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ABSTRACT
Aim To evaluate and provide insights on the clinical characteristics and healing outcomes of patients with pressure injuries 
(PIs) over six months using data from the Chronic Wounds Registry (CWR) database.

Method This was a retrospective database review study where data were extracted from Singapore’s CWR. The patient’s basic 
demographic, co-morbidities, wound-related clinical data, and wound images were analysed. The study outcomes were on 
clinical characteristics and healing outcomes over six months.

Results A total of 63 patients with 63 PIs were included in the study; 46.0% of the PIs were community-acquired, and the rest 
were hospital-acquired. The mean age was 67.3 years, and 56% were males. The most common ethnicity was Chinese (66.7%), 
followed by Malays (20.6%) and Indians (7.9%). At baseline, 30.2% of patients had deep tissue injury (DTI), 44.8% had stage I/II, 
and 13.8% had stage III/IV PIs. Twenty-nine (46.0%) of the PIs healed within six months, while 12 (19%) still had ongoing PIs at 
month 6. Wounds that failed to heal at six months exhibited a higher proportion of wound infection (33.3% vs 6.9%, p=0.02), 
wound bed slough (46.7% vs 10.3%, p=0.02), maceration of peri-wound skin (46.7% vs 3.5%, p=0.001)), and exudate (75.0% vs 
38.0%, p=0.03). 

Conclusion While nearly half of the PIs healed within six months, ongoing cases were more likely to exhibit infection, 
sloughing, skin maceration, and excess exudate, indicating these factors as critical targets for improving healing rates in PIs 
care.
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Clinical characteristics and healing outcomes of patients 
with pressure injuries: insights from Singapore’s first 
chronic wounds registry

Research article

KEY MESSAGES
• The prevalence of pressure injuries is expected to increase 

with the ageing population.

• It is expensive to treat and manage pressure injuries, 
and it also poses significant economic challenges to the 
healthcare system.

• It is a global challenge for healthcare professionals to 
achieve closure of pressure injuries.

INTRODUCTION
Chronic wounds are hard-to-heal wounds/ulcers, which can 
take four  weeks to more than three months to heal.1 Apart 
from venous leg ulcers, diabetic foot ulcers and pressure 
injuries (PI) are also common types of chronic wounds.2–5 
In a systematic review comprising 39 studies, the overall 
global prevalence of PIs using a point and period prevalence 

was 14.8% and 11.6% in the hospital setting, respectively.6 
The overall mean incidence of PIs was 6.3%.6 In Singapore, 
the prevalence of PIs was 18.1%, and the incidence was 
8.1% during a survey conducted in 2005.7 Notably, there has 
been a two-fold increase in the PIs incidence rates among 
hospitalised patients over the last decade in Singapore.4, 8 

The cost of managing PIs increases with the severity, as 
more extensive injury requires a longer time to heal and is 
associated with a higher incidence of complications; therefore, 
more healthcare resources are needed to care for this group of 
patients.6 Admission type, surgical interventions, medications, 
the length of hospital stay, and hospital environments such 
as nurse staffing, unit type, and nursing workload have all 
been identified to impact PIs development.9 In Singapore, a 
local tertiary hospital reported that the average gross charge 
per PIs episode was SGD 16,636 (USD 12,291) over five years 
(2013-2017). In 2017, the estimated PIs gross healthcare costs 
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for hospitalised patients in primary care was SGD 21,394 (USD 
15,789).10 Both studies reported similar findings and consistent 
cost expenditure over the years.

Beyond the substantial financial burden, PIs have a negative 
impact on all domains of quality of life.11 Individuals with PIs 
experience constant discomfort that affects their sleep and 
social well-being.12 A decrease in health-related quality of 
life (HRQoL) is also associated with the severity of the PIs.13 
Extended periods of immobility can lead to the development 
of PIs due to muscle atrophy and joint contractures, making it 
challenging for patients to perform daily activities or maintain 
independence. A recent systematic review reported that 
PIs adversely influence the patient’s QOL, particularly on a 
psychological level. These individuals experience a significant 
disruption in their lives, relying heavily on their supportive 
surroundings and healthcare resources for their well-being.14 
In a case-control study, it was reported that having PIs were 
significantly associated with an increased risk of not being 
discharged home (OR, 5.55; 95% CI, 4.35–7.08), along with 
increased risks of readmission to the hospitals (OR, 1.30; 
95% CI, 1.05–1.62) and emergency department visits after 
discharge (OR, 1.70; 95% CI, 1.29–2.23).15

In Singapore, clinical data exists as isolated pockets within 
each institution’s databases. There is a lack of harmonised 
and consolidated source of data on wounds at the national 
level. To address this gap, a chronic wound registry (CWR) was 
established to collect prospective clinical and outcome data 
on various chronic wounds, such as neuro-ischemic ulcers 
(NIU), venous leg ulcers (VLU), and PIs. The registry collected 
information on patient demographics, comorbidities, wound 
characteristics, interventions, management, healthcare cost, 
and quality of life of patients with chronic wounds. In this 
study, we specifically extracted and examined only the PIs 
wound data and the healing outcomes. 

AIMS
To evaluate and provide insights on the clinical characteristics 
and healing outcomes of patients with PIs over six months 
using data from the CWR database.

METHOD
Study design, sample, and setting
This was a retrospective database review study. The dataset 
was obtained from CWR in Singapore. This registry was 
established in November 2019 and is maintained by the Skin 
Research Institute (SRIS). The registry database stores wound 
data specifically on diabetic foot ulcers, venous wounds, 
neuro-ischemic wounds, and PIs (all stages). Three tertiary 
hospitals of the three healthcare clusters of Singapore – 
SingHealth, National University Health System, and Nation 
Healthcare Group contribute to the registry data. Each 
healthcare cluster is affiliated with primary and community 
care centers, providing a full complement of healthcare 
services. A dedicated study coordinator collects information 
from admitted patients with their consent purely for storing 
wound data in the registry database. A hard-copy clinical 
research form (CRF) is completed by the study coordinator, 
and this is manually transcribed into the REDCap database. 
Hardcopy documents are stored under lock-and-key, and 
electronic data is stored on an encrypted, secured, and 
password-protected hard disk in the hospitals. Individual 

datasets are de-identified, harmonised at source, and 
uploaded to the CWR database housed at SRIS. The database 
is securely maintained and password-protected behind the 
SRIS security system, with limited access granted only to study-
specific personnel. 

PIs cases were selected for this study to explore the healing 
outcomes further. As part of the study, the index (largest) 
PIs wound data from inpatient and outpatient services were 
collected, and patients were followed for six months (1,3 and 
6 months) or until the wound healed. The PIs staging were 
performed as defined in the International PIs guidelines.16 
The standard PI care management involves referral and 
management by medical specialists and wound care specialty 
nurses. The scope of the care included weekly wound 
assessment, selection of the appropriate dressing, treatment 
of infection (if any), off-loading, optimisation of medical 
therapy, and bedside wound debridement if needed. 

Ethical considerations
This study was granted ethical approval by the National 
Healthcare Group Domain Specific Review Board (Ref No: 
2019/00971). Further consent was waived as patients had 
already consented to storage and use of their data in an 
anonymised format as previously described.

Data extraction, study variables, and outcomes
We extracted and analysed PIs (all stages) wound data 
that were available. Study variables, including age, sex, 
ethnicity, body mass index (BMI), smoking status, presence 
of co-morbidities, stage of PIs, wound size, site, healing 
status, mortality, and wound images, were also available for 
validation where a wound care specialist nurse verified the PIs 
stages and images. 

DATA ANALYSIS 
All statistical analyses were performed with R software (R-4.2.1, 
R Foundational Statistical Computing, Vienna, Austria). An 
independent study team member conducted cross-checks 
to ensure data accuracy before analysis. Patients were 
divided into two groups – those whose PIs healed within 
the six-month study period and those who failed to heal. 
The demographics, comorbidities, and wound characteristics 
of the two groups were compared. Categorical variables 
were expressed as n (%), and the chi-square test was used 
for comparison. Normally distributed continuous variables 
were described as mean accompanied by standard deviation 
(SD), and skewed continuous variables were summarised as 
median (1st quartile – 3rd quartile). Two sample T test and Mann 
Whitney U test were used for comparison, respectively. The 
level of significance was set at p < 0.05. 

RESULTS
Patient demographics 
A total of 63 patients were included in the study; 46.0% of 
the PIs were community-acquired, and the rest were hospital-
acquired (Table 1). Of 63 patients, 29 (46%) of the PIs healed 
within six months, while 12 (19%) still had ongoing PIs at 
month six. There were 19 (30.2%) patients deceased with 
non-Index wound-related mortality (Table 3). The mean age 
was 67.3, SD=16.9 years, and 56% were males. The most 
common ethnicity was Chinese (66.7%), followed by Malay 
(20.6%) and Indian (7.9%). Twenty-four per cent of patients 
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had a BMI above 25kg/m2, and 22.2% had a BMI below 18.5kg/
m2. Half of the study population had hypertension (58.7%), 
dyslipidemia (50.8%), and diabetes (42.9%). The demographics 
and co-morbidities between the two groups (healed vs non-
healed) were comparable, with no statistically significant 
difference. Table 1 summarises the demographics of all 
included patients. 

Wound Characteristics
Almost half of the patients had a prior history of PIs, which was 
community-acquired. Sacrum (44.4%) was the most common 
location of PIs, followed by the heels (19%). At baseline 
assessment, the wound size was smaller in the healed group 
than in the non-healed group (median size: 6cm2 vs 10cm2. 
Patients in the non-healed group had a higher proportion 
of infection compared to the healed group (33.3% vs 6.9%, 
p=0.02). Similarly, more patients in the non-healed group had 
the presence of slough in the wound bed (46.7% vs 10.3%, 
p=0.02), maceration of the peri-wound skin (46.7% vs 3.5%, 
p=0.001) and presence of exudate (75% vs 38%, p=0.03). Dry 
and scaly peri-wound skin was seen more in the healed group 
of patients (37.9%, p=0.03). At baseline, 30.2% of patients had 
deep tissue injury (DTI), 44.8% with stage I/II, and 13.8% with 

stage III/IV. The proportion of stage III/IV PIs was higher in the 
non-healed group (58.3% vs. 10.3%, p=0.02). Refer to Table 2 
for the PIs wound characteristics.

DISCUSSION
This study examined the PIs characteristics, healing outcomes, 
and factors associated with healing. In our study, the average 
age of patients with PIs was younger than commonly 
reported.17 However, this aligns with other studies identifying 
younger populations with PIs,8, 18 suggesting age as a variable 
with inconsistent association to PIs.

Some studies have investigated the effects of body weight 
and BMI, and increased rates of PIs have been frequently 
documented among underweight and overweight people.19–21 
Patients with higher BMI rates are susceptible to developing 
PIs due to poor circulation, reduced vascularity of adipose 
tissue, and excess weight compressed on areas such as the 
sacrum, coccyx, and heels. However, in this study, BMI was not 
associated with the healing outcome.

A study in Singapore reported that the prevalence rate of 
community-acquired PIs was 6–29% in an acute care hospital.8 

Characteristics Total subjects
(N= 63)

Healed in 6 months
(N=29)

Non-healed in 6 months 
(N=12)

P value

Age, mean (SD) 67.3 (SD=16.9) 67.3 (SD=16.8) 64.2 (SD=17.2) 0.21

Gender (%)

Male 35 (55.6) 15 (51.7) 10 (83.3) 0.12

Ethnicity (%)

Chinese 42 (66.7) 18 (62.1) 10 (83.3) 0.66

Malay 13 (20.6) 7 (24.1) 2 (16.7)

Indian 5 (7.9) 1 (3.5) 0

Others 3 (4.8) 3 (10.3) 0

BMIa^

Underweight 14 (22.2) 5 (17.2) 4 (33.3) 0.29

Normal weight 27 (42.9) 15 (51.7) 3 (25)

Overweight or obese 15 (23.8) 6 (20.7) 2 (16.7)

Smoking status^ (9 missing data)

Current 6 (11.1) 2 (8.3) 3 (25) 0.12

Ex-smoker > 6 months 2 (3.70) 0 2 (16.7)

No 46 (85.2) 22 (91.7) 7 (58.3)

Co-morbidities# (%)

Hypertension 37 (58.7) 17 (58.6) 6 (50) 0.61

Diabetes mellitus 27 (42.9) 11 (37.9) 4 (33.3) 0.65

Dyslipidaemia 32 (50.8) 15 (51.7) 5 (41.7) 0.34

Coronary artery disease 10 (15.9) 6 (20.7) 1 (8.3) 0.33

Peripheral arterial disease 4 (6.35) 2 (6.9) 1 (8.3) 0.87

ADL status on admission* (%)

Independent & semi-independent 15 (23.8) 17 (58.6) 8 (66.7) 0.85

Assisted or wheelchair-bound 33 (52.4) 4 (13.8) 1 (8.3)

Bedbound 15 (23.8) 8 (27.6) 3 (25.0)

All categorical variables are expressed as n (%), and all continuous variables are expressed as mean ± standard deviation.
aBMI: If BMI < 18.5 kg/m2, it falls within the underweight range range; If BMI 18.5 – 24.9 kg/m2, it falls within normal range; If BMI ≥ 25 kg/m2, it falls within 
the overweight or obese range. 

*ADL: Activities of Daily Living. SD: Standard Deviation. ^due to missing data, the total does not add up to 63. #: may have more than one comorbidity.

Table 1. Comparison of patient demographics, co-morbidities between healed and non-healed groups of patients with Pressure Injuries.
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The previous research also documented that 75% of PIs 
were community-acquired.8 Likewise, our study found that 
half of the recruited patients (n=29; 46%) had a history of 
community-acquired PIs. 

In a recent systematic review, 16 studies (132,530 patients with 
12,041 PIs) reported on PIs staging, and the most commonly 
occurring stages were Stage I, 43.5%, and Stage II, 28.0%.22 
Stage III and IV PIs occurred less frequently, accounting for 
12.8% (95% CI 10.9–14.9%) and 9.9% (95% CI 7.5–12.5%). 
However, in our study, we found DTI was the most common 
stage (30.2%). This could be due to our patients, who required 
more assistance to move, as only 23.8% were independent in 
their activity of daily living status while the rest were assisted 
and bedbound. 

Multiple chronic medical conditions can worsen the prognosis 

of patients with PIs.17 Cardiovascular-related diseases are often 
cited as a common risk factor for PIs.23, 24 The changes include 
differences in blood pressure results, decreased perfusion, 
and peripheral ischemia, contributing to the occurrence 
and development of PIs.23,25 Likewise, hypertension was 
most prevalent among our patients (n=37; 59%), followed 
by dyslipidemia (n=32; 50.79%) and diabetes (n=27; 43%) 
(Table 1). Diabetes is known to have micro or macrovascular 
complications, such as sensory perception, which impacts 
wound healing and causes re-infections.23 However, in this 
study, diabetes is not significantly associated with the healing 
outcomes. This could be due to the small sample size.

In the non-healed group, the presence of infection, slough, 
and exudate were statistically significant, supporting 
established knowledge and aligning with wound healing 

Characteristics Total subjects
(N= 63)

Healed in 6-month 
(N=29)

Non-healed in 
6-month (N=12)

P value

History of community-acquired PI 29 (46.0) 12 (44.4) 7(58.3) 0.42

Wound site (%)

Sacrum 28 (44.4) 14 (48.3) 4 (33.3) 0.18

Heel 12 (19.0) 7 (24.1) 2 (16.7)

Buttocks 11 (17.5) 3 (10.3) 3 (25.0)

Back 3 (4.8) 0 3 (25.0)

Others 8 (12.7) 5 (17.2) 0

Wound area, median (IQR), cm2 11 (2.35 - 24.8) 6 (1.0 - 23.2) 10 (3.8 - 24) 0.42

Presence of Wound infection

Yes (%) 8 (12.7) 2 (6.9) 4 (33.3) 0.02

Wound bed appearance* (%)

Granulation 15 (23.8) 4 (33.3) 6 (20.7) 0.39

Slough 14 (22.2) 3 (10.3) 5 (46.7) 0.02

Epithelialization 8 (12.7) 4 (13.8) 1 (8.3) 0.62

Eschar-Necrosis 5 (7.9) 5 (17.2) 2 (16.7) 0.84

Other features 11 (17.5) 6 (20.7) 2 (16.7)

Peri-wound appearance* (%)

Healthy 19 (30.2) 7 (24.4) 3 (25.0) 0.95

Dry, scaly 19 (30.2) 11 (37.9) 0 0.03

Maceration 7 (11.1) 1 (3.5) 5 (46.7) <0.01

Erythema 5 (7.9) 2 (6.9) 2 (16.7) 0.33

Other features 10 () 3 (10.3) 3 (25.0) 0.22

Presence of malodour

Yes (%) 5 (7.9) 3 (10.3) 1 (8.3) 0.84

History of pain

Yes (%) 5 (7.9) 1 (3.5) 1 (8.3) 0.50

Presence of exudate

Yes (%) 27 (42.9) 11 (38.0) 9 (75.0) 0.03

Baseline PI Stage* (%)

I & II 13 (44.8) 7 (24.4) 1(8.3) 0.02

III & IV 15 (13.8) 3 (10.3) 7 (58.3)

Unstageable 12 (19.0) 6 (20.7) 2 (16.7)

DTI 19 (30.2) 10 (34.5) 2 (16.7)

* Due to missing data, the total does not add up to 63. All categorical variables are expressed as n (%), and all continuous variables with skewed distribution 
are expressed as median (IQR), DTI=Deep tissue injury, IQR= Interquartile range.

Table 2. Comparison of wound characteristics of patients with pressure injuries between the healed and non-healed groups.
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principles. These factors, particularly slough, are well-
documented to impede the inflammatory phase by creating a 
barrier to tissue repair and fostering a hospitable environment 
for bacterial growth. This, in turn, can contribute to infection, 
increased exudate, and potentially, malodor.26, 27 We also found 
that peri-wound maceration was prevalent in this group. 
Wound exudate is known for its role in promoting healing by 
preventing the wound bed from becoming dry and facilitating 
cell movements leading to tissue repair. However, an increased 
amount of exudates can lead to peri-wound skin maceration.28 
The epithelium becomes soft due to extended exposure to 
increased fluid, making it more vulnerable to bacteria and 
fungi invasion causing increased wound size and peri-wound 
complications.29 The literature also recognises that maceration 
impedes the movement of keratinocytes from the edges to the 
base of the wound, leading to a delay in the overall healing 
process.30, 31 

Another finding was that patients in the healed group had 
a dry/scaly peri-wound appearance (p=0.03). Dry, scaly, 
calloused, or hyperkeratotic peri-wound conditions can 
impede wound healing and need to be addressed before 
the wound can progress towards closure. There is a need 
for such peri-wound conditions to be removed via sharp 
debridement, thus allowing epithelialisation. Debriding helps 
the wound to regenerate during the healing process. This 
disturbance stimulates the release of growth factors, initiating 
the development of new, healthy skin.32 We were unable to 
determine if the PIs were debrided to remove dry/scaly skin, 
which aided in healing, due to the study design.

In addition to evaluating the peri-wound and wound bed 
appearance, the baseline PI stage emerges as a crucial 
determinant of the wound’s healing trajectory over a six-
month period. Notably, baseline PIs stages I/II exhibited a rapid 
healing rate in 44.8% of cases (n=13), with only 8.3% (n=1) 
failing to heal within six months. In contrast, stages III and IV 
demonstrated a slower healing pace. Among the unhealed 
group, 58.3% of patients with stage III/IV did not have their PIs 
healed.

The underlying rationale lies in the complexity associated 
with Stage III/IV PIs, characterised by deeper involvement 
of underlying tissues and extensive damage to surrounding 
structures, encompassing subcutaneous tissue, muscle, 
tendon, ligament, cartilage, and/or bone.16 The potential 
presence of undermining and/or tunnelling further magnifies 
the true size of the wound, leading to a delay in the healing 
process. Likewise, a cohort study reported that the mean time 
to healing was eight months for stage III/IV.33 Contrastingly, a 
retrospective study highlights Stage II as the most prevalent 
PIs type, with a propensity for faster healing.34 These collective 
findings reinforce the significance of considering the initial PIs 
stage as a pivotal factor influencing the healing dynamics. 

Our analysis notably revealed a slow healing rate for PIs, with 
only 17.5% (n=11) healed at one month and 46% (n=29) 
healed at six months. Notably, 18% (n=11) of patients passed 

away within the first month, followed by 29% (n=18) at three 
months. While prior research indicates higher mortality rates 
associated with PIs (e.g., 23.6% at one month in a study of 
n=89) 35, it did not distinguish PI-related deaths. Similarly, in 
our study, although the mortality was high, the cause of death 
was not due to PIs. However, the small sample study limits our 
ability to definitively assess the mortality risk associated with 
PIs in this population.

LIMITATIONS AND RECOMMENDATIONS
This study has limitations due to the way the data were 
collected. Firstly, only the largest PIs per patient was recorded, 
despite the potential presence of multiple PIs at recruitment. 
This limits our understanding of complex wound healing 
dynamics associated with multiple PIs. Future studies 
should collect comprehensive data on all PIs present at 
recruitment, potentially using standardised and validated 
tools for accurate identification and staging. Additionally, 
manual PI measurements could introduce measurement bias. 
Implementing wound imaging technology with automated PI 
detection and quantification systems could improve accuracy 
and efficiency compared to manual measurements by trained 
nurses.

Beyond data capture, some incomplete records were identified 
within the database. Establishing data entry protocols for 
research staff and healthcare professionals, including 
mandatory fields and timely validation checks, could minimise 
missing data in future studies. Furthermore, integration with 
hospital electronic health records could streamline data entry 
and reduce incompleteness.

Finally, excluding vulnerable patients who could not 
provide consent might introduce selection bias, potentially 
underrepresenting patients with severe PIs (Stages III and IV) 
who often face communication challenges. Future studies 
could explore alternative consent procedures or consider 
collaboration with ethics committees to address this challenge.

CONCLUSION 
This is a snapshot of the number of managed PIs within our 
institutions over six months. While nearly half of the PIs healed 
within six months, ongoing cases were more likely to exhibit 
infection, sloughing, skin maceration, and excess exudate, 
indicating these factors as critical targets for improving 
healing rates in pressure injury care.
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Healed Not nealed Deceased

Month 1 11 (17.5%) 41 (65.1%) 11 (17.5%)
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Month 6 29 (46.0%) 12 (19.0%) 19 (30.2%)

Table 3. Healing outcomes over six months
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