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Abstract

Postoperative wound healing plays a significant role in facilitating a patient’s
recovery and rehabilitation. Surgical wound dehiscence (SWD) impacts on mortality
and morbidity rates and significantly contributes to prolonged hospital stays and
associated psychosocial stressors on individuals and their families. A narrative review
of SWD was undertaken on English-only studies between 1945 and 2012 using three
electronic databases Ovid CINHAL, Ovid Medline and Pubmed. The aim of this
review was to identify predisposing factors for SWD and assessment tools to assist in
the identification of at-risk patients. Key findings from the included 15 papers out of
a search of 1045 revealed the most common risk factors associated with SWD includ-
ing obesity and wound infection, particularly in the case of abdominal surgery. There
is limited reporting of variables associated with SWD across other surgical domains
and a lack of risk assessment tools. Furthermore, there was a lack of clarity in the
definition of SWD in the literature. This review provides an overview of the available
research and provides a basis for more rigorous analysis of factors that contribute

to SWD.

Introduction

Timely and sustained postoperative wound healing plays
a significant role in optimising a patient’s postoperative
recovery and rehabilitation. It has been established that
surgical wound dehiscence (SWD) contributes to increased
morbidity and mortality rates, and implicit and explicit costs
for individuals and health care providers (1-5). Explicit costs
result from prolonged hospitalisation, the need for community
nursing and support services and the use of wound man-
agement consumables (6—10). Social costs include delay in
return to employment, reduced ability to self-care and limita-
tions on returning to previous social roles in the community
including family support. SWD is defined as the rupture or
splitting open of a previously closed surgical incision site.
According to the Centre for Disease Control (CDC), a SWD
can be classified as either superficial or deep (11).

A review of the literature for factors associated with SWD
was conducted in response to an identified increase in SWD
referrals to a community nursing service in Western Australia,
following either a cardiothoracic, orthopaedic, vascular or
abdominal surgical procedure. The aim of this review was to
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identify predisposing factors for SWD and assessment tools
to assist in the identification of at-risk patients.

Key Messages

e the aim of this review was to describe the outcomes of
numerous studies that have identified significant factors
associated with surgical wound dehiscence (SWD)

e identified behavioural risk factors for all listed surgi-
cal procedures include high body mass index (BMI),
smoking, diabetes, chronic obstructive pulmonary dis-
ease (COPD) and peripheral vascular disease (PVD)

e intraoperative risk factors are specific to the type of
procedure. Abdominal: operative time, emergency pro-
cedure and clean wound classification. Cardiothoracic:
re-exploration for bleeding, transfusion, prolonged oper-
ative time and sternal closure by postgraduate year of
surgeon (PGY4). Orthopaedic: not defined. Vascular:
not defined
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e postoperative risk factors include hypoxemia or pro-
longed ventilation, length of ICU stay, blood transfusion
and hypotension

e in conclusion, this review provides a broad description
on documented risk factors associated with SWD fol-
lowing a procedure in the following area: abdominal,
cardiothoracic, orthopaedic and vascular surgery

Wound dehiscence is a possible complication following any
surgical procedure; however, most authors (1-3,9,10,12—-14)
report the occurrence following orthopaedic, abdominal,
cardiothoracic and vascular surgery. The literature outlines
some associations between SWD and patient comorbidities
and the type of surgical wound closure (5,6,12,15-19).
However, the validation of these associations as effective
diagnostic predictors for SWD risk has been poorly studied
across most surgical domains.

Methods

A narrative review of the literature was carried out in-
line with the ‘patient, phenomenon, outcome (PPO)’
search strategy established by the Oxford Centre for
Evidence-Based Medicine (http://www.cebm.net/index.aspx?o
=1900, last accessed 6 March 2012). Electronic searches
were carried out on PubMed, Ovid MEDLINE (1945-2012)
and Ovid CINHAL (1986-2012) using the following key
terms: patients* and surgical* wound* or wound breakdown*
surgical wound dehiscence* or surgical site infection®.
Studies were classified into the Oxford CEBM Levels of
Evidence: level 1 (systematic review of RCTs, individual
RCT and prospective cohort with good follow-up); level
2 (systematic review with homogeneity of cohort studies
and retrospective cohort studies) and level 3 (case—control
studies)  (http://www.cebm.net/index.aspx?0=1025, last
accessed 6 March 2012). Inclusion criteria were studies that
had evidence levels 1-3, had defined SWD and studies
that were in the following surgical domains: cardiothoracic,
orthopaedic, vascular or abdominal. Exclusion criteria were
as follows: those studies beyond the level of evidence 3 and
no definition of surgical wound dehiscence (CDC or other
recognised definitions). Studies were restricted to the English
language as access to translation of other languages was
restricted, and once deemed suitable (see Figure 1) these
studies were hand sorted for cross referencing.

Results

Of the initial 1045 papers related to SWD based on the
previously described search criteria, eight duplicates were
removed and 987 were excluded as they failed to fit the
inclusion criteria of the surgical domains within the scope of
the analysis and the lack of definition of the type of surgical
site infection (SSI; superficial or deep) with no alignment to
CDC classification or a similar classification system for SSI
or SWD. Of the remaining 22 papers, 7 were excluded as they
were animal studies. The remaining 15 papers were classified
into levels of evidence.
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Figure 1 Flow chart of study inclusion.

Table 1 Incidence of surgical wound dehiscence

Procedure Study

Abdominal surgery—superficial Hadar et al. (17)
dehiscence 2% and deep
dehiscence 0-3%

Abdominal 1-3-4-7% Wounds West prevalence
data (2007-2011)

De Vivo et al. (18)

John (72)

Smith et al. (16)

Biancari and Tiozzo (38)

Caesarean section 3%

Sternal wound 3%

Hip prosthesis 3%

Saphenous vein graft 9-3% (10/108
patients)

Prevalence and incidence of SWD

The occurrence of SWD following different surgical proce-
dures has been reported as ranging between 1-3 and 9-3%
(Table 1). Amongst these studies, incidence data have been
reported in accordance with the CDC SSI classification guide-
lines. The studies within the scope of the analysis were cat-
egorised into abdominal wound dehiscence, cardiothoracic,
orthopaedic and vascular. For the purposes of this review,
SWD is defined as the rupturing or splitting apart of the mar-
gins of a wound closure (20). Wound dehiscence can be a
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superficial or deep tissue injury and according to the CDC
(21) wound dehiscence can be associated with SSI.

Abdominal wound dehiscence

Abdominal wound dehiscence is the most widely reported
dehiscence and features prominently in the literature. It is a
severe postoperative complication with mortality rates report-
edly as high as 45% (22) and the incidence ranges from 0-4%
to 3-5% (1,2,13,23-26) (Wounds West). SWD risk assessment
tools have been developed for abdominal wound dehiscence
(1,2). A prognostic risk model for SWD was developed in the
USA by Webster et al. (2) following a retrospective audit of
medical notes. The authors then conducted a prospective val-
idation of their prognostic risk model on patients who under-
went laparotomies. The authors (2) determined a percentage
risk prediction value for patients and have suggested that this
prognostic model can be used in a perioperative setting.

Van Ramshorst et al. (1) reported on the development and
testing of a risk validation tool following a retrospective case
investigation of abdominal SWDs. The authors (1) identified
several risk factors such as age, gender, emergency surgery,
the type of surgery, postoperative coughing and wound
infection as contributing risk factors to SWD. Their findings
were similar to those of the analysis of Webster et al. (2).
The van Ramshorst risk prediction tool demonstrated high
predictive values for patients with tested risk factors of SWD
and the fit of the model by the Hosmer and Lemeshow test
(P =0-79), and ROC analysis of 0-91 showed high predictive
value of the risk score.

When comparing the findings of Webster er al. with those
of Ramshorst et al., the former revealed an increased risk
of SWD after abdominal surgery when the operative time
was greater than 6 hours, a fourth-year postgraduate resident
performed the surgery in lieu of a more experienced surgeon,
the wound was a clean wound classification, a confirmed
presence of wound infection and extended time on a ventilator
as highly significant factors (see Table 3). Analogies drawn
between the two studies may be limited because of the lack of
homogeneity between the studies’ sample populations. Web-
ster’s et al. cohort were patients who underwent laparotomies
performed at 132 Veterans Affairs Medical Centres, average
age 60years (Neumeyer, personal communication, 16 April
2012), whereas the sample populations of van Ramshorst
et al. were recruited from the general surgical population.

The type of closure method used has been identified as
a risk factor for abdominal wound complications by some
authors (15,27). Rucinski et al. (27) conducted a meta-analysis
of the literature published in 2001 to determine that continuous
mass (all-layer) closure with absorbable monofilament sutures
to be the optimal closure technique after laparotomy. The
review paper of Ceydeli et al. (15) supports this finding and
the authors concluded that the optimal method of closure
following a vertical midline laparotomy incision was a mass
closure using a simple running technique having #1 or #2
absorbable monofilament suture with a suture length to wound
length ratio of 4:1. Hollinsky and Sandberg (28) conducted
a study on cadavers to determine if a reinforced tension
line (RTL) technique for abdominal wall closure was able
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to withstand the following tensile forces in the epigastrum
of 110 Newtons (N), and the umbilicus and hypogastrium
of 120 and 100N, respectively (2007:124) compared with
non-reinforced sides. In 77% of the non-reinforced sites,
sutures tore away from the tissues at a median load of
60-7N, which was a much lower force than tolerated by the
reinforced sides. Similarly, Agarwal (29) who used the RTL
continuous technique in patients who underwent emergency
midline laparotomies found that this technique resulted in no
burst sutures. Furthermore, in 100 patients who were closed
using a non-RTL continuous suture wounds resulted in SWD
(P =0-009). Perhaps, it is that increased abdominal wall force,
because of rises in intraabdominal pressure and the chosen
method of closure, may play a role in the occurrence of SWD,
and this has been observed by several authors (1,30,31).

Sternal wound dehiscence

Sternal wound dehiscence can result in lengthy hospital stays
and increased morbidity and mortality rates in patients. Inci-
dence of infection of median sternotomy wounds is reported
in Europe as between 0-3% and 5% (32). The most com-
monly reported predisposing factors identified in the literature
for sternal wound dehiscence include diabetes, female gender,
breast size, bilateral IMA procedure and prolonged postopera-
tive ventilation (see Table 3). Buja (33) reported that there are
several risk scales for the prediction of deep sternal wound
infection (DSWI) involving confirmed infection; however,
there remains to be a risk tool for prediction of non-microbial
dehiscence. In a retrospective review by Ridderstolpe et al.
(6) sternal wound complications were recorded for 9-7% of
the study population. Of those, 6-4% were related to superfi-
cial infections, 1-6% were deep sternal infections and 1-7% of
the patients contracted postoperative mediastinitis. Risk fac-
tors were divided into groups of preoperative, intraoperative
and postoperative factors and of the total 42 variables identi-
fied, 32 were associated with increased risk across all the three
groups. The authors found that the major independent predic-
tors of sternal wound complications were identified as age
over 75 years, obesity, insulin-dependent diabetes, smoking,
peripheral vascular disease and prolonged ventilator support.
The authors stated that with diligent follow-up more sternal
wound complications could be prevented.

Tekumit ef al. (34) in a retrospective review compared
‘figure-of-eight’ and simple wire technique methods used in
the closure of the sternum following coronary artery bypass
graft (CABG) procedures. The findings revealed that there
was no increased association with either closure technique
or sternal wound dehiscence. However, patients undergoing
CABG that is complicated by infection, results in triple the
costs to the health care system (8). Graf et al. (8) conducted
a case—control analysis of patients who contracted DSWI
following a CABG, and reported the median overall cost per
patient was €36261 compared with €13 356 for the control
patient. The costs for those patients with DSWI comprised
ward care costs (24-7%), surgery costs (19%), ICU care
(27-7%), laboratory tests (15%) and other costs not specified
(13-6%). Few would disagree with Graf et al. (8) who argued

International Wound Journal © 2013 Medicalhelplines.com Inc and John Wiley & Sons Ltd 267



Determining risk factors for surgical wound dehiscence

for the need for appropriate infection control measures for the
prevention of DSWIL.

Orthopaedic wound dehiscence

As is the case with other wound types, orthopaedic surgery
complications such as infection and SWD can lead to
extended hospital stays, increased patient morbidity and an
excess fiscal burden for patients and the health care system.
Numerous studies have investigated the use of staples versus
sutures and the relationship of this closure technique to
wound complications (16,36,34,35,37). Smith et al. (16) and
Shetty et al. (36) reported an increase in superficial wound
infection occurrence with the use of staples when compared
with suture in hip or knee procedures. Interestingly, other
research has demonstrated statistically significant higher
risk of developing infection following hip surgery when
patients have been closed with staples compared with sutures
(P =0-02) (16). Further research by Newman et al. (37)
reported significantly fewer complications occurred with
staples than sutures after total knee replacement, and similar
findings were reported by Khan ef al. (34) following hip
replacement. Whilst associations between wound closure
methods and wound complications following orthopaedic
surgery have been reported, there appears to be little research
investigating associations between patient comorbidities,
behavioural factors and orthopaedic SWD.

Vascular wound dehiscence

A Cochrane review by Biancari and Tiozzo reported (38) the
incidence of SWD following saphenous vein harvesting to
be 9:3% (10 of 108) in patients that have been closed with
staples compared with sutures with an incidence of 8-8%. The
incidence of SSI following this procedure was also reported
to be 10-8% when the wound was closed with staples and
8% when sutures were used (38). Biancari and Tiozzo (38)
stated that all these trials had suboptimal methodological
quality and were at risk of bias; the reviewers called for
more stringent research to be carried out. Furthermore, the
authors commented that there is a lack of data on risk factors
associated with leg wound complications. No vascular risk
assessment tool for SWD or confounding variables for SWD
following a vascular procedure was found when undertaking
the literature review.

Surgical site infection

The precursor to SWD is frequently perceived to be SSI (39).
In the UK, SSI constitutes 20% of all hospital health care-
associated infections and it is reported that at least 5% of
patients will develop an SSI (40). The high economic cost
is in part owing to prolonged hospital stays or readmission
costs, which were just under £90 000 per patient in 2000 (9).
In North America, the estimated costs of SSI are reportedly
$US10 billion annually in direct and indirect medical costs (7).
Furthermore, Urban identified that superficial SSIs amount to
$US400 per case, whereas organ or tissue space infections
can amount to $US30000 per patient. In Europe it has
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been determined that the costs attributable to SSI range
from €1-47 to 19-1 billion (4). Leaper ef al. (4) suggest
that this considerable variance is owing to inconsistencies
in the data collection methods, surveillance criteria and
variations in the surgical procedures (2004:247). In Australia,
the cost of SSI is reportedly $A60 million per year (5,41).
However, further implicit costs associated with delays in
healing and reduced quality of life for the patient, family and
the wider community are difficult to ascertain from a fiscal
point of view.

In the Australian context, the Hospital Infection Standard-
ised Surveillance (HISS) (41) program reviewed ten hospitals
in New South Wales and reported SSI rates following a
CABG to be 2-1%. These infections resulted in an estimated
additional cost of $5892 per patient for an extended length of
stay of an average of 12 days. Wound infection following col-
orectal surgery was rated 12-7% and led to an extended patient
stay of 16days on average, with a cost of $8066 per patient
(41). Orthopaedic procedures such as a total hip replacement
had a reported infection rate of 2%, an extended patient stay
of 7days and additional costs of $3767 allocated per patient
(41). Total knee replacement SSI rates were reported to be
9-8% with an extended stay of 13-5days and resulted in a
total cost of $6520 per patient (41). However, as all of these
data were obtained from inpatient surveillance solely and
did not include post-discharge follow-up, it is possible that
the findings outlined above could be an underestimate of the
total fiscal burden and incidence of SWD.

An Australian report published in 2003 by the Aus-
tralian Commission into Safety and Quality in Health Care
(ACSQHC) (42) stated that between 2% and 13% of patients
suffer from SSI whilst in a hospital environment (see Table 2).

The report also observed that there are difficulties encoun-
tered in recording the occurrence of SWD and SSI because
of lack of reliable standardised data sets and discrepancies in
recording methodologies. In light of the concurrent association
between SSI and SWD, it is possible that some practition-
ers record SWD as SSI or vice versa. Thus, it has proven
difficult to identify the percentage of cases that are SWD
independent of SSI. Regardless, the costs associated with SSI
have been reported to be significantly high by several authors
(4,5,9,10,41,42).

Comorbidities associated with SWD

Several authors (1,2,39,43—-46) have identified various factors
associated with SWD, such as age, gender, ascites, jaundice,
cardiovascular disease, pneumonia and infection (see Table 3),
and have sought to identify associations between patient
comorbidities and SWD across specific surgical domains. van
Ramshorst er al. (1) and Webster er al. (2) identified a suite
of comorbidities associated with abdominal SWD. Webster
et al. ranked the level of identified predisposing factors and
developed a prognostic risk model for surgical patients.

van Ramshorst et al. (1) examined a number of variables in
a small population of patients who were to undergo abdominal
surgery and also devised a risk score for SWD. Variables that
they proved to be significant were age, gender, an emergency
surgical procedure, type of surgical procedure, the presence
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Table 3 Incidence of SSI in Eastern Australia (2000) (41)

Surgical Incidence of
domain Surgical procedure SSI™ (%)
Cardiac Coronary artery bypass graft (CABG) 21
Obstetrics Caesarean section 2.4
Vascular Abdominal aortic aneurysm repair 7-3
Orthopaedics Hip prosthesis 2
Knee prosthesis 9.8
Colorectal Procedure not specified 12.7

"SSI, surgical site infection.

of ascites, chronic pulmonary disease, coughing and wound
infection. In the field of cardiothoracic research, workers have
identified potential causes and risk factors for SWD, which
include age, gender, obesity, chronic obstructive pulmonary
disease (COPD) and procedure-related factors such as duration
of surgery, use of bilateral mammary graft and reoperation for
control of bleeding (6,47,48). However, the direct correlation
and significance to SWD remains to be demonstrated as these
risk factors were recorded in association with an undefined

Cevasco et al., the patient safety indicator (PSI) has predictive

ability to determine at-risk patients.
Female patients following CABG with large sternal wounds

infected with gram-negative bacteria and candida have an 85%
risk of wound dehiscence after flap coverage. Reasons for

wound dehiscence were wound size and >4 species of
bacteria present in the wound. Not significantly correlated was

dehiscence was 6-4 per 1000 discharges. According to
smoking, obesity, atherosclerosis, renal insufficiency or type
of closure.

Study revealed that across 28 selected hospitals in the USA
between 2003 and 2007 the observed rate of wound

Outcome

g classification of SSI; therefore, it is difficult to ascertain
Z T . .
T E S whether the factors are associated with SWD or SSI. Baskett
‘% 8 s et al. (43) found that COPD was the only variable that was
882 identified as a risk factor for deep sternal wound infection
518328 ° (DSWI) and they stated that strict adherence to perioperative
9| 0 g &~ y periop
§ S = g § o aseptic technique, attention to haemostasis and precise sternal
o . . . . o el
= % 5 § oh % closure can result in a low incidence of mediastinitis. Floros
2 :i Ewo § ;i et al. reported that diabetes and high body mass index
% 2% 8 £ (BMI) were associated with an increased risk of DSWI (44).
(0] c 0] . . .
| B E2g o Similarly, other workers (6,49) reported that a high BMI and
Slazs e & . . .
8 5385 diabetes were some of the several associated risk factors for
E 3°%° 3 SWD following a cardiothoracic procedure (Table 4).
s | = o Smoking
o . . . .
> & & Smoking is well documented to affect wound healing, in

particular the occurrence of wound complications and delayed
healing are higher in smokers than in non-smokers (50-57)
Reduced tissue oxygenation has a detrimental effect on the
reparative process during healing and neutrophil defence in
the presence of pathogens (57-60).

Research has shown that smoking cessation by patients
prior to surgery compared to those patients who continue
to smoke has an improved healing outcome and less wound

Positive predictive value of the AHRQ
Patient Safety Indicator ‘Postoperative

Failure of secondary wound closure after
sternal wound infection following failed
initial operative treatment: causes and

g
S
2
Q
=
[0}
k2
T
. o
§ 2 complications (50,55,61). Ridderstolpe et al. (6) identified
S (7‘: smoking to be a significant factor associated with patients who
k= a had DSWIs following cardiothoracic surgery (P =0-001).
?3 S § van Ramshorst ef al. (1) were unable to report on this
% % § behavioural factor because of the lack of reporting on this
2 < £ S in the retrospective case note audit. Of the studies included in
= g the review, the study performed by Ridderstolpe ef al. was the
B 3 sole research that investigated this behavioural variable and
< . . . . .
3 - c_i measured the impact on healing outcome in relation to surgical
S 5 B g wound dehiscence. Ridderstolpe et al. (6) reported that in the
N g g 3 study population that had DSWI following surgery, smoking
% £ ¢ § g was a significant risk preoperative factor (>0-05) associated
Il Zlo o [ with wound complications.
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Discussion

SWD is a significant problem for patients, clinicians and the
wider community. Management of these wound complications
poses a continuous challenge. This review was carried out to
identify studies that described validated risk assessments on
patients with established factors that lead to SWD. This review
reinforces the importance of the need for more research. It
is clear there is a potential under-reporting of SWD, and a
lack of clarity around the definition, as SSI does not translate
directly into dehiscence. It is reported that the most common
pathogens associated with superficial SSI are Staphylococcus
aureus and the flora associated with the skin (62). This review
revealed that there was a lack of reported pathogens associated
with SWD; therefore, more rigorous investigation is required
if one is to determine a causal link to pathogens as being a
catalyst for deep dehiscence. Discussion in the literature on the
impact of biofilms on wound healing is considerable (63—66);
however, research into biofilms is still in its formative years.
James et al. (67) demonstrated that only 6% of acute wounds
had biofilms compared with chronic wounds (60%).

Speculatively, biofilms could be present if the surgical
procedure is a second or third surgical attempt at closure
or if the patient is undergoing multiple revision procedures.
An association between biofilms and wound dehiscence is
deserving of further investigation.

Separation of cardiothoracic wound margins is most likely
to be associated with a failure of surgical technique; however,
evidence to support this assertion is limited. Tekumit et al.
(68) compared two different internal fixation techniques used
in cardiothoracic surgery and reported that the rates of
dehiscence are similar between the two methods. Wound
dehiscence may be attributed to SSI as discussed by Graf
et al. (8) and Phan et al. (3) who both reported that microbial
presence as a contributing factor to wound dehiscence. One
could suggest that less than optimal surgical closure and
infection when combined could be doubly problematic.

Identified intrinsic risk factors such as uncontrolled patient
comorbidities may contribute to delayed healing and subse-
quent dehiscence. Of those that were found to be commonly
reported across different surgical procedures were high BMI
(6,44—-46,49) and diabetes (6,45,46,49,69). Other associated
factors that span surgical domains and are associated with
SWD include age (1,6), gender (1,49,69-71) and prolonged
ventilator use (6,69). In cardiothoracic surgery in particular the
focus has been links with SST and a number of risk scores have
been identified such as the Toronto Risk Index, the Euroscore
and the Nosocomial Infection Surveillance Risk Index and
the Sternal Wound Infection Prediction Scale-R (SWIPS and
SWIPS-R). Identification of patient-specific factors for vascu-
lar and orthopaedic surgery could not be ascertained as there
was a shortfall in the published research.

Although commonalities were found to exist for comorbidi-
ties and behavioural factors across the surgical groups, further
analysis is required to demonstrate causal links in the identi-
fication of ‘at-risk’ patients. Furthermore, the authors of this
article seek to encourage future researchers who present stud-
ies on SSI to specify whether dehiscence occurred or not.

© 2013 The Authors
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Equally important is the need to identify the aetiology of
wound dehiscence amongst cases.

Concluding comment

This review identified a need for rigorous prospective valida-
tion of risk assessment tools for selected surgical procedures
to assist clinicians to identify ‘at-risk’ patients prior to surgery.
Such tools are required to assist clinicians to identify ‘at-risk’
patients and to determine the effectiveness of new therapies or
technologies for sustained wound healing. In light of this, the
authors are currently investigating the risk factors for SWD
and plan to develop a validated risk assessment tool that will
facilitate identification of ‘at-risk’ patients and guide clinical
decisions for preventative measures and to improve healing
outcomes.
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