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Obijectives: To assess pressure injury (PI) incidence among patients hospitalized for acute
myocardial infarction (AMI) in an intensive coronary care unit (ICCU) and to detect the impact
of specific risk factors on the development of PI in this clinical setting.

Patients and methods: Prospective cohort study in ICCU setting. Patients admitted for
AMLI: patients mean age 67.5t11.5 years (n=165). Norton Scale, Mini Nutritional Assessment
(MNA), demographic, clinical and biochemical data collected at the time of ICCU admission
have been tested in a logistic model to assess the odds ratios (ORs) of PI risk development. The
jackknifed area under the receiver operating characteristic curve (AUC) and the decision curve
analysis have been employed to assess the additive predictive value of a factor.

Results: Twenty-seven (16.3%) patients developed PIs. An increased PI risk was associated
with advanced age (OR =2.5 every 10-year increase; 95% CI =1.1-5.7), while probability of
PI development was reduced in patients with higher left ventricular ejection fraction (LVEF)
(OR =0.4 every 5% increase; 95% CI =0.24-0.66), MNA score (OR =0.65 every unit change;
95% CI1=0.44-0.95) and Norton Scale score (OR =0.7 every unit change; 95% CI =0.57-0.88).
The AUC and the decision curve analysis showed that LVEF inclusion improved the discrimina-
tion power and the clinical net benefit of the final model.

Conclusion: Age, LVEF, Norton Scale and MNA scores have a strong and independent clinical
value as predictors of in-hospital PI development in patients with AMI. This finding has the
potential to improve the clinical management of patients admitted in ICCU.

Keywords: pressure injury, Mini Nutritional Assessment, Norton Scale, acute myocardial
systolic dysfunction

Introduction

Pressure injuries (PlIs) are a common complication of multimorbidity, in particular in
elderly patients hospitalized in acute and chronic care units and with limited mobility.'
Pl epidemiology greatly varies depending on the clinical settings, with incidence rates
ranging from 1% to almost 40% in acute care units and from 2% to 20% in long-term
care units.? In terms of costs, PIs represent a relevant socioeconomic burden, third in
line only after cancers and cardiovascular diseases.** PIs occur as the result of pressure
alone or in combination with shear and/or friction applied to skin, recognizing several
contributing factors. Albeit the mechanical pressure, inducing skin hypoperfusion,
is recognized as a pivotal etiopathogenic aspect, several other intrinsic and extrinsic
factors play a relevant role in Pl incidence and progression. Importantly, Pls trigger an
increased mortality burden independent from that related to the underlying pathology.’
Recognized intrinsic risk factors for PI occurrence are represented by age, immobili-
zation, comorbidities, malnutrition, obesity and tissue hypoperfusion, while extrinsic
risk factors are friction and shearing forces, skin moisture, duration and intensity
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of pressure, treatment with hypnotics or sedative drugs.®’
Taking into account the presence and severity of all these
risk factors, several scales, such as Norton Scale, Braden
Scale or Waterlow Scale,® have been implemented to give a
prognostic estimate of PI incidence. Moreover, it has been
reported that specific classes of patients, including subjects
undergoing cardiac invasive and surgical procedures®'® and
patients with heart failure,!! are at particularly high risk for
PI development.

Of relevance for the present study, PI risk factors in
patients hospitalized in acute coronary care units for acute
myocardial infarction (AMI) have not been fully investigated.
Thus, the aim of the present study was to assess PI incidence
and to detect the impact of specific risk factors measured at
the time of hospital admission in this clinical setting.

Patients and methods
Study population

We enrolled 165 consecutive patients admitted at the inten-
sive coronary care unit (ICCU) of the University of Naples
Federico II with diagnosis of AMI from September 2014 to
March 2015. All patients with AMI, with and without ST
elevated myocardial infarction (STEMI or NSTEMI), were
included in the study, with the only exclusion criteria being
represented by the presence of PI at hospital admission.
Patients with hospitalization length shorter than 72 hours
were excluded, because Pls usually develop after 3 days of
hospitalization.' PI presence was assessed by examination of
patient’s skin at the time of admission and during the entire
hospitalization period. The Norton Scale, a validated and stan-
dardized tool for PI risk assessment,'* was administered to all
patients at the time of the enrolment. Moreover, on the same
day, patients underwent a complete clinical examination,
including transthoracic echocardiography. Demographic and
clinical data, including age, gender, body mass index (BMI),
left ventricular ejection fraction (LVEF), systolic blood pres-
sure (SBP), history of hypertension, dyslipidemia, diabetes
and presence of other cardiovascular and noncardiovascular
comorbidities, were also collected. Venous blood samples
were collected in all patients, at the time of the hospital
admission, to assess biochemical data, including hemoglobin,
troponin I, albumin and serum creatinine levels to estimate
glomerular filtration rate (GFR), as previously described.'
Finally, nutritional status in each patients was evaluated by
Mini Nutritional Assessment (MNA) scale short form.!

To prevent PI development in ICCU admitted patients,
our procedure provides the application of the following
interventions: use of pH-balanced skin cleansers; promptly

cleaning of skin after episodes of incontinence; weight
control over time; assessment of fluid and food intake; nutri-
tional support for patients with/at risk of malnutrition; regular
repositioning of patients with/at risk for PI. Our institutional
review board, the Ethics Committee of University of Naples
Federico II, approved the study. The study protocol was
explained in detail to patients or their relatives before
enrolment and a written informed consent was obtained from
all participants or their relatives.

Statistical methods
Continuous variables are expressed as mean * standard devia-
tion and interquartile range (IQR) while categorical variables
are expressed as rates £95% CI. According to the variable
distribution normality, Student’s #-tests or Wilcoxon rank
sum test was used to compare means of groups defined by
the absence or the presence of PI. For categorical variables,
a chi-square test was performed. Multivariate logistic regres-
sion analysis was used to identify the factors associated with
the development of PI. Using parsimonious criteria and
taking into account the study sample size to have at least 10
observations (patients) for each potential prognostic factor
tested, 16 potentially prognostic independent variables
were selected: age, gender, BMI, SBP, GFR, hemoglobin
and albumin levels, troponine I, creatine kinase myocardial
band (CKMB), LVEF, Norton Scale and MNA scale, history
of diabetes, STEMI/NSTEMI, dyslipidemia and chronic
obstructive pulmonary disease (COPD).

The model-building strategy was focused on the mul-
tivariable fractional polynomials (MFP)!%!7 algorithm and
was oriented to:

1. Select the factors significantly associated with PI devel-
opment and assess the weight of the relations by odds
ratio (OR). In the final model, the ORs of the significant
variables were computed relative to clinically meaningful
differences for age and LVEF (10 years and 5% units,
respectively) and relative to 1 scale unit difference for
MNA and Norton Scale. Moreover, in order to compare
each other the impact of the significant factors in the
studied population, ORs relative to their IQR variations
have also been computed.

2. Assess the linearity or nonlinearity of these associations.

3. Evaluate the stability and hence the internal validity of
the results obtained using the “bootstrap” technique.'®
In the final model, the stability of the association of each

prognostic factor was measured by the number of times that

each variable was included as significant in a large (5,000)

number of bootstrap replications, applying the same MFP
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selection procedure (bootstrap inclusion frequency [BIF]).
The stability of the linearity between each variable and
the probability of PI development was measured by the
frequency (in the bootstrap subset) of a significant linear vs
nonlinear association.

Receiver operating characteristics curve analysis was
applied to evaluate the performance of the final model. The
area under the curve (AUC) was used as a measure of the
model discriminant power and the McNeil test was used to
compare the power of different models. The decision curve
analysis'® was used to compare the net clinical benefit obtained
applying a hypothetical treatment to prevent PI development
under three possible strategies: 1) treat all patients; 2) treat
none; 3) treat according to a prediction model. We compared
two models: one with and one without LVEF. The decision
curve analysis represents an innovative method to evaluate the
expected cost-weighted benefit when the prognostic instru-
ment under examination is applied to the clinical practice. This
method is suitable to test alternative diagnostic or prognostic
strategies that offer advantages over commonly used tech-
niques. AUC and the clinical decision curve were assessed
with the jackknife resampling procedure to avoid the “self-
reference” bias of the standard analysis. All analyses were
performed with 0.05 type I error threshold using STATA 14.1
software (Stata Corp. LP College Station, Texas, USA).

Results

In the total study population of 165 patients, mean age was
67.5£11.5 years, 122 subjects were males (73.9%), mean
LVEF was 39.948.7 and 104 patients (63.0%) had STEMI
(Table 1). The mean length of hospitalization stay was
7.013.2 days.

Characteristics of patients with and

without PI

Twenty-seven (16.3%) patients developed PI during the
hospitalization period. No significant differences between
patients with and without PI were observed for gender,
BMI, cardiovascular risk factors, COPD, GFR, STEMI,
CKMB, glycemia and hemoglobin levels. Patients who
developed PI were more likely to be older and to have
lower SBP, LVEF, plasma albumin levels, Norton Scale
score and MNA score and higher baseline troponine I
levels (Table 1). In the PI group the mean length of hos-
pitalization was 11.8%3.1 vs 6.1%2.2 days in non-PI group
(P-value <0.001).

In our study population 21 patients (21/27, 77.8%) pre-
sented stage 1 PI and six patients (6/27, 22.2%) stage 2 P1. P1
stage | patients presented a mean age of 76.10£7.44 years and
an LVEF of 33.14%%5.83%. PI stage 2 patients had a mean
age of 77.8317.68 years and LVEF of 31.33%%5.54%.

Table | Characteristics of the overall study population and stratified by the presence or the absence of pressure injury

All (n=165) Non-PI (n=138) Pl (n=27) P-value
Age, years, mean + SD (IQR)* 67.5+11.5 (60-75.5) 65.8+11.405 (59-73) 76.5+7.4 (69-82) <0.0001
Gender, male, % (n), 95% CI* 73.9% (122), 66.8-80 73.9% (102), 66-80.5 74.1% (20), 55.3-86.8 0.99
SBP, mean + SD (IQR)* 126.7420.9 (110-140) 128.2+20.3 (110-140) 118.7422.2 (100-140) 0.046
LVEF, mean £ SD (IQR)* 39.9+8.7 (34-45) 41.3+8.5 (35.8-46) 32.745.7 (30-37) <0.0001
BMI, mean * SD (IQR)* 28.145.5 (24.7-30.2) 28.3+5.4 (24.9-31.1) 27.116.1 (24.6-28.3) 0.33
Diabetes, % (n), 95% CI* 32.7% (54), 26—40.2 67.7% (88), 55.5-71.3 40.7% (11), 24.5-59 0.37
Hypertension, % (n), 95% Cl 61.8% (102), 54.2-68.9 61.6% (85), 53.3-69.3 63.0% (17), 18.6-52.2 0.9
Dyslipidemia, % (n), 95% CI* 43.0% (71), 35.7-50.7 44.9% (62), 36.9-53.3 33.3% (9), 18.6-52.2 0.3
COPD, % (n), 95% CI* 17.6% (29), 12.5-24.1 15.2% (21), 10.1-22.2 29.6% (8), 15.9-48.5 0.095
GFR, mean + SD (IQR)* 76.5+28.9 (55-97) 78.5+27.5 (57.8-98) 65.9+34.7 (39-89) 0.084
STEMI, % (n), 95% CI* 63.0% (104), 55.5-70 62.3% (86), 54-70 66.7% (18), 47.8-81.4 0.83
Troponin |, mean = SD (IQR)* 18.1£32.6 (0.8-15.5) 16.5+31.7 (0.6-13.1) 26.3136.7 (2.2-54.0) 0.04
CKMB, mean * SD (IQR)* 72.6+94.3 (8.0-89.1) 69.5+91.2 (08.0-89.2) 88.6+109.5 (19.1-84.0) 0.27
Hemoglobin, mean £ SD (IQR)* 13.2+2.1 (12-14.6) 13.312.2 (12.1-14.7) 12.742.1 (11.4-14.4) 0.23
Glycemia, mean £ SD (IQR)* 135.97£53.2 (99-154) 135.09£52.9 (99-147) 140.44£55.6 (99.5-165.5) 0.65
Albumin, mean + SD (IQR)* 3.8+0.5 (3.64) 3.840.4 (3.6-4.1) 3.4+0.5 (3-3.9) <0.001
Norton Scale, mean + SD (IQR)* 17.6£2.9 (16-20) 18.3+2.1 (17-20) 13.843.5 (12-16) <0.0001
MNA, mean + SD (IQR)* 11.2+1.8 (10.3-11.7) 11.6£1.5 (10.7-12.1) 9.4+2.0 (8.4-11.2) <0.0001

Notes: Categorical variables are expressed as rates £95% Cl and continuous variables as mean + SD and IQR (25°-75° percentile). Asterisks mark factors included in the
logistic analysis. P-values at univariate comparisons (Student’s t-test, Wilcoxon rank sum test or chi square as required) are reported.

Abbreviations: BMI, body mass index; CKMB, creatine kinase myocardial band; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate;
IQR, interquartile range; LVEF, left ventricular ejection fraction; MNA, Mini Nutritional Assessment; Pl, pressure injury; SBP, systolic blood pressure; SD, standard deviation;

STEMI, ST-elevated myocardial infarction.
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Determinants of Pl development
Atbinary logistic regression analysis, only age, LVEF, MNA
score and Norton Scale score were independent predictors
of PI development with a pseudo R? (Nagelkerke) of 62.7%
(Figure 1). An increased risk of PI development was associ-
ated with advanced age (OR =2.5 every 10 years increase;
95% CI =1.1-5.7), while probability of PI development
was reduced in patients with higher LVEF (OR =0.4 every
5% increase; 95% CI =0.24—0.66), MNA score (OR =0.65
every unit change; 95% CI =0.44—0.95) and Norton Scale
score (OR =0.7 every unit change; 95% CI =0.57-0.88).
To allow the comparison of the relative impact of significant
factors and considering the exponential pattern of OR scale,
ORs relative to IQR variations have been computed. In the
studied population, the ORs relative to 1 IQR variation indi-
cate that the strongest impact on PI development was exhib-
ited by the LVEF (87% risk reduction for 1 IQR increase),
followed by age (76% risk reduction for 1 IQR decrease),
Norton Scale (75% risk reduction for 1 IQR increase) and
MNA (64% risk reduction for 1 IQR increase).

Norton Scale score showed the strongest stability
(BIF =90.3%) followed by LVEF (BIF =87.7%) and age

(BIF =85.5%), while MNA score BIF was 61.8%. A linear
association was the most frequent functional form observed
in the bootstrap sample (75.8%, 87.0%, 85.2% and 60.5%,
for LVEF, Norton Scale, age and MNA, respectively).
As depicted in Figure 2, LVEF strongly increased the dis-
criminant power of the predictive model for PI development.
Indeed, the jackknifed AUC of the full model was significantly
higher than the model without LVEF (AUC =0.93%0.03;
AUC =0.88%0.04, respectively; P=0.03).

From a clinical perspective, LVEF improved the net
benefit of the predictive model. As documented in the deci-
sion curve analysis graph (Figure 3), the full model showed a
clinical net benefit profile higher than the model not including
LVEF along all the relevant span of the threshold probability.
Of note, both models exhibited profiles above those observed
with the “treat all” and “treat none” strategies.

Discussion

The most important finding of the present study is the
identification of variables, measured at the time of ICCU
admission, able to predict accurately the risk of PI develop-
ment in patients with AMI. Our study indicates that age,

Odds ratio OR, 95% CI BIF*
Age (10 yrs inc) |I ® | J 2.5,1.1-5.7 85.5%
Age (IQR inc) — — weeed| 42, 1.21-14.8
LVEF (5% inc) | =@ (14.8)¥ | 0.40,0.24-066 87.7%
LVEF (IQRinc) |@=—{ 0.13, 0.04-0.40
MNA =o— 0.65,0.44-095 61.8%
MNA (IQR) | @i 0.36, 0.15-0.88
Norton scale ==l 0.7,0.57-0.88  90.3%
Norton scale (IQR) | =@=——i 0.25, 0.10-0.59
Sex (male) I @ il 1.4,0.3-7.0 44.5%
BMI |': 0.95,0.85-1.05 43.6%
SBP 0.99, 0.95-1.02 50.1%
STEMI| L 4 i (11.9) 0.62,0.15-2.5 47.8%
Diabetes I o 4] 24,047-119 41.5%
GFR | 1.0, 0.97-1.02 49.7%
Dyslipidemia I \ 4 | 0.68, 0.2-2.3 41.4%
COPD k L 4 =]l 2.5, 0.66-9.5 66.7%
HB He 0577 | 13,088-1.8  37.6%
Albumin | | L 4 1 0.5,0.1-2.3 46.0%
Troponine | 1.0, 0.98-1.02 40.3%
CKMB 1.0, 0.99-1.01 43.1%
0 0.5 1 5 7

Figure | OR plot of the factors tested in the logistic analysis.

Notes: ORs of the significant variables are computed relative to clinically meaningful differences for age and LVEF (10 years increase and 5% units increase, respectively)
and relative to | scale unit difference for MNA and Norton Scale. ORs relative to the IQR variations are also presented for significant factors. *Inclusion occurrence as a

significant factor from 5,000 bootstrap samples.

Abbreviations: BIF, bootstrap inclusion frequency BMI, body mass index; CKMB, creatine kinase myocardial band; COPD, chronic obstructive pulmonary disease; GFR,
glomerular filtration rate; HB, hemoglobin; inc, increase; IQR, interquartile range; LVEF, left ventricular ejection fraction; MNA, Mini Nutritional Assessment short form; OR,

odds ratio; SBP, systolic blood pressure; STEMI, ST-elevated myocardial infarction.
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Figure 2 Jackknifed ROC curve analysis.

Notes: Dashed line, partial model including age, Norton Scale and MNA. Contin-
uous line, full model including LVEF, age, Norton Scale and MNA. P refers to the
AUC comparison.

Abbreviations: AUC, area under the curve; LVEF left ventricular ejection
fraction; MNA, Mini Nutritional Assessment; ROC, receiver operating charac-
teristics.

LVEF, nutritional status and Norton Scale have a significant
and independent clinical value as predictors of in-hospital
PI development.

More than one million people per year develop Pls in
the US and patients with cardiovascular disease are at high
risk of PI development.?*?! Pokorny et al'! identified chronic

0.15
Full model
0.1
h=
(==
[
c
2 0.05-
i
[)
=z
'4 l;‘
0 . .
7
Treat none
—0.05
T T T T T T
0 0.2 0.4 0.6 0.8 1

Threshold probability

Figure 3 Decision curve plot.

Notes: Dashed line, partial model including age, Norton Scale and MNA.
Continuous line, full model including LVEF, age, Norton Scale and MNA short
form. The full model shows a better clinical benefit profile than the partial model
along the relevant portion of the threshold range. Both models are above the
“treat none” and “treat all” curves.

Abbreviations: LVEF, left ventricular ejection fraction; MNA, Mini Nutritional
Assessment.

heart failure as a significant risk factor for PI development
following cardiac surgery. Moreover, in the clinical setting
of intensive care unit, Cox** recognized cardiovascular dis-
ease as a relevant comorbid condition in the prediction of PI
incidence. However, despite the lowering in capillary tissue
perfusion observed in patients with acute systolic dysfunction
being identified as a predisposing factor for PI development
along with malnutrition and immobilization, the present study
represents, to the best of our knowledge, the first to describe
LVEF as an independent PI risk factor. In this regard, our
study indicates that 1) LVEF represents the most important
risk factor for PI development in our population (Figure 1);
2) 5% decrease in LVEF poses the same risk rise of 10-year
age increase (2.5-fold odds increase); 3) LVEF inclusion in
the final model adds a significant higher discriminant power
than the partial model without LVEF and exhibits a higher
net benefit in the clinical utility analysis.

Importantly, there is a great interest in the identification
of predictors of PI development especially in the acute-care
setting. This interest derives from the necessity to identify
patients at particularly high risk for developing PI, in order to
implement in this patient subset prevention programs able to
decrease Pl-related morbidity, mortality and costs.?** In the
acute-care setting, predictors of PI development in order to
be effective for risk stratification need to be easily comput-
able, available at the time of hospital admission and highly
specific and sensible. Age, LVEF, MNA and Norton Scale
fulfill these characteristics, and their predictive values should
be easily tested in future larger and multicentric studies to
confirm the excellent discriminant power, we observed, in
identifying AMI patients at high PI risk.

Our data are consistent with the results of other studies
that indicate a relationship between age and PIs.**?” Coleman
et al*® have performed a systematic review to identify inde-
pendent predictors of PU development, and in this analysis
age emerged as a relevant independent risk factor. The
usefulness of Norton Scale has been already reported in
several studies;? however, the results of the present study
extend previous findings to the clinical setting of patients
admitted in ICCU for AMI. Furthermore, the nutritional status
is an established risk factor influencing the development of
PIs.3° Poor nutritional status may indeed interfere with blood
flow, nutrient disposition, immune defenses and adequate
peripheral oxygenation, thus predisposing to impaired wound
healing.?! In line with this and consistent with our finding,
Yatabe et al*> have reported that MNA predicts PI devel-
opment in elderly patients admitted in acute-care setting.
Plasma protein levels depend on the nutritional status,*
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and a close association between hypoalbuminemia and PI
development has been reported.?* It is worth noting that
while albumin and troponin I levels were significantly
different between groups with and without PIs at univariate
analysis, these factors did not come out to be significantly
associated with PI incidence at the logistic regression
analysis. In this regard it is important to underline that the
exclusion of a candidate factor from the final model is the
combination of several features including, but not limited
to, low variability of the factor within the population that
results in a weak undetected effect, and/or a study power
not adequate to identify an otherwise weak effect, and/or a
weak effect in the population considered, and/or capture of
a weak effect by other factors present in the model. In our
study population of 165 subjects and selecting 16 potential
variables for the multivariate analysis, we can be confident
to capture strong associations between variables and PI risk
development. Of note, the result observed for albumin levels
(univariate/multivariate divergence) is consistent with the
study by Yatabe et al.*

In our study population we observed a PI incidence of
16.3% among patients with AMI, which was consistent
with Vanderwee et al, reporting an incidence rate for in-
hospital PI development of 13.27%. However, it is important
to underline that there are several reports available in the
literature identifying a wide range of PI development rate in
the acute care unit. This inconsistency can be explained by
the heterogeneity in patient characteristics, specific clinical
setting and the method adopted for data collection.

In our population, the percentage of patients developing
PU is apparently high (16.3%). However, it is important to
underline that our population includes elderly patients, suf-
fering multiple comorbidities and admitted to the ICU with
diagnosis of AMI. According to National Pressure Ulcer
Advisory Panel guidelines, the use of structured risk assess-
ment scales for identification of patients at risk for PI and
malnutrition is recommended.*® In our study model, Norton
Scale and MNA have shown a good predictive value, together
with age and LVEF. Thus, in elderly patients with AMI and
reduced LVEF, MNA and Norton Scale are important for the
accurate identification of patients at risk for PI development.
Besides cardiovascular interventional strategies in elderly
patients with reduced cardiac function, a plan care, also
based on the individual deficits of mobility and nutrition,
should be developed.

Study limitations
The current study reports a single-center experience in a
relatively small group of patients and, therefore, deserves

further confirmation in future studies to allow an external
validation of the present results both from a predictive and
clinical utility point of view.

Conclusion

In patients hospitalized for AMI, LVEF is a strong and inde-
pendent predictor of in-hospital PU development together
with age, Norton Scale and MNA. Thus, we propose a simple
predictive model including four variables able to accurately
assess the risk of PI development. This may represent an
important improvement in the clinical management among
patients admitted in the ICCUs. Further research will need
to give an external validation to the present results.

Disclosure
The authors report no conflicts of interest in this work.
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