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suffi  cient evidence regarding any potential diff erence in outcomes 
between the two closure strategies.

Two recent case-controlled studies provide the best evidence in 
support of this practice while att empting to address the issue of selec-
tion bias while also having adequate sample size and event rates to 
exhibit adequate statistical power. Jenkinson et al. used a propensity-
matched cohort study design to demonstrate a lower infection rate 
in primary wound closure (4%) vs. secondary wound closure (18%, p = 
0.0001) even after only including patients matched for likelihood of 
receiving delayed closure using propensity matching [13]. Scharfen-
berger et al. collected data prospectively and matched their patients 
to historical controls from a previous study on factors thought to 
predict likelihood of surgical site infection and also demonstrated 
that primary closure had a lower infection risk (4% vs. 9%, p = 0.001) 
[14]. Although both of these studies are methodologically superior 
to previous eff orts to compare the eff ect of wound closure strategy 
on infection rates, the authors point out that there is still risk of 
unmeasured selection bias and a randomized trial is needed to rigor-
ously compare the effi  cacy of these two closure strategies. 
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APPENDIX – SEARCH STRATEGY (NO PUBLICATION DATE 
LIMIT)

Ovid Medline – 114 references retrieved on 03/14/2018
((open adj3 fracture*).ab,ti. OR “Fractures, Open”.sh.) AND
((primary OR delay* OR early OR secondary OR tim* OR defi nitive 
OR immediate) adj3 (closure*)).ab,ti AND
((infection* or sepsis).ab,ti. or Infection/ or “Wound Infection”.sh. or 
“Cross Infection”.sh. or “Sepsis”.sh.)

Embase – 147 references retrieved on 03/14/2018
((open NEXT/3 fracture*):ab,ti OR ‘open fracture’/de) AND
((primary OR delay* OR early OR secondary OR tim* OR defi nitive 
OR immediate) NEXT/3 (closure*)):ab,ti AND
(infection*:ab,ti OR sepsis:ab,ti OR ‘infection’/exp OR ‘wound infec-
tion’/de OR ‘cross infection’/de OR ‘hospital infection’/de OR ‘sepsis’/
exp)

CINAHL – 29 references retrieved on 03/14/2018
((open W3 fracture*) OR MH Fractures, Open) AND
((primary OR delay* OR early OR secondary OR tim* OR defi nitive 
OR immediate) W3 (closure*)) AND
(infection* OR sepsis)

CENTRAL – 13 references retrieved on 03/14/2018 – in Title, Abstract, 
Keywords
(open NEAR/3 fracture*) AND
((primary OR delay* OR early OR secondary OR tim* OR defi nitive 
OR immediate) NEAR/3 (closure*)) AND
(infection* OR sepsis)

•    •    •    •    •
Authors: Daniel R. Schlatt erer, Martin McNally, Gerard Chang, James K.K. Chan

QUESTION 4: What are the evidence-based recommendations for the use of negative pressure 
wound therapy (NPWT) in open fractures and traumatic wounds?

RECOMMENDATION: NPWT is an appropriate dressing in the short-term management (< 7 days) of complex traumatic wounds over open frac-
tures, prior to defi nite soft tissue closure. NPWT is not superior to other sealed dressings and has increased initial cost.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 86%, Disagree: 9%, Abstain: 5% (Super Majority, Strong Consensus)
Note: Please see Question 2 under Section 1.2. Prevention Risk Mitigation for additional rationale regarding NPWT.

METHODS

A comprehensive literature review was performed to identify all 
studies on the use of NPWT for the treatment of open fractures and 
traumatic wounds. We searched Ovid Medline, Scopus, and the 

Cochrane Central Register of Controlled Trials (CENTRAL) up to May 
2018 for published studies. The search strategy, including keywords 
and MeSH headings, are provided in the Appendix. Eligible studies 
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met the following criteria: (1) all patients included in the study had 
an open fracture or traumatic wound, (2) infection was an outcome 
variable and (3) NPWT was the intervention. Exclusion criteria were 
non-English language articles, nonhuman studies, retracted papers, 
case reports, review papers, studies without clinical follow-up/infec-
tion rates, and technique papers without patient data. Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
criteria were followed. The initial search resulted in 247 papers. After 
removal of duplicates and screening of titles and abstracts, 26 arti-
cles were assessed and reviewed.

RATIONALE 

Traumatic wounds and wounds over open fractures are at increased 
risk of developing infection due to contamination from injury, 
impaired blood fl ow, progressive soft tissue necrosis and prolonged 
exposure to hospital environment [1]. To minimize this risk, wounds 
are treated with thorough irrigation and debridement (I&D) 
followed by primary closure when possible or coverage with a graft 
or fl ap. Prior to defi nitive coverage, traditional occlusive dressings 
with sterile gauze had been the standard choice. Recently, there has 
been an increasing trend in using NPWT or vacuum-assisted closure 
(VAC) for wound management prior to coverage [2]. Proponents of 
this new method cite the following advantages to support its use: 
decrease tissue edema, enhance local blood fl ow, limit or prevent 
infection, improve fl ap rates and possibly reduce the overall need for 
fl aps.

We performed a systematic review of the literature, as detailed 
above, to determine the evidence-based role of NPWT in the treat-
ment of traumatic wounds and open fractures. 

We found a group of studies supporting the use of NPWT in 
the treatment of traumatic wounds and open fractures. The study 
populations were a mix of children and adults with either traumatic 
wounds or open fractures, all of whom received NPWT. They found 
that NPWT was safe and eff ective and resulted in similar or lower 
infection rates, reduced fl ap complications, reduced graft size and 
decreased need for free fl aps compared to historic controls [3–10]. 
However, while promising, all the studies were retrospective case 
series that were methodologically limited in that they lacked a 
comparative group and were retrospective in nature. 

Eight studies compared NPWT to traditional gauze in the 
management of acute traumatic wounds or open fractures. Five were 
prospective randomized control trials, and three were retrospective 
case control studies. The three retrospective studies evaluated open 
tibia fractures and found NPWT to have signifi cantly lower rates of 
infections (8.4-10 % vs. 22.6-33%), wound complications and fl ap fail-
ures compared to traditional gauze [11–13]. These fi ndings are encour-
aging but are susceptible to the inherent limitations of retrospective 
studies, most notably selection bias. 

The best evidence to support NPWT was found in four prospec-
tive randomized control trials comparing NPWT to traditional gauze 
in patients with acute traumatic wounds or open fractures. Three 
studies evaluated infection rate as an outcome. Two of the 3 studies 
showed signifi cantly decreased infection rate with NPWT (4.6-5.4% 
vs. 22-28%) compared to gauze [14,15], while the other study found no 
diff erence between the two [16]. With regards to healing time, 2 of 
the prospective randomized control trials studied time to granula-
tion as an outcome and both showed NPWT to be superior to gauze 
dressings [16,17]. 

With regards to duration of NPWT treatment, 3 studies retro-
spectively evaluated cases of traumatic wounds or open fractures 
treated with < 7 days of NPWT prior to wound coverage versus > 7 
days of NPWT prior to wound coverage and compared them in terms 
of infection rate and reoperation rate. All 3 studies found a higher 

infection rate in cases treated with > 7 days of NPWT and concluded 
that while NPWT can be helpful in the management of traumatic 
wounds, its use should be limited to < 7 days or risk of infection 
increases [18–20]. However, all of these studies are methodologi-
cally limited, as they do not account for selection bias between the 
less severe wounds that were covered earlier and the more severe 
wounds that required longer time until coverage. As wound severity 
is very strongly associated with infection rates, this bias is important 
enough that results from these studies provide only limited insight 
on this issue. Another retrospective case series evaluated open frac-
tures treated with I&D and NPWT prior to fl ap coverage. All patients 
had > 3 days, mean 18 days, of NPWT as they were treated on a delayed 
basis following stabilization and then transfer to their referral center 
for coverage. They found low rates of fl ap loss and infection, compa-
rable to historical controls of patients treated with less than three 
days before defi nitive coverage [21].

There is an increasing body of data supporting NPWT as an 
adjunctive modality at all stages of treatment for traumatic wounds 
and open fractures. There is an association between decreased infec-
tion rates and decreased healing time with NPWT compared with 
gauze dressings. There is evidence to support NPWT beyond 72 hours 
without increased infection rates although prolonged use greater 
than 7 days may actually increase the risk of infection. At this time, 
NPWT use for traumatic wounds and open fractures requires exten-
sive additional study.
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APPENDIX – SEARCH STRATEGY

Ovid Medline 221: (((open adj3 fracture*) or trauma*) adj3 wound*).
ab,ti. or (“Fractures, Open”.sh. or soft tissue injuries/) AND 
(NPWT or negative pressure wound therapy or VAC or (vac* adj3 
clos*)).ab,ti. or negative-pressure wound therapy/AND
((infection* or sepsis).ab,ti. or Infection/ or wound healing/ or 
“Wound Infection”.sh. or “Cross Infection”.sh. or “Sepsis”.sh.)

Scopus 25: (open W/3 fracture* OR trauma* W/3 wound* ) AND ( npwt 
OR {negative pressure wound therapy} OR vac OR vac* W/3 clos* ) 
AND ( infection* OR sepsis OR wound* W/3 heal* ) ) in TITLE-ABS-KEY

CENTRAL 21: (open near/3 fracture* OR trauma* near/3 wound* ) and 
( npwt OR “negative pressure wound therapy” OR vac OR vac* near/3 
clos* ) and ( infection* OR sepsis OR wound* near/3 heal* ) in in Title, 
Abstract, Keywords
Combined: 237

•    •    •    •    •

3.7. TREATMENT: OUTCOMES

Authors: Mustafa Citak, Carl Haasper, Kenneth Egol, William T. Obremskey, Hussein Abdelazia, Philip Linke

QUESTION 1: What is the most appropriate outcome measurement (clinical, radiographic, 
laboratory, etc.) for management of early infection after fracture fi xation (IAFF)?

RECOMMENDATION: Fracture healing and infection control seem to be the most appropriate outcome measure to monitor the response to 
management of early IAFF. Secondarily, treatment success following infection management after fracture fi xation is best assessed using a combi-
nation of the patient’s clinical picture and laboratory examinations such as tissue cultures, erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP). 

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 70%, Disagree: 10%, Abstain: 20% (Super Majority, Weak Consensus)

RATIONALE 

Regardless of the fracture site, primary fi xation method, depth of 
the infection, culture results, nature of the fracture (closed or open) 
or chosen treatment algorithm for management of the infection, 
fracture healing seems to be the most appropriate fi nal outcome 
measure for the treatment of an early IAFF. It must be noted that 
there remains substantial heterogeneity with wide variability in the 
defi nition of an early infection with regard to the time of its onset. 

IAFF is one of the most serious complications in orthopaedic 
trauma surgery, which can impair fracture union, lead to poor func-
tional outcomes or even result in loss of the extremity [1,2]. 

The management of IAFF and that of periprosthetic joint infec-
tion (PJI) diff ers from each other in some aspects. When treating an 
early IAFF, the primary aim should be the achievement of fracture 
healing to avoid delayed union or nonunion rather than immediate 
eradication of the infection [1,3].

Complicating infection management is the fact that there is no 
clear consensus with respect to what constitutes treatment success. 
Previous studies have defi ned the success of infection management 
based upon factors such as bony healing, clinical examination, 
culture results and the laboratory markers ESR and CRP. 

To identify the best available outcome measure for the manage-
ment of early infections after fracture fi xation, we included all publi-
cations that reported on outcomes following management of early 
IAFF [4–37]. However, we found substantial heterogeneity in the defi -
nition of an early infection with regard to the time of its onset, one 
that varies from two weeks to fi ve months [4,6,10,12,16,18,22,25–28,31].

Several papers reported on the clearance of the infection or its 
recurrence, either exclusively or with further outcome measures; 
other studies on the functional and clinical outcome or on the 
wound and soft tissue healing and few studies on the mortality rate. 
There are only limited number of reports on laboratory, microbio-
logical or histological investigations as outcome measures [33,35–37].

It is important to note, that any cause of infl ammation will 
trigger an increase in the patient’s ESR and CRP. For example, surgery-
related tissue damage and practices such as reamed intramedul-
lary nailing have been shown to trigger a systemic infl ammatory 
response and can lead to elevated ESR and CRP in the early postoper-
ative period [36,37]. While the sensitivity of acute phase reactants for 
the presence of infl ammation is high, non-infectious etiologies must 
always be considered. Recent studies have demonstrated that tissue 


