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Highlights
What’s already known about this topic
 Pressure injury prevalence is commonly measured using infrequent large cross-

sectional hospital surveys.
 Process improvement requires frequent measurement to monitor for change.

What this paper contributes
 Frequent measurement using suitably powered sample sizes can serve to 

monitor for process improvement and may estimate annual prevalence.
 While most common in older people, the age-related distribution of hospital-

acquired pressure injury is J-shaped with increased frequency in children, falling 
to age 44 and raising thereafter.
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Abstract
Aims: To describe a surveillance approach for monitoring the effect of improvement 
initiatives on hospital-acquired pressure injuries and findings arising from that 
surveillance.

Methods: Random sampling of patients on the same day of each successive month 
from a campus of child and adult hospitals using a standard audit tool to identify 
presence of hospital-acquired pressure injury. Where multiple pressure injuries were 
present, the most severe grade injury contributed to prevalence. Statistical Process 
Control charts were used to monitor monthly performance and Maximum Likelihood 
Estimation to determine timing of step change.

Results: 8274 patients were assessed monthly over three years from an eligible 
population of 32,259 hospitalised patients. 517 patients had hospital-acquired 
pressure injuries giving an overall prevalence of 6.2% (95%CI 5.7% to 6.8%). Annual 
prevalence was 8.4% (95%CI 7.4 to 9.5%) in the first year, falling to 5.6% (95%CI 
4.7 to 6.4%) in the second year and 4.8% (95%CI 4.0 to 5.6%) in the third year. A 
step change was signalled with prevalence up to July 2013 being 7.9% (95%CI 7.1 
to 8.8%) and prevalence thereafter 4.8% (95%CI 4.2 to 5.4%). Hospital-acquired 
pressure injuries were found in all age ranges, but were more frequent in children up 
to 14 years (17.4%) and those aged 75 years or older (38.7%).

Conclusion: Monthly random sampling of patients within clinical units can be used 
to monitor performance improvement. This approach represents a rational alternative 
to cross-sectional prevalence surveys especially if the focus is on performance 
improvement.

Key words: adult, children, measurement, hospital-acquired pressure injury, 
prevalence

Word count
Abstract: 243
Paper: 4122
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Introduction
Pressure injuries result from unrelieved pressure or shearing forces over bony 
prominences, and are generally associated with immobility or inability to alter 
position (National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory 
Panel, and Pan Pacific Pressure Alliance, 2014). They are also called pressure 
ulcers, bedsores and decubiti. Pressure injuries range in severity from non-blanching 
erythema to lesions exposing underlying structures (National Pressure Ulcer 
Advisory Panel, European Pressure Ulcer Advisory Panel, and Pan Pacific Pressure 
Alliance, 2014). Pressure injuries adversely affect hospitalised patients’ quality of life, 
with decreased comfort, increased pain, restrictions on basic everyday activities, and 
lifestyle adaptations being necessary (Spilsbury et al., 2007; Hopkins, Dealey, Bale, 
Defloor, & Warboys, 2006). Acute hospital patients with any grade of pressure injury
have significantly lower health-related quality of life scores (measured with Short 
Form 36) on physical and mental health domains than those without pressure 
injuries, even after adjustment for age, sex and co-morbidity (Essex, Clarke, Sims, 
Warriner, & Cullum, 2009).

Pressure injuries are either hospital-acquired or present on admission to a hospital 
provider; thus incident and prevalent pressure injuries are distinguished. Recent cost 
modelling suggested the societal cost of all grades of pressure injuries in New 
Zealand was $694 million per annum across all healthcare sectors (KPMG, 2015).
This cost is similar to cross-sectoral modelling in other countries when population 
size and different economic perspectives are considered; for instance the direct care
costs of pressure injuries for Australian hospitals and residential care facilities was 
estimated to be more than US$ 1.65 billion in 2012 terms (Graves & Zheng, 2014).
Thus there is an economic imperative for large scale improvement efforts to reduce 
harm from pressure injuries.

Pressure injury surveillance is required for monitoring improvement activity, but 
poses particular problems. Pressure injury measurement often appears to be 
epidemiological in purpose e.g annual prevalence surveys and thus relatively 
infrequent (Gunningberg, Donaldson, Aydin, & Idvall, 2012), whereas more frequent 
monitoring is required for measuring improvement. Frequent monitoring can draw on
incident reporting systems or electonic health records, but both rely on self-reporting
that has been shown to be inaccurate (Gunningberg, Dahm, & Ehrenberg, 2008).
Furthermore, estimates of pressure injury prevalence in hospitals will vary without 
standardised case definition (e.g. inclusion or not of less severe pressure injuries),
study design, and whether the measurement focus is hospital-acquired pressure 
injuries or all pressure injuries (Baharestani et al., 2009).

Auckland District Health Board (ADHB) was one of four New Zealand public hospital 
providers that created and contributed to a large regional collaborative 
(www.firstdonoharm.org.nz) with pressure injuries a target for improvement. A whole-
of-campus prevalence survey in December 2011 suggested pressure injury 
prevalence was 8.8%, although the survey was not limited to hospital-acquired 
pressure injuries. ADHB thereafter established a monthly surveillance programme in 
March 2012. The purpose of this surveillance was three-fold. First, we wanted to 
establish an accurate baseline while we were developing the improvement initiatives 
for implementation across the hospital campus. Second, we wanted to be able to 
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monitor organisational performance for the effect of improvement initiatives. Third,
we wanted to estimate the annual prevalence of hospital-acquired pressure injuries
with a known accuracy and be able to describe the nature of these injuries. The 
purpose of this paper is to detail measurement solutions that were used to monitor 
for change in pressure injury prevalence and to describe the findings arising from 
that measurement.

Methods
Setting
Auckland District Health Board operates a campus of teaching hospitals that 
includes Auckland City Hospital, Starship Children’s Hospital, and an acute mental 
health hospital. The campus provides secondary, tertiary and quartenary services to 
adults and children. The range of services for adults includes acute assessment and 
rehabilitation of older people, cardiothoracic, cardiology, vascular, general medical 
and surgery, renal, respiratory, otorhinolaryngeal, transplant, neurological, 
neurosurgery, trauma, psychogeriatric, women’s, and maternity specialties. There is 
a similar range of specialty services for children.

Measurement approach
We randomly sampled patients from every qualifying clinical unit from March 2012 to 
February 2015 to participate in the audit. Our approach was pragmatic requiring the 
audit to be completed by a suitable staff member on the morning of the audit, 
supported by senior nursing staff such as the nurse educator. The skin assessment 
was to be incorporated into normal clinical care where possible. All inpatient clinical 
units participated in the audit, with the exception of acute mental health units (adult 
and child), emergency departments (adult and child), and delivery suites. At 0600 on 
the first Wednesday of each month, a list of randomly selected patients on each unit 
was generated from the midnight census by an SQL application. A summary list of 
the selected patients (three if the unit had fewer than 11 beds, seven if the unit had 
11-30 beds and 14 if the unit had more than 30 beds) and individual audit forms, pre-
populated with patient information, were automatically generated at a nominated 
printer for each clinical unit within the campus. The units were required to audit the 
first five consecutive patients on their summary list (10 if the unit had more than 30 
beds) of seven patients (14 if the unit had more than 30 beds), and to use the first 
available alternate if a patient was not present or eligible (not present on the unit, 
declined audit, or was judged unsuitable for clinical reasons).

We used a standardised audit tool requiring information on risk assessment 
(presence/absence), pressure injury (presence/absence), grade and location of all 
pressure injuries in addition to standard demographic information provided by patient 
label (age, sex, and ethnicity). We used the European Pressure Ulcer Advisory 
Panel (EPUAP) criteria to grade pressure injuries (Table 1). Definitions and 
photographs of each grade of injury were included on the audit tool. We used the 
EPUAP grades rather than the North American Pressure Ulcer Advisory Panel 
stages, as the EPUAP system was already in use by our staff. If the pressure injury 
could not be graded because the wound bed was too dessicated or necrotic to allow 
tissue to be identified without debridement, we assumed it was at least a grade 3
injury. We categorised every grade 1 pressure injury (non-blanching erythema) as 
hospital-acquired. If the lesion was a more severe injury that had not been 
documented as present on admission to the hospital, we assumed it was hospital-
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acquired. Where a patient had more than one pressure injury, we only included the 
lesion with most severe grade in the prevalence estimate. 

Sample size
To calculate the sample size necessary to estimate annual prevalence, we assumed 
a standard clinical unit consisted of an average of 25 beds, the number of
participating units would be about 48 clinical units, the monthly audit would continue
for 12 months and that the likely prevalence of pressure injuries would be between 
five and ten percent. Using these assumptions, we estimated five patients per clinical 
unit per month (20% of unit) over the 12 month period would deliver a 95% 
confidence interval of +/- 1.0% around the assumed annual prevalence of between 5 
and 10%. This calculation suggested 2880 patients per annum would need to be 
audited if our assumptions were correct.

Analysis
Although the most appropriate method within statistical process control (SPC) 
monitoring for change in pressure injury prevalence has been disputed (Simon & 
Griffiths, 2015), SPC monitoring has been designed to differentiate signal (special 
variation) from noise (common cause variation) over time. We used P charts created 
in Minitab verison 17 to plot the findings for each month and generate average 
prevalence rates. P charts were used because the defect (hospital-acquired 
pressure injury) was a dichotomous event and the patients were the denominator, no 
matter how many hospital-acquired pressure injuries an individual patient may have 
had (Mohammed, Worthington, & Woodall, 2008).

Common cause and special cause variation were differentiated using control limits 
set three standard deviations above and below the point estimates. Special cause 
variation was established if a point estimate lay outside the control limits or if nine 
consecutive points were above or below the average prevalence rate. If special 
cause variation was signalled, we determined the timing of the a step change using 
Maximum Likelihood Estimation (Pignatiello & Samuel, 2001). We calculated 95% 
confidence intervals (95%CI) for the annual prevalence estimates using standard 
approaches (1.96 multipled by the standard error of measurement for a single 
proportion). The age distributions of both the audit population and patients with 
pressure injury were non-parametric and thus median age (interquartile range, IQR) 
was reported.   

Improvement initiatives
The package of improvement initiatives was developed throughout the three years 
(with improvements still ongoing). Few of the initiatives below were implemented in 
toto at a single time point. Most were implemented using a successive phased rollout
starting on one ward or service over the course of the two years following the 
baseline year. 

We developed an Adult Pressure Care form to standardise risk assessment and care 
planning across the adult campus. The form was based on a care bundle 
summarized by the acronym A+ SKIN-E previously introduced across the adult 
campus that was designed to prompt:

 Risk assessment using tool already in use (Waterlow, 1985) plus grading of 
any pressure injury (A+)
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 Appropriate surface selection (S) based on patients’ capacity to be 
independently mobile whilst in bed

 Appropriate turning frequency if the patient was not independently mobile in 
bed (K for Keep turning)

 Appropriate continence management (I for Incontinence)
 Nutritional assessment for malnutrition and appropriate referral (N) 
 Patient and family education (E). We developed a patient and family 

information pamphlet to support this element of the bundle.

We also recognized not all adult patients required a comprehensive risk assessment, 
so incorporated a quick risk assessment on the Adult Observations Chart to prompt 
full assessment only where the patient was older, was not independently mobile, or 
had an existing pressure injury.

Within the audit we collected information on risk assessment and care planning for 
each patient and were able to provide with monthly feedback to the clinical units on 
their performance on a process marker (risk assessment). We developed an 
infographic for this purpose that showed the performance of all clinical units ranked 
by compliance with target (90% of audited patients risk assessed).

We streamlined access to pressure injury prevention surfaces by including mattress 
ordering on electronic ordering and empowering equipment pool staff to initiate 
equipment rental for the requesting clinical unit if there were no appropriate surfaces 
left in the central pool. In addition we included a surface selection tool on the Adult 
Pressure care form.

We instituted a campus-wide policy that all grade 3 and grade 4 hospital-acquired 
pressure injuries were to be considered serious harm events requiring root cause 
analysis, case presentation to an Adverse Event Review Committee, 
recommendations addressing systems issues, and reporting in ADHB’s annual 
serious and sentinel event report to the Health Quality and Safety Commission. 

While the above initiatives were being developed and implemented in the adult 
campus, child-specific initiatives were being developed and implemented in Starship 
Children’s Hospital. The risk factors for pressure injury in children differ from those 
for adults with about 50% of pressure injuries in infants, children, and young people 
associated with medical devices (Murray, Noonan, Quigley, & Curley, 2013; 
Parnham, 2012) compared to about 24% in adults (Black et al., 2010). Thus we 
implemented the modified Glamorgan paediatric pressure ulcer risk assessment 
scale (Leonard, Hill, Moon, & Lima, 2013; Willock, Baharestani, & Anthony, 2009). 
The tool was incorporated into the paediatric observation chart. The Starship care 
bundles included measures aimed at preventing both device- and immobility-related 
pressure injury. The child-focused care recommendations aligned with A+ SKIN-E 
bundle, but with processes and products adapted to the needs of infants and 
children. We sought pressure injury prevention surfaces appropriate for children and 
developed a child-focused surface selection tool.

Finally we were aided in these improvements by two related improvement projects. 
The first related project was the implementation of a Management Operating System 
(MOS), with the aim being to drive strategy down into all levels of the organization. 
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This project was piloted in 2011 on one ward. Full roll out commenced in 2012 and it 
has since been implemented in more than 100 clinical and non-clinical areas at all 
levels of the organisation. The MOS meant that many clinical units focused on 
pressure injury as part of their own performance monitoring. The second related 
project was the development and implementation of an accelerated Releasing Time 
to Care approach that incorporated New Zealand adaptations into the modules. The 
accelerated approach started in July 2012 with the aim to have it implemented 
across all clinical units (n=52) by the end of 2015. 

Results
Overall, 32,259 eligible patients were present in the midnight census on the monthly 
audit dates from March 2012 to February 2015, 10,688 in the year from March 2012, 
10,779 in year from March 2013, and 10,792  in the year from March 2014 (Table 2). 
2710 patients were audited from March 2012 to February 2013, 2745 patients from 
March 2013 to February 2014, and 2819 from March 2014 to February 2015 (Table 
2). These samples represent 25.4%, 30.2%, and 26.8% of the midnight census
populations for each of the years. Overall, the median age of patients included in the 
audit was 55.0 years (IQR 26-75) in 2012-13, 57.0 years (IQR 31-74) in 2013-14, 
and 55.0 years (IQR 26-74) in 2014-15. 

228 patients were identified with 264 hospital-acquired pressure injuries in the 
baseline year 2012-13, 153 patients with 272 hospital-acquired pressure injuries in 
2013-14, and 136 patients with 234 hospital-acquired pressure injuries in 2014-15 
year, giving an average prevalence rate of 6.3% (95%CI 5.7-6.8%) for the three year 
period (Figure 1). Step changes were signalled and Maximum Likelihood Estimation 
confirmed the last data point conforming with baseline prevalence rate was in July
2013 (Table 3). Thus the step change occurred from August 2013 onwards (Figure 
2). The average prevalence up to July 2013 was 7.9% (95%CI 7.1-8.8%), while the 
average prevalence thereafter was 4.8% (95%CI 4.2-5.4%). The annual prevalence 
rate for each year was 8.4% (2012-13, 95%CI 7.4-9.5%), 5.6% (2013-14, 95%CI 4.7-
6.4%), and 4.8% (2014-15, 95%CI 4.0-5.6%).

The median age of patients with hospital-acquired pressure injuries was 70.0 years 
(IQR 41-83) in 2012-13, 69.0 years (SD 27.5) in 2013-14, and 67.0 years (IQR 43-
82) in 2014-15 (Table 4). Pressure injuries were more prevalent with increased age, 
but the curve was J-shaped as hospital-acquired pressure injuries were also present 
in the youngest age range (Figure 3). The majority of the patients with hospital-
acquired pressure injuries had grade 1 or grade 2 injuries (in sum 96.9%, 98.7%, 
and 98.5% in each year), with grade 1 more frequent than grade 2 injuries.

With respect to all 770 hospital-acquired pressure injuries over the three years,
55.1% (424) were located on the patients’ sacrum (267, 34.7%) or heel (157, 
20.4%); these sites plus ankle (58, 7.5%), elbow (55, 7.1%), nose (49, 6.4%) and ear 
(36, 4.7%) accounted for over 80% of presssure injuries by site. Overall, all hospital 
services were represented in the prevalence rate but with varying frequency; Older 
People’s Health (132, 17.1%), Adult Medical (181, 23.5%), Cancer & Blood (34, 
4.4%), Cardiac (144, 18.7%), Children (115, 14.9%), Psychogeriatric (8, 1.0%), Adult 
Surgical (152, 19.7%) and Women’s Health (4, 0.5%).

Discussion
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This study demonstrates that monthly random sampling can be used to establish 
baseline prevalence of hospital-acquired pressure injury prior to improvement activity 
and monitor for change as a consequence of improvement efforts. Such an approach 
may also be used estimate annual prevalence within an a priori specification of error.
To the best of our knowledge, this is the first surveillance programme to have 
incorporated both epidemiologic and improvement purposes into surveillance. 
Consequently we have been able to demonstrate sustained improvement on 
baseline prevalence as well as show falling annual estimates of prevalence as 
improvement initiatives take effect. 

This study is the first published estimation of prevalence of hospital-acquired 
pressure injuries in an acute New Zealand hospital campus and reveals pressure 
injuries occurred in all services and across all ages. Hospital-acquired pressure 
injuries are only beginning to attract national attention in New Zealand, perhaps 
because they have been infrequently included in the annual Serious Adverse Events 
reports that District Health Boards submit to the Health Quality and Safety 
Commission (http://www.hqsc.govt.nz/our-programmes/reportable-events/serious-
adverse-events-reports/). Since 2011 pressure injuries have been the focus of a 
regional collaboration called First Do No Harm (http://www.firstdonoharm.org.nz) with 
the aim of reducing pressure injuries by 20%. ADHB has since proposed, and First 
Do No Harm has agreed, that Grade 3 and 4 pressure hospital-acquired injuries are 
to be defined as “never events” deserving inclusion in the annual Serious Adverse 
Events report to the Health Quality and Safety Commission, and investigation for 
organisational learning. This approach has been welcomed by the Health Quality 
and Safety Commission (KPMG, 2015).

It is difficult to compare the estimations of prevalence in our study to other 
investigations. At issue are the inclusion of grade 1 pressure injuries and the use of 
annual prevalence surveys. Our estimations incorporate the full spectrum of hospital-
acquired pressure injuries, including grade 1 injuries, whereas many prevalence 
surveys exclude such injuries, choosing to focus on pressure ulcers. The rationale 
for exclusion lies with the suggestion that inclusion creates error in the estimations
(VanGilder, Amlung, Harrison, & Meyer, 2009). Certainly, there is difficulty in 
accurately assessing non-blanching erythema and differentiating these injuries from 
moisture lesions (Defloor, Schoohoven, Katrien, Weststrate, & Mynym, 2006). 
However, grade 1 injuries represent the first signs of tissue damage and are 
physiological precursors to more serious harm. By excluding grade 1 injuries, 
surveys may under-estimate pressure injury prevalence and in our view under-
estimation is the greater threat to patient safety than over-estimation. Over-
estimation may lead to greater improvement effort, whereas under-estimation may 
lead to clinical hubris as well as ignorance of the real level of threat. An international 
consensus statement has called for the inclusion of grade 1 injuries in surveillance
(Baharestani et al., 2009), although an earlier EPUAP statement had recommended
excluding grade 1 injuries (Defloor et al., 2005). It is perhaps worth noting that while 
such an approach is useful in surveillance, it may not be useful for studies with 
different measurement needs e.g. clinical trials. 

There are other difficulties with comparing our findings with other estimations of 
prevalence. Pressure injury prevalence studies typically use annual hospital surveys 
to estimate prevalence. A German study that included grade 1 pressure injuries 
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reported the results of seven annual surveys to 2007 in 225 hospitals (Kottner, 
Wilborn, Dassen, & Lahmann, 2009). The annual prevalence of all pressure injuries 
declined from an average of 13.9% to 7.3% with an overall average of 10.2%. While 
this report did stratify by different specialties to minimise confounded estimates, it did 
not differentiate between prevalent and hospital-acquired cases. Thus the estimate 
may not reflect the isolated harm being caused within the acute care sector, although 
it may reflect a more whole of system approach. The more difficult issue with annual 
surveys is that random and seasonal variability will influence the reported rates of 
pressure injuries (Berlowitz et al., 1998; He, Staggs, Bergquist-Beringer, & Dunton, 
2013). Our strategy has been to increase the frequency of surveillance with the 
sample size driven not by the monthly sample, but by a level of acceptable error 
associated with the annual estimate. Our prevalence rates of hospital-acquired
pressure injury are similar to those reported quarterly to the American Nursing 
Association’s National Database of Nursing Quality Indicators (He et al., 2013) and 
our performance has continued to improve with prevalence of 3.8% (95%CI 2.9-
4.9%) in the first six months of the 2015-2016 year. 

We found pressure injuries occurred with varying frequency across all age ranges in
a J-shaped distribution, with frequency higher in children, falling up to age 44 years 
and then increasing thereafter. This finding is at odds with other studies that seem to 
suggest a more linear relationship, with children having the lowest frequency of 
pressure injury (Barczak, Barnett, Childs, & Bosley, 1997; Eberlein-Gonska, Petzold, 
Helass, Albrecht, & Schmidt, 2013). However, the prevalence of pressure injury in 
the 1570 children in our study was 4.9%, which was at the lower end of a range
found in a systematic review of prevalence studies in children where prevalence of 
all grade injuries ranged from 2% to 28 (Kottner, Wilborn, & Dassen, 2010).

Classifying our study within the taxonomy of epidemiological design raises questions 
about studies monitoring pressure injuries. Classically, point prevalence studies 
count pressure injuries, no matter where acquired, whereas incidence studies focus 
on new pressure injuries that are acquired over a specified time (Fletcher, 2001). 
Period prevalence studies count pressure injuries that are prevalent as well as those 
that occur during the period of the study (incident injuries). Any study that collects 
incidence data requires constant case finding mechanisms that would be 
burdensome if their purpose was monitoring for improvement. Other methods of data 
capture for monitoring incidence are reliant on self-report and will be inaccurate; both 
incident reporting and reports within an electronic health record have under-
estimated pressure injuries compared to surveillance data (Gunningberg et al., 
2008).

Our surveillance approach lies between point prevalence and period prevalence 
studies. Hospital-acquired pressure injury prevalence falls between the two classical 
categories of incidence and prevalence by being a count of patients who did not 
have a pressure injury on admission, but later developed pressure injuries during the 
episode of care. Focusing on hospital-acquired pressure injury prevalence increased 
the utility of our surveillance approach for improvement purposes. To monitor 
prevalence without differentiating where pressure injury was acquired elsewhere 
means a hospital is being measured, at least in part, on that which it cannot 
influence. Therefore, hospital-acquired pressure injury has been suggested as a 
reasonable estimate of incidence (Baharestani et al., 2009).
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Limitations
This study is subject to one major limitation with children consistently over-
represented in the surveillance (~20%) in comparison to the hospital census (~15%). 
The most likely explanation lies with our approach being analogous to stratified
sampling, whereby we randomly sampled within each clinical unit and 10 (~20%) of 
the almost 50 participating units were within the children’s hospital. The net effect of 
this sampling artefact may be to somewhat inflate the likelihood of identifying 
children with pressure injuries (and possibly the overall annual estimate of 
prevalence), but only if children are at increased risk of pressure injury compared to 
adults, which seems unlikely. 

A minor limitation is that random sampling means that patients that are admitted for 
long periods of hospitalisation may be double-counted leading to over-estimation of 
prevalence. However, the average length of stay in the acute adults and children’s 
hospitals is 4.2 and 3.9 days respectively and 17 days in the adult assessment and 
rehabiltation wards (n=4). Thus, the length of stay suggests double-counting was 
unlikely to be a significant concern and examination of our data shows that 2, 0, and 
3 patients with pressure injuries were double-counted in the three years. Removing 
the double-counted patients would have a 0.1% or lower impact on prevalence 
estimations for each year and no impact on special cause variation. We are currently 
discussing whether to restrict such double counting as it would improve accuracy 
slightly, albeit with some effort.

A further minor limitation is that our estimates of annual prevalence are drawn from 
the averages of monthly sampling for each year (albeit guided by an a priori sample 
size calculation for an annual estimate derived from monthly sampling). It may be 
argued that such an approach cannot be said to accurately estimate annual 
prevalence without comparison to a gold standard, such as full year period 
prevalence surveillance with capture-recapture methodology. While that is strictly the 
case, we believe that our approach is likely to provide a more accurate estimation of 
prevalence than annual point prevalence surveys or methods reliant upon self-report.

Conclusion
Monthly random sampling of patients to monitor for change in pressure injury 
prevalence suits an improvement purpose and could replace large scale annual 
surveys. This approach to surveillance may also used to estimate annual prevalence 
of hospital-acquired pressure injuries, although further evaluation may be warranted 
to determine the accuracy such estimations compared to a gold standard approach.

Acknowledgements
We gratefully acknowledge Professor Chris Triggs of the Dept of Statistics, 
University of Auckland for providing advice on the sampling strategy and sample size 
calculation. We would also like to thank Marg Dotchin, Director of Nursing & 
Midwifery Auckland District Health Board, who sponsored this work and Jane Lees, 
Nurse Director, A+ Links, who organised the baseline hospital campus survey that 
enabled a sample size calculation. We would also like to acknowledge the charge 
nurses, nurses educators, general nursing staff, and patients; the surveillance would 
not be possible without their ongoing support. We would like to thank Dr Jan Kottner 



Page 12 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

12

of Universitätsmedizin Berlin for his perceptive comments on an early draft of this 
paper.



Page 13 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

13

References
Baharestani, M. M., Black, J. M., Carville, K., Clark, M., Cuddigan, J. E., Dealey, C., 

Defloor, T.,  Harding, K.G., Lahmann, N.A., Lubbers, M.J., Lyder, C.H., 
Ohura, T. Orsted, H.L., Reger, S.I., Romanelli, M., & Sanada H. (2009). 
Dilemmas in measuring and using pressure ulcer prevalence and incidence: 
an international consensus. International Wound Journal, 6(2), 97-104. doi: 
10.1111/j.1742-481X.2009.00593.x

Barczak, C. A., Barnett, R. I., Childs, E. J., & Bosley, L. M. (1997). Fourth national 
pressure ulcer prevalence survey. Advances in Wound Care, 10(4), 18-26. 

Berlowitz, D. R., Anderson, J. J., Ash, A. S., Brandeis, G. H., Brand, H. K., & 
Moskowitz, M. A. (1998). Reducing random variation in reported rates of 
pressure ulcer development. Medical Care, 36(6), 818-825. 

Defloor, T., Clark, M., Witherow, A., Colin, D., Lindholm, C., Schoonhoven, L., & 
Moore, Z. (2005). EPUAP statement on prevalence and incidence monitoring 
of pressure ulcer occurrence. Journal of Tissue Viability, 15(3), 20-27. 

Defloor, T., Schoonhoven, L., Katrien, V., Weststrate, J., & Myny, D. (2006). 
Reliability of the European Pressure Ulcer Advisory Panel classification 
system. Journal of Advanced Nursing, 54(2), 189-198. doi: 10.1111/j.1365-
2648.2006.03801.x

Eberlein-Gonska, M., Petzold, T., Helass, G., Albrecht, D. M., & Schmitt, J. (2013). 
The incidence and determinants of decubitus ulcers in hospital care: an 
analysis of routine quality management data at a university hospital. 
Deutsches Arzteblatt International, 110(33-34), 550-556. doi: 
10.3238/arztebl.2013.0550

Essex, H. N., Clark, M., Sims, J., Warriner, A., & Cullum, N. (2009). Health-related 
quality of life in hospital inpatients with pressure ulceration: assessment using 
generic health-related quality of life measures. Wound Repair Regeneration, 
17(6), 797-805. doi: 10.1111/j.1524-475X.2009.00544.x

Fletcher, J. (2001). How can we improve prevalence and incidence monitoring? 
Journal of Wound Care, 10(8), 311-314. doi: 10.12968/jowc.2001.10.8.26105

Graves, N., & Zheng, H. (2014). Modelling the direct health care cost of chronic 
wounds in Australia. Wound Practice and Research, 22(1), 20-33.

Gunningberg, L., Dahm, M. F., & Ehrenberg, A. (2008). Accuracy in the recording of 
pressure ulcers and prevention after implementing an electronic health record 
in hospital care. Quality & Safety in Health Care, 17(4), 281-285. doi: 
10.1136/qshc.2007.023341

Gunningberg, L., Donaldson, N., Aydin, C., & Idvall, E. (2012). Exploring variation in 
pressure ulcer prevalence in Sweden and the USA: benchmarking in action. 
Journal of Evaluation in Clinical Practice, 18(4), 904-910. doi: 10.1111/j.1365-
2753.2011.01702.x

He, J., Staggs, V. S., Bergquist-Beringer, S., & Dunton, N. (2013). Unit-level time 
trends and seasonality in the rate of hospital-acquired pressure ulcers in US 
acute care hospitals. Research in Nursing & Health, 36(2), 171-180. doi: 
10.1002/nur.21527

Hopkins, A., Dealey, C., Bale, S., Defloor, T., & Worboys, F. (2006). Patient stories 
of living with a pressure ulcer. Journal of Advanced Nursing, 56(4), 345-353. 
doi: 10.1111/j.1365-2648.2006.04007.x

Kottner, J., Wilborn, D., & Dassen, T. (2010). Frequency of pressure ulcers in the 
paediatric population: a literature review and new empirical data. International 



Page 14 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

14

Journal of Nursing Studies, 47(10), 1330-1340. doi: 
10.1016/j.ijnurstu.2010.07.006

Kottner, J., Wilborn, D., Dassen, T., & Lahmann, N. (2009). The trend of pressure 
ulcer prevalence rates in German hospitals: results of seven cross-sectional 
studies. Journal of Tissue Viability, 18(2), 36-46. doi: 
10.1016/j.jtv.2009.02.002

KPMG. (2015). The case for investment in: A quality improvement programme to 
reduce pressure injuries in New Zealand. Wellington: KPMG.
http://www.hqsc.govt.nz/our-programmes/other-topics/publications-and-
resources/publication/2362/ (Accessed 22 January 2016). 

Leonard, P., Hill, A., Moon, K., & Lima, S. (2013). Pediatric pressure injuries: does 
modifying a tool alter the risk assessment outcome? Issues in Comprehensive 
Pediatric Nursing, 36(4), 279-290. doi: 10.3109/01460862.2013.825989

Mohammed, M. A., Worthington, P., & Woodall, W. H. (2008). Plotting basic control 
charts: tutorial notes for healthcare practitioners. Quality & Safety in Health 
Care, 17(2), 137-145. doi: 10.1136/qshc.2004.012047

Murray, J. S., Noonan, C., Quigley, S., & Curley, M. A. (2013). Medical device-
related hospital-acquired pressure ulcers in children: an integrative review. 
Journal of Pediatric Nursing, 28(6), 585-595. doi: 10.1016/j.pedn.2013.05.004

Parnham, A. (2012). Pressure ulcer risk assessment and prevention in children. 
Nursing Children & Young People, 24(2), 24-29. doi: 
10.7748/ncyp2012.03.24.2.24.c8976

Pignatiello, J. J., & Samuel, T. R. (2001). Identifying the timing of a step change in 
the process fraction non-conforming. Quality Engineering, 13(3), 357-365. 

Simon, M., & Griffiths, P. (2015). Choose your tool wisely: u charts are more 
informative than run charts with or without tests of significance. A comment on 
Unbeck et al. (2014), Unbeck et al. (2013) and Kottner (2014). International 
Journal of Nursing Studies, 52(1), 481-483; discussion 485-486. doi: 
10.1016/j.ijnurstu.2014.04.002

Spilsbury, K., Nelson, A., Cullum, N., Iglesias, C., Nixon, J., & Mason, S. (2007). 
Pressure ulcers and their treatment and effects on quality of life: hospital 
inpatient perspectives. Journal of Advanced Nursing, 57(5), 494-504. doi: 
10.1111/j.1365-2648.2006.04140.x

VanGilder, C., Amlung, S., Harrison, P., & Meyer, S. (2009). Results of the 2008-
2009 International Pressure Ulcer Prevalence Survey and a 3-year, acute 
care, unit-specific analysis. Ostomy Wound Management, 55(11), 39-45. 

Waterlow, J. (1985). Pressure sores: a risk assessment card. Nursing Times, 81(48), 
49-55. 

Willock, J., Baharestani, M. M., & Anthony, D. (2009). The development of the 
Glamorgan paediatric pressure ulcer risk assessment scale. Journal of Wound 
Care, 18(1), 17-21. doi: 10.12968/jowc.2009.18.1.32135



Page 15 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

15

Table 1: European Pressure Ulcer Advisory Panel definitions for grading severity of 
pressure injury 
EPUAP 
grade

Definition

Grade 1 Intact skin with non-blanchable redness of a localized area
Grade 2 Partial thickness loss of dermis presenting as a shallow open ulcer 

with a red pink wound bed, without slough. May also present as an 
intact or open/ruptured serum-filled or sero-sanguinous filled blister 

Grade 3 Full thickness tissue loss. Subcutaneous fat may be visible but bone, 
tendon or muscle are not exposed

Grade 4 Full thickness tissue loss with exposed bone, tendon or muscle. 
Slough or eschar may be present

Table 2. Demographic characteristics of hospital census on the day of audit and the 
audit sample populations.
Characteristic Hospital 

population
2012-13
(N, %)

Sample 
2012-13 
(N, %)

Hospital 
population 

2013-14 
(N, %)

Sample 
2013-14 
(N, %)

Hospital 
population 

2014-15 
(N, %)

Sample 
2014-15 
(N, %)

Age
0-14
15-29
30-44
45-59
60-74
75+

1636 (15.3)
909 (8.5)

1322 (12.4)
1615 (15.1)
2302 (21.5)
2904 (27.2)

542 (20.0)
214 (7.9)

356 (13.1)
396 (14.6)
557 (20.6)
645 (23.8)

1484 (13.8)
925 (8.6)

1237 (11.5)
1743 (16.2)
2387 (22.1)
3003 (27.9)

478 (17.4)
246 (9.0)

337 (12.3)
440 (16.0)
580 (21.1)
664 (24.2)

1525 (14.1)
949 (8.8)

1230 (11.4)
1745 (16.2)
2454 (22.7)
2889 (26.8)

550 (19.5)
274 (9.7)

353 (12.5)
422 (15.0)
589 (20.9)
631 (22.4)

Sex
Female
Male

5672 (53.1)
5016 (46.9)

1458 (53.8)
1252 (46.2)

5484 (50.9)
5295 (49.1)

1438 (52.4)
1307 (47.6)

5501 (51.0)
5291 (49.0)

1456 (51.6)
1363 (48.4)

Ethnicity*
European
Maori
Pasifika
Asian
Other
Unknown

6701 (62.7)
1160 (10.9)
1433 (13.4)
1343 (12.6)

34 (0.3)
17 (0.2)

1589 (58.6)
325 (12.0)
367 (13.5)
332 (12.3)

53 (2.0)
20 (0.7)

6780 (62.9)
1129 (10.5)
1427 (13.2)
1383 (12.8)

40 (0.4)
20 (0.2)

1697 (61.8)
260 (9.5)

389 (14.2)
365 (13.3)

11 (0.4)
23 (0.8)

6565 (60.8)
1196 (11.1)
1477 (13.7)
1498 (13.9)

42 (0.4)
14 (0.1)

1624 (57.6)
338 (12.0)
399 (14.2)
436 (15.5)

13 (0.5)
9 (0.3)

Totals 10668 2710 10779 2745 10792 2819
*European includes NZ European and Other European ethnicities; Pasifika includes Fijian, but excludes Fijian Indian; Asian includes Indian 
subcontinent and surrounds, and South African or Fijian Indian; Other includes Latin American; Unknown includes Don’t know, Not stated 
or Response unidentifiable.
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Figure 1. P-chart of prevalence of hospital-acquired pressure injury by month with 
overall estimate upper and lower control limits (UCL, LCL), and identification of 
special cause variations (1 = points outside control limits, 2 = nine points above 
average rate) and timing of initiatives (A = Implementation of integrated standard risk 
assessment/care plan and updated care bundle (A+ SKIN-E); B = Introduction of 
Quick Risk Assessment to screen for those needing full risk assessment; C = 
Introduction of infographic to provide feedback on performance with meeting risk 
assessment target and decision to include Grade 3 or Grade 4 hospital-acquired 
pressure injuries events that required investigation and reporting to the 
organisation’s Adverse Events Review Committee and inclusion in annual Serious 
and Sentinel Events report to Health Quality & Safety Commission, D = Introduction 
of improved access to pressure injury prevention surfaces and revision of standard 
assessment/care plan to include surface selection tool; E = Introduction of children’s 
hospital initiatives). 

A B C D E
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Figure 2. P-chart of prevalence of hospital-acquired pressure injury by month with 
upper and lower control limits (UCL, LCL) and step change at July 2013 as indicated 
by Maximum Likelihood Estimation.
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Table 3: Calculation of estimated point of step change on P Chart using Maximum 
Likelihood Estimation with time points for special cause variations identified. 
Month FA-PI Sample 

(N)
Rate % 

(D)
RCS D* RCS N* Pi RCS C*

(N-D)
Likelihood 
Estimate

Mar-12 15 239 6.28 517 8274 0.062 7757 0.447
Apr-12 20 235 8.51 502 8035 0.062 7533 0.431
May-12 22 236 9.32 482 7800 0.062 7318 0.221
Jun-12 15 242 6.20 460 7564 0.061 7104 0.044
Jul-12 17 246 6.91 445 7322 0.061 6877 0.039
Aug-12 21 241 8.71 428 7076 0.060 6648 0.015
Sep-12 26 229 11.35 407 6835 0.058 6428 0.012
Oct-12 23 229 10.04 381 6606 0.056 6225 0.321
Nov-12 26 236 11.02 358 6377 0.054 6019 0.860
Dec-12 15 217 6.91 332 6141 0.054 5809 1.981
Jan-13 13 131 9.92 317 5924 0.052 5607 2.290
Feb-13 15 229 6.55 304 5793 0.052 5489 3.038
Mar-13 14 204 6.86 289 5564 0.051 5275 3.348¶
Apr-13 13 238 5.46 275 5360 0.051 5085 3.767
May-13 15 228 6.58 262 5122 0.050 4860 3.732
Jun-13 22 235 9.36 247 4894 0.048 4647 4.153
Jul-13 13 231 5.63 225 4659 0.048 4434 6.043
Aug-13 5 237 2.11 212 4428 0.049 4216 6.175§
Sep-13 10 229 4.37 207 4191 0.050 3984 4.435
Oct-13 11 245 4.49 197 3962 0.050 3765 3.928
Nov-13 18 240 7.50 186 3717 0.048 3531 3.454
Dec-13 14 235 5.96 168 3477 0.048 3309 4.491
Jan-14 7 184 3.80 154 3242 0.048 3088 4.817
Feb-14 11 239 4.60 147 3058 0.048 2911 4.125
Mar-14 16 232 6.90 136 2819 0.048 2683 3.689
Apr-14 4 247 1.62 120 2587 0.046 2467 4.592*
May-14 9 250 3.60 116 2340 0.050 2224 2.390
Jun-14 9 250 3.60 107 2090 0.051 1983 1.507
Jul-14 11 246 4.47 98 1840 0.053 1742 0.768
Aug-14 13 242 5.37 87 1594 0.055 1507 0.427
Sep-14 17 233 7.30 74 1352 0.055 1278 0.342
Oct-14 12 232 5.17 57 1119 0.051 1062 0.856
Nov-14 12 250 4.80 45 887 0.051 842 0.711
Dec-14 ¶ 7 227 3.08 33 637 0.052 604 0.397
Jan-15 14 193 7.25 26 410 0.063 384 0.042
Feb-15 12 217 5.53 12 217 0.055 205 0.044
FA-PI = Hospital-acquired Pressure Injury, RCS = Reverse Cumulative Sum Defects (D), Sample Number (N), non-defects (C); 
Pi = Reverse Cumulative Sum D / Reverse Cumulative Sum N. 
¶ Step change signalled (9 periods above average rate of 6.2%) in February 2015
* Step change signalled (1 point outside lowest control limit) in February 2015
§ Maximum Likelihood Estimate for step change.
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Table 4: Demographic characteristics of patients with hospital-acquired pressure 
injuries March 2012 to February 2015
Characteristic 2012-3

N = 228
(N, %)

2013-4
N = 153
(N, %)

2014-15
N = 136
(N, %)

Total
N = 389
(N, %)

Age
0-14
15-29
30-44
45-59
60-74
75+

48 (21.1)
3 (1.3)
9 (3.9)

26 (11.4)
50 (21.9)
92 (40.4)

20 (13.1)
6 (3.9)
3 (2.0)

27 (17.6)
37 (24.2)
60 (39.2)

22 (16.2)
6 (4.4)
8 (5.9)

22 (16.2)
30 (22.1)
48 (35.3)

90 (17.4)
15 (2.9)
20 (3.9)

75 (14.5)
117 (22.6)
200 (38.7)

Sex
Female 
Male

117 (51.3)
111 (48.7)

72 (47.1)
81 (52.9)

60 (44.1)
76 (55.9)

249 (48.2)
268 (51.8)

Ethnicity*
European
Maori
Pasifika
Asian
Other
Unknown

161 (70.6)
23 (10.1)

28 (112.3)
15 (6.6)
0 (1.1)
1 (0.4)

115 (75.2)
10 (6.5)

17 (11.1)
11 (7.2)
0 (0.0)
0 (0.0)

95 (69.9)
14 (10.3)
19 (14.0)

7 (5.1)
0 (0.0)
1 (0.7)

371 (71.8)
47 (9.1)

64 (12.4)
33 (6.4)
0 (0.5)
2 (0.4)

Pressure Injury Grade
1
2
3
4

178 (78.1)
43 (18.9)

4 (1.8)
3 (1.3)

127 (83.0)
24 (15.7)

2 (1.3)
0 (0.0)

105 (77.2)
29 (21.3)

1 (0.7)
1 (0.7)

410 (79.3)
96 (18.6)

7 (1.4)
4 (0.8)

*European includes NZ European and Other European ethnicities; Pasifika includes Fijian, but excludes Fijian Indian; Asian includes Indian 
subcontinent and surrounds, and South African or Fijian Indian; Other includes Latin American; Unknown includes Don’t know, Not stated 
or Response unidentifiable
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Figure 3: Percentage by age of all patients with hospital-acquired pressure injury 
March 2012 to February 2015.


