p <0.01) (Table 1 and Fig. 5).

MDRPI incidence by study years

The incidence of MDRPI in patients was 14.4% (95% CI
3.6-25.2%, n=2, 1>=92%) from 2010 to 2015, increased
to 20.2% (95% CI 12.0-28.4%, n=16, I>=99%) between
2016 and 2020, and further rose to 25.2% (95% CI 12.0—
38.5%, n="7, ?=98%) after the year of 2020. The inci-
dence of MDRPI for the five studies that did not mention
study time was 10.7% (95% CI 0.0-23.9%, n=5, 12=98%).
The incidence demonstrated a numerical increase in
patients over the observed time period; however, no sta-
tistically significant differences were observed among the
subgroups (p=0.39; see Table 1 and Fig. 6).

MDRPI incidence by population source
A significant difference in MDRPI incidence was
observed among subgroups based on the population
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Fig. 1 The flowchart illustrating the process of study selection

source (p<0.01). Incidence of MDRPI was 19.0% (95% CI
12.4-25.6%, n=17, 1>=98%) in the ICU, 11.0% (95% CI
2.8-19.2%, n=6, I>=97%) in hospitalized patients, 32.0%
(95% CI 13.8-50.2%, n=6, [*=97%) in special inpatient
groups, and 0.6% (95% CI 0.6—0.7%, n=1) in large data-
base (Table 1 and Fig. 7).

MDRPI incidence by gender

The MDRPI incidence of men was 17.0% (95% CI 9.0—
25.0%, n=13, 12295%), and 17.7% (95% CI 8.0-27.4%,
n=13, I>*=95%) of women. There was no statistical differ-
ence in gender subgroups (p=0.91) (Table 1 and Fig. 8).

Results for meta-regression analysis

In a univariate meta-regression analysis, South Ameri-
can continents, ICU or special inpatient group, and study
years 2016—2020 or > 2020 were related to higher MDRPI
incidence (p=0.0004, p=0.0404, p<0.0001, p=0.0045
and p<0.0001, respectively) and child was associated
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with lower incidence of MDRPI (p=0.0018) (Table 2).
Multivariate meta-regression showed that continent from
South America (p=0.0457) and population source from
special inpatient group (p=0.0255) were significantly
associated with higher incidence of MDRPI (Table 2).

Medical devices and risk factors of MDRPI

21 articles mentioned about medical devices that cause
MDRPI. Among all the devices, nasogastric and tracheal
tubes are the predominant medical devices associated
with MDRPI, as indicated by 17 articles highlighting
their causative role. Devices such as oxygen masks, neck
immobilization devices, pulse oximeters, and orthopedic
instruments were also mentioned as common contribu-
tors to MDRPIL. Risk factors associated with MDRPI were
identified in 12 articles. Among all the risk factors, length
of hospital stay as a risk factor for MDRPI was mentioned
in 8 articles. Other risk factors cited included multi-
ple medical devices, male sex, poor initial health score,
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Table 1 Stratification of MDRPI incidence estimates by moderator variables
Number of study Number of MDRPIs incidence, % 1? p value
populations (%) participants (95% Cl)
Overall 30 (100%) 117,624 19.3% (13.5-25.2) 99%
Study year 0.39
2010-2015 2 (6.7%) 509 14.4% (3.6-25.2) 92%
2016-2020 16 (53.3%) 114,118 20.2% (12.0-28.4) 99%
>2020 7 (23.3%) 1547 25.2% (12.0-38.5) 98%
NA 5(16.7%) 1450 10.7% (0.0-23.9) 98%
Sex 0.91
Male 13 (43.3%) 2171 17.0% (9.0-25.0) 95%
Female 13 (43.3%) 1725 17.7% (8.0-27.4) 95%
Continents <0.01
Europe 2 (6.7%) 848 17.3% (12.7-21.9) 62%
North America 3(10.0%) 103,471 3.6% (0.0-8.5) 92%
Asia 17 (56.7%) 10,132 21.9% (14.3-29.6) 98%
South America 2 (6.7%) 218 48.3% (20.8-75.7) 94%
Oceania 5(16.7%) 2472 13.0% (5.0-21.1) 96%
North America and Oceania 1(3.3%) 483 3.1% (1.7-5.1) NA
Country <0.01
Europe
Netherland 1(3.3%) 254 20.1% (15.3-25.5) NA
Norway 1(3.3%) 594 15.3% (12.5-18.5) NA
North America
America 2 (6.7%) 606 5.3% (0.0-12.2) 92%
America and Australia 1(3.3%) 483 3.1% (1.7-5.1) NA
America and Canada 1(3.3%) 102,865 0.6% (0.6-0.7) NA
Asia
China 2 (6.7%) 795 11.1% (6.1-16.0) 67%
Jordan 3(10%) 783 15.9% (0.0-37.4) 98%
Japan 1(3.3%) 1418 3.3% (24-4.4) NA
Turkey 7 (23.3%) 6407 30.6% (16.7-44.6) 99%
Korea 1(3.3%) 147 27.2% (20.2-35.2) NA
Iran 1(3.3%) 404 20.5% (16.7-24.8) NA
Indonesia 1(3.3%) 32 21.9% (9.3-40.0) NA
India 1(3.3%) 146 19.2% (13.1-26.5) NA
South America
Brazil 2 (6.7%) 218 48.3% (20.8-75.7) 94%
Oceania
Australia and New Zealand 1(3.3%) 624 43% (2.9-6.2) NA
Australia 4(13.3%) 1848 15.3% (6.5-24.1) 93%
Age <0.01
Adult 26 (86.6%) 116,620 20.0% (13.4-26.6) 99%
Child 2(6.7%) 421 6.9% (2.8-11.0) 66%
Mixed 2 (6.7%) 583 23.8% (16.6-30.9) 72%
Population source <0.01
ICU 17 (56.7%) 5616 19.0% (12.4-25.6) 98%
All hospitalized patients 6 (20.0%) 7510 11.0% (2.8-19.2) 97%
Special inpatient group 6 (20.0%) 1633 32.0% (13.8-50.2) 97%
Large database 1(3.3%) 102,865 0.6% (0.6-0.7) NA
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Proportion 95%-Cl (common) (random)
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0.007 [0.007; 0.008] 100.0% -
0.193 [0.135; 0.252] - 100.0%
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Fig. 2 The forest plot depicting the overall MDRPI incidence

mechanical ventilation, multiple medications, vasoactive
drug infusions, old age, history of cardiovascular dis-
eases, administration of vasopressors, postural ulcers,
chronic liver disease, hemoglobin less than 9.0, Lower
Braden scores and having skin edema (Supplementary
Table 3).

Publications bias and sensitivity analysis

The Egger test showed publication bias involving the
overall incidence of MDRPI (p<0.0001). The sensitivity
analyses showed little change after estimating the effect
of each study (Supplementary Fig. 1).

Discussion

Main interpretation

This systemic review and meta-analysis estimated the
overall incidence of MDRPI up to date in 117,624 indi-
viduals worldwide. The overall incidence of MDRPI was
19.3%, surpassing the 12% reported in the meta-analysis
conducted in 2019 [19]. The increasing incidence high-
lights the escalating severity of the MDRPI issue. Sub-
group analyses and meta-analysis have indicated that
the incidence of MDRPI is higher in South America, and
among special inpatients. These findings hold significant

importance in raising awareness about the burden of
MDRPI and can provide comprehensive data for optimiz-
ing the appropriate utilization of medical devices.

In our study, the incidence of MDRPI exhibited signifi-
cant variation across 5 continents. MDRPI incidence was
found to be higher in South America (48.3%) and lower
in North America and Oceania (3.1%, shown in Table 1).
Limited medical resources and economic constraints in
developing countries may be contributing factors. In the
subgroup analysis of the study year period, the result-
ing differences were not statistically significant. Surveys
conducted on the guideline in 86 Australian public hos-
pitals revealed facility-acquired pressure ulcer rates of
7.8%, 9.3%, 6.3%, and 7.4% for the years 2007, 2008, 2009,
and 2011 respectively, which had no statistical difference
either [30]. However, it was evident that the incidence
has steadily numerically risen over time in our analysis
since 2010. This result suggests that the global commu-
nity’s efforts to strengthen the prevention and treatment
of MDRPI still need improvement. Furthermore, in a
subgroup analysis of age, the incidence of MDRPI in
children (internationally recognized as aged<18) was
6.9%, which was much lower than in adults. Children’s
skin is thinner, softer, and contains more collagen and
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Fig. 3 The forest plot depicting MDRPI incidence by continents

elastic fibers. These properties make children’s skin more
elastic and able to withstand external pressure and fric-
tion. In contrast, adult skin gradually loses its elasticity
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as it ages, becoming more fragile and prone to damage.
Our results are supported by multiple observational
studies that include age as a risk factor for MDRPI [5,
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Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Subgroup = Jordan :
Saleh, M. Y. N. 2023 15 299 |+ 0.050 [0.028; 0.081] 0.0% 3.4%
Laila Habiballah 2016 8 166 1=— 0.048 [0.021;0.093] 0.0% 3.4%
Yahya W. Najjar 2022 121 318 == 0.381 [0.327; 0.436] 0.0% 3.3%
Common effect model 783 : <& 0.089 [0.071;0.108] 0.1% --
Random effects model —_— 0.159 [0.000; 0.374] - 10.1%
Heterogeneity: /“ = 98%, T° =0 <0.01 !
]
Subgroup = Australia :
Barakat-Johnson, M. 2017 50 179 | —— 0.279 [0.215;0.351] 0.0% 3.3%
Coyer, F. 2022 71 631 - 0.113 [0.089; 0.140] 0.0% 3.4%
Wang, H. N. 2020 154 906 | - 0.170 [0.146; 0.196] 0.0% 3.4%
Coyer, F. M. 2014 8 132 p=— 0.061 [0.027;0.116] 0.0% 3.4%
Common effect model 1848 < 0.137 [0.122; 0.153] 0.1% --
Random effects model i = 0.153 [0.065; 0.241] ~  135%
eterogenetty: /” = 93%, T = 0.0076, p < 0.01 g
) i
Subgroup = Australian and New Zealand !
Coyer, F.2021 27 624 [ 0.043 [0.029; 0.062] 0.1% 3.4%
1
Subgroup = Brazil 3
Galetto, Sgds 2021 58 93! —_— 0.624 [0.517;0.722] 0.0% 3.1%
ltaricely Istolé Castro de Assis 2021 43 1251 — 0.344 [0.261;0.434] 0.0% 32%
Common effect model 218 = 0.461 [0.397; 0.524] 0.0% --
Random effects model i —_——  ——— 0.483 [0.208; 0.757] = 6.3%
Heterogeneity: I" =94%, 1 =0 <0.01 :
|
Subgroup = Korea :
Choi, M. A. 2021 40 147 ! —— 0.272 [0.202; 0.352] 0.0% 3.3%
]
Subgroup = Netherlands H
Wietske Hw Ham. 2016 51 254 | - 0.201 [0.153; 0.255] 0.0% 3.4%
1
Subgroup = America :
Lauderbaugh, D. L. 2019 23 255 | —— 0.090 [0.058;0.132] 0.0% 3.4%
Coyer, F. M. 2014 7 351 - 0.020 [0.008; 0.041] 0.1% 3.4%
Common effect model 606 :0 0.030 [0.017,; 0.044] 0.1% -
Random effects model :." 0.053 [0.000; 0.122] - 6.8%
Hete eity: I” = 92%, © = 0.0023 0.01 |
i
Subgroup = America and Australia !
Coyer, F. M. 2014 15 483 1+ 0.031 [0.017;0.051] 0.1% 34%
]
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Kayser, S. A 2018 668 10286510 0.006 [0.006;0.007] 97.6% 3.4%
1
Subgroup = Norway i
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|
Subgroup = Japan '
Shimura, T. 2022 47 1418 |+ 0.033 [0.024; 0.044] 0.3% 3.4%
]
Subgroup = Turkey E
Aslihan aydim kudu 2023 61 213 —t— 0.286 [0.227;0.352] 0.0% 3.3%
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Oznur Erbay Dall 2022 84 w2 Tt 0.488 [0.412; 0.566] 0.0% 3.3%
Selda Celik 2022 82 302 | —_ 0.272 [0.222; 0.325] 0.0% 3.3%
Melek Yalgin 2023 65 200 | — 0.325 [0.261; 0.395] 0.0% 3.3%
Eylem Togluk Yigitoglu 2023 78 132 —_— 0.591 [0.502; 0.676] 0.0% 32%
Zehra Gocmen Baykara 2023 112 5088 0.022 [0.018; 0.026] 1.4% 34%
Common effect model 6407 ¢ 0.030 [0.026; 0.034] 1.5% --
Random effects model ! ey 0.306 [0.167; 0.446] -- 23.2%
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1
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Wen Dang 2021 91 694 | 0.131 [0.107; 0.159] 0.0% 3.4%
Common effect model 795 <> 0.122 [0.099; 0.144] 0.0% -
Random effects model ! - 0.111 [0.061; 0.160] - 6.8%
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Fig. 4 The forest plot depicting MDRPI incidence by countries
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Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Subgroup = adult !
Saleh, M. Y. N. 2023 15 299 |+ 0.050 [0.028;0.081] 0.0% 3.4%
Coyer, F. 2022 71 6311 - 0.113 [0.089; 0.140] 0.0% 3.4%
Wang, H. N. 2020 154 906 | -+ 0.170 [0.146;0.196] 0.0% 3.4%
Coyer, F.2021 27 624 |+ 0.043 [0.029; 0.062] 0.1% 3.4%
Galetto, Sgds 2021 58 93} — 0.624 [0.517;0.722] 0.0% 31%
Itaricely Istolé Castro de Assis 2021 43 125 ! e 0.344 [0.261;0.434) 0.0% 3.2%
Choi, M. A. 2021 40 147 ! —— 0.272 [0.202; 0.352] 0.0% 3.3%
Wietske Hw Ham. 2016 51 254 —— 0.201 [0.153; 0.255] 0.0% 3.4%
Coyer, F. M. 2014 15 483 |+ 0.031 [0.017;0.051) 0.1% 3.4%
Coyer, F. M. 2014 8 132 |— 0.061 [0.027;0.116] 0.0% 3.4%
Coyer, F. M. 2014 7 351 » 0.020 [0.008; 0.041] 0.1% 3.4%
Kayser, S. A 2018 668 102865 ! 0.006 [0.006; 0.007) 97.6% 3.4%
Flaeten, 0. 0. 2023 91 594 L 0.153 [0.125; 0.185]) 0.0% 3.4%
Shimura, T. 2022 47 1418 |+ 0.033 [0.024; 0.044) 0.3% 3.4%
Aslihan aydim kudu 2023 61 213 | —— 0.286 [0.227;0.352) 0.0% 3.3%
Kevser Karacabay 2023 54 300 | - 0.180 [0.138; 0.228] 0.0% 3.4%
Oznur Erbay Dalli 2022 84 172 ! —_— 0.488 [0.412; 0.566) 0.0% 3.3%
Selda Celik 2022 82 302, —_ 0.272 [0.222; 0.325) 0.0% 3.3%
Melek Yalgin 2023 65 200 | —— 0.325 [0.261; 0.395] 0.0% 3.3%
Eylem Togluk Yigitoglu 2023 78 132} —_— 0.591 [0.502; 0.676] 0.0% 3.2%
Zehra Gocmen Baykara 2023 112 5088 I 0.022 [0.018; 0.026] 1.4% 3.4%
Chitra Mehta 2019 28 146 1 0.192 [0.131;0.265] 0.0% 3.3%
Khairi Masyitha, Haryanto 2020 7 32, —H— 0.219 [0.093; 0.400] 0.0% 28%
Yahya W. Najjar 2022 121 318, — 0.381 [0.327; 0.436] 0.0% 3.3%
Zhenyu Luo 2023 8 101 | —— 0.079 [0.035; 0.150] 0.0% 3.3%
Wen Dang 2021 91 694 i - 0.131 [0.107;0.159] 0.0% 3.4%
Common eff tn el 1166 2( 007 10.007:0.008] 99.9
R effects | - 200 [0.134; 0.266]
t i
1
. 1
Subgroup = mixed :
Barakat-Johnson, M. 2017 50 1791 —— 0.279 [0.215;0.351] 0.0% 3.3%
Farnoosh Rashvand 2019 83 404 = 0.205 [0.167; 0.248] 0.0% 3.4%
Common effect i I 583 | < 225 [0.191; 0.259] 0.0
Random effects 1 : <= 238 [0.166 ]
:
1
Subgroup = child :
Lauderbaugh, D. L. 2019 23 255, —— 0.090 [0.058;0.132] 0.0% 3.4%
Laila Habiballah 2016 8 166 |—+— 0.048 [0.021;0.093] 0.0% 3.4%
Common effect model 421! & 68 [0.044; 0.091] 0.0
Random effects mode | <> 69 [0.028; 0.110]
H i :
i
Common effect model 117624 | 0.007 [0.007; 0.008] 100.0% --
Random effects model 0.193 [0.135; 0.252] - 100.0%

[ T
Heterogeneity: = 99%, v= 0.0258,p =0

Fig. 5 The forest plot depicting MDRPI incidence by age

31, 32]. However, children can also develop pressure
sores, especially if they are under stress for a long time
or lack proper care [33]. Therefore, although children’s
skin is relatively more elastic, it is still necessary to pay
attention to prevent and protect children’s skin from
stress damage. Studies on MDRPI have predominantly
been conducted in the intensive care unit (#=17 in our
review). A comprehensive analysis of risk factors for
MDRPI in ICU patients revealed potential associations
with age, diabetes, hemoglobin levels, serum albumin
levels, edema presence, Braden scale score, SOFA score,
APACHE II score, duration of medical device usage, uti-
lization of a subglottic suction catheter, administration

01020304050607
Test for subgroup differences (common effect): 12 =183.75,df =2 (p < 0.01)
Test for subgroup differences (random effects): 1, = 21.47,df =2 (p < 0.01)

of vasoconstrictors, surgical procedures performed on
the patient, positioning techniques employed during care
delivery and prone position ventilation [34].

Our findings demonstrated a higher incidence of
MDRPI (32%) in the special inpatient group, which
encompassed patients with a cervical collar in situ,
patients utilizing at least one medical device, patients
undergoing prone position spine surgery, patients sus-
pected of having a spine injury, patients diagnosed
with COVID-19, and those referred by ambulance
for more than 2 h [35-40]. Bassam Alshahrani et al.
argue that every critically ill patient needs interven-
tions to prevent stress injuries, and interventions and
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Weight  Weight
Study Events Total Proportion 95%-CI (common) (random)
Subgroup =>2020 ! :
Saleh, M. Y.N. 2023 15 299!+ 0.050 [0.028;0.081) 00% 34%
Aslihan aydim kudu 2023 61 213 : == 0.286 [0.227;0.352) 00% 33%
Kevser Karacabay 2023 54 300 ! —= 0.180 [0.138;0.228] 00% 34%
Selda Celik 2022 82 302 frs 0.272 [0.222;0.325 00% 33%
M:le?(Yaeltl;in 2023 65 200 E —_ 0.325 {0‘26150.395} 00% 33%
Eylem Togluk Yigitoglu 2023 132 : —— 0.591 [0.502; 0.676] 00% 32%
Zhenyu Luo 2023 8 10 e 0.079 [0.035;0.150] 00% 33%
Common effect model 15471 @ 0.155 [0.138; 0.171] 0.1% -
Random effects model | -‘E:;'- 0.252 [0.120; 0.385] - 23.3%
h |
Subgroup = 2016-2020 | :
Barakat-Johnson, M. 2017 5 179 i — 0.279 [0.215;0.351] 00% 33%
Coyer, F. 2022 B+ 0.113 [0.089; 0.140] 00% 34%
Wang, H.N. 2020 154 906, = 0.170 [0.146;0.196] 00%  34%
Coyer, F.2021 21 64+ 0.043 [0.029; 0.062) 01%  34%
Galetto, Sgds 2021 58 93 : — 0.624 [0.517,0.722 00% 31%
taricely Istolé Castro de Assis 2021 43 125 ! | —— 0.344 [0.261;0.434] 00% 32%
Choi, M. A 2021 40 147, —— 0.272 [0.202; 0.352) 00% 33%
Kayser, S.A. 2018 668 102865 0.006 [0.006;0.007)  97.6%  34%
o 2072 qouel ot 020 0% 4%
Oznur Erbay Dali 2022 M m  —— 0488 [04120566)  00%  33%
Zehra Gocmen Baykara 2023 112 5088 1* 0.022 [0.018; 0.026] 14%  34%
Farnoosh Rashvand 2019 83 404 += 0.205 [0.167;0.248] 00% 34%
Chit_rq Meht_a 2019 28 146 - 0.192 [0.131;0.265] 00% 33%
Khairi Masyitha, Haryanto 2020 7 2 A 0.219 [0.093; 0.400] 00% 28%
Wen Dang 2021 91 694, -+ 0.131 [0.107;0.159] 00%  34%
Common effect model 114118 | 0.007 [0.007; 0.008] 99.6% -
Random effects model ! 0.202 [0.120; 0.284] - 53.0%
Hedaiinzisinid =00% ° =0 077 Ll : i
I
Subgroup = 2010-2015 i :
Wietske Hw Ham. 2016 51 254 e 0.201 [0.153; 0.255] 00% 34%
Lauderbaugh, D. L. 2019 23 255+ 0.090 [0.058;0.132) 00% 34%
Common effect model 509! @ 0.128 [0.099; 0.156] 0.0% -
Random effects model :*‘2’-‘-"-'- 0.144 [0.036; 0.252] - 6.7%
I
Subgroup = NA | :
Coyer,F.M. 2014 15 4831+ 0.031 [0.017;0.051] 01%  34%
Coyer,F.M. 2014 8 132 I== 0.061 [0.027;0.116] 00% 34%
Coyer, F. M. 2014 7 3¥B1r : 0.020 [0.008; 0.041] 01%  34%
Laila Habiballah 2016 8 166, 0.048 [0.021;0.093] 00%  34%
Yahya W. Najjar 2022 121 318 P 0.381 [0.327; 0.436) 00% 33%
Common effect model 1450 EO 0.041 [0.031; 0.050] 0.3% -
Random effects model 0.107 [0.000; 0.239] - 17.0%
Hete enet =08% 1" = 1 :
I
Common effect model 117624 | 0.007 [0.007;0.008]  100.0% -
Random effects model < 0.193 [0.135;0.252] - 100.0%
T 1T 11711
Heterogenety: /= 99%, = 00258, p = 0 0 010203 04050607

Test for subgroup differences (common effect): 1;= 412.53,df=3(p < 0.01)
Test for subgroup differences (random effects): 7, = 3.0, df =3 (0 = 0.39)

Fig. 6 The forest plot depicting MDRPI incidence by study years

prevention measures for critically ill patients and vari- to non-MDRPI, with a median onset of 12 days versus
ous special populations were particularly complex [41]. 15 days, respectively (p<0.05) [42]. Nurses possess the
A significant prevalence study revealed that medical necessary qualifications to assume leadership roles in the
device-related pressure injuries (MDRPI) manifest more  prevention of pressure injuries within critical care units.
rapidly after admission to a healthcare facility compared = Moreover, they were on the front lines of the MDRPI.
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Test for subgroup differences (common effect): 7, = 1023.49, df =3 (p < 0.01)
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Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Subgroup =ICU :
Saleh, M. Y.N. 2023 15 299 |+ 0.050 [0.028;0.081) 00%  34%
Coyer, F. 2022 o631 -+ 0.113 [0.089; 0.140] 00% 34%
Coyer, F.2021 21 624+ 0.043 [0.029; 0.062] 01%  34%
Itaricely Istolé Castro de Assis 2021 43 125 : — 0.344 [0.261;0.434] 00% 32%
Coyer, F.M. 2014 15 483+ : 0.031 [0.017;0.051] 01%  34%
Coyer, F.M. 2014 8 132+ 0.061 [0.027;0.116] 00%  34%
Coyer, F.M. 2014 7 ¥/ : 0.020 [0.008; 0.041] 01%  34%
Flaeten, 0. 0. 2023 91 594 "' 0.153 [0.125;0.185] 00%  34%
Aslihan aydim kudu 2023 61 213 : —_ 0.286 [0.227,0.352] 00% 33%
Kevser Karacabay 2023 54 3001 — 0.180 [0.138; 0.228] 00%  34%
Oznur Erbay Dalli 2022 84 172 == 0.488 [0.412; 0.566] 00% 33%
Selda Celik 2022 82 302, e 0.272 [0.222;0.325) 00% 33%
Melek Yalcin 2023 65 200 . 0.325 [0.261;0.395) 00%  33%
Chitra Mehta 2019 28 146: —'— 0.192 [0.131;0.265] 00% 33%
Khairi Masyitha, Haryanto 2020 7 P —p—— 0.219 [0.093; 0.400] 00% 28%
Yahya W. Najjar 2022 121 318 =t= 0.381 [0.327; 0.436] 00% 33%
Wen Dang 2021 91 694, -+ 0.131 [0.107; 0.159] 00%  34%
Common effect model 5616: ¢ 0.081 [0.074;0.088] 0.5% -
Random effects model : - 0.190 [0.124; 0.256] 56.5%
Heterogeneit 98% 1 =0.0184. p < 0.01 :
] i
Subgroup = Hospitalised patients :
Barakat-Johnson, M. 2017 5 179, —‘— 0.279 [0.215;0.351)] 00% 33%
Lauderbaugh, D.L. 2019 23 255: -+ 0.090 [0.058;0.132] 00% 34%
Shimura, T. 2022 47 14181+ 0.033 [0.024; 0.044) 03%  34%
Zehra Gocmen Baykara 2023 112 5088 : 0.022 [0.018; 0.026] 14%  34%
Farnoosh Rashvand 2019 83 404 - 0.205 [0.167;0.248] 00%  34%
Laila Habiballah 2016 8 166+ 0.048 [0.021;0.093] 00%  34%
Common effect model 7510 :0 : 0.027 [0.023; 0.031] 1.8% -
Random effects model :$' 0.110 [0.028; 0.192] 20.3%
ete - = < 1 i :
Subgroup = Special inpatient group | '
Wang, H. N. 2020 154 906: -" 0.170 [0.146; 0.196] 00%  34%
Galetto, Sgds 2021 58 931 : —_— 0.624 [0.517,0.722) 00% 31%
Choi, M. A. 2021 40 147 —'— 0.272 [0.202; 0.352) 00% 33%
Wietske Hw Ham. 2016 51 254, - 0.201 [0.153; 0.255] 00%  34%
Eylem Togluk Yigitoglu 2023 8 132 5 — 0.591 [0.502; 0.676] 00% 32%
Zhenyu Luo 2023 8 101 == 0.079 [0.035; 0.150] 00% 33%
Common effect model 16331 ? 0.207 [0.188; 0.225) 0.1% -
Random effects model ! --@-— 0.320 [0.138; 0.502] —-  19.7%
o= Q7% “=NNENE PN ! H
Subgroup = Large database i
Kayser, S.A. 2018 668 102865@ 0.006 [0.006;0.007] 97.6%  34%
|
Common effect model 117624 | : 0.007 [0.007;0.008]  100.0% -
Random effects model <= 0.193 [0.135; 0.252) - 100.0%

Test for subgroup differences (random effects). 7; = 47.29, df =3 (p < 0.01)
Fig. 7 The forest plot depicting MDRPI incidence by population source

A cross-sectional study in Western China revealed that
ICU nurses possessed acceptable levels of knowledge,
attitude, and practice in preventing MDRPI. Moreover, it

also highlighted the necessity for a comprehensive strat-
egy to further improve these competencies and the qual-
ity of care for critically ill patients [43].
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Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Subgroup = Female i
Saleh, M.Y.N. 2023 6 143 'ﬁ‘- : 0.042 [0.016; 0.089] 47%  4.0%
Coyer, F. 2022 21 282 rull 0.074 [0.047;0.112) 54%  40%
Coyer, F.202j 9 248 "'l' 0.036 [0.017;0.068] 93%  40%
taricely Istolé Castro de Assis 2021 15 49 | \——+— 0.306 [0.183; 0.454] 03%  34%
Lauderbaugh, D.L. 2019 13 138 :"'— 0.094 [0.051;0.156) 21%  39%
Coyer, F.M. 2014 5 229 0.022 [0.007:0.050) 145%  4.0%
Coyer, F.M. 2014 2 53"':— 0.038 [0.005;0.130] 19%  39%
Coyer, F.M. 2014 3179 "’: 0.017 [0.003;0.048] 143%  4.0%
Aslihan aydim kudu 2023 29 9% |/ 0.302 [0.213; 0.404] 06% 37%
OznurErbay Dalli 2022 K : e — 0.507 [0.386; 0.628] 04% 35%
Melek Yalcin 2023 3 80 : : _— 0.412 [0.304; 0.528] 04%  36%
Yahya W. Najjar 2022 53 121 ! —_— 0.438 [0.348;0.531) 06% 37%
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Heterogeneity: P= 95%, ?= 0.0243,p < 0.01

Fig. 8 The forest plot depicting MDRPI incidence by gender

We did not observe any significant differences in sub-
group analyses and meta-regressions based on gender.
No correlation between gender and MDRPI occurrence
was found in this review.

Whenever a pressure injury occurs as a result of a
medical device, it is advisable to consider the removal or
replacement of the device, if clinically feasible. In cases
where the device must remain in place, it is essential

010203 04 05 06
Test for subgroup differences (common effect): 12 =1361,df=1(p<0.01)
Test for subgroup differences (random effects). 7, = 0.01, df =1 (p = 0.91)

to implement strategies aimed at alleviating pressure
(https://internationalguideline.com/2019). While
enhancing understanding of the prevention and manage-
ment of MDRPI, healthcare practitioners have concur-
rently undertaken numerous studies aimed at improving
quality. Lawrence C et al. reduced neonatal nasal pres-
sure injury using bubble continuous positive airway [44].
Grigatti A et al. suggested that hydrogel dressings could
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Table 2 Meta-regression analysis for incidence of MDRPI
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Univariate meta-regression

Multivariate meta-regression

Coefficient (95% Cl) P value Coefficient (95% Cl) P value
Continent
Europe Reference - Reference -
North America —0.1382 (- 0.2790 to 0.0026) 0.0544 —0.0131 (- 0.3323 to 0.3060) 0.9357
Asia 0.0354 (- 0.0814 t0 0.1522) 0.5528 0.1427 (= 0.1430 to 0.4284) 03275
South America 0.3014 (0.1353 to 0.4674) 0.0004 0.3431 (0.0066 to 0.6797) 0.0457
Oceania —0.0469 (- 0.1770 to 0.0833) 04802 0.0062 (- 0.2807 to 0.2931) 0.9664
North America and Oceania —0.1452 (- 0332310 0.0419) 0.1284 —0.0575 (- 04539 t0 0.3389) 0.7762
Gender
Female Reference - - -
Male 0.0010 (-0.0707 to0 0.0727) 0.9782 - -
Age
Mixed Reference - Reference -
Adult —0.0640 (- 0.1445 t0 0.0165) 0.1189 —0.2813 (- 0.5746 t0 0.0120) 0.0602
Child —0.1692 (- 0.2752 to — 0.0631) 0.0018 —0.1958 (— 0.5480 t0 0.1563) 0.2758
Population source
All hospitalized patients Reference Reference
ICU 0.0756 (0.0033 to 0.1480) 0.0404 0.2124 (- 0.0212 to 0.4460) 0.0747
Special inpatient group 0.1939 (0.1038 to 0.2839) <.0001 0.2961 (0.0363 t0 0.5559) 0.0255
Large database —0.1014 (- 0.2605 to 0.0578) 02118 0.1348 (= 0.3083 t0 0.5779) 0.5511
Study year
NA Reference - Reference -
2010-2015 0.0452 (- 0.0403 to 0.1308) 0.3002 0.0856 (— 0.2475 t0 0.4187) 0.6144
2016-2020 0.0754 (0.0234 t0 0.1273) 0.0045 0.0088 (- 0.1809 to 0.1984) 09278
>2020 0.1354 (0.0747 10 0.1961) <.0001 —0.0035 (- 0.2166 to 0.2096) 0.9743

be effective in preventing MDRPI [45]. Miyashita K et al.
presented evidence supporting the efficacy of skin pro-
tectants in preventing MDRPI [46].

Our study has several strengths. First, we updated
the global incidence of MDRPI since the first edition of
pressure ulcers guideline (https://internationalguideline.
com/). We divided the period into three phases (2010—
2015, 2016-2020, >2020) to demonstrate the differences
of the incidence of MDRPI. Second, since the initial
release of the guidelines for Pressure Ulcers/Injuries by
EPUAP & NPIAP in 2009, there has been a consistent
adherence to standardized definitions of MDRPI within
the included studies, ensuring the data’s representa-
tiveness. Third, the inclusion of the population did not
exclude minors under the age of 18 years, ensuring the
comprehensiveness of the results.

Limitations

Our study had several limitations. Our data sources
were not sufficiently comprehensive to encompass
global coverage. Some countries, such as Iran and
South Korea, only included one article, and many

countries have no relevant data. Second, although we
included as many studies as possible, publication bias
could not be avoided. Third, the clinical presentations
of ICU patients are highly intricate, and the therapeu-
tic modalities available in ICUs exhibit considerable
heterogeneity across different nations. Based on previ-
ous literature, we cannot establish a definition of load
leveling of ICU patients that is universally applied.

Conclusion

In conclusion, the incidence of MDRPI is 19.3% in ICU
or other nursing institutions. It is crucial to prevent
MDRPI in critically ill patients and individuals residing
in underdeveloped regions. Further research is required
to enhance the prevention and treatment of MDRP], as
well as to investigate the health policy preferences of
countries regarding MDRPL
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