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Abstract

To compare the predictive properties of the Jackson/Cubbin scale and Water-
low scales in intensive care unit patients. A multi-centre study. This study was
conducted between April 2021 and February 2023 in 72 intensive care units of
38 tertiary hospitals in Gansu Province, China. All adults admitted to the
intensive care unit for 24 hours or more without pressure injury on admission
were screened using the Waterlow scale and Jackson/Cubbin scales in inten-
sive care. Additionally, the negative predictive value, positive predictive value,
sensitivity, specificity and receiver operating characteristic curve with area
under the curve of the Waterlow scale and Cubbin/Jackson scales were deter-
mined. The participant population for this study included 6203 patients. Pre-
dictive properties for the Jackson/Cubbin scales and Waterlow scales,
respectively, were as follows: Cut-off scores, 28 versus 22; AUC, 0.859 versus
0.64; sensitivity, 92.4% versus 51.9%; specificity, 67.26% versus 71.46%; positive
predictive value, 35% versus 23%; negative predictive value, 99.9% versus
99.1%. Both Waterlow scales and Jackson/Cubbin scales could predict pressure
injury risk for patients in the intensive care unit. However, the Jackson/
Cubbin scale demonstrated superior predictive properties than the Waterlow

scale.
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Key Messages

« It is the vital first step for prevention of pressure injuries using a valid and
reliable assessment tool to identify high-risk patients and implement effec-
tive preventive measures.

o Comparison of the predictive properties of the Jackson/Cubbin scale and
the Waterlow scale for pressure injury using a multi-centre study design.
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« Cubbin/Jackson scale showed a high sensitivity, positive predictive value
and negative predictive values. Waterlow scale shows a high specificity. The
AUC of the Jackson/Cubbin scale was higher than the Waterlow scale.

1 | INTRODUCTION

Pressure injuries (PIs) continue to be a healthcare con-
cern worldwide." The occurrence of PI is regarded as an
essential indicator of both quality of care and patient
safety.” Patients admitted to intensive care units (ICUs)
are usually severely ill and have a high risk of developing
PL.> It is reported” that the overall prevalence of PI in the
ICU was 26.6% and ICU-acquired prevalence was 16.2%,
with data from 1117 ICUs (90 countries). PI has detri-
mental impacts on patients’ physical, social and psycho-
logical health including decreases in quality of life,>°
causing infection®® and pain, extending the length of
hospital stay(average of 5-8 days per PI patient), increas-
ing morbidity, mortality and treatment burden.’ Report-
edly, PI treatment costs per patient per day in various
contexts ranged from 1.71 € to 470.49 €."

A plethora of complexly interacting intrinsic and
extrinsic risk factors with patient-related factors are the
main reasons for the higher incidence of PIs in ICUs,M!
which included haemodynamic instability, limited activ-
ity and mobility, poor tissue perfusion, mechanical venti-
lation, medical history(cardiovascular disease, peripheral
vascular disease, pneumonia), malnutrition, body tem-
perature, low haemoglobin, continuous sedation and use
of vasoactive drugs.''™* According to recent findings,
vasoconstrictor drug administration significantly doubled
the incidence of PI in patients receiving critical care.'*
Besides, a retrospective cohort study'’ also emphasizes
that critically ill adults in the ICU identified a mean arte-
rial pressure <60 mmHg as a predictor of PI. Therefore,
selecting an appropriate risk assessment scale and accu-
rate identification of PI risk factors is essential.

2 | BACKGROUND

Waterlow scale is one of the most frequently used scales
in PI risk assessment'®'” and consists of the following
categories: built/weight for height, BMI, assessment of
the skin, gender, age, continence, mobility, nutrition,
medication, tissue malnutrition and neurological deficits
and major surgery or trauma, which assesses the patient's
basic condition and is used widely. However, there is evi-
dence in the literature that both support and oppose this
interpretation. A prospective cohort study with 55 patients
in the ICU proved that the Waterlow scale has better pre-
dictive power."® In contrast, another study highlighted

the limitations of the Waterlow scale. For instance,
Satekova® demonstrated that the Waterlow scale has a
low predictive validity with a sample of 123 patients.
Therefore, the predictive effectiveness of the Waterlow
scale as a tool for assessing risk for ICU patients has been
put into question. In addition, both of these two studies
also had smaller sample size, and larger sample sizes are
needed to validate these findings.

The Jackson/Cubbin scale was designed particularly
for assessing PI risk in ICU patients. This scale consists of
both general risk factors and ICU patient-specific risk fac-
tors and includes age, weight, past medical history, gen-
eral skin condition, mobility, nutrition, incontinence,
hygiene, mental condition, haemodynamics, respiration
and oxygen requirement,'® which is also applied in the
ICU."° However, the evidence to support to use of the
Jackson/Cubbin scale to assess the risk of PI in ICU
patients is still limited and contradictory. Higgins et al*
and Delawder et al*' all demonstrated that Jackson/
Cubbin scale has a moderate prediction value. While a
meta-analysis® showed that the previous search had low-
quality evidence and important heterogeneity was
observed and need to be validated in future works.

From the above, it is clear that the Waterlow scale
and the Jackson/Cubbin scale were used in the ICU, and
different studies have shown different perspectives on
predictive properties. Therefore, this study used the
Waterlow scale and the Jackson/Cubbin scale to assess
and compare 6203 patients to determine the best predic-
tive tool by sensitivity, specificity, positive predictive
value (PPV), negative predictive values (NPV), positive
likelihood ratio, negative likelihood ratio and area under
the receiver operating characteristic curve to guide clini-
cal practice.

3 | AIM AND OBJECTIVE

The study aimed to compare the predictive validity of the

Waterlow and Jackson/Cubbin PI risk assessment scales
in ICU patients.

4 | METHODS

41 | Study design

This is a multi-centre study.
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4.2 | Setting and samples

This study was performed in ICUs of 38 tertiary hospitals
in Gansu Province, China, from April 2021 to February
2023. The inclusion criteria for the hospitals were as fol-
lows: tertiary care general hospitals in Gansu Province,
and agreement and support were obtained from the man-
agement department. Adult inclusion criteria of the study
were as follows: age over 18 years; no PIs at the time of
admission to the ICU; stayed in the ICU for more than
24 h; and agreement for participation. The exclusion cri-
teria for patients were as follows: patients who had burns,
electric shocks and systemic lupus erythematosus may
have influenced the judgement of PI: death.

4.3 | Variables and measurement

431 | Waterlow scale

In 1985, the Waterlow scale was developed in the
United Kingdom for elderly patients in acute healthcare
institutions.** The Waterlow scale revised scale included
the following factors: built/weight for height, BMI,
assessment of the skin, gender, age, continence, mobility,
nutrition, medication, tissue malnutrition, neurological
deficits, and major surgery or trauma. The total score var-
ies between 4 and 40. The higher the score, the higher
the risk of pressure sores.

432 | Cubbin /Jackson scale

The scale was revised in 1999 after being developed in
1991 for ICU patients. The revised version'® consists of
12 items: age, weight tissue viability, past medical history,
affecting condition, mental, mobility, haemodynamics,
respiration, oxygen requirement, nutrition, incontinence
and hygiene. Each item is rated from 1 to 4 points. If the
patients require blood products, check if they have
undergone surgery or a scan in the last 48 h and warm
them if hypothermic. It is recommended 1-point deduc-
tion from the total score of the scale for each of these
cases. The lowest score of the scale is 9 and the highest
score is 48. Low scores on the Jackson/Cubbin scale
imply higher risk. The cut point for “high risk” was estab-
lished as 29.

4.3.3 | Research tool

We used an information platform of PI risk management
called the “Longhuhui applet”. The “Longhuhui applet”

was developed by the nursing department of a 2600-bed
tertiary hospital in north-western China via the WeChat
mini program, which expected four parts about PIs
(PI assessment, preventive care, PI reporting and quality
management) and there are others, such as socio-
demographic clinical characteristics (gender, age, height,
weight, education level, weight, body mass index (BMI),
admission diagnosis, smoking, etc.); all items of the
Waterlow scale and Jackson/Cubbin scale; vital signs
(body temperature, blood pressure, heart rate, blood oxy-
gen saturation), biochemical indexes (arterial pH, PaCO,,
Pa0,, etc.); treatment measures (vasoactive drugs, seda-
tive/analgesic, procoagulant, antineoplastic, hormonal,
antiarrhythmic, asthma, antibacterial, inotropic, antico-
agulant, mechanical ventilation, etc.); and nursing mea-
sures included the use of pressure reduction devices,
local skin protection, frequency of turning, shear force
avoidance and nutritional support.

The frequency of assessment is first based on the
Waterlow scale scores. The Waterlow scale scores were
categorized as 0-10 low risk, >10 at risk, >15 high risks
and 20+ very high risks. According to the Waterlow score
on admission, patients at risk will be regularly assessed at
least once a week, at high risk at least twice a week, and
at extremely high risk at least once a day. This applet
might notify nurses to complete routine assessments and
maintain records of all preventive actions, as well as
automatically generate assessment frequencies depending
on patients’ risk grades of PIs. Waterlow score and Jack-
son/Cubbin scale were evaluated respectively according
to the frequency of APP evaluation results. PI staging
using the 2019 edition of prevention and treatment of
pressure ulcers/injuries: Clinical Practice Guideline.*

44 | Data collection

Before the study, the principal researcher explained the
study protocol to the liaison nurses in each hospital, pro-
vided training on the mobile information platform,
Waterlow scale and Jackson/Cubbin scale, PI evaluation,
and cleared up any confusion. Each hospital provided at
least one research nurse and one liaison nurse for each
shift. When patients were admitted to the ICU, responsi-
ble nurses logged into the “Longhuhui applet” with their
WeChat accounts on their mobile phones, which regis-
tered with their real names. Then patients, according to
the risk grades suggested, at risk would be regularly
assessed and provided with preventive measures. Once PI
occurred, on-site diagnosis by the PI expert team in each
hospital was determined. All collected information was
recorded and uploaded through the applet. The head
nurse can review all data, which are then submitted to
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TABLE 1 Demographic and clinical characteristics of study participants.*”
Pressure Injury
Variables No (n = 6124) Yes (n = 79) P
Gender
Female 3758 (61.4%) 60 (75.9%) 0.011
Male 2366 (38.6%) 19 (24.1%)
Age mean (SD), y 61.0 (15.4) 58.1 (15.9) 0.104
BMI(kg/m?)°
BMI<18.5 467 (7.6%) 5(6.3%) 0.91
18.5 < BMI < 23.9 5254 (85.8%) 70 (88.6%)
24 < BMI £ 27.9 3(0.0%) 0 (0%)
BMI >28 400 (6.5%) 4 (5.1%)
Mechanical ventilation
No 4050 (66.1%) 35 (44.3%) <0.001
Non-invasive mechanical ventilation 279 (4.6%) 4 (5.1%)
Invasive mechanical ventilation 1795 (29.3%) 40 (50.6%)
PICC
No 6026 (98.4%) 76 (96.2%) 0.278
Yes 98 (1.6%) 3(3.8%)
Oedema
No 5405 (88.3%) 63 (79.7%) 0.032
Yes 719 (11.7%) 16 (20.3%)
Forced position
No 5817 (95.0%) 71 (89.9%) 0.072
Yes 307 (5.0%) 8 (10.1%)
Malignant tumour
No 5504 (89.9%) 76 (96.2%) 0.095
Yes 620 (10.1%) 3 (3.8%)
Smoking
No 4940 (80.7%) 56 (70.9%) 0.042
Yes 1184 (19.3%) 23 (29.1%)
DPB mean (SD) 127 (27.7) 122 (27.5) 0.111
SPB mean (SD) 74.0 (17.6) 70.8 (17.0) 0.099
Heart rate mean (SD) 91.2 (22.7) 99.6 (24.9) 0.004
Sp0O, mean (SD) 93.1 (8.53) 94.1 (6.95) 0.247
Semi-recumbent position (head of the bed raised to 30)
No 2353 (38.4%) 31 (39.2%) 0.974
Yes 3771 (61.6%) 48 (60.8%)
Diagnosis
Neurological diseases 830 (13.4%) 23 (29%) <0.001
Respiratory diseases 623 (10.2%) 13 (16.5%)
Heart disease 363 (5.9%) 7 (8.9%)
Digestive disease 412 (6.7%) 6 (7.6%)
Neoplastic diseases 357 (5.8%) 5(3.8%)
Others 3539 (57.8%) 25 (34.2%)
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TABLE 1 (Continued)
Pressure Injury
Variables No (n = 6124) Yes (n = 79) P
Waterlow score mean (SD) 19.2 (6.00) 22.2(5.92) <0.001
Cubbin and Jackson scale score mean (SD) 25.2 (4.30) 18.9 (2.99) <0.001

2Comparisons between groups with and without pressure injuries were made using independent t-tests and > analyses or Fisher exact test, depending on the

distribution of data and level of measurement of each variable.
"Data are presented as No. (%) unless otherwise indicated.
‘Calculated as weight in kilograms divided by height in meters squared.

the nursing department’s quality control team. After col-
lecting the data, the engineers who sign a confidentiality
agreement export all the collected information via the
application's terminal. The project leader manages
the data desensitization and privacy management.

4.5 | Ethical considerations

The project was approved by the Ethics Committee of
Lanzhou University School of Nursing (Decision No:
LZUHYXY20210033). All patients or their legal guardians
provided written informed consent before participation
in the study.

4.6 | Statistical analysis

Data analysis was conducted using R(R version 4.3.1), a
language and environment for statistical computing
(http://www.r-project.org). Using independent t-tests, y>
analysis or Fisher's exact test, demographic and clinical
variables were compared between the two groups
(patients with and without PI), depending on the distri-
bution of data and level of measurement of each variable.
In addition, we used MedCalc statistical software
(MedCalc statistical software 18,2,1,0, United States) to
analyse the AUC, optimal cut-off value, sensitivity, speci-
ficity, PPV and NPV, and the area under the ROC curve.
The statistical tests were performed at a significance
level of 5%.

5 | RESULTS
5.1 | Demographic and clinical
characteristics

A total of 6203 patients were studied, 79 (1.27%) of whom
developed PIs. The demographic data of the patients are
summarized in Table 1. Their mean age was 60.99 years
(SD = 15.88). The mean scores were 24.33(SD = 3.37) for
the Jackson/Cubbin scale and 22.19(SD = 5.88) for the

Waterlow scale. Compared with those who did not
develop PI (n = 6124), those who developed PI (n = 79)
were female, and about half of them required invasive
mechanical ventilation. 88.6% of the patients were in nor-
mal weight. Nearly one third (45.5%) had smoking and
neurological diseases. 60.8% of patients were in a semi-
recumbent position with the head of the bed elevated to
30 degrees.

5.2 | Locations and categories of PI

PIs occurred in 106 sites in total, and the sacrococcygeal
area was the most frequent location (49%), followed by
the heel (11.3%) and hip areas (Figure 1). PIs mainly
occur in stage II (61.3%): 26 PIs (24.5%) were stage I,
7 PIs (6.6%)were stage III, 2 PIs (1.89%)were stage IV,
4 PIs (3.77%) were unstageable, and 2 PIs (1.89%) had
suspected deep tissue injury (Figure 2).

5.3 | Predictive validities and ROC
analyses of the scales

The cut-off scores of the Waterlow scale and Cubbin and
Jackson scale were 28 and 22. The sensitivity, specificity,
positive likelihood ratio, negative likelihood ratio, posi-
tive predictive value and negative predictive value of the
Jackson/Cubbin scale were 92.4%, 67.26%, 2.82, 0.11,
35%, and 99.9% respectively, while those of the Waterlow
scale was 51.90%, 71.46%, 1.82, 0.67, 23% and 99.1%,
respectively (Table 2). The area under the AUC curves of
the Jackson/Cubbin scale was 0.859 (95% CI, 0.850-
0.868), and the Waterlow scale was 0.644 (95% CI, 0.632—
0.656) (Figure 3).

6 | DISCUSSION

6.1 | The location of PI

In the present study, we found that sacrococcygeal and
heel were the most commonly occurring sites for PI,
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FIGURE 1 Distribution of

PI locations.

m Ischial Tuberosity

® Sacrum and coccyx m Heel m Hip
m Occipital m Elbow mInner and outer ankle W Others
FIGURE 2 Stage of PL.

Stage I 26

Stage ! _

Stage III

Stage IV

Unstageable PI H
Suspected deep tissue injury H
TABLE 2 The test performance of each scale at the optimal cut-off point in predicting the risk of PI.

Scale AUC Cut-off point Sensitivity (%) Specificity (%) +LR —LR PPV (%) NPV (%)
Cubbin/Jackson scale 0.859 <28 92.41 67.26 2.82 0.11 35 99.9
Waterlow scale 0.640 >22 51.90 71.46 1.82 0.67 23 99.1

Abbreviations: +LR, Positive likelihood ratio; —LR, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

ROC Curve
100 F ommmmmmmmmaemmTee 7 Source of the Curve
P - ---- Waterlow scale
________ -==- cubbin_jackson scale
80 | y
=
Zoof /0
= /
7] ! 74
g 40} 5
20 [ ""ll ", g
0 20 40 60 80 100
100-Specificity
FIGURE 3 ROC curve of Cubbin/Jackson scale and Waterlow
scale.

which is congruent with those of previous studies.****

The following reasons may cause PI to occur in the
higher risk segment: Primarily, sacrococcygeal and heel
areas were both bone prominences with thin cortical

layers. ICU patients are critically ill and the supine
position is often chosen for frequent interventions and
treatments, which may lead to the development and
occurrence of PI in these sites. Moreover, to minimize
ventilator-associated pneumonia, patients on mechani-
cal ventilation should have their heads of beds lifted.
This puts more pressure on the sacrum and feels.*® Fur-
ther, due to its proximity to the perineum and suscepti-
bility to moisture and germs, the sacrococcygeal region
is particularly vulnerable to skin barrier damage and
pH changes. Studies®®*’ revealed that dressings are an
effective prevention measure to protect sacrococcygeal
and heel sites. A meta-analysis® revealed 78% and 69%
reductions in the risk of PI in patients with dressings
on the sacrum and heel, respectively. In addition,
another study®’ also demonstrated that the dressing
decreased PI in the sacrococcygeal region by 70%.
Therefore, it is important to keep the sacrococcygeal
skin dry, clean and use dressings to protect the heel

and sacrococcygeal area.
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6.2 | The stages of PI

The result of this study showed that the most common
PIs were mainly in stages II and I, which is consistent
with a previous study.?® In this study, PI was mainly in
stage II, while another research study demonstrated a
higher proportion of stage 1.>° The reason for the analysis
may be PI recovery and related studies are not used as an
outcome indicator.'? And next, currently, clinical recog-
nition of PI mainly depends on routine visual skin assess-
ments; however, these methods may be affected by the
original skin colour of the patient and have limited accu-
racy. The pathophysiological changes, such as local tissue
ischaemia, reperfusion injury, increased capillary perme-
ability and soft tissue oedema, compromised lymphatics,
direct mechanical insult to cells, etc., may already be
occurring even though there are no visible PIs in the skin
and/or underlying tissue.’® Besides, an interesting but
not surprising finding showed unexpected results; they
found that nearly one third (32.4%) of critically ill
patients with stage I experienced worsening of their
injury.>’ Thus, it is important to enhance the identifica-
tion of stage I of PI. Studies®>*’ have revealed that sub-
epidermal moisture and ultrasound are the best methods
to assess early skin/tissue damage. Therefore, to care for
patients with darker skin tones, the National Pressure
Ulcer Advisory Panel®* recommends nurses carefully
assess patients for changes in temperature, sensation or
skin texture/tightness to identify stage I of PI early. In
addition, prevention strategies can be enhanced by the
compatibility of subepidermal moisture® and ultrasound
monitoring tools for earlier monitoring of PI.

6.3 | The Jackson/Cubbin scale has a
better practical value

It is generally understood that 0.5 < AUC < =0.7 indi-
cates a low predictive value of the model,
0.7 < AUC < =0.9 indicates a moderate prediction value
and AUC >0.9 indicates a high predictive value.*® The
present study demonstrated that both the Jackson/
Cubbin scale and the Waterlow scale can predict the
occurrence of PI, with the AUC of the Waterlow scale
being 0.644 and the Jackson/Cubbin scale being 0.859.
However, according to general understanding, the Jack-
son/Cubbin scale prediction value was better than the
Waterlow scale. The results of our study were consistent
with Zhang et al reports.” Evaluating ICU patients with
the use of the Jackson/Cubbin index revealed good diag-
nostic test accuracy; mainly this scale was specially
designed for ICU patients and included 10 categories.
The main reason for this is most likely that the Waterlow

scale is more suitable for evaluating PI in intraoperative
settings.®>” Besides, although the AUC of the Waterlow
scale was 0.644, age and gender are beneficial,”® and can
be modifications to the most difficult items, such as “poor
nutrition”, “mobility”, and “skin type”** and conjunction
with a clinical assessment to provide optimum results.*®

6.4 | The Jackson/Cubbin scale showed a
high sensitivity and negative predictive
values

Indicators for predicting the occurrence of risks in a
patient include sensibility, specificity, PPV and NPV. The
sensibility represents the proportion of patients who
develop PI and are evaluated as risky. The specificity
regards the proportion of patients who did not develop
PI, and the assessment indicated that they were not at
risk. The PPV consists of the proportion of evaluated
patients as risky and who developed PI. The NPV applies
to the proportion of patients who after the assessment are
declared as not being at risk and who did not develop
PI. In our study, the sensitivity of Jackson/Cubbin and
Waterlow scales, respectively, was 92.4% versus 51.9%;
specificity was 67.26% versus 71.46%; PPV was 35% versus
23%; NPV was 99.9 versus 99.1. The findings of our inves-
tigation aligned with those of earlier studies.'"*® The
ideal diagnostic test has both high sensitivity (true posi-
tive rate) and specificity (true negative rate), but this is
often not possible in a clinical setting, which is usually
impossible to achieve. PI risk assessment is a screening
test that tends to use more sensitive tools rather than a
screening test, which favours the use of more sensitive
tools over higher specificity tools. Our results found that
the Jackson/Cubbin scale has a higher sensitivity than
the Waterlow scale and can better identify PI risk
patients and facilitate timely preventive measures. This is
consistent with previous reports.* Chen et al* have
reported Jackson/Cubbin scale sensitivity values were
81.85, 95%CI (58%-88%). If only sensitivity is considered,
overprediction and overuse of preventive measures can
lead to a waste of healthcare resources. Therefore, risk
assessment tools should also have a high negative predic-
tive value. In this study, the negative predictive values of
both scales were high and can effectively identify patients
with non-pressure injuries.

7 | STUDY LIMITATIONS

This study surveyed 38 tertiary general hospitals in
Gansu Province of China with a sample size of 6203.
However, there were limitations. We only surveyed a
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sample size of one province in China. Therefore, it is not
possible to generalise the findings to the whole popula-
tion of patients in China. Next, we did not match cases
and controls, and we did not provide a detailed classifica-
tion of device-related and mucosa PI; future investiga-
tions might use measures of illness severity and focus on
device-related and mucosal membrane PI.

8 | CONCLUSIONS

The results of this study indicated that both the Waterlow
scale and the Jackson/Cubbin scale could predict PI risk
in ICU patients. However, the Jackson/Cubbin scale has
a better predictive validity than the Waterlow scale. Con-
sidering the specificity of the Jackson/Cubbin scale in
this study, we recommend analysing the features of ICU
patients, enhancing specificity moving forward and offer-
ing patients better PI evaluation and care.
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